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The Alliance for PE Pipe
Insider’s Guide to PE Pipe

The purpose of this document is to establish a functioning glossary that provides insight into how a
word or phrase is used in addition to providing a straight definition. Note, there are two parts to
every definition, the basic definition (basic) and then the insider’s guide statement.

Abrasion and Scratch Resistance
Basic: The ability of the pipe to resist minor blemishes such as scratches and grooves.

Insider tip: PE is incredibly tough. It can withstand up to a 10% cut or abrasion to its outside
diameter before it must be repaired or de-rated. “When in doubt, cut it out” is the saying many
contractors use if they come upon a gouge or deep scratch in a pipe. PE pipe is also abrasion
resistant and is well suited for the solids environment in mining applications.

Ref: https://plasticpipe.org/pdf/chapter-7 durability service life.pdf

Apparent Tensile Strength

Basic: A measurement of tensile strength taken by testing pipe rings under ASTM D 2290 in which a
bending moment is induced in the pipe’s shape. Where tensile strength is measured as the amount of
force an object can withstand without breaking, apparent tensile strength measures the yield of the
pipe’s shape, its breakage or both.

Insider tip: When designing with HDPE understanding apparent tensile strength will help when
planning on bending or straining a pipe during the when conducting actions such as a pipe bursting
installations, prepping a line for installation and having to bend the pipe around a cul-de-sac or
conducting an HDD installation project.

Ref: https://plasticpipe.org/pdf/chapter03.pdf

ANSI

Basic: As the voice of the U.S. standards and conformity assessment system, the American National
Standards Institute (ANSI) empowers its members and constituents to strengthen the U.S.
marketplace position in the global economy while helping to assure the safety and health of
consumers and the protection of the environment. ANSI oversees the creation, promulgation and use
of thousands of norms and guidelines that directly impact businesses, including the HDPE industry.
ANSl is also actively engaged in accreditation - assessing the competence of organizations determining
conformance to standards.

Insider tip: ANSIrecently approved the process by which AWWA acknowledged and approved HDPE
pipe (4710 resin) for potable water applications from 4” to 65”. The standard is known as C906-15.

Insider’s Guide to PE Pipe Page 1


https://plasticpipe.org/pdf/chapter-7_durability_service_life.pdf
https://plasticpipe.org/pdf/chapter03.pdf

peplpe(% Insider’s Guide to PE Pipe

ASTM

Basic: The American Society of Testing and Materials is an international standards organization that
collects and publishes information on technical standards of materials, products, systems and services
in terms of their characteristics and performance.

Insider tip: ASTM establishes procedures for many things in the HDPE industry including the
manufacturer of pipe and fittings, performance of fusion and test procedures. Please see the “List of
Applicable Standards” document included in the Engineer Package 2020.

Bead, The

Basic: The heating process begins with a “heater

plate” that is heated and melted at a heater plate HDPE Pipe OD Min Melt Bead Size
temperature between 400 — 450° Fahrenheit .
ambient or outdoor conditions do not negatively <23r 1732
affect these conditions (wind, cold, dust, etc). When 22.37t0<3.5" 1/16"
the pipe comes in contact with the heater plate, the >3.5t0<8.62" 3/16"
HDPE pipe clamped ends are melted in a controlled >8.62t0<12.75" 1/4"
state to create two surfaces that will be able to fuse . Y
together. After the prescribed “heat soak” the >12.75t0=24 38
heater is removed, the ends are inspected quickly >2410<36" 716"
and the ends are pushed together under prescribed > 36 to<65" 9/16"
fusion pressure. The result is the double rollback

bead is formed on both the outer wall and inner wall of the pipe due to the displacement of molten
material that creates the fusion interface.

Insider tip: Operators need to know the recommended melt bead dimensions for each size of pipe
they are fusion in conjunction with the specified heating time, so they know when to remove the
heater plate and initiate fusion. The chart above is a reminder to those trained in butt fusion.

Bead, The Internal

Basic: The internal bead is a raised profile on the interior flow path. It should be noted that the pipes
C factor of 150 takes into account the bead so engineers do not need to reduce flow rates during the
design process because of the bead. This bead does not need to be removed but may be removed if
necessary within the specified cooling cycle of the fusion process Bead removal requires proper
training and tools due to the fact reaching the fusion bead internally is a significant distance.

Ref: https://plasticpipe.org/pdf/chapter09.pdf

Insider tip: Questions arise about the bead on regular occasions. In pressure applications the bead
presence is inconsequential and it does not harm flow. For those who are curious on the topic, it is
more expensive (contractor time) to remove the bead so most do not. However, common practice on
the west coast is to remove the bead in both pressure and non-pressure applications. In the case of
gravity wastewater applications, a build-up may occur at 1% grade or less. The build-up usually is
pushed along when velocities increase. It a gravity system when diameters become larger it must be
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noted that the bead size becomes larger as well. Higher flow rates will wash anything built up behind
the bead and nothing can adhere to the HDPE so it is easily washed away. Typically, the bead is not a
flow concern. However, it can be removed if necessary using proper protocols.

Bead, External and Internal

Basic: The external bead is an indicator of the butt fusion process and it is used as one indicator of
proper alignment, heating and pressure of the pipe ends. An even external bead appearance with
good roll back contact on the surface of the pipe.

Ref: https://plasticpipe.org/pdf/mid-pe-field-manual-municipal-water-applications.pdf

Insider tip: The external bead serves as evidence of butt fusion. Although it is not recommended
to remove the external bead, it may be removed once the pipe has been adequately cooled. Removing
the bead after the pipe adequately cools using the appropriately designed tools and procedures is
critically important to avoid gouging the pipe in anyway. A pipe gouge can potentially cause the pipe
to fail adding a stress riser or impeding minimum wall requirements. The internal bead will not restrict
flow unless the pipe is in a gravity situation and grade is 1% or less.

Ref: https://isco-ahmcelroy.com/products-and-services/?amp%3Bcategory id=3

Bead Removal

Basic: It is uncommon to remove internal beads, as they have little or no effect on flow, and removal
is time consuming. The C factor remains constant at 150 with the bead intact. To reiterate, beads must
be removed at ambient temperature as when the pipe is warm, it would be easy to penetrate beyond
the pipe wall, thus damaging the pipe.

Insider tip: Internal beads may be removed from pipes after each fusion with a cutter fitted to a
long pole. Since the fusion must be completely cooled before bead removal, assembly time is
increased.

Bending Radius

Basic: The minimum radius a contractor can
bend HDPE without damaging or kinking it.

Insider tip: The tight bend radius of HDPE
makes it the preferred HDD, bursting and lining
product. If the pipe DR is £9 the bending radius
is 20x the pipe OD. If the pipe DR is 2 21 the
bending radius is 30x the pipe OD.

Brittle Failure

Basic: A pipe failure with no visible deformation, such as stretching or necklng down, where the pipe
broke. Brittle failures any also be represented as a slow crack growth (SCG) failure or “slit” failure as
demonstrated as the “Knee” in a high density polyethylene regression curve. With newer bimodal or
PE4710 products today the Knee as being pushed beyond 10,000 hours on the regression curve to
meet pressure requirements of these materials. The polyethylene industry understands the
Insider’s Guide to PE Pipe Page 3
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failure mechanisms of HDPE pipe. Understanding these failures help us better understand the
performance of these pipes and more importantly the limitations.

Ref: https://plasticpipe.org/pdf/tr-3-2012.pdf

Insider tip: HDPE pipe is ductile at a prescribed temperature and not brittle. Brittle failure is a
primary failure mechanism of other materials, but HDPE is not brittle until it reaches -130° F.
Interestingly, HDPE pipe can freeze with a full water load at -20° F and not crack, break or fail. Brittle
failure is not a failure mode of HDPE in common practice.

Butt Fusion — see Fusion

Bypass

Basic: A temporary pipeline created to accommodate pipe flow around a system that is not working
or has been shut off.

Insider tip: HDPE is the preferred pipe material for bypass projects. Bypasses are frequently used
during replacement and rehabilitation projects when water or sewer services must be stopped for
both short and long periods of time. HDPE is a common candidate to keep the line running during
replacement or repair because it can be run above grade for miles in rights of way and not leak.
Contractors who do sewer bypass work, fuse the pipe for a job, use it, then cut it into lengths again
and bring it back to the storage yard for subsequent use on the next job.

Table 7 Hazen-Williams Friction Factor, C
C Factor Values for C
Basic: The classic Hazen- Fies istorel i Average Vaie | TIPcA DesD
. . igh / Low ) alue
Williams roughness constant is Folyethylene pipe o tubing 160/ 150 150155 150
known as the CM factor. It is a Cement or mastic lined iron or steel pipe 160/ 130 148 140
. . Copper, brass. lead, tin or glass pipe or tubing 150/ 120 140 130
constan.t in the calculation useq to Wood St 110 0 10
determine the head loss for a given Welded and seamless sfesl 150180 130 100
plpe flow. The C-Factor for HDPE Cast and ductile iron 'I?‘] { 8l 130 100
. . Concrete 152/ 85 120 100
pipe is 150. Cormugated steel = 0 &0
Ref: http://hdpeapp.com/#/terms " Determined on butt fused pipe with internal beads in place.

Insider tip: When designing with HDPE the engineer is not required to lower the C factor for the
life time of the pipe like they are for other pipe materials given tuberculation and build up issues. The
150 C factor remains constant for the over 100-year life of PE pipe.

Carbon Black

Basic: A black pigment created when natural gas or oil is not burned completely. The pigment
provides highly effective protection against ultraviolet rays. Carbon Black is manufactured and tested
within the formulation matrix of polyethylene pipe. It tested for optimal UV protection within the
grade formulation but also ensures the additive does not affect other cell classification or and pressure
requirements.
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Insider tip: A common question during roadshows is why are there two different colors of resin
going into the pipe manufacturing process. The black resin is an additive that permits the pipe to last
indefinitely in an above ground situation. It also means it does not have a shelf life in a pipe yard. Black
pipe will last indefinitely outdoors even when exposed to the sun.

Ref: https://plasticpipe.org/pdf/chapter-8 quality control quality assurance.pdf

Ref: https://plasticpipe.org/pdf/tr-18 weatherability thermo pipe systems.pdf

Cathodic Corrosion

Basic: Corrosion of a pipeline accelerated by cathodic reactions that create corrosive alkaline
conditions. Leads to accelerated deterioration of ductile iron pipe (DIP.)

Insider tip: Does not apply to HDPE as HDPE pipe is a thermoplastic and thermoplastics do not
corrode. Key distinguishing feature of HDPE vs DIP. In fact, DIP people recommend wrapping their pipe
in HDPE for cathodic protection. Why not just use HDPE?

Ref: https://plasticpipe.org/pdf/tr-19 thermoplastic pipe for transport of chemical.pdf

Cathodic Protection

Basic: Cathodic protection is a technique used to control the corrosion of a DIP using special cathodes
and anodes to avoid corrosion of a pipeline by an electric current.

Insider tip: HDPE is often considered as a pipe option when with the typical incumbent material,
DIP. To properly consider the cost of a DIP, the evaluator may consider cathodic protection in the
evaluation. HDPE pipe does not require cathodic protection. In fact, the Ductile Iron Pipe Research
Association (DIPRA) recommends the use of HDPE wrap to protect DIP.

Ref: https://plasticpipe.org/pdf/hdpe corrosion resistance dc answer.pdf

Cell Classification

Basic: Criteria for distinguishing thermoplastic materials that include density, melt index, flexural
modulus, tensile strength at yield, environmental stress crack resistance, and hydrostatic design basis.

Insider tip: The cell classification is not typically a design issue for the design engineer. However, it
is an important classification to understand and compare polyethylene materials. It is important for
the engineer who is designing process piping and transporting water or chemicals throughout a water
plant. Each PE material property is assigned into a “Cell Range” and each cell range consists of a
number of “Classes.” ASTM D3350 is the standard that classifies these PE piping materials. In addition,
the ASTM D3350 also categorizes chorine resistance (see Chlorine, Chloramines below).

Chemical Resistance

Basic: The ability of a pipe to transport a chemical up to a certain concentration and temperature
without degrading.

Insider tip: Process piping design and civil engineers who design with HDPE may choose to
understand the chemical resistance of HDPE Pipe. The failure mechanism of incumbent materials are
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well known. PE pipe solves all of them with its fused joint, flexibility and lack of tuberculation. The
only significant cause of HDPE failure could be chemical attack. However, the chemical concentrations,
fluid temperature and system pressure commonly found in PE pipe will not cause failure for well over
250 years according to laboratory tests. It is well understood which chemicals affect PE and these can
be found in the following link.

Ref: https://plasticpipe.org/pdf/tr-19 thermoplastic pipe for transport of chemical.pdf

Chlorine, Chloramines

Basic: HDPE Pipe made from the 4710 resins is designed and produced to withstand the presence of
chlorine/chloramines under normal operating conditions. These oxidizers affect any and all materials,
knowing at what degree is the question. The PE industry has studied, developed prediction models
and classified polyethylene pipe products and they understand how these oxidizers affect the product.
Design engineers need to understand these mechanism of oxidation for all products and compare the
best product for use in their system designs. Newer polyethylene (PE 4710) is categorized for the
design engineer’s benefit.

Insider tip: Understanding the concentrations, temperatures and pressures in our nation’s water
systems is critically important in design. They vary greatly and pipe resistance to such oxidizers will
vary based upon those factors. However, if an agency is operating within federally mandated
guidelines, the PE 4710 HDPE pipe system life is projected to exceed 100 years.

Ref: https://plasticpipe.org/pdf/evaluating-disinfectants-on-pe-pipe-nana-awwa.pdf

Datalogging

Basic: Datalogging technology exists for both
butt fusion and electro fusion. The methods for
harvesting the data differs by manufacturer.
ASTM F3124 covers datalogging for Butt Fusion.
The technology allows stakeholders
(inspectors, design engineers, owners) to
monitor and/or review a record of fusion
details. Given the fusion process is operator
centric, datalogging permits those not present
to review, maintain and refer to a record of
individual fusions.

Datalogging technology brings accountability to a new level
Insider tip: In order to assure accountability ~ as owners and inspectors can monitor operator

in the PE fusion process, the industry performance in real time from down the block or from

developed datalogging technology and the
ASTM Standard 3124. The implementation of this technology means that owners and their engineers
can monitor fusion quality remotely either in real time, hourly or in daily uploads.

Ref: https://www.mcelroy.com/en/fusion/datalogger.htm

across the continent.
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Dimension Ratio (DR)

Basic: The Standard Dimension Ratio is the outer diameter of the pipe OD
divided by the minimum wall thickness. Pipe is purchased in lengths or coils DR =
by Outer Diameter and Dimension ratio. t

MIN

Insider tip: The lower the DR number the more pressure the pipe will take. If a contractor buys a
6” DR 11 pipe, he is buying a six-inch 200 working pressure class pipe. The market is moving toward
a pressure class system which makes it easier for designers who typically work with other materials
to select the appropriate pipe. That way they can talk in terms of pressure class versus DR which
requires more product knowledge.

Ductile Failure
Basic: A pipe failure term that consists of some form of material distortion along a breakage spot,
such as stretching, elongating or necking down.

Insider tip: Ductile failures can occur in HDPE during testing and/or over pressurization. Failure
looks like a "duck bill" and is caused by 4x - 5x over pressurization or less if pipe temperature exceeds
73°F.

Ref: https://plasticpipe.org/pdf/chapter06.pdf

Environmental Stress Cracking Resistance

Basic: Environmental stress cracking resistance (ESCR) in HDPE means the failure due to continuously
acting external and/or internal stresses in the presence of a surface active substances (known as
reagents) such as alcohols, soaps, dyes and chemicals. It is measured but the PENT test (Pennsylvania
Notch Test - Dr. Norman Brown ASTM F1473) of historically by the Bent Strip ESCR ASTM D1693. This
failure mechanism is commonly stated as Slow Crack Growth (SCG), which does not necessarily require
a reagent.

Insider tip: The most common area where ESCR concerns the design engineer is in the presence of
contaminated soils. The engineer must know what chemicals are present as chemicals can have a
deleterious effect on HDPE pipe and cause ESCR. It is important to know that with the development
of improved resin quality to resist reagents to form brittle type failure or the slow crack growth (SCG)
failure the BENT Stripe method does not accurately define the products but the PENT does. This failure
mechanism is well understood in the polyethylene industry and has many references and publications.
Ref: https://plasticpipe.org/pdf/chapter-1 history physical chemistry hdpe.pdf

Ref: https://www.ineos.com/globalassets/ineos-group/businesses/ineos-olefins-and-
polymers-usa/products/technical-information--patents/environmental-stress-crack-
resistance-of-pel.pdf
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Extrusion Fa

Basic: The process of blending, melting, mixing,
extruding, shaping and re-cooling plastic through
an extrusion system to make it into a specified
pipe size under controlled and regulated
requirements. Extrusion is the process used to
make HDPE, a smooth or corrugated walled pipe
profile.

Ref: https://plasticpipe.org/pdf/chapter-8 quality control quality assurance.pdf

Insider tip: The extrusion process is immaterial to the user of pipe. However, when specifying
certain pipe types, sizes, pressure ratings, applications or striping patterns it helps to understand the
exact need and what of how the pipe is expected to perform and be identified, and in most cases how
it is to be located. Manufacturers understand how the pipe is to be manufactured, quality controlled,
inspected, and the specifications required to be followed.

Fittings
Basic: HDPE pipeline systems require fittings as do all pipeline systems. PE fittings are either molded
or fabricated.

Insider tip: Molded fittings are generally available up to 12” in standard sizes and relatively
inexpensive. Molded fittings are usually in stock at the distributor. The larger fabricated fittings are
custom and made by Alliance members with a week or two lead time.

Flow Capacity 1.49 23
Basic: Flow Capacity Equation as provided in the PPl Handbook: Q= T A{r}rl *-11' 5

Insider tip: For comparison purposes the following table illustrates different flows through various
pipelines.

Nominal Pipe Inside Hazen6Williams Flow, Q
Diameter Material Diameter C Factor GPM
8" DIPS HDPE 7.92in 150 367
DR17
8" Ductile Iron 8.391in 130 370
CL50 Cement lined
8" C900 PVC 7.98in 150 374
DR18
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Fusion, Butt

Basic: HDPE pipe is butt fused utilizing a specific procedure and equipment with trained technicians
by applying heat to prepared pipe ends and then pushing the pipe ends together with a pre-
determined force to make a permanent butt fusion joint. It is a process utilizing a properly sized butt
fusion machine for the pipe size to be joined. The pipe is installed, clamped, and cleaned of
contamination and debris in the fusion machine. With pipe supports on both ends of the machine to
support the pipes on the machine center line the pipe is ready for the fusion process to begin. The PE
pipe ends are then faced (machined) to mechanical stops to ensure clean, parallel pipe ends prior to
the heat soak phase. The ends are then aligned using clamps on the fusion machine. A temperature
controlled heater is checked to ensure it has balanced and appropriate heating and heat then placed
in the machine and the pipe ends are heated according to ASTMF2620 (important for details of heating
process). Once the heating criteria is met, the heater is removed and the pipe ends are brought
together at the pre-determined force. This force is held on the joint for the appropriate time required
by the standard. At this point, the pipe can be removed from the machine without affecting the newly
fused joint.

Insider tip: Butt fusion is the primary joining method in the US, Canada and all over the world.
Operators must be trained properly if they are to work on any job. The fusion technician should have
“proper documentation” qualifying that they are capable of conducting the fusions and which
demonstrates his/her credentials. A “card” is usually presented and is good for 24 months after last
qualification. Fusion is a skill taught by experts to operators who develop the skill over time through
experience. These skills and training not only help them understand the process and equipment but
also the materials they are working with.

Fusion, Electro

Basic: Electro-fusion (EF) is a method of joining HDPE pipe by using special fittings that have built- in
electric wire which is used to melt the resin then join the pipe together. The pipes to be joined are
cleaned, inserted into the electrofusion fitting (with a temporary clamp if required) and a current is
applied for a fixed time depending on the fitting in use. The built in heater coils then melt the inside
of the fitting and the outside of the pipe wall, which weld together producing a very strong connection
that is fully pressure rated.

Insider tip: As with butt fusion, the operator must be trained in electro-fusion for the owner to have
confidence in the integrity of EF joints. Electro-fusion is not a complicated process, but operators who
are trained in it, know that it is a skill that is learned and one which is taught by experts. Owners must
require operators to receive EF training. Fusion is a skill taught by experts to operators who develop
the skill over time through experience.

Fusion, Sidewall

Basic: Sidewall fusion is similar to butt fusion in that a heater plate is used to melt two sides of the
pipe in preparation for fusion. Only in this instance the fusion process is performed on the side of the
pipe rather than in line with the pipe. Sidewall fusion is typically employed for installation of lateral
lines with saddle fittings.

Insider’s Guide to PE Pipe Page 9



peplpeC% Insider’s Guide to PE Pipe

Insider tip: PPl TR-41 covers sidewall fusion as does ASTM F2620. Only trained operators should
perform sidewall fusion. Fusion is a skill taught by experts to operators who develop the skill over time
through experience.

Ref: https://plasticpipe.org/pdf/tr-41.pdf

HDPE

Basic: High Density Polyethylene Pipe (PE or HDPE) is a thermoplastic pipe known for being leak free
joints, resistance to corrosion, flexibility, low maintenance, seismic resistance, and outstanding
durability. High density polyethylene pipe is made from a plastic resin derived from oils and gases
extracted from the ground which during the “cracking” process of raw fossil fuels generates an
ethylene by product (2 double bonded carbons and four hydrogens). The ethylene is then processed
into polyethylene by various reaction processes and techniques. Please keep in mind these processes
are well understood and the science and engineering behind this process is complicated and well
documented. HDPE for piping products are well controlled and formulations are specific for generating
and meeting the cell class and specification requirements (ASTM PPI, TR3, AWWA, API, CSA ANSI, etc).
Pressure class polyethylene have been in existence for over 50 years.

Insider tip: HDPE has long been in use in the natural gas industry because of its leak free joints, and
it is growing in the water and sewer markets and is an excellent choice for these applications. What
makes HDPE stand out from other pipes is its resistance to corrosion, toughness, flexibility, less
maintenance, seismic resistance and trenchless installation. Sections of HDPE are connected by butt
fusion or electrofusion, which provide HDPE with its leak-free, continuous length. Once fused together
aboveground, HDPE can be installed by pipe bursting, sliplining, horizontal directional drilling, or open
cut. The life costs of HDPE are significantly lower than other pipe materials.

The key with HDPE is to understand how different it is from all of the other pipe materials. It is a
fundamentally different, yet superior material with its own unique set of features, benefits and
considerations which inherently save in installation, repair and life expectancy costs.

Hoop Stress

Basic: Hoop stress is the circumferential force per unit area internal pressure exerts on a pipe wall
(measured in PSI).

Horizontal Directional Drilling

Basic: Horizontal directional drilling (HDD) is a trenchless method of installing HDPE pipes. It is used
when traditional methods are not appropriate. HDPE is prepared above grade in a long string so a
single bore can be made. HDD is useful for minimizing surface disruption and dealing with grade and
sub-grade challenges such as roads, railroads, wetlands and river crossings.

Insider tip: There are many experienced HDD operators in the US and this is a method where a
good prequalification list makes sense for the design engineer. This is a method that places a premium
on experience as three significant areas of expertise come into play: fusion experience, boring and
traditional underground utility construction. See ASTM F1962 for Use of Maxi- Horizontal Directional
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Drilling HDD for Placement of HDPE pipe and Handbook of PE Pipe, Chapter 12, PPI-TR 46 for Mini-
HDD applications.

Ref: https://plasticpipe.org/pdf/tr-46-hdd-quidelines.pdf

Hydrostatic Design Basis (HDB)

Basic: A series of set stress values for plastic pipe that categorizes the long-term hydrostatic strength
in the hoop direction for a given tested pressure and temperature conditions. HDB is used when
determining the pressure rating of HDPE pipe.

Insider tip: The design engineer may find it helpful to understand these concepts as full appreciation
will convince even the most cynical of users that the science behind HDPE pipe is solid and defensible.
For further information consult the Handbook of PE Pipe.

Ref: https://plasticpipe.org/publications/pe-handbook.html

Hydrostatic Design Stress MRS (HDSMRS)
Basic: The maximum tensile stress (PSI) that can be sustained in a pipe’s wall from hydrostatic
pressure with a high degree of certainty that the pipe will not fail.

Insider tip: The design engineer may find it helpful to understand these concepts as full appreciation
will convince even the most cynical of users that the science behind HDPE pipe is solid and defensible.
For further information consult the Handbook of PE Pipe published by PPI.

Inside Diameter (ID)

Basic: The inner diameter of a pipe. HDPE pipe is outer diameter controlled meaning the OD remains
constant as pressure class (DR) varies. Thus, the ID varies based upon the pressure class, DR and/or
wall thickness.

Insider tip: HDPE comes in IPS and DIPS with the OD for each varying slightly. So if the nominal pipe
diameter is 8” and 8” DIPS pipe has an OD of 9.05” and an 8” IPS pipe has an OD of 8.625”. The ID of
an 8” DIPS PC 100 pipe is 8.14” and an 8” PC 100 IPS pipe has an ID of 7.76”. The industry offers two
different pipe sizes to accommodate the needs of its customers. See the pipe manufacturer’s sizing
charts for a complete table of pipe offering. So remember, inside diameter changes as pressure class
(DR) changes and this will affect your flow calculation. But, given HDPE’s constant C factor, often times
HDPE will carry more fluid than other materials even with a smaller ID.

Impact Strength
Basic: The ability of HDPE pipe to withstand shock loading or sudden strikes by equipment.

Insider tip: HDPE is a ductile material and has exceptional impact strength. HDPE’s superior impact
strength provides a piping system that is near impervious to impact damage and to damage from
improper tapping. Experienced design engineers and contractors understand that PE pipe is proven
to be impact tough.
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Injection Molding
Basic: When a material is melted and forced into the cavity of a closed mold to take shape. Injection
molded fittings and elbows are commonly injected molded to 12” in diameter.

Insider tip: More and more injected molded fittings have entered the market dramatically
increasing product availability. Injection molded fittings are generally available up to 12” diameter.

Insert Stiffener
Basic: A metal (usually stainless) still ring that is inserted into HDPE to reinforce the outer diameter
from compressive forces seen from mechanical fittings.

Insider tip: Always specify insert stiffeners when using mechanical fittings that clamp or apply
compressive forces to an outer HDPE wall. HDPE’s flexibility makes this method imperative as if it is
not used, the mechanical joint may fail. Flexibility is the feature that makes HDPE the trenchless pipe,
but that flexibility also causes issues when forces are applied to HDPE. It “flexes” and “gives” so proper
care must be taken when using mechanical connections.

Inspector

Basic: An authorized engineering representative who inspects and observes construction and project
work and reports it back to the engineer.

Insider tip: Inspectors who are tasked to work on HDPE jobs must be trained in butt fusion and
electrofusion as this is the area where expertise is critical. An untrained eye will not be able to pick up
procedural errors made by an experienced, but improperly trained fusion operator. Inspector specific
training classes are offered by the industry and strongly recommended.

IPS (Iron Pipe Size)

Basic: Iron Pipe Size (IPS) is the most common size for HDPE pipe. It was developed by the industry
so it would be a good OD match for existing cast iron pipe systems.

Insider tip: 1PSis a preferred size for many municipalities, as it is generally more available than DIPS
sizes as other industries use IPS vs DIPS. IPS features a smaller ID and OD than DIPS.

Joint, Butt Fused

Basic: A joint made by applying heat and pressure to the ends of pipe to form a seamless, leak free
bond. See Fusion, joint.

Insider tip: Butt fusion is the primary method that HDPE fusion occurs in North America. Two male
pipe ends are clamped in a fusion machine and heated and quickly brought together under “fusion
pressure.” This process creates a homogenous bond. Joints connected by butt fusion are in fact
stronger than the pipe itself. Many argue that they joint, once fused is no longer a joint. However, for
purposes of clarity more often than not, it is referred to as a joint even after fusion. This fusion process
allows for HDPE to be installed in continuous lengths to ensure a leak free system. Butt fusion can be
Insider’s Guide to PE Pipe Page 12
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performed above ground at a jobsite and only needs a short amount of time to fuse and cool the pipe
before it can be installed. Follow the ASTM F2620 standard to ensure a properly fused joint.

Pyl

Joint, Electrofused

Basic: A joint made by inserting ends of pipe into an electrofusion fitting
and heating and fusing them within the fitting.

Insider tip: Electrofusion joins lengths of HDPE pipe using heat and®
pressure to create a strong joint. Electrofusion is unique in that the two*
ends of pipe are inserted into a fitting and then heated and fused within}
the fitting, which remains on after the fusion process is completed. Likel#%
with butt fusion, electrofusion also creates tough, leak free joints. @
Electrofusion can be performed aboveground at a jobsite and only needs
a short amount of time to fuse and cool and pipe before it can be
installed. The pipe must be round in order for electrofusion to work.
Fusion operators must be trained to a standard.

Joint, Mechanical
Basic: A mechanical connection between two pieces of HDPE pipe.

Insider tip: Mechanical connections to PE pipe are great ways to make temporary fixes when a
failure occurs or when laterals need to be connected. However, as the system is no longer fully HDPE,
the weakest part of the system will be at that mechanical connection. The offering of mechanical
fittings and connections has grown tremendously over the last few years.

Joint, Saddle-Fused

Basic: A joint made by fusing together a pipe and the base of the saddle fitting with heat according
to F2620.

Lateral
Basic: Any connection to a mainline. Typically a connection running to a residential address.

Insider tip: In the HDPE world, laterals should be connected using both butt fusion and
electrofusion. Mechanical connections are permitted and sometimes preferred however, they
become the weakest part of the system.

Long Term Hydrostatic Strength (LTHS)
Basic: The long-term stress that causes a pipe to fail at 100,000 hours when continuously applied.

Insider tip: Understanding LTHS will provide insight into the test that demonstrates the 250-year
life of HDPE pipe.
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Manning’s Formula

Basic: An equation used to calculate flows in gravity channels and conduits. The formula can be used
to calculate the value of ¢ in Chézy Formula using the hydraulic radius and coefficient of roughness
values.

Insider tip: A common formula | Values of n for Use with Manning Equation

for the design engineer, - 1 Sypical esign
Manning’s formula is a routine :

formula that we discuss often PEPIPe 00
because often times flow rates Uncoated cast or ductile iron pipe 0.013

are often higher in HDPE than Sy Gl i
expected because of the constant Coricieto bipe Lo19

C factor in the equation. So in Vitrified clay pipe 0.013

many cases, design engineers see Brick and cement mortar sewers 0.015

higher flow rates in HDPE pipe Wood stave 0.011

with a smaller ID vs DIP because il 1 Soe

DIP uses a lower C factor because | Nots: The n-value of 0.009 for PE pipe is for clear water applications.
of tuberculation. An n-value of 0.010 is typically utilized for applications such as sanitary sewer, etc.

Mechanical Connections, see Joint mechanical

Medium Density Polyethylene Plastics (MDPE)
Basic: Polyethylene plastics with a standard density of 0.926M0.94 g/cm3.

Insider tip: 1t is well known that the gas industry uses MDPE more than HDPE. In distribution,
polyethylene is the dominant product yet the water and wastewater markets are relative newcomers
to HDPE in the United States. HDPE is the dominant pipe in Europe for water and wastewater
applications.

Modulus of Elasticity (E)
Basic: The modulus of elasticity is a measure of stiffness of a HDPE pipe, specifically a pipe wall.

Insider tip: 1t is useful in discussing how HDPE responds to external stresses. When engineers
calculate the amount of hoop stress, dynamic loading or the forces of pipe bursting on a run of pipe,
the modulus of elasticity of HDPE is a critical factor. ASTM D638 is a good resource.

Open Cut Excavation
Basic: Open cut is a non-trenchless method of installation in which a trench in the ground is excavated
to install new pipe.

Insider tip: Open cut is a non-trenchless method of installation in which a trench in the ground is
excavated to install new pipe. It is often utilized for very large diameter projects. Since HDPE can be
fused aboveground, it saves excavation and reconstruction costs since workers do not need to go
down into the trench to fuse the pipe together, allowing HDPE trenches to be smaller than those

Insider’s Guide to PE Pipe Page 14



peplpe(% Insider’s Guide to PE Pipe

required by other materials. PE Pipe is a very competitive pipe product on open cut jobs because
trench widths are narrower and the new 4710 resin permits thinner walls at higher pressures.

Ovality

Basic: Deviation from a circular periphery. Round is the desired state in the PE world, not oval. Once
the pipe ships from the factory it tends to go out of round, particularly in the larger diameters. This is
an expected occurrence and is considered a normal state for PE pipe.

Insider tip: The importance in the HDPE world relates to the deviation in the pipe diameter when
it comes time to fuse pipe. The pipe must be round to fuse whether you are butt fusing or electro
fusing. Thus, the fusion machines have “jaws” to hold the pipe in place and in electrofusion the
operator places a clamp around the pipe. If the pipe is oval and proper procedures are not used, the
pipe will not fuse properly.

PE, HDPE, POLY, Polyethylene

Basic: Abbreviation for high density polyethylene, a plastic material. Common acronyms include
HDPE, PE, poly and polyethylene.

Insider tip: HDPE quickly becomes PE, but means HDPE. The present day resin is 4710 and is much
more stout and high performing than 3608. PE Pipe is the future for the water and wastewater
markets in the US. Consider it on your next project!

PE3408

Basic: Abbreviation for polyethylene, a plastic material. Common acronyms include HDPE, PE, poly
and polyethylene.

Insider tip: HDPE with 1600 PSI and an Environmental Stress Crack Resistance equal to or greater
than 600 hours or a slow crack resistance (PENT) value equal to or greater than 10 hours (in
accordance with ASTM D1693 and D1473).

PE4710

Basic: Fourth generation resin used to make HDPE pipe and fittings.  Truly an amazing feat of
using ethane or petroleum, this resin is far superior to previous generations.

Insider tip: The 4710 resin provides designers tremendous flexibility when design to save
streetscapes, above grade development and existing utilities. The life expectancy alone is reason
enough to use pipe made from this resin.

Pipe Bursting

Basic: Pipe bursting is a trenchless method of replacing buried water and sewer pipelines without
the need for a traditional open cut trench. The “host pipe” is “burst” by mechanical equipment that is
pulled through the host pipe from one end to the other. HDPE pipe is then pulled behind the “bursting
head” replacing the host pipe.
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Insider tip: This trenchless rehabilitation method is really
“less trench.” Entry and exit pits are dug, and bursting
equipment is pulled through the pipe on a cable, breaking
the old pipe and pushing it into the surrounding soil with an
expander while simultaneously pulling in the new length of
pipe behind. Note that parallel and crossing utilities may
have to be exposed to eliminate risk of damage. Static pipe
bursting is powered by a hydraulic power unit and can be
used for water or sewer systems. A winch and pulling cable
are used to pull the pilot, bursting head, hammer and HDPE. R
The alternative is pneumatic pipe bursting which uses a hammer to burst the plpe

Top of Ground

Poisson’s Effect (Ratio) L .
. L . ) e S === IR el S
Basic: The ratio in the decrease in lateral strain to i e ";"’"‘“‘,zh.m.c,“.m.
. . . .. . ) . \ g /
the increase in axial strain is called Poisson’s ratio. ) ¥ \
/.'fPEPI'pi """"""""" \\".
Insider tip: A primary feature that makes HDPE : ,..* i H

(e.g., Bell + Spigot Connections)

forgiving and flexible to ground movement and surge
creates axial stress where the PE connects to the incumbent system. Consequently, it must be
restrained at that point. The Poisson’s effect as it is called if not properly addressed will cause pull out
and line failure.

Plastic Pipe Institute, PPI

Basic: The Plastics Pipe Institute Inc. (PPI) is a technical association
representing all segments of the plastics piping industry. PPI @rsucapeeinsmirure
members share a common interest in broadening awareness and
creating opportunities that expand market share and extend the
use of plastics pipe in all its many applications.

Ref: https://plasticpipe.org/index.html

Insider tip: PPl organizes their areas of interest and advocacy into
five categories: building and construction, conduit, corrugated pipe,
energy piping systems and municipal and industrial. PPl continues
to do a great job in developing technical data, obtaining certification
for products and giving the industry the technical foundation to
advance use of HDPE. PPI has now published two editions of the PE Pipe Handbook which serves as
an excellent resource for the civil engineer who uses HDPE pipe, fittings and equipment. The book can
be purchased for $50 at PPI’s website or pdfs of each chapter are available online.

Pounds per square inch, PSI
Basic: a pressure unit used by the industry to describe the pressure capability of pipe and fitting
products. It functions as the measure by how much pressure a pipe can and should withstand in use.
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Insider tip: 1t is a given that pipe cost goes up as pressure capacity and requirements increases. In
the HDPE world, the wall thickness increases as pressure class goes up. Pipe is sold by the pound, so
the more resin that is used, means greater cost. Also, as pressure class goes up, wall thickness goes
up, but ID goes down. Thus flow rates decrease as the ID declines. However, the C factor stays at 150
so flow rates may in fact be better than competing products. As an added tip, understanding surge is
key to knowing what psi pipe to specify. Engineers are accustomed to using a higher pressure rating
than working pressure because that is how incumbent pipe systems are designed. Not so with HDPE.
A 100 psi HDPE pipe can handle occasional surges to 200 psi so no need to buy the 200 psi pipe. Use
the 100 psi pipe and let the pipe do the work.

Pressure, Surge
Basic: Also known as water hammer, changes in the velocity of flow in an HDPE pipe system. Velocity

changes can be caused by the operation of valves and pumps. Sometimes a fire event can cause surge
in a pipe system.

Insider tip: Understanding how surge occurs is important, but recognizing how to design for surge
in HDPE systems is critical to design success.

Pressure, Working
Basic: The maximum allowable operating pressure that a system can safely operate.

Insider tip: Inthe HDPE world, the working pressure refers to the typical pressure the agency sees
in its system. It is helpful to know both working and surge: two psi numbers when determining which
HDPE pipe pressure class (DR) to select.

Print Line

Basic: The print line appears on sticks and
rolls of HDPE pipe so users can determine
the specifications to which the pipe was
manufactured. See ASTM F714 page 7M8,
AWWA (C906 page 23 and 29. specify
minimum print line requirements. Most
manufacturers provide information in
excess of what is required.

127 DIPS DR 11 DRISCOPLEX® P\) ADDD P3N0

Insider tip: Every manufacturers print
line is a little different. For example, WL
Plastics has series of numbers to identify
their product. The print line shown below is
a good example.

DIPS 12” DR17 — WL Plastics — UT — PE4710 PE445574C — PC125 — AWWA CM906 — ASTM F714 —
[Shift/Line] = [MMM DDMYY] — NSFM61 — 50FT
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Explanation:

Print line typically repeats at regular intervals like every 2’.

DIPS — Designated sizing system (other options IPS (iron pipe system), CTS (copper tubing sizes), ISO
(metric mm sizes), DIPS (ductile iron pipe system))

12” — Nominal pipe outside diameter (note: nominal diameter may differ from actual measure
diameter, ex: 12” DIPS nominal is equal to 13.20” actual measured diameter) DR17 — Dimension Ratio
(diameter/minimum wall thickness), 17 equates to 125 psig pressure class (see below)

WL Plastics — Pipe Manufacturer

UT - Location of Manufacturer

PE4710 — Pipe material designation code

PE445574C — Cell Classification per ASTM D3350 (pipe resin physical requirements)

PC125 — Pressure Class 125 psig

AWWA C906 — pipe meets American Water Works Association standard CM906

ASTM F714 — pipe meets American Society of Testing and Materials standard F714

Shift/Line — Shift that manufactured the pipe and which line it was made on (for product traceability)
MMTDDTYY — Date of manufacture

NSFT61 — pipe meets NSF M61, Product certified for use in potable water service

50FT — Pipe length designation

PSI, see Pounds per square inch

Quick Burst Test
Basic: A prescribed test conducted by pipe manufacturers to confirm the pipe they manufacturer

conforms to NSF and ASTM requirements. It is a test of the internal pressure of a pipe meant to burst
a pipe component in 60M70 seconds. The test is run in accordance with ASTM D1599.

Insider tip: Watch the video above and you will see a pipe burst at about 4 times its working
pressure rating. This ductile failure is the proper failure mode for properly manufactured pipe and
gives the viewer confidence to know that HDPE is a very strong and capable pipe system.

Rapid Crack Propagation (RCP)

Basic: A crack failure in a pipe typically initiated by a hard impact. RCPs are often experienced in
conjunction with low temperatures and compressed gas media. RCPs run along a pipe at extremely
high speeds and can be several feet in length.

Insider tip: Running cracks in HDPE occurred in extreme stress situations on occasion with previous

versions of the resin. PE Engineers from Dow, Lyondell Basell and CPChem have perfected a resin that
does not permit those kinds of failures to occur in the 4710 resin.

Insider’s Guide to PE Pipe Page 18



Amglspwe& Insider’s Guide to PE Pipe

Seismically Resistant

Basic: HDPE pipe is seismically resistant
as confirmed by the Water Research
Foundation in their seminal report #4408

NEES @i@oinel U niive

entitled Recent Earthquakes:

Implications for US Water Utilities 16 inch HDPE Pipe
published in 2012. In other words, it will

withstand earthquake activity, freeze Ma‘rch 00
thaw cycles, soil constriction, pressure b/

spikes and typical ground movement that /

typically fractures incumbent pipe
systems. Cornell University Video simulation demonstrates how a 4’
lateral shiftin the soil affects a 35’long 76” diameter piece of

Insider tip: HDPE pipe is the seismically resistant pipe. It will withstand severe ground deformation
without failure. That means that public agencies can specify a pipe that will withstand seismic activity
and count on their pipeline infrastructure to remain intact and functioning after the seismic event.

Sliplining

Basic: A trenchless rehabilitation method for an old pipe system. Entry and exit pits are dug and a
liner is pulled inside the host pipe. HDPE of a smaller diameter than the original pipe is then pulled
through the liner and settled inside of the original pipe. Sliplining is an effective method if the existing
system is still well intact.

Insider tip: The selection of DR is a design consideration as the host pipe provides structural
integrity. There is some conversation in the industry on whether or not the annulus needs to be filled.

Specifications
Basic: Written technical descriptions in contract documents that outline the desired materials,
lengths, equipment, construction methods, standards, practices and other relevant project details.

Insider tip: The Alliance will edit your specifications or provide model
specifications for your use. Documents are available in editable format for
easy integration.

Squeeze Off

Basic: A PE line can be squeezed off by a squeeze off tool which clamps % 3
down on the pipe to stop the flow.

Insider tip: Operator must turn the crank slowly on the manual
machines and operate it slowly on the hydraulic machines in order not to
damage the pipe. At release, the process must also occur slowly according
to equipment manufacturer specifications.
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Stress Relaxation
Basic: A decrease in stress levels over time at constant strain.

Insider tip: HDPE is a very forgiving material. That is what makes it so flexible and tolerant of ground
movement. However, when mechanical connections and fittings are placed on HDPE pipe, the type of
coupling, the fasteners and the method of connection all

Striping

Basic: HDPE stripe colors are coextruded into the pipe so that they
cannot be removed. Stripe color is most commonly used as a pipeline
identifier. For example; blue stripe is potable water, green stripe is
sewer/waste water, purple is reclaimed/non-potable water, red stripe
is fire water, and yellow stripe is gas.

Insider tip: The number of stripes and their location vary from
manufacturer to manufacturer. Black pipe without stripes is the most
commonly available pipe in the industry. A double stripe sometimes
denotes DIPS pipe vs IPS.

Blue stripe — potable water

Green stripe — wastewater

Orange — conduit, cable, communication, signal, alarm

Purple stripe — reclaimed, raw water or irrigation water

Red Stripe — firewater

Yellow stripe — natural gas (all yellow HDPE pipe is also gas pipe)

Swagelining

Basic: Swagelining is a rehabilitation process that pulls thin-walled HDPE through an existing pipe
with an ID than the HDPE’s O.D. The HDPE forms a tight fit within the pipe, using the old pipe for
support.

Insider tip: Swagelining is a trenchless method of installation of HDPE that, like sliplining, using an
existing system to host the new pipe. Unlike sliplining, swagelining does not use a liner. Instead, HDPE
is pulled through a die that restricts the diameter of the pipe. The HDPE is pulled through the old pipe
into place and allowed to expand back out to its original diameter, forming a tight fit with the old pipe.
Thin-walled HDPE is typically utilized for this, as it ensures a similar flow capacity to the old system
and can use the support of the old pipe still in place.

Tensile Strength at Yield

Basic: The maximum tensile strength a pipe can withstand before yielding and elongating in a tensile
test.

Insider tip: HDPE pipe can handle up to 3500 psi before yielding the pipe. This is an important
number to keep in mind when designing pull in applications such as pipe bursting, or horizontal
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directional drilling. The yield stress is multiplied with the pipes wall area and a safety factor applied
for the pull strength.

Testing

Basic: Required testing is set forth by the applicable standards. The most common for potable water
applications are AWWA C906, ASTM D3035/F714, and NSF61. Required testing varies from physical
strength, to chemical makeup.

Insider tip: Testing plans, or testing reports can be requested from pipe manufacturers showing
what testing is performed on the pipe that is ordered.

Water Research Foundation (WRF)

Basic: WRF sponsoring cutting-edge research and promoting collaboration, the Water Research
Foundation helps our subscribers with practical solutions and long-range planning to meet those
challenges.

Ref: https://www.waterrf.org/

Insider tip: WRF works with a variety of professional partners to identify, prioritize, fund, manage,
and communicate scientifically sound research across the globe. Since 1966, they have managed more
than 1,000 high-impact research studies valued at more than $500 million. WRF is a 501(c)3 nonprofit
organization that carefully invests research dollars from more than 950 subscribing organizations in
the U.S. and abroad to tackle an array of issues related to water. WRF funded the study which proved
the seismic resistance of HDPE pipe and cemented its position as the seismically resistant pipe in North
America. See WRF report Number #4408. WRF also published a landmark report on the environmental
impacts of pipe bursting with HDPE to solve the AC pipe crisis.

Working Pressure (WP)
Basic: The maximum sustained operating pressure a pipe can handle, distinct from temporary
pressure changes such as pressure surges.

Insider tip: When selecting a pipe dimension ratio (DR) it is important to know what the WP is and
what the maximum surge pressure is in a given system. Proper pressure class (or DR) is a function of
working pressure plus maximum surge.

Sources:

PPl Handbook PPl Website
Alliance for PE Pipe Website
AWWA M55

Various ASTM standards
Engineer’'sEdge.com
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SECTION 02515

HIGH DENSITY POLYETHYLENE PIPE AND FITTINGS

PART 1 GENERAL

1.01

1.02

1.03

Scope of Work

The Contractor shall provide solid wall high density polyethylene pipe (HDPE) and fittings
which conform to AWWA, ASTM and other referenced documents listed in this
specification with flanged and thermal butt fusion joints complete in place.

Manufacturer Qualifications

A.

Manufacturer shall maintain listing in PPI TR-4 PPI HSB Listing of Hydrostatic
Design Basis Listed Materials and shall follow all policies and procedures listed in
PPI TR-3 — Policies and Procedures for Developing Hydrostatic Design Basis, as
well as all applicable ASTM standards.

HDPE pipe and fittings manufacturers and distributors shall be listed as current
members of the Alliance for PE Pipe.

Contractor shall have a minimum of 2 years recent experience installing HDPE
pressure pipe and fittings for at least the specified pipe and fittings sizes and lengths
and shall be able to submit documentation of at least 5 installations in satisfactory
operation for at least 2 years.

All pipe and fittings of each material type must meet the same material class.

The HDPE utility pipe and fittings manufacturer shall review and approve or
prepare all Shop Drawings and other submittals for all components furnished under
this Section.

Pipe and fittings, including linings and coatings, that will convey potable water or
water that will be treated to become potable, shall be certified by an accredited
organization in accordance with NSF 61 as being suitable for contact with potable
water, and shall comply with requirements of authorities having jurisdiction at Site.

Referenced Standards

A.

American Water Works Association (AWWA) latest edition:

1. AWWA (C901 - Polyethylene Pressure Pipe and Tubing, 2 Inch Through 3
Inch for Water Service

02515-1
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AWWA C906 - Polyethylene Pressure Pipe and Fittings, 4 Inch Through 65
Inch for Water Distribution and Transmission

B. American Society for Testing and Materials (ASTM) latest edition:

1.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21.

22.

ASTM D638 — Tensile Method for Tensile Properties of Plastics

ASTM D790 — Test Materials for Flexural Properties of Unreinforced and
Reinforced Plastics and Electrical Insulating Materials

ASTM D2122 — Standard Method of Determining Dimensions of
Thermoplastics Pipe and Fittings

ASTM D2239 — Standard Specification for Polyethylene (PE) Plastic Pipe
(SIDR-PR) Based on Controlled Inside Diameter

ASTM D2321 — Standard Practice for Underground Installation of
Thermoplastic Pipe for Sewers and Other Gravity-Flow Applications
ASTM D2657 — Practice for Heat-Joining of Polyolefin Pipe and Fittings
ASTM D2683 — Standard Specification for Socket Type Polyethylene
Fittings for Outside Diameter-Controlled Polyethylene Pipe and Tubing
ASTM D2774 — Standard Practice for Underground Installation of
Thermoplastic Pressure Piping

ASTM D2837 — Standard Method for Obtaining Hydrostatic Design Basis
for Thermoplastic Pipe Materials or Pressure Design Basis for
Thermoplastic Pipe Products

ASTM D3035 — Polyethylene (PE) Plastic Pipe (DR-PE) Based on
Controlled Outside Diameter

ASTM D3261 — Butt Heat Fusion Polyethylene (PE) Plastic Fittings for
Polyethylene (PE) Plastic Pipe and Tubing

ASTM D3350-14 — Polyethylene Plastic Pipe and Fittings Material

ASTM F412 — Standard Terminology Relating to Plastic Piping Systems
ASTM F585 — Standard Guide for Insertion of Flexible Polyethylene Pipe
Into Existing Sewers

ASTM F714 — Polyethylene (PE) Plastic Pipe (SDR-PR) Based on Outside
Diameter

ASTM F905 — Standard Practice for Qualification of Polyethylene Saddle-
Fused Joints

ASTM F1055 — Standard Specification for Electrofusion Type Polyethylene
Fittings for Outside Diameter Controlled Polyethylene Pipe and Tubing
ASTM F1056 — Standard Specification for Socket Fusion Tools for Use in
Socket Fusion Joining Polyethylene Pipe or Tubing and Fittings

ASTM F1290 — Standard Practice for Electrofusion Joining Polyolefin Pipe
and Fittings

ASTM F2164 — Field Leak Testing of Polyethylene (PE) Pressure Piping
Systems Using Hydrostatic Pressure

ASTM F2206 — Fabricated Fittings for Butt-Fused Polyethylene Plastic
Pipe

ASTM F2620 — Standard Practice for Heat Fusion Joining of Polyethylene
Pipe and Fittings
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ASTM F2786 — Standard Practice for Field Leak Testing of Polyethylene
(PE) Pressure Piping Systems Using Gaseous Testing Media Under
Pressure (Pneumatic Leak Testing)

ASTM F3124 — Standard Practice for Data Recording the Procedure used
to Produce Heat Butt Fusion Joints

ASTM F3183 — Standard Practice for Guided Side Bend Evaluation of
Polyethylene Pipe Butt Fusion Joint

ASTM F3190 — Standard Practice for Heat Fusion Equipment (HFE)
Operator Qualifications on Polyethylene (PE) and Polyamide (PA) Pipe and
Fittings

C. Plastics Pipe Institute (PPI) latest edition:

l.
2.

11.

12.

The Plastics Pipe Institute Handbook of Polyethylene Pipe

PPI TR-3 — Policies and Procedures for Developing Hydrostatic Design
Basis, Hydrostatic Design Stresses, Pressure Design Basis, Strength Design
Basis, Minimum Required Strength Ratings, and Categorized Required
Strength for Thermoplastic Piping Materials or Pipe

PPI TR-4 — PPI HSB Listing of Hydrostatic Design Basis, Hydrostatic
Design Stresses, Pressure Design Basis, Strength Design Basis, Minimum
Required Strength Ratings, and Categorized Required Strength for
Thermoplastic Piping Materials or Pipe

PPI — TR-33 — Generic Butt Fusion Joining Procedure for Field Joining of

Polyethylene Pipe
PPI — TN-34 — Installation Guidelines for Electrofusion Couplings 14 and
Larger

PPI — TN-36 — General Guidelines for Connecting HDPE Potable Water
Pressure Pipes to DI and PVC Piping Systems

PPI — TN-38 — Bolt Torque for Polyethylene Flanged Joints

PPI — TN-44 — Long Term Resistance of AWWA C906 Polyethylene (PE)
Pipe to Potable Water Disinfectants

PPI — TN-45 — Mechanical Couplings for Joining Polyethylene Pipe

PPI — TN-46 — Guidance for Field Hydrostatic Testing of High Density
Polyethylene Pressure Pipelines: Owner’s Considerations, Planning,
Procedures, and Checklists

PPI — TN-49 — Recommendations for AWWA C901 Service Tubes in
Potable Water Applications

PPI — TN-54 — General Guidelines for Squeezing Off Polyethylene Pipe in
Water, Oil and Gas Applications

D. Plastics Pipe Institute Municipal Advisory Board (MAB)

1.

2.

3.

MAB Generic Electrofusion Procedure for Field Joining of 12 Inch and
Smaller Polyethylene Pipe

MAB Generic Electrofusion Procedure for Field Joining of 14 Inch to 30
Inch Polyethylene Pipe

MAB Model Specifications for PE 4710 Buried Potable Water Service,
Distribution and Transmission Pipes and Fittings
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1.04 SYSTEM DESIGN PARAMETERS

A. The HDPE system working pressure rating accommodates the normal operating
pressure and the repetitive surges. The pressure rating applies at 73° F or less.
Piping installed that may experience operating temperatures above 73° F shall
be de-rated in accordance with manufacturer’s recommendation.

B. Per AWWA 901 and C906, the repetitive surge pressure allowance is one half the
pressure class of the pipe, and the occasional surge over pressure allowance
is equal to the pressure class of the pipe. Allowable Total Pressure during
Recurring Surge conditions equals 1.5 times the pipe’s pressure class.
Allowable Total Pressure during Occasional Surge conditions equals 2.0 times
the pipe’s pressure class.

Table 1 gives the Pressure Class per AWWA C906, Pressure Rating and Allowable Total
Pressure during Recurring and Occasional Surge for PE4710 pipe at 73°F or less.

Table 1
Pressure Class per AWWA C906 for PE 4710 at 73° F or Less
Pipe Pressure . Allowable Total Allowable To-t al
. . Pressure Rating . Pressure During
Dimension Class (psi) Pressure During Occasional Suroe
Ratio (DR) (psi) P Recurring Surge (psi) (psi) g
DR 9 250 250 375 500
DR 11 200 200 300 400
DR 13.5 160 160 240 320
DR 17 125 125 187.5 250
DR 21 100 100 150 200
DR 26 80 80 120 160
1.05 Submittals
A. Contractor shall submit information detailing the manufacturer’s experience
requirements to satisfy the requirements of this specification.
B. Submit pipe catalog information confirming that pipe, fittings, joints, and other
materials conform to the requirements of the specifications.
C. Affirmation that product shipped meets or exceeds the standards set forth in this

specification. This shall be in the form of a written document from the manufacturer
attesting to the manufacturing process meeting the standards.

D. Submit manufacturers recommended fusion procedures for the products.
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PART 2 PRODUCTS
2.01 Polyethylene Pipe, Fittings and Accessories

A. Polyethylene pipe and fittings 4-65 inch diameter shall be in accordance with
AWWA (C906-15, material designation code of PE4710, all applicable ASTM
standards and be listed on the PPI TR-4 HSB Listing of Hydrostatic Design Basis
Listed Materials.

B. Polyethylene pipe 2 - 3 inch diameter for main line piping shall be polyethylene
pipe (not tubing) in accordance with AWWA C901, material designation code of
PE4710, all applicable ASTM standards and be listed on the PPI TR-4 HSB Listing
of Hydrostatic Design Basis Listed Materials.

C. Butt fusion fittings shall be made of HDPE material with a minimum material
designation code of PE4710, all applicable ASTM standards and shall be listed in
current versions of PPI TR-4. Molded and fabricated fittings shall have a pressure
rating equal to the pipe unless otherwise specified on the project documents. All
fittings shall meet the requirements of AWWA C901, C906 and all applicable
ASTM standards. Markings for molded fittings shall comply with the requirements
of ASTM D3261. Fabricated fittings shall be marked in accordance with ASTM
F2206. Socket fittings shall meet ASTM D2683. Fabricated fittings shall be
manufactured using a DatalLogger to record fusion time, pressure and temperature,
and shall be marked with a unique joint identifier that corresponds to the joint
report. A graphic representation of the time and pressure data for all fusion joints
made producing fittings shall be maintained for a minimum of five years as part of
quality control and will be available upon request of owner.

D. Electrofusion fittings shall be made of HDPE material with a minimum material
designation code of PE4710 and meet ASTM F1055. Electrofusion fittings shall
have a pressure rating equal to the pipe unless otherwise specified on the project
documents. All electrofusion fittings shall be suitable for use as pressure conduits
and have nominal burst values of four times the working pressure rating of the
fitting. Marking of electrofusion fittings shall comply with the requirements of
ASTM F1055. All electrofusion fittings shall be properly stored in compliance with
the manufacturer’s recommendation.

E. If saddle fusion is used to fuse branch saddles, tapping tees and other HDPE fittings
onto the wall of the main pipe, it shall be done in accordance with ASTM F2620 or
PPI TR-41 or the fitting manufacturer’s recommendations. Saddle fusion joints
shall be made by qualified fusion technicians. Qualification of the fusion technician
shall be demonstrated by evidence of fusion training within the past two years on
the equipment to be utilized on this project in accordance with ASTM F3190.

F. If socket fusion is used to fuse branch saddles, tapping tees and other HDPE fittings
onto the wall of the main pipe, it shall be done in accordance with ASTM D2683
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or the fitting manufacturer’s recommendations. Socket fusion joints shall be made
by qualified fusion technicians. Qualification of the fusion technician shall be
demonstrated by evidence of fusion training within the past two years on the
equipment to be utilized on this project in accordance with ASTM F3190. All
equipment used for socket fusion should comply with ASTM F1056 and
manufacturer’s recommendations.

G. Flanges and Mechanical Joint Adapters (MJ) shall have a minimum material
designation code of PE4710 and meet all applicable AWWA and ASTM standards.
Flanged and MJ adapters can be made to ASTM D3261 or machined in compliance
with ASTM F2206. Flanges and MJ adapters shall have a pressure rating equal to
the pipe unless otherwise specified on the plans. Markings for molded or machined
flange adapters or MJ adapters shall be per ASTM D3261. Fabricated (including
machined) flange adapters shall be marked per ASTM F2206. Installation of all
Flanged adapters shall follow the guidelines of the Plastics Pipe Institute TN-38.

H. Glands, bolts, and gaskets shall be manufactured in accordance with AWWA C153.
Bolts and nuts shall be grade 2 or higher.

2.02 Pipeline Identification

A. All polyethylene pipe shall be marked in accordance with the standards to which it
is manufactured.

B. All polyethylene pipe shall be black, and shall contain a continuous colored stripe,
2 inches wide, located at no greater than 90 degree intervals around the pipe.
Stripes shall be impregnated or molded into the pipe by the manufacturer.
Application of the stripes after manufacture is not acceptable. Stripe color shall be:

1. Potable Water Mains - blue stripes
2. Reclaimed Water Mains - purple stripes
3. Force Mains - green stripes
4. Sanitary Sewer - green stripes
5. Storm Sewer - no stripes required
C. Grey or white polyethylene without stripes may be used for gravity or storm sewer

applications as approved by the Owner or Engineer.

D. All black polyethylene without stripes may be used for any installation in the
interest of expediting delivery or reducing the cost of installation as approved by
the Owner or Engineer.

PART 3 EQUIPMENT

3.01 Data Logger
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A data logger shall be used to record and document all butt fusion process. The data
logger must be compatible and outfitted with an electronic data recording device.
A digital report or printout for all fusion joints made that complies with, but is not
limited to, ASTM F3124 must be delivered to the Owner upon request and at the
completion of the project. All hydraulic fusion must be recorded and able to
produce a graphic representation of the time and pressure data. All manual fusion
must be recorded with, but not limited to, Joint ID, Operator Name and ID, Pipe
information, and Heater Plate Temperature. The recording unit shall be a
Datalogger 6 as manufactured by McElroy Manufacturing, Inc, or newer model or
approved equivalent.

B. The Owner or Engineer may approve not implementing use of a DatalLogger on
small diameter pipe, 6 inches or less.

3.02 Bead Removal Equipment

A. Equipment used for internal and external bead removal on HDPE must be in good
working condition and free from any defects.

B. Internal bead removal tools must be capable of insertion into the HDPE pipe string
after fusion of a full length of HDPE pipe.

C. Equipment to be used to perform bead removal must be submitted to the Owner or

Engineer for approval.
PART 4 EXECUTION

4.01 Delivery, Storage and Handling of Materials
A. Contractor is required to inspect materials delivered to the site for damage. All
materials found during inspection or during the progress of work to have cracks,
flaws, or other defects shall be rejected and removed from the job site without
delay.

4.02 Pipe Joining

A. High density polyethylene pipe shall be heat fused and pressure tested as per
manufacturer's guidelines before installation. During assembly and prior to
installation, pipe must be laid out in such a way as to minimize interference to
pedestrian and vehicular traffic.

B. Cuts or gouges that reduce the wall thickness by more than 10% are not acceptable
and must be cut out, discarded and the pipe rejoined.

C. Each butt fusion shall be recorded and logged by a datalogger affixed to the fusion
machine. Joint data shall be submitted as part of the as-built documentation.

D. Mechanical joining — in areas as to which auxiliary or final connections are to be
made and the continuous pipe section will not be installed, the polyethylene pipe
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and fittings may be joined together or to other materials by means of flanged
connections or mechanical couplings designed for joining polyethylene pipe or for
joining polyethylene pipe to another pipe material. Mechanical couplings shall be
fully pressure rated and fully thrust restrained and installed in accordance with
manufacturer’s recommendations.

4.03 Bead Removal

A. Summary of Practice of Bead Removal

1.

Internal Bead Removal: The internal friction factor or smoothness of the
HDPE pipe is calculated based on the internal bead being intact and in place
for HDPE pipe. It is not necessary to remove the internal bead for friction
reduction purposes. In general, properly designed gravity sewer systems
provide ample flow velocity to stop accumulation of any debris. However,
some very low slope gravity sewer applications prefer to remove the internal
bead so grease and other debris do not accumulate at the location of an
internal bead.

External Bead Removal: Sliplining or Compressive Fit Sliplining
installations of HDPE may require removal of the exterior bead of fusion
joints to provide maximum clearance within the existing pipe. Compressive
fit splining must remove the exterior bead of the pipe as the OD of the pipe
is temporarily reduced in size during installation.

Interior and external bead removal must be performed cleanly with no
gouging of the existing pipe.

Internal bead removal tools must have the provision to withdraw the
removed bead, intact or in parts, from the interior of the pipe.

The HDPE pipe fusion bead should be allowed to cool prior to performing
bead removal.

4.04 Pressure and Leakage Testing

A. Summary of Practice of Pressure and Leakage Testing

1.

The section of the piping to be tested is isolated from other parts of the
system and properly restrained in order to prevent failure of both the test
section and the existing system connected to the test section. Isolated
sections of the test section are vented to the atmosphere in order to ensure
compressible gases do not remain within the hydraulic test section. The test
section is filled with liquid, raised to the test pressure, and allowed to
stabilize. The system is then inspected for leakage and the pressure is
relieved. Any required repairs or replacements are then performed while the
pipe is depressurized.

There is no leakage allowance, as properly made heat-fusion joints of HDPE
do not leak. However, if any defects or leaks are revealed, they should be
corrected and the pipeline retested after a minimum 24 hour recuperation
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period between tests. Total testing conducted on a section of pipeline shall
not exceed eight hours within a 24 hour period.

3. An expansion allowance is allowed as HDPE will expand slightly due to
elasticity and Poisson effects. The amount of make-up water (expansion
allowance) will vary because expansion is not linear. This procedure
compensates for expansion with an initial expansion phase followed by a
testing phase as to which the test pressure is reduced suspending expansion.
Expansion or contraction due to Poisson effects may disjoin other non-
restrained joints, such as bell and spigot joints, so measures must be taken
to fully restrain the test section.

B. Style of Testing

1. Conduct hydrostatic pressure testing of installed polyethylene pipe in
accordance with ASTM F2164, Standard Field Leak Testing of
Polyethylene Pipe and Crosslinked Polyethylene Piping Systems Using
Hydrostatic Pressure.

2. It is not recommended to conduct pneumatic leak testing on HDPE in
accordance with ASTM F2786, Standard Practice for Leak Testing of
Polyethylene Piping Systems Using Gaseous Media Under Pressure
(Pneumatic Leak Testing.)

C. Equipment to be used during testing

1. Non-HDPE components, such as end caps, valves, etc., that are used to
isolate the test section from other parts of the system in order to perform the
test are required to be rated for pressures equal to or greater than the test
pressure applied to the test section. These non-HDPE components must be
properly restrained while conducting the pressure test.

2. Air release valves must be installed at the high points of the test section to
allow for the release of any air or gases within the pipe prior to performing
the required hydraulic pressure testing.

3. Pumping equipment used to pressurize the test section during the pressure
testing should be of adequate capacity to fill, pressurize and test the section
within the allotted time for the test.

4. A pressure monitoring gage is recommended to be connected to the test
section at the lowest point to ensure the highest pressure is recorded within
the test section. The combination of pump pressure and pressure at higher
elevations will be recorded at the lowest point of the test section. Constant
monitoring of the pressure during testing is required. A datalogger with a
pressure recording transducer can be attached to the pressure gage to record
pressure readings during the test. Additional gauges capturing the quantity
of water used to fill prior to initial pressure testing and make up water during
testing are required.

D. Safety
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Take the necessary safety precautions to ensure the test is conducted safely
during the entirety of the testing period. Persons operating near the test
string should be familiar with pressure testing and understand the safety
precautions necessary to perform the test safely.

The test section should be supervised at all times during pressure testing.
Failure of the HDPE pipe string may result in sudden, violent, uncontrolled
and dangerous movement of the system piping, components or parts of the
components.

E. Restraint against movement

1.

Measures should be taken to ensure all parts and components of the pipe
section under pressure testing should be restrained from movement either
through the use of partial backfill or adequate above ground restraint
methods.

F. Pre-test preparation and set-up

1.

HDPE pipe materials are rated at temperatures of 73°F or less. Pressure
testing at higher temperatures will require de-rating of the pipe and fittings
in accordance with the manufacturer’s recommendations.

Prior to testing, all heat fusion joints are to be completely cooled and
allowed to cool beyond the required rough handling time.

The pipe string and components required to be tested should be flushed,
pigged or otherwise cleaned to remove and dirt and debris that may damage
parts or components involved in the pressure testing.

G. Maximum test pressures

1.

2.

The maximum test pressure of should not exceed the Owner’s or Engineer’s
recommendations.

System operating pressures often refer to the actual pressure that the
municipal water and wastewater pipeline systems experience during actual
operation.

System design pressures often refer to the pressure rating of the HDPE
pipeline that will be installed within the municipal water and wastewater
pipeline system. HDPE pipe utilized in municipal water and wastewater
systems often have higher rated design pressures than the operating
pressures of the pipe systems they are installed within.

System operating and system design pressures are not always equal. It is
necessary to establish if there is a difference between system operating and
system design pressures. The Owner or Engineer will make a determination
if the system operating pressure or system design pressures will be used to
perform pressure and leakage tests on the pipe string.

The maximum test pressure for HDPE shall not exceed 1.5 times the system
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design pressure when lower pressure rated components or devices are not
present. The maximum test pressure for HDPE shall not exceed the pressure
rating of the lowest pressure rated components when they are present.

H. Test duration

1. The test duration required to pressurize, stabilize, hold test pressure and
depressurize shall not exceed 8 hours. If retesting is necessary, the test
section shall be depressurize for a minimum of 8 hours prior to restarting.

2. Prior to pressurizing, all components must be inspected to be in proper
working conditions, all components of the test section shall be vented to
atmosphere and all low pressure lines not part of the test section shall be
disconnected from the test section.

I Execution

1. The test section shall be filled slowly with liquid and all air is purged from
the system. It is important to take steps to ensure all air is purged from the
system. The flow velocity of liquid within the test section should not exceed
the capacity of air to be purged from the system or the allowable design

velocity of the pipe.

2. The test section should be allowed to come to temperature equilibrium
between the pipe string and the fluid within the pipe.

3. When the test section is filled with fluid and purged with air, the pressure

within the test section shall be gradually increased to the required test
pressure. Make-up water should be allowed to fill the test section to
maintain the required pressure due to expansion of the test section.

4. Once the pipe has stabilized, the pressure should be reduced 10 psi and the
pressure monitored for 1 hour. The pressure should not be increased nor
makeup water added to the test section during the observation period.

5. If not leakage occurs or if the internal pressure remains within 5% of the
test phase pressure, the pressure test has passed.

6. All records kept during pressure testing shall be provided to the Owner and
Engineer.

J. Post test submittals

1. All records kept during pressure testing shall be provided to the Owner and
Engineer.

2. Pressure test reports shall include the test liquid, backflow prevention

devices, if used, weather conditions and ambient temperature at site of
testing, test pressure, types of test gauges, location of test gauges including
location distances and elevations, gauge calibration records, test pressures
recorded, any adjustments made such as makeup water, etc, description of
leaks or failures, date and time, and operator performing the pressure test.
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END OF SECTION
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EXCAVATION, BACKFILL AND COMPACTION FOR UTILITIES

SECTION 02315

PART 1 GENERAL
1.01 Scope of Work

The work specified in this section consists of furnishing all materials, labor, equipment,
and other services as necessary for preparing the site for work, the excavating, preparing
the trench for the underground utility to be altered or installed, the backfilling and
compaction. The excavation and backfill aspects of the work required for installation of
underground utilities shall meet all Department of Transportation (DOT) and all local right-
of-way authority requirements.

1.02 Contractor Qualifications

A. When performing trench excavation, the Contractor is to comply with the
Occupational Safety and Health Administration’s (OSHA) trench safety standards,
29 C.F.R,, s. 1926.650, Subpart P. Submission of a bid and subsequent execution
of a contract to perform the work required will serve as certification that all trench
excavation will be in compliance with OSHA standards.

1.03 Referenced Standards
A. American Water Works Association (AWWA) latest edition:

1. AWWA C901 - Polyethylene Pressure Pipe and Tubing, %2 Inch Through 3
Inch for Water Service

2. AWWA C906 - Polyethylene Pressure Pipe and Fittings, 4 Inch Through 65
Inch for Water Distribution and Transmission

B. American Society for Testing and Materials (ASTM) latest edition:

1. ASTM D638 — Tensile Method for Tensile Properties of Plastics
ASTM D790 — Test Materials for Flexural Properties of Unreinforced and
Reinforced Plastics and Electrical Insulating Materials

3. ASTM D2122 - Standard Method of Determining Dimensions of
Thermoplastics Pipe and Fittings

4. ASTM D2239 — Standard Specification for Polyethylene (PE) Plastic Pipe
(SIDR-PR) Based on Controlled Inside Diameter

5. ASTM D2321 — Standard Practice for Underground Installation of
Thermoplastic Pipe for Sewers and Other Gravity-Flow Applications

6. ASTM D2657 — Practice for Heat-Joining of Polyolefin Pipe and Fittings
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ASTM D2683 — Standard Specification for Socket Type Polyethylene
Fittings for Outside Diameter-Controlled Polyethylene Pipe and Tubing
ASTM D2774 — Standard Practice for Underground Installation of
Thermoplastic Pressure Piping

ASTM D2837 — Standard Method for Obtaining Hydrostatic Design Basis
for Thermoplastic Pipe Materials or Pressure Design Basis for
Thermoplastic Pipe Products

ASTM D3035 — Polyethylene (PE) Plastic Pipe (DR-PE) Based on
Controlled Outside Diameter

ASTM D3261 — Butt Heat Fusion Polyethylene (PE) Plastic Fittings for
Polyethylene (PE) Plastic Pipe and Tubing

ASTM D3350-14 — Polyethylene Plastic Pipe and Fittings Material

ASTM F412 — Standard Terminology Relating to Plastic Piping Systems
ASTM F585 — Standard Guide for Insertion of Flexible Polyethylene Pipe
Into Existing Sewers

ASTM F714 — Polyethylene (PE) Plastic Pipe (SDR-PR) Based on Outside
Diameter

ASTM F905 — Standard Practice for Qualification of Polyethylene Saddle-
Fused Joints

ASTM F1055 — Standard Specification for Electrofusion Type Polyethylene
Fittings for Outside Diameter Controlled Polyethylene Pipe and Tubing
ASTM F1056 — Standard Specification for Socket Fusion Tools for Use in
Socket Fusion Joining Polyethylene Pipe or Tubing and Fittings

ASTM F1290 — Standard Practice for Electrofusion Joining Polyolefin Pipe
and Fittings

ASTM F2164 — Field Leak Testing of Polyethylene (PE) Pressure Piping
Systems Using Hydrostatic Pressure

ASTM F2206 — Fabricated Fittings for Butt-Fused Polyethylene Plastic
Pipe

ASTM F2620 — Standard Practice for Heat Fusion Joining of Polyethylene
Pipe and Fittings

ASTM F2786 — Standard Practice for Field Leak Testing of Polyethylene
(PE) Pressure Piping Systems Using Gaseous Testing Media Under
Pressure (Pneumatic Leak Testing)

ASTM F3124 — Standard Practice for Data Recording the Procedure used
to Produce Heat Butt Fusion Joints

ASTM F3183 — Standard Practice for Guided Side Bend Evaluation of
Polyethylene Pipe Butt Fusion Joint

ASTM F3190 — Standard Practice for Heat Fusion Equipment (HFE)
Operator Qualifications on Polyethylene (PE) and Polyamide (PA) Pipe and
Fittings

C. Plastics Pipe Institute (PPI) latest edition:

1.
2.

The Plastics Pipe Institute Handbook of Polyethylene Pipe
PPI TR-3 — Policies and Procedures for Developing Hydrostatic Design
Basis, Hydrostatic Design Stresses, Pressure Design Basis, Strength Design
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Basis, Minimum Required Strength Ratings, and Categorized Required
Strength for Thermoplastic Piping Materials or Pipe

PPI TR-4 — PPI HSB Listing of Hydrostatic Design Basis, Hydrostatic
Design Stresses, Pressure Design Basis, Strength Design Basis, Minimum
Required Strength Ratings, and Categorized Required Strength for
Thermoplastic Piping Materials or Pipe

PPI — TR-33 — Generic Butt Fusion Joining Procedure for Field Joining of

Polyethylene Pipe
PPI — TN-34 — Installation Guidelines for Electrofusion Couplings 14 and
Larger

PPI — TN-36 — General Guidelines for Connecting HDPE Potable Water
Pressure Pipes to DI and PVC Piping Systems

PPI — TN-38 — Bolt Torque for Polyethylene Flanged Joints

PPI — TN-44 — Long Term Resistance of AWWA C906 Polyethylene (PE)
Pipe to Potable Water Disinfectants

PPI — TN-45 — Mechanical Couplings for Joining Polyethylene Pipe

PPI — TN-46 — Guidance for Field Hydrostatic Testing of High Density
Polyethylene Pressure Pipelines: Owner’s Considerations, Planning,
Procedures, and Checklists

PPI — TN-49 — Recommendations for AWWA C901 Service Tubes in
Potable Water Applications

PPI — TN-54 — General Guidelines for Squeezing Off Polyethylene Pipe in
Water, Oil and Gas Applications

D. Plastics Pipe Institute Municipal Advisory Board (MAB)

1.

2.

3.

1.04 Submittals

MAB Generic Electrofusion Procedure for Field Joining of 12 Inch and
Smaller Polyethylene Pipe

MAB Generic Electrofusion Procedure for Field Joining of 14 Inch to 30
Inch Polyethylene Pipe

MAB Model Specifications for PE 4710 Buried Potable Water Service,
Distribution and Transmission Pipes and Fittings

A. Submit pipe catalog information confirming that pipe, fittings, joints, and other
materials conform to the requirements of the specifications.

B. Affirmation that product shipped meets or exceeds the standards set forth in this
specification. This shall be in the form of a written document from the manufacturer
attesting to the manufacturing process meeting the standards.

C. Submit manufacturer’s recommended fusion procedures for the products.
D. Submit traffic control plan for all entrance and exit pits.
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Provide as-built documentation. Contractor shall plot as-built conditions on the
field drawings, including the location in plan and elevation of the installed pipe, at
the completion of each production shift. Include on the drawings pipeline horizontal
and vertical data recorded every foot along the pipeline.

Contractor to maintain all testing and quality control documentation and assurance
procedures. Contractor to provide the following documents to the Owner:

1. Quality control test reports
. Fusion reports for each weld as reported by the datalogger
3. Certified laboratory test data for the materials and products to be used in the
work shall be submitted to the Owner for approval
4. Results of the quality control tests required during the performance of the
work shall be submitted to the Owner within 48 hours of completion
5. An independent testing / inspection firm shall provide the following
submittals to Owner:
a. A statement attesting that the Contractor’s work is in accordance with
the requirements of the project documents
b. Informal daily “pass” or “fail” reports
c. Formal weekly reports including all test logs and comments to include
density and moisture content test logs, indicating location of tests by
coordinates and elevation
d. Upon completion of backfill activities, all density and moisture content
test logs and comments compiled and submitted
e. Sources and test results of all borrowed materials used for backfill

PART 2 PRODUCTS

2.01 Polyethylene Pipe, Fittings and Accessories

A.

Polyethylene pipe and fittings 4-65 inch diameter shall be in accordance with
AWWA (C906-15, material designation code of PE4710, all applicable ASTM
standards and be listed on the PPI TR-4 HSB Listing of Hydrostatic Design Basis
Listed Materials.

Polyethylene pipe '4 - 3 inch diameter for main line piping shall be polyethylene
pipe (not tubing) in accordance with AWWA C901, material designation code of
PE4710, all applicable ASTM standards and be listed on the PPI TR-4 HSB Listing
of Hydrostatic Design Basis Listed Materials.

Butt fusion fittings shall be made of HDPE material with a minimum material
designation code of PE4710, all applicable ASTM standards and shall be listed in
current versions of PPI TR-4. Molded and fabricated fittings shall have a pressure
rating equal to the pipe unless otherwise specified on the project documents. All
fittings shall meet the requirements of AWWA C901, C906 and all applicable
ASTM standards. Markings for molded fittings shall comply with the requirements
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of ASTM D3261. Fabricated fittings shall be marked in accordance with ASTM
F2206. Socket fittings shall meet ASTM D2683. Fabricated fittings shall be
manufactured using a DatalLogger to record fusion time, pressure and temperature,
and shall be marked with a unique joint identifier that corresponds to the joint
report. A graphic representation of the time and pressure data for all fusion joints
made producing fittings shall be maintained for a minimum of five years as part of
quality control and will be available upon request of owner. Qualification of the
fusion technician shall be demonstrated by evidence of fusion training within the

past two years on the equipment to be utilized on this project in accordance with
ASTM F2620.

D. Electrofusion fittings shall be made of HDPE material with a minimum material
designation code of PE4710 and meet ASTM F1055. Electrofusion fittings shall
have a pressure rating equal to the pipe unless otherwise specified on the project
documents. All electrofusion fittings shall be suitable for use as pressure conduits
and have nominal burst values of four times the working pressure rating of the
fitting. Marking of electrofusion fittings shall comply with the requirements of
ASTM F1055. All electrofusion fittings shall be properly stored in compliance with
the manufacturer’s recommendation.

E. If saddle fusion is used to fuse branch saddles, tapping tees and other HDPE fittings
onto the wall of the main pipe, it shall be done in accordance with ASTM F2620 or
PPI TR-41 or the fitting manufacturer’s recommendations. Saddle fusion joints
shall be made by qualified fusion technicians. Qualification of the fusion technician
shall be demonstrated by evidence of fusion training within the past two years on
the equipment to be utilized on this project in accordance with ASTM F3190.

F. If socket fusion is used to fuse branch saddles, tapping tees and other HDPE fittings
onto the wall of the main pipe, it shall be done in accordance with ASTM D2683
or the fitting manufacturer’s recommendations. Socket fusion joints shall be made
by qualified fusion technicians. Qualification of the fusion technician shall be
demonstrated by evidence of fusion training within the past two years on the
equipment to be utilized on this project in accordance with ASTM F3190. All
equipment used for socket fusion should comply with ASTM F1056 and
manufacturer’s recommendations.

G. Flanges and Mechanical Joint Adapters (MJ) shall have a minimum material
designation code of PE4710 and meet all applicable AWWA and ASTM standards.
Flanged and MJ adapters can be made to ASTM D3261 or machined in compliance
with ASTM F2206. Flanges and MJ adapters shall have a pressure rating equal to
the pipe unless otherwise specified on the plans. Markings for molded or machined
flange adapters or MJ adapters shall be per ASTM D3261. Fabricated (including
machined) flange adapters shall be marked per ASTM F2206. Installation of all
Flanged adapters shall follow the guidelines of the Plastics Pipe Institute TN-38.
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Glands, bolts, and gaskets shall be manufactured in accordance with AWWA C153.
Bolts and nuts shall be grade 2 or higher.

2.02 Pipeline Identification

A.

All polyethylene pipe shall be marked in accordance with the standards to which it
1s manufactured.

All polyethylene pipe shall be black, and shall contain a continuous colored stripe,
2 inches wide, located at no greater than 90 degree intervals around the pipe.
Stripes shall be impregnated or molded into the pipe by the manufacturer.
Application of the stripes after manufacture is not acceptable. Stripe color shall be:

Potable Water Mains - blue stripes
Reclaimed Water Mains - purple stripes
Force Mains - green stripes

Sanitary Sewer - green stripes

Storm Sewer - no stripes required

M

Grey or white polyethylene without stripes may be used for gravity or storm sewer
applications as approved by the Owner or Engineer.

All black polyethylene without stripes may be used for any installation in the
interest of expediting delivery or reducing the cost of installation as approved by
the Owner or Engineer.

2.03 Soil Materials

A.

Suitable on-site backfill material — suitable materials shall be defined as a mineral
soil reasonably free of foreign materials (rubbish, debris, etc.), clumps, aggregate
larger than three inches, rock, concrete or asphalt chunks, and other unsuitable
materials, that may damage the pipe installation, prevent thorough compaction, or
increase the risks of after settlement unnecessarily.

Imported granular material for pipe bedding and encasement — granular materials
furnished for foundation, bedding, pipe encasement, or other purposes as may be
specified shall consist of any natural aggregate such as sand, gravel, crushed rock,
crushed stone, that shall meet the gradation requirements specified on the Standard
Details or project documents. Granular material used for pipe bedding and
encasement shall be comprised of virgin materials only.

Imported materials for backfill — when acceptable select grading material is not
available within the project site, the Contractor shall furnish granular backfill
material meeting DOT and all local right-of-way authority requirements. The
backfill material shall be utilized for backfilling from the top of pipe encasement
zone up to the subgrade (bottom of road section or bottom of topsoil) at the direction
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of the Owner. Granular material used for backfill of utilities pipes shall be
comprised of virgin materials.

2.04 Delivery, Storage and Handling of Materials

A. Contractor is required to inspect materials delivered to the site for damage. All
materials found during inspection or during the progress of work to have cracks,
flaws, or other defects shall be rejected and removed from the job site without
delay.

PART 3 EQUIPMENT

3.01 Data Logger

A.

A data logger shall be used to record and document all butt fusion process. The data
logger must be compatible and outfitted with an electronic data recording device.
A digital report or printout for all fusion joints made that complies with, but is not
limited to, ASTM F3124 must be delivered to the OWNER upon request and at the
completion of the project. All hydraulic fusion must be recorded and able to
produce a graphic representation of the time and pressure data. All manual fusion
must be recorded with, but not limited to, Joint ID, Operator Name and ID, Pipe
information, and Heater Plate Temperature. The recording unit shall be a
DatalLogger 6 as manufactured by McElroy Manufacturing, Inc, or newer model or
approved equivalent.

PART 4 EXECUTION

4.01 General

A.

When performing trench excavation, the Contractor is to comply with the OSHA
trench safety standards, 29 C.F.R., S. 1962.620, Subpart P and all subsequent
revisions or updates adopted by the Department of Labor and Employment
Security. The Contractor is to ensure that trench boxes are wide enough to
accommodate compaction and density testing. Submission of a bid and subsequent
execution of a contract to perform the work required will serve as certification that
all trench excavation will be in compliance with OSHA standards.

4.02 Excavation

A.

Excavate pits to permit the placing of the full widths and lengths of trench limits as
shown in project documents. Perform all excavation to foundation materials.
Wherever rock bottom is secured, excavate in such manner to allow the solid rock
to be exposed and prepared to support the foundation for pipe placement.

Excavate trenches for pipes to the elevation of the bottom of the pipe and to a width
sufficient to provide adequate working room. Remove soil not meeting the
classification specified as suitable backfill material to a depth of 4 inches below the
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bottom of the pipe elevation. Remove rock, boulders or other hard lumpy or
unyielding material to a depth of 12 inches below the bottom of the pipe elevation.
Remove much or other soft material to a depth necessary to establish a firm
foundation. Where the soil permit, ensure that the trench sides are vertical up to at
least the mid-point of the pipe.

For pipe lines placed above the natural ground line, place and compact the
embankment, prior to excavation of the trench, to an elevation at least 2 feet above
the top of the pipe and to a width equal to four pipe diameters, and then excavate
the trench to the required grade.

For pipe trenches utilizing trench boxes, ensure that the trench box used is of
sufficient width to permit thorough tamping of bedding material under and around
the pipes.

Do not disturb the installed pipe and its embedment when moving trench boxes.
Move the trench box carefully to avoid excavated wall displacement or damage. As
the trench box is moved, fill any voids left by the trench box and continuously place
and compact the backfill material adjacent to and all along the side of the trench
box walls to fill any voids created by the trench box.

Use suitable excavated materials for backfilling over or around the pipe. Dispose
of any unsuitable materials. Where acceptable suitable select grading material is
available within the project site, the select grading materials shall be utilized for
backfilling pipe trench from the top of the pipe encasement zone up to the subgrade.

Backfilling

A.

B.

Backfill and compaction should follow pipe placement and assembly as closely as
possible.

Backfill in dry conditions whenever normal dewatering equipment and methods
can accomplish the needed dewatering. A LOT is defined as one lift of backfill
material placement, not to exceed 500 feet in length or a single run of pipe
connecting two successive structures, whichever is less. Backfill around structures
compacted separately from the pipe will be considered as separate LOTs. Backfill
on each side of the pipe for the first lift will be considered a separate LOT. Backfill
on opposite sides of the pipe for the remaining lifts will be considered separate
LOTs, unless the same compactive effort is applied. The same compactive effort is
defined as the same type of equipment (make and model) making the same number
of passes on both sides of the pipe. For multiple phase backfill, a LOT shall not
extend beyond the limits of the phase.

When placing backfill within a trench box each lift of backfill is considered a LOT.
Placement of backfill within trench box limits will be considered a complete
operation before trench box is moved for next backfill operation. When the trench
box is moved for next backfill operation this will start new LOTs for each lift.
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Provide normal dewatering equipment including, but not limited to, surface pumps,
sump pumps, well points and header pipe and trenching/digging machinery.
Provide normal dewatering methods including, but not limited to, constructing
shallow surface drainage trenches/ditches, using sand blankets, perforated pipe
drains, sumps and siphons.

Backfill to the original ground surface or subgrade surface of openings made for
structures, with a sufficient allowance for settlement. The Owner may require that
the material used for this backfill be obtained from a source entirely apart from the
structure. Use only material accepted by the Owner.

Do not allow heavy construction equipment to cross over pipes until placing and
compacting backfill material to the finished earthwork grade or to an elevation at
least four feet above the crown of the pipe.

Place the material in horizontal layers not exceeding six inches compacted
thickness, in depth above water level and under the haunches of the pipes.

The Contractor may elect to place material in thicker lifts of no more than 12 inches
compacted thickness above the Soil Envelope if the Contractor can demonstrate
with a successful test section that density can be achieved.

Where wet conditions do not permit the use of mechanical tampers, compact using
hand tampers. When the backfill has reached an elevation and condition such as to
make the use of the mechanical tampers practical, perform mechanical tamping in
such a manner and to such extent as to transfer the compaction force into the
sections previously tamped by hand.

For pipes greater than 15 inches in diameter, the Contractor may elect to break the
backfill up into four sections: lowest zone, bedding zone, cover zone and top zone.

1. The lowest zone is backfilled for deep undercuts up to within four inches of
the bottom of the pipe. Backfill areas undercut below the bedding zone of a
pipe with coarse sand, or other suitable granular material. Compact the soil
in the lowest zone to approximately match the density of the soil in which
the trench was cut.

2. The bedding zone is usually the four inches directly under the pipe. If rock
or other hard materials have been removed from the bottom of the trench,
the bedding zone shall be the 12 inches of soil below the bottom of the pipe
as a replaced foundation. Backfill the bedding zone with suitable Class 1, 2
or 3 materials or other approved by the Owner. If the trench was not
undercut below the bottom of the pipe, loosen the soil in the bottom of the
trench immediately below the middle third of the outside diameter of the
pipe. If the trench was undercut, place the bedding material and leave it in
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a loose condition below the middle third of the outside diameter of the pipe.
Place the material in lifts no greater than six inches.

3. The cover zone is backfill that is placed after the pipe is laid and extends to
a height of 12 inches above the top of the pipe. Backfill the cover zone with
suitable Class 1, 2 or 3 materials or other approved by the Owner. Before
placing the cover zone material, lay the pipe. Place the material in six inch
layers of compacted thickness, evenly deposited on both sides of the pipe,
and compact with mechanical tampers suitable for this purpose. Hand tamp
material below the pipe haunch that can’t be reached by mechanical
tampers.

4. The top zone extends from 12 inches above the top of the pipe to the final
grade. Backfill the top zone with material suitable for backfill as previously
mentioned in this specification. Place the material in layers that do not
exceed 12 inches of compacted thickness.

4.04 Density Testing

A.

Compaction of materials placed within the pipe bedding and encasement zones
shall be accomplished with portable or hand equipment methods, so as to achieve
thorough consolidation under and around the pipe and avoid damage to the pipe.
The materials at this level shall be thoroughly compacted with a mechanical
compactor to meet 95% of maximum standard proctor density.

Compaction of materials placed above the pipe encasement zones shall be carefully
placed in relatively uniform depth layers spread over the full width and length of
the trench section to provide simultaneous support on both sides of the excavation.
The backfill material shall not exceed 12 inches in compacted thickness.

1. The compaction for backfill for utility pipe trench under impervious (paved)
surface areas shall meet 98% of maximum standard proctor density or other
requirements as determined by DOT or the right-of-way authority.

2. The compaction for backfill for utility pipe trench under pervious (non-
paved) surface areas shall meet 95% of maximum standard proctor density
or other requirements as determined by DOT or the local right-of-way
authority.

4.05 Quality Assurance

A.

Unless otherwise specified in the project documents, a qualified independent
inspection and testing agency will be retained by the Owner or Contractor to
perform field and laboratory testing and / or evaluations in accordance with the
criteria of ASTM D3740 to very compliance of the work with the requirements of
this specification.

The inspection / testing firm shall be responsible for quality assurance inspection
and testing to ensure that the work is in accordance with the requirements of the
project documents.
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If the completed work is not in accordance with the project documents, the
Contractor shall be responsible for repairing or reconstructing the deficiencies to
meet the project documents at the Contractors expense.

D. Tests of gradation, plasticity, density and moisture content shall be performed for
each type of fill material.

E. Unless otherwise specified in the project documents, the following in-place dry
density and moisture content testing on compacted fill shall be performed using one
of the following methods:

1. Sand-cone method in accordance with ASTM D1556

2. Nuclear methods in accordance with ASTM D6938

3. Rubber balloon method in accordance with ASTM D2167
4. Drive-cylinder method in accordance with ASTM D2937

F. Unless otherwise specified in the project documents, the field density testing shall
be performed at the following frequencies:

1. Structural fill under roadways, railroads, pavement and parking areas — one
test every 200 square feet of each lift

2. Road base and sub-base — one test every 2000 square feet of each lift

3. Backfill of trenches — one test for every 150 linear feet of each lift and one
test within each segment between changes in direction

Pipe Joining

A. High density polyethylene pipe shall be heat fused and pressure tested as per
manufacturer's guidelines before installation. During assembly and prior to
installation, pipe must be laid out in such a way as to minimize interference to
pedestrian and vehicular traffic.

B. Cuts or gouges that reduce the wall thickness by more than 10% are not acceptable
and must be cut out, discarded and the pipe rejoined.

C. Each butt fusion shall be recorded and logged by a datalogger affixed to the fusion
machine. Joint data shall be submitted as part of the as-built documentation.

D. Electrofusion joining?

E. Mechanical joining — Polyethylene pipe and fittings may be joined together or to

other materials by means of flanged connections or mechanical couplings designed
for joining polyethylene pipe or for joining polyethylene pipe to another pipe
material. Mechanical couplings shall be fully pressure rated and fully thrust
restrained and installed in accordance with manufacturer’s recommendations.
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4.07 Disinfection Testing

A. Disinfection tests

1.

All water pipe and fittings shall be thoroughly disinfected prior to being
placed in service. Disinfection shall follow the applicable provisions of the
procedure established for the disinfection of water mains as set forth in
AWWA C651. Bacteriological testing on the water main shall be scheduled,
completed and sent for water analysis (lab testing.) The results of the lab
testing shall be sent to the Owner. No pipeline shall be placed into service
until it is properly disinfected and water analysis proves it is disinfected.
Temporary blow-offs shall be installed for the purpose of cleaning the water
main. Temporary blow-offs shall be removed and plugged after the main is
cleared. The main shall be flushed prior to disinfection.

The new water main shall be connected to the existing water main at one
point only for flushing purposes. The new main MUST have a blow off on
the end as required. After the new main is thoroughly flushed, the open end
shall be sealed and restrained and the main shall be thoroughly disinfected.

4.08 Pressure and Leakage Testing

A. Summary of Practice of Pressure and Leakage Testing

1.

The section of the piping to be tested is isolated from other parts of the
system and properly restrained in order to prevent failure of both the test
section and the existing system connected to the test section. Isolated
sections of the test section are vented to the atmosphere in order to ensure
compressible gases do not remain within the hydraulic test section. The test
section is filled with liquid, raised to the test pressure, and allowed to
stabilize. The system is then inspected for leakage and the pressure is
relieved. Any required repairs or replacements are then performed while the
pipe is depressurized.

There is no leakage allowance, as properly made heat-fusion joints of HDPE
do not leak. However, if any defects or leaks are revealed, they should be
corrected and the pipeline retested after a minimum 24 hour recuperation
period between tests. Total testing conducted on a section of pipeline shall
not exceed eight hours within a 24 hour period.

An expansion allowance is allowed as HDPE will expand slightly due to
elasticity and Poisson effects. The amount of make-up water (expansion
allowance) will vary because expansion is not linear. This procedure
compensates for expansion with an initial expansion phase followed by a
testing phase as to which the test pressure is reduced suspending expansion.
Expansion or contraction due to Poisson effects may disjoin other non-
restrained joints, such as bell and spigot joints, so measures must be taken
to fully restrain the test section.
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Style of Testing

1.

Conduct hydrostatic pressure testing of installed polyethylene pipe in
accordance with ASTM F2164, Standard Field Leak Testing of
Polyethylene Pipe and Crosslinked Polyethylene Piping Systems Using
Hydrostatic Pressure.

It is not permitted to conduct pneumatic leak testing on HDPE in accordance
with ASTM F2786, Standard Practice for Leak Testing of Polyethylene
Piping Systems Using Gaseous Media Under Pressure (Pneumatic Leak
Testing.)

Non-pressurized HDPE sewer mains may be pressure tested following
ASTM F1417 Standard Practice for Installation Acceptance of Plastic Non-
pressure Sewer Lines Using Low-Pressure Air.

Non-HDPE Components

1.

Safety

Non-HDPE components, such as end caps, valves, etc., that are used to
isolate the test section from other parts of the system in order to perform the
test are required to be rated for pressures equal to or greater than the test
pressure applied to the test section. These non-HDPE components must be
properly restrained while conducting the pressure test.

Air release valves must be installed at the high points of the test section to
allow for the release of any air or gases within the pipe prior to performing
the required hydraulic pressure testing.

Pumping equipment used to pressurize the test section during the pressure
testing should be of adequate capacity to fill, pressurize and test the section
within the allotted time for the test.

A pressure monitoring gage is recommended to be connected to the test
section at the lowest point to ensure the highest pressure is recorded within
the test section. The combination of pump pressure and pressure at higher
elevations will be recorded at the lowest point of the test section. Constant
monitoring of the pressure during testing is required. A datalogger with a
pressure recording transducer can be attached to the pressure gage to record
pressure readings during the test. Additional gauges capturing the quantity
of water used to fill prior to initial pressure testing and make up water during
testing are required.

Take the necessary safety precautions to ensure the test is conducted safely
during the entirety of the testing period. Persons operating near the test
string should be familiar with pressure testing and understand the safety
precautions necessary to perform the test safely.

The test section should be supervised at all times during pressure testing.
Failure of the HDPE pipe string may result in sudden, violent, uncontrolled
and dangerous movement of the system piping, components or parts of the
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components.

E. Restraint against movement

1.

Measures should be taken to ensure all parts and components of the pipe
section under pressure testing should be restrained from movement either
through the use of partial backfill or adequate above ground restraint
methods.

F. Pre-test preparation and set-up

1.

HDPE pipe materials are rated at temperatures of 73°F or less. Pressure
testing at higher temperatures will require de-rating of the pipe and fittings
in accordance with the manufacturer’s recommendations.

Prior to testing, all heat fusion joints are to be completely cooled and
allowed to cool beyond the required rough handling time.

The pipe string and components required to be tested should be flushed,
pigged or otherwise cleaned to remove and dirt and debris that may damage
parts or components involved in the pressure testing.

G. Maximum test pressures

1.

2.

The maximum test pressure of should not exceed the Owner’s or Engineer’s
recommendations.

System operating pressures often refer to the actual pressure that the
municipal water and wastewater pipeline systems experience during actual
operation.

System design pressures often refer to the pressure rating of the HDPE
pipeline that will be installed within the municipal water and wastewater
pipeline system. HDPE pipe utilized in municipal water and wastewater
systems often have higher rated design pressures than the operating
pressures of the pipe systems they are installed within.

System operating and system design pressures are not always equal. It is
necessary to establish if there is a difference between system operating and
system design pressures. The Owner or Engineer will make a determination
if the system operating pressure or system design pressures will be used to
perform pressure and leakage tests on the pipe string.

The maximum test pressure for HDPE shall not exceed 1.5 times the system
design pressure when lower pressure rated components or devices are not
present. The maximum test pressure for HDPE shall not exceed the pressure
rating of the lowest pressure rated components when they are present.

H. Test duration

The test duration required to pressurize, stabilize, hold test pressure and
depressurize shall not exceed 8 hours. If retesting is necessary, the test
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section shall be depressurize for a minimum of 8 hours prior to restarting.
Prior to pressurizing, all components must be inspected to be in proper
working conditions, all components of the test section shall be vented to
atmosphere and all low pressure lines not part of the test section shall be
disconnected from the test section.

L. Hydrostatic Test Procedure

1.

The test section shall be filled slowly with liquid and all air is purged from
the system. It is important to take steps to ensure all air is purged from the
system. The flow velocity of liquid within the test section should not exceed
the capacity of air to be purged from the system or the allowable design
velocity of the pipe.

The test section should be allowed to come to temperature equilibrium
between the pipe string and the fluid within the pipe.

When the test section is filled with fluid and purged with air, the pressure
within the test section shall be gradually increased to the required test
pressure. Make-up water should be allowed to fill the test section to
maintain the required pressure due to expansion of the test section.

Once the pipe has stabilized, the pressure should be reduced 10 psi and the
pressure monitored for 1 hour. The pressure should not be increased nor
makeup water added to the test section during the observation period.

If not leakage occurs or if the internal pressure remains within 5% of the
test phase pressure, the pressure test has passed.

J. Post test submittals

Restoration

All records kept during pressure testing shall be provided to the Owner and
Engineer.

Pressure test reports shall include the test liquid, backflow prevention
devices, if used, weather conditions and ambient temperature at site of
testing, test pressure, types of test gauges, location of test gauges including
location distances and elevations, gauge calibration records, test pressures
recorded, any adjustments made such as makeup water, etc, description of
leaks or failures, date and time, and operator performing the pressure test.

After completion of the excavation, backfill and compaction work all work areas, staging
and storage areas are to be restored to equal or better condition than pre-construction

condition.

END OF SECTION
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SECTION 02XXX

HORIZONTAL DIRECTIONAL DRILL

PART 1 GENERAL

1.01

1.02

Scope of Work

The work specified in this section consists of furnishing and installing underground utilities
using the horizontal directional drilling (HDD) method of installation for pipes of various
sizes, also commonly referred to as directional boring or guided horizontal boring. This
work shall include all services, equipment, materials, and labor for the complete and proper
installation, testing, restoration of underground utilities and environmental protection and
restoration.

Contractor Qualifications

A.

Contractor (or Sub-Contractor) shall provide documented evidence of successful
installation of pipe through the horizontal directional drill method for work
comparable in nature to the scope of work required by this project for a minimum
of two years.

Contractor (or Sub-Contractor) to have successfully self-performed at least (5)
horizontal directional drilling projects to install product pipe of a similar nominal
diameter and length to the proposed project within the past two years. Owner and
Engineer shall have the sole authority to determine the adequacy of the
representative projects.

Contractor’s (or Sub-Contractor’s) project manager, superintendent, drill operator
and guidance system operator assigned to horizontal directional drilling shall be
experienced in work of this nature and shall have successfully completed projects
similar in nature and shall have successfully completed similar projects using
horizontal directional drilling. Contractor (or Sub-Contractor) shall submit
substantiating evidence of qualifications with the bid submittal documents.

All drilling, drill guidance and pipe joining equipment operators shall be
experienced in comparable horizontal directional drilling work, and shall have been
fully trained in the use of the proposed equipment by an authorized representative
of the equipment manufacturer(s) or their authorized training agents.

All high density polyethylene (HDPE) fusion equipment operators shall be
qualified to perform pipe joining using the means, methods and equipment
employed by the Contractor. Fusion equipment operators must possess and be able
to provide written validation (card or certificate) of current, formal training on all
fusion equipment employed on the project, including training and proper use of the
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data logging device on the equipment. Training received more than two years prior
to operation of the fusion equipment shall not be considered current.

1.03 Referenced Standards

A. American Water Works Association (AWWA) latest edition:

1.

AWWA C651 — Disinfecting Water Mains

AWWA C901 — Polyethylene Pressure Pipe and Tubing, '% Inch Through 3
Inch for Water Service

AWWA (C906 — Polyethylene Pressure Pipe and Fittings, 4 Inch Through
63 Inch for Water Distribution and Transmission

C. American Society of Civil Engineers (ASCE) — Manual of Practice 108 for Pipeline
Design for Installation by Directional Drilling

B. American Society for Testing and Materials (ASTM) latest edition:

1.

10.
1.
12.
13.
14.

15.

ASTM D638 — Tensile Method for Tensile Properties of Plastics

ASTM D790 — Test Materials for Flexural Properties of Unreinforced and
Reinforced Plastics and Electrical Insulating Materials

ASTM D2122 — Standard Method of Determining Dimensions of
Thermoplastics Pipe and Fittings

ASTM D2239 — Standard Specification for Polyethylene (PE) Plastic Pipe
(SIDR-PR) Based on Controlled Inside Diameter

ASTM D2657 — Practice for Heat-Joining of Polyolefin Pipe and Fittings
ASTM D2683 — Standard Specification for Socket Type Polyethylene
Fittings for Outside Diameter-Controlled Polyethylene Pipe and Tubing
ASTM D2774 — Standard Practice for Underground Installation of
Thermoplastic Pressure Piping

ASTM D2837 — Standard Method for Obtaining Hydrostatic Design Basis
for Thermoplastic Pipe Materials or Pressure Design Basis for
Thermoplastic Pipe Products

ASTM D3035 — Polyethylene (PE) Plastic Pipe (DR-PE) Based on
Controlled Outside Diameter

ASTM D3261 — Butt Heat Fusion Polyethylene (PE) Plastic Fittings for
Polyethylene (PE) Plastic Pipe and Tubing

ASTM D3350 — Polyethylene Plastic Pipe and Fittings Material

ASTM F412 — Standard Terminology Relating to Plastic Piping Systems
ASTM F714 — Polyethylene (PE) Plastic Pipe (SDR-PR) Based on Outside
Diameter

ASTM F905 — Standard Practice for Qualification of Polyethylene Saddle-
Fused Joints

ASTM F1055 — Standard Specification for Electrofusion Type Polyethylene
Fittings for Outside Diameter Controlled Polyethylene Pipe and Tubing
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23.
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ASTM F1056 — Standard Specification for Socket Fusion Tools for Use in
Socket Fusion Joining Polyethylene Pipe or Tubing and Fittings

ASTM F1290 — Standard Practice for Electrofusion Joining Polyolefin Pipe
and Fittings

ASTM F1962-11 — Standard Guide for Use of Maxi-Horizontal Directional
Drilling for Placement of Polyethylene Pipe or Conduit Under Obstacles,
Including River Crossings

ASTM F2164 — Field Leak Testing of Polyethylene (PE) Pressure Piping
Systems Using Hydrostatic Pressure

ASTM F2206 — Fabricated Fittings for Butt-Fused Polyethylene Plastic
Pipe

ASTM F2620 — Standard Practice for Heat Fusion Joining of Polyethylene
Pipe and Fittings

ASTM F2786 — Standard Practice for Field Leak Testing of Polyethylene
(PE) Pressure Piping Systems Using Gaseous Testing Media Under
Pressure (Pneumatic Leak Testing)

ASTM F3124 — Standard Practice for Data Recording the Procedure used
to Produce Heat Butt Fusion Joints

ASTM F3190 — Standard Practice for Heat Fusion Equipment (HFE)
Operator Qualifications on Polyethylene (PE) and Polyamide (PA) Pipe and
Fittings

D. North American Society for Trenchless Technology (NASTT) latest edition:

1.

NASTT’s Horizontal Direction Drilling (HDD) Good Practices Guidelines
— 4th Edition

E. Plastics Pipe Institute (PPI) latest edition:

1.

2.

(98]

hd

The Plastics Pipe Institute Handbook of Polyethylene Pipe — Chapter 12
Horizontal Directional Drilling

PPI — TN-36 — General Guidelines for Connecting HDPE Potable Water
Pressure Pipes to DI and PVC Piping Systems

PPI — TN-38 — Bolt Torque for Polyethylene Flanged Joints

PPI — TN-44 — Long Term Resistance of AWWA C906 Polyethylene (PE)
Pipe to Potable Water Disinfectants

PPI — TN-45 — Mechanical Couplings for Joining Polyethylene Pipe

PPI — TN-46 — Guidance for Field Hydrostatic Testing of High Density
Polyethylene Pressure Pipelines: Owner’s Considerations, Planning,
Procedures, and Checklists

PPI — TN-49 — Recommendations for AWWA C901 Service Tubes in
Potable Water Applications

PPI — TN-54 — General Guidelines for Squeezing Off Polyethylene Pipe in
Water, Oil and Gas Applications

PPI — TR-46 — Guidelines for Use of Mini-Horizontal Directional Drilling
for Placement of High Density Polyethylene Pipe
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Plastics Pipe Institute Municipal Advisory Board (MAB)

1. MAB Generic Electrofusion Procedure for Field Joining of 12 Inch and
Smaller Polyethylene (PE) Pipe

2. MAB Generic Electrofusion Procedure for Field Joining of 14 Inch to 30
Inch Polyethylene (PE) Pipe

3. MAB Model Specifications for PE 4710 Buried Potable Water Service,
Distribution and Transmission Pipes and Fittings

1.04 Submittals

A.

Contractor shall submit personnel information detailing the names and resumes,
including specific project experience, for the proposed project manager,
superintendent, guidance operator and drill operator proving that the experience
meets the requirements detailed in this specification.

Contractor shall submit personnel information, including specific project
experience, for all proposed drilling, drill guidance, and pipe joining equipment
operators, including evidence of training in the use of the proposed equipment by
an authorized representative of the equipment manufacturer or their qualified agent.

Provide technical data for the equipment to be used on the project, including make,
model and technical specifications for each of the following:

Horizontal directional drill rig

Drilling system components

Downhole drilling assembly and reaming equipment
Downbhole pressure sub

Guidance and control system

Pulling head

Swivels

Rollers

9. Solids separation and drill fluid recirculation systems
10.  Pipe fusion equipment

11. Pipe fusion data logger

12.  Pipe handling equipment

13. Pigs and pigging equipment

14. Calibration certification for the pilot bore guidance and control system
15. Calibration certification for the heat fusion datalogger

PN D=

Submit pipe catalog information confirming that pipe, fittings, joints, and other
materials conform to the requirements of the specifications.

Submit pipe manufacturer’s most current calculations regarding tensile load
limitations for trenchless installations.
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Provide information showing staging and pipe fusion areas, site access during work
activities, pipe storage and handling and procedure for pipe joining.

Submit a proposed bore path layout in both plan and profile. The proposed bore
path shall conform to the drilling equipment and pipe material constraints.

Provide a work plan detailing the procedure and schedule to be used to execute the
project. Horizontal directional drilling shall not commence until the contractor has
received written approval of all work plan submittals. The Contractor shall provide
complete descriptions of proposed plans, procedures and personnel, as well as
supporting calculations for the following:

1. Drilling operations, addressing procedures for pilot hole drilling and
reaming, tracking and controlling the drilling head locations and the
preparation of as-built documentation

Drilling fluid management

Spoils handling and disposal

Pipe pullback and pullback monitoring.

Prevention of inadvertent fluid losses and spills, including contingencies for
rapid containment and cleanup, including procedures for monitoring and
controlling drilling fluid flows and pressures, equipment, resources and
procedures for identifying, containing and cleaning up fluid losses and spills
6. Quality control and testing procedures

7. Safety plan

Nk

Provide a supplemental work plan in advance of performing the horizontal
directional drill work. Horizontal directional drilling shall not commence until the
contractor has received written approval of all supplemental work plan submittals.
The work plan shall specifically address the following potential problems:

Obstructions along bore path during reaming or pull back

Drill pipe or product pipe cannot be advanced

Deviations from design line and grade exceed allowable tolerances
Drill pipe or product pipe broken off in borehole

Collapse of product pipe or excessive deformation

Damage to existing utilities

Excessive subsidence or heave

NoUnhsELD—

Design Requirements

1. Horizontal alignment shall be as shown on the project documents. The
maximum depth shall be determined based on a minimum clearance from
existing or proposed utilities to be crossed or the minimum clearances
shown on the Drawings, whichever is greater. Bending radius shall not be
less than the manufacturer’s recommended minimum bending radius of the
pipe. Compound curvatures may be used, but shall not exceed the

02XXX - 5
Alliance for PE Pipe



REV 12/2023

pepipe ®

maximum deflections as set forth by the manufacturer or AWWA standards,
whichever is more strict.

2. In accordance with ASTM F1962-11, Bore Entry (Pipe exit) angle shall be
between 8 and 20 degrees and Bore Exit (Pipe Entry) angle shall be
relatively shallow, preferably less than 10 degrees. Any deviation from
these angles should be submitted to the Owner for approval.

K. Provide detailed design calculations in accordance with ASTM F1962. The
calculations shall support the Contractor’s specific proposed means, methods and
products. The Contractor’s final design calculations shall be prepared and sealed
by a Licensed Professional Engineer registered in the State as to which the Project
is located. Horizontal directional drilling shall not commence until the contractor
has received written approval of all design calculation submittals. Design
calculations shall demonstrate that the proposed pipe, equipment and means and
methods comply with the requirements of this specification and have been designed
based on the design borepath, installation means and methods, for anticipated
installation and handling, hydrostatic, earth and live loads, installation temperature
and site conditions. Contactor shall provide the following calculations:

1. Maximum allowable pipe loading limits
Design radius of the proposed bore path, including minimum radii for all
curves

3. Pullback load calculation based on proposed drill path plan and profile
including pipe stress calculations

4. Confirmation that the design parameters do not result in installation stress
that exceeds allowable pipe stresses
5. Bouyancy effect calculations (if applicable)
6. Effects of ballasting plan on pipe pullback forces (if applicable)
7. Hydrofracture analysis
L. Contractor shall provide a plan to locate and protect all adjacent utilities and
infrastructure.
M. Submit traffic control plan for all entrance and exit pits.

N. Submit bore logs that clearly indicate the pipe diameter, location (by station), and
depth below grade of the installed pipeline, recorded every 10 feet maximum along
the pipeline. Submit within 7 days of the completion of each bore.

0. Provide as-built documentation. Contractor shall plot as-built conditions on the
field drawings, including the location in plan and elevation of the drill string,
reaming head, and installed pipe, at the completion of each production shift. Include
on the drawings pipeline horizontal and vertical data recorded every 10 feet along
the pipeline or once per joint of drill pipe.
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Contractor to maintain all testing and quality control documentation and assurance
procedures. Contractor to provide the following documents to the Owner:

1. Quality control test reports
2. Fusion reports for each weld as reported by the datalogger

1.05 Utility Locating

A.

The Contractor shall be responsible for following the procedures in this
specification to identify, locate and verify the presence of existing utilities along
the route of the proposed pipeline or work areas.

Utility locating will be performed in three parts: identification, designating and
verification.

1. Utility Identification — Identify the presence of underground utilities
through Florida One Call service and visual observation of surface markers
or other indicators such as manholes, valve boxes, fire hydrants, etc.

2. Utility Designation — Marking the location of underground utilities with
paint or flags based on utility owner information or third party locating
equipment.

3. Utility Verification — Verification of Utility Identification and Designation

by excavation or other methods to determine the horizontal and vertical
location of the underground utility. This also provides the size and material
of the underground utility. Approved methods to accomplish this task
include vaccum excavation, potholing, and test holes with traditional
equipment (backhoes, etc.)

The Contractor shall record the location (horizontal and vertical) of all known
utilities, as defined within this specification, on the project documents. At a
minimum, utilities shall be located by station and offset from the project baseline
or with state plan coordinates. Vertical location can be based on depth from
existing grade or elevation using the project vertical datum.

The project documents showing all known existing utilities shall be submitted to
the Owner’s Representative for review and to document, prior to construction, the
known utilities within the project limits. The Owner’s Representative will have a
five (5) working day period to review and approve or comment on the utility
locations.

The approved project documents showing the existing utilities shall be the basis for
changes to the contract as addressed within these specifications.

Utilities located and documented as described above then subsequently damaged
by the Contractor under this contract will have no basis for claims against the
Owner for costs associated with repairs, delays, etc.
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G. Damage to existing underground utilities that were not identified by the procedures
noted above will be the utility owner’s responsibility to repair or replace.
PART 2 PRODUCTS

2.01

Polyethylene Pipe, Fittings and Accessories

A.

Polyethylene pipe and fittings 4-30 inch diameter shall be in accordance with
AWWA C906, material designation code of PE4710 and all applicable ASTM
standards.

Polyethylene pipe 2 -3 inch diameter for main line piping shall be polyethylene
pipe (not tubing) in accordance with AWWA C901, material designation code of
PE4710 and all applicable ASTM standards.

Butt fusion fittings shall be made of HDPE material with a minimum material
designation code of PE4710 and all applicable ASTM standards. Molded and
fabricated fittings shall have a pressure rating equal to the pipe unless otherwise
specified on the project documents. All fittings shall meet the requirements of
AWWA C901, C906 and all applicable ASTM standards. Markings for molded
fittings shall comply with the requirements of ASTM D3261. Fabricated fitting
shall be marked in accordance with ASTM F2206. Socket fittings shall meet ASTM
D2683. Fabricated fittings shall be manufactured using a McElroy Datal.ogger to
record fusion time, pressure and temperature, and shall be marked with a unique
joint identifier that corresponds to the joint report. A graphic representation of the
time and pressure data for all fusion joints made producing fittings shall be
maintained for a minimum of five years as part of quality control and will be
available upon request of owner. Qualification of the fusion technician shall be
demonstrated by evidence of fusion training within the past two years on the
equipment to be utilized on this project in accordance with ASTM F2620.

Electrofusion fittings shall be made of HDPE material with a minimum material
designation code of PE4710 and meet ASTM F1055. Electrofusion fittings shall
have a pressure rating equal to the pipe unless otherwise specified on the project
documents. All electrofusion fittings shall be suitable for use as pressure conduits
and have nominal burst values of four times the working pressure rating of the
fitting. Marking of electrofusion fittings shall comply with the requirements of
ASTM F1055. All electrofusion fittings shall be properly stored in compliance with
the manufacturers recommendation.

Saddle fusion could be used to fuse branch saddles, tapping tees and other HDPE
fittings onto the wall of the main pipe. Saddle fusion shall be done in accordance
with ASTM F2620 or PPI TR-41 or the fitting manufacturer’s recommendations.
Saddle fusion joints shall be made by qualified fusion technicians. Qualification of
the fusion technician shall be demonstrated by evidence of fusion training within
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the past two years on the equipment to be utilized on this project in accordance with
ASTM F3190.

Socket fusion could be used to fuse branch saddles, tapping tees and other HDPE
fittings onto the wall of the main pipe. Socket fusion shall be done in accordance
with ASTM D2683 or the fitting manufacturer’s recommendations. Socket fusion
joints shall be made by qualified fusion technicians. Qualification of the fusion
technician shall be demonstrated by evidence of fusion training within the past two
years on the equipment to be utilized on this project in accordance with ASTM
F3190. All equipment used for socket fusion should comply with ASTM F1056 and
manufacturer’s recommendations.

Flanges and Mechanical Joint Adapters (MJ) shall have a minimum material
designation code of PE4710 and meet all applicable AWWA and ASTM standards.
Flanged and MJ adapters can be made to ASTM D3261 or machined in compliance
with ASTM F2206. Flanges and MJ adapters shall have a pressure rating equal to
the pipe unless otherwise specified on the project documents. Markings for molded
or machined flange adapters or MJ adapters shall be per ASTM D3261. Fabricated
(including machined) flange adapters shall be marked per ASTM F2206.
Installation of all Flanged adapters shall follow the guidelines of the Plastics Pipe
Institute TN-38.

Glands, bolts, and gaskets shall be manufactured in accordance with AWWA C153.
Bolts and nuts shall be grade 2 or higher.

2.02 Pipeline Identification

A.

All polyethylene pipe shall be marked in accordance with the standards to which it
is manufactured.

All polyethylene pipe shall be black, and shall contain a continuous colored stripe,
2 inches wide, located at no greater than 90 degree intervals around the pipe.
Stripes shall be impregnated or molded into the pipe by the manufacturer.
Application of the stripes after manufacture is not acceptable. Stripe color shall be:

Potable Water Mains - blue stripes
Reclaimed Water Mains - purple stripes
Force Mains - brown stripes

Sanitary Sewer - green stripes

Storm Sewer - no stripes required

Nk W=

2.03 Tracer Wire

A.

Installation of Tracer Wire. The Contractor shall be required to install tracer wire
during the horizontal directional drilling operations including along all pits for
connections. The tracer wire shall be installed simultaneously with the PE piping
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system. Tracer wire shall be properly spliced at each end connection and each
service connection. Care should be taken to adequately wrap and protect wire at
all splice locations. No bare tracer wire shall be accepted. Provide Magnesium
alloy anode for cathodic protection that conforms to the requirements of ASTM
B843. Install tracer wire per local and manufacturer’s requirements. A minimum
of three separate tracer wires shall be installed with the Directional Bore. Contractor
shall be required to provide as many wires as necessary to maintain continuity
throughout the length of the directional bore. Failure of continuous continuity in
the locating wire shall result in abandonment and reinstallation of the directional
drill, at the discretion of the Owner.

1. Tracer wire shall be three (3) 3/16-inch, 7 x 7 (or stronger) Stranded Copper
Clad Steel Extreme Strength with 4,700 Ib. break load, or braided stainless
steel (A304 or A316), with minimum 50 mil HDPE insulation thickness.

2.04 Drilling Fluids

A.

All drilling fluids should be a bentonite slurry mixture with any applicable
amendments as determined by the drill operators.

2.05 Delivery, Storage and Handling of Materials

A.

Contractor is required to inspect materials delivered to the site for damage. All
materials found during inspection or during the progress of work to have cracks,
flaws, or other defects shall be rejected and removed from the job site without
delay.

Contractor is responsible for obtaining, transporting and sorting any fluids,
including water, to the work site.

Contractor is responsible for disposal of fluids on the project site. The disposal of
fluids shall be done in compliance with all permits and applicable federal, state or
local environmental regulations. The bentonite drilling slurry may be recycled for
reuse in the hole opening operation, or shall be hauled by the Contractor to an
approved location or landfill for proper disposal. Contractor shall thoroughly clean
the project area or any fluid residue upon completion of installation and replace any
and all plants and sod damaged, discolored or stained by drilling fluids.

PART 3 EQUIPMENT

3.01

General

A.

The directional drilling equipment shall consist of a directional drilling rig of
sufficient capacity to perform the bore and pullback the pipe, a drilling fluid mixing,
delivery and recovery system of sufficient capacity to successfully complete the
drill, a drilling fluid recycling system to remove solids from the drilling fluid so
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that the fluid can be re-used, a guidance system to accurately guide boring
operations, a vacuum truck of sufficient capacity to handle the drilling fluid volume
and trained and competent personnel to operate the system. All equipment shall be
in good, safe operating condition with sufficient supplies, materials and spare parts
on hand to maintain the system in good working order for the duration of the
project.

3.02 Drilling System

A.

Drilling Rig — the directional drilling machine shall consist of a power system to
rotate, push and pull hollow drill pipe into the ground at a variable angle while
delivering a pressurized fluid mixture to a guidable drill (bore) head. The power
system shall be self contained with sufficient pressure and volume to power drilling
operations. Hydraulic system shall be free of leaks. Rig shall have a system to
monitor and record maximum pull-back pressure during pull-back operations. The
rig shall be grounded during drilling and pull-back operations. There shall be a
system to detect electrical current from the drilling string and an audible alarm
which automatically sounds when an electrical current is detected.

Drill Head — the drill head shall be steerable by changing its rotation and shall
provide the necessary cutting surfaces and drilling fluid jets.

3.03 Guidance System

The guidance system used shall provide real time electronic data to the inspector
on request. All daily data and project data shall be displayed on the As-built
documentation. The guidance system shall be capable of tracking a depth of 40 feet
or 20 feet below design bore path, whichever is greater, and in any soil condition,
including hard rock. It shall enable the driller to guide the drill head by providing
immediate information on the tool face, azimuth (horizontal direction,) and
inclination (vertical direction.) The guidance system shall be accurate to +/- 2% of
the vertical depth of the borehole at sensing position at depths up to one hundred
feet and accurate within 2 feet horizontally.

The Guidance System shall be of a proven type and shall be operated by personnel
trained and experienced with this system. The equipment operator shall be aware
of any magnetic anomalies on the surface of the drill path and shall consider such
influences in the operation of the guidance system if using a magnetic system.

Bore Tracking and Monitoring — at all times during the pilot bore, the Contractor
shall provide and maintain a bore tracking system that is capable of accurately
locating the position of the drill head in the x, y, and z axes. The Contractor shall
record these data at least once per drill pipe length or every twenty-five (25) feet,
whichever is more frequent.
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Downhole and Surface Grid Tracking System — the Contractor shall monitor and
record X, y, and z coordinates relative to an established surface survey bench mark.
The data shall be continuously monitored and recorded at least once per drill pipe
length or at twenty-five (25) feet, whichever is more frequent.

Deviations between the recorded and design bore path shall be calculated and
reported on the daily log. If the deviations exceed the allowable tolerances from the
design path, such occurrences shall be reported to the Owner. The Contractor shall
undertake all necessary measures to correct deviations and return to design line and
grade.

Drilling Fluid Pressures and Flow Rates — Drilling fluid pressures and flow rates
shall be continuously monitored and recorded by the Contractor. The pressures
shall be monitored at the pump. These measurements shall be made during pilot
bore drilling, reaming and pullback operations.

3.04 Drilling Fluid (Mud) System

A.

Mixing System — a self contained, closed, drilling fluid mixing system shall be of
sufficient size to mix and deliver drilling fluid. Mixing system shall continually
agitate the drilling fluid during operations.

Drilling Fluids — drilling fluid shall be composed of clean water, appropriate
additives and clay. Water for mixing the drilling fluid shall be potable water,
procured by the Contractor. The water and additives shall be mixed thoroughly and
be absent of any clumps or clods. Vary the fluid viscosity to best fit the soil
conditions encountered. Do not use any other chemicals or polymer surfactants in
the drilling fluid without written consent from the Engineer. Certify to the Engineer
in writing that any chemicals to be added are environmentally safe and not harmful
or corrosive to the facility.

Delivery System — the delivery system shall have filters in-line to prevent solids
from being pumped into the drill pipe. Connections between the pump and drill
pipe shall be relatively leak-free. Used drilling fluid and drilling fluid spilled during
drilling operations shall be contained and conveyed to the drilling fluid recycling
system. A berm, minimum of 12” high, shall be maintained around drill rigs,
drilling fluid mixing system, entry and exit pits and drilling fluid cycling systems
to prevent spills into the surrounding environment. Pumps and or vacuum truck(s)
of sufficient size shall be in place to convey excess drilling fluid from containment
areas to storage and recycling facilities.

Drilling Fluid Viscosity — in the event that inadvertent returns or returns loss of
drilling fluid occurs during pilot hole drilling operations, the Contractor shall cease
drilling, wait at least 30 minutes, inject a quantity of drilling fluid with an
appropriate viscosity and then wait another 30 minutes. If mud fracture or returns
loss continues, the Contractor shall cease operations and notify the Owner.
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Drilling Fluid Recycling System — the drilling fluid recycling system shall separate
sand, dirt and other solids from the drilling fluid to render the drilling fluid re-
usable. Spoils are separated from the drilling fluid will be stockpiled for later use
or disposed.

Control of Drilling Fluids — the Contractor shall follow all requirements of the
proposed work plan and supplemental work plan as submitted and approved and
shall control operations pressures, drilling mud weights, drilling speeds and any
other operational factors to avoid hydrofracture fluid losses to formations, and
control drilling fluid spillage. This includes any spillages or returns at entry and
exit pit locations or at any intermediate point. All inadvertent returns or spills shall
be promptly contained and cleaned up. The Contractor shall maintain on-site
mobile spoil removal equipment during all drilling, pre-reaming and pullback
operations and shall be capable of quickly removing spoils. The Contractor shall
immediately notify the Owner of any inadvertent returns or spills and immediately
contain and clean up the return or spill.

3.05 Other Equipment

A.

Pipe Rollers — pipe rollers, if used, shall be of sufficient size to fully support the
weight of the pipe while being hydro-tested and during pull back operations.
Sufficient number of rollers shall be used to prevent excess sagging of pipe.

3.06 Data Logger

A.

A data logger shall be used to record and document all butt fusion process. The data
logger must be compatible and outfitted with an electronic data recording device.
A digital report or printout for all fusion joints made that complies with, but is not
limited to, ASTM F3124 must be delivered to the OWNER upon request and at the
completion of the project. All hydraulic fusion must be recorded and able to
produce a graphic representation of the time and pressure data. All manual fusion
must be recorded with, but not limited to, Joint ID, Operator Name and ID, Pipe
information, and Heater Plate Temperature. The recording unit shall be a
DatalLogger 6 as manufactured by McElroy Manufacturing, Inc, or newer model or
approved equivalent.

PART 4 EXECUTION

4.01 General

A.

Locate positions of entry and exit pits, establish elevation and horizontal datum for
bore head control, and lay out pipe assembly area. Lay out and assemble pipe in a
manner that does not obstruct adjacent roads, and commercial or residential
activities adjacent to construction areas.

02XXX - 13
Alliance for PE Pipe



pepipe ®

B.

REV 12/2023

Proposed deviations from the bore path due to underground obstructions shall be
approved by the Engineer prior to construction.

Horizontal and vertical tolerance of the installed bore path from approved bore path
shall be within + 6 inches in the vertical plane and within + 2 feet in the horizontal
plane.

The maximum allowable pull load determined during the design calculations for
the installed Polyethylene pipe system should not be exceeded. If the maximum
observed pull load exceeds the maximum allowable pull load, the Owner may
request the drill be re-installed with new Polyethylene pipe at the Contractor’s
expense.

Final acceptance including final payment of directional bored pipelines will not be
made until directional bore logs have been submitted and the information on the
bore logs documents the depth of the installed pipeline is in accordance with these
specifications.

4.02 Directional Drilling

A.

The installation of pipeline by directional drilling shall be within the limits
indicated on the drawings, unless otherwise approved by the Owner or Engineer.

Install erosion control measures and dewater as required.

Steering of the bore must be performed with a method approved by the boring
equipment manufacturer. Such methods include walkover, wire line, wire line with
surface grid and other accepted methods. Use a locating and tracking system
capable of ensuring that the proposed installation is installed as intended. The
locating and tracking system must provide information on:

Clock and pitch information

Depth

Transmitter temperature

Battery status

Position (x,y)

Azimuth, where direct overhead readings (walkover) are not possible (i.e.
subaqueous or limited access transportation facility)

S

Ensure proper calibration of all equipment before commencing drilling operation.
Take and record alignment readings or plot points such that elevations on top of
and offset dimensions from the center of the product to a permanent fixed feature
are provided. Such permanent fixed feature must have prior approval of the Owner
or Engineer. Provide elevations and dimensions at all bore alignment corrections
(vertical and horizontal) with a minimum distance between points of 20 feet.
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Provide a sufficient number of elevations and offset distances to accurately plot the
vertical and horizontal alignment of the installed product. A minimum of three
elevation and plot points are required.

E. The depth of the directional drilling shall be the minimum necessary to prevent
surface heave, unless the drawings require the installation to be at deeper depths.
Any proposed changes to the depth of the directional bore from what is shown on
the drawings must be approved by the Engineer in writing, prior to commencement
of drilling. Where utilities cross under department of transportation (DOT) roads,
the depth of cover shall comply with any applicable DOT permits.

F. Borings shall be conducted using a mechanical boring head, assisted by and cooled
by drilling fluid of low pressure and volume. Material Safety Data Sheets must be
provided and approved by the Engineer for all drilling slurry compounds.

G. Back reaming shall be conducted to enlarge and prepare the bore hole for pipe
installation. Minimize potential damage from soil displacement or settlement by
limiting the ratio of the bore hole to the product size. The size of the back reamer
bit or pilot bit, if no back reaming is required, shall be limited relative to the product
diameter.

H. Ensure adequate removal of soil cuttings and stability of the bore hole by
monitoring the drilling fluids such as the pumping rate, pressures, viscosity and
density during the pilot bore, back reaming and pipe installation. Obtain the
Engineer’s approval of the location and all conditions necessary to construct relief
holes to relieve excess pressure and ensure the proper disposition of drilling fluids
is maintained.

L Minimize heaving during pull back. The pull back rate used shall maximize the
removal of soil cuttings without building excess down hole pressure. Contain
excess drilling fluids at entry and exit points until they are recycled or removed
from the site or vacuumed during drilling operations. Entry and exit pits are to be
of sufficient size to contain the expected return of drilling fluids and soil cuttings.

J. Ensure that all drilling fluids are disposed of or recycled in a manner acceptable to
the appropriate local, state, or federal regulatory agencies. If in the drilling process
it becomes evident that the soil is contaminated, contact the Engineer immediately.
Do not continue drilling without the Engineer’s approval.

K. Install the carrier in the bore hole within the same day that the pre-bore is completed
to ensure stability.

4.03 Pipe Joining

A. High density polyethylene pipe shall be heat fused and pressure tested as per
manufacturer's guidelines before installation in the bore hole. During assembly and
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prior to pullback, pipe must be laid out in such a way as to minimize interference
to pedestrian and vehicular traffic.

Cuts or gouges that reduce the wall thickness by more than 10% are not acceptable
and must be cut out, discarded and the pipe rejoined.

Each butt fusion shall be recorded and logged by a datalogger affixed to the fusion
machine. Joint data shall be submitted as part of the As-built documentation.

Mechanical joining — Polyethylene pipe and fittings may be joined together or to
other materials by means of flanged connections or mechanical couplings designed
for joining polyethylene pipe or for joining polyethylene pipe to another pipe
material. Mechanical couplings shall be fully pressure rated and fully thrust
restrained and installed in accordance with manufacturer’s recommendations.

Install required locator wire along polyethylene pipe prior to pulling through bore
hole as per these specifications.

After pulling pipe, clean exposed ends for installation of fittings, test locator wire
for continuity.

Boring Failure

A.

If an obstruction is encountered during boring which prevents completion of the
installation in accordance with the drawings and specifications, either remove the
pipe or abandon the pipe in place at the discretion of the Engineer.

If the pipe cannot be withdrawn and Engineer approves abandoning the pipe in
place, cut pipe off at least 3 feet below ground surface, fill annular space and pipe
with excavatable flowable fill and cap ends of pipe with blind flange.

In the event of failure to install pipe, retain possession of pipe and remove it from
the site.

Upon approval of the Engineer, fill the abandoned bore hole with excavatable
flowable fill.

Submit a new installation procedure and revised plans to the Engineer for approval
before resuming work at another location.

If, during construction, damage is observed to the facility, cease all work until
resolution to minimize further damage and a plan of action for restoration is
obtained and approved by the Engineer.

If the submitted boring logs indicate the installed alignment does not meet vertical
or horizontal alignment requirements, the boring is considered a failure, and the
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directional bored pipeline shall be either re-bored or otherwise remedied at the
discretion of the Owner.

4.05 Swabbing

A.

The purpose of swabbing a new pipeline is to conserve water while thoroughly
cleaning the pipeline of all foreign material, sand, gravel, construction debris and
other items not found in a properly cleaned system. Prior to pressure testing of a
new pipeline swabbing shall be utilized as specified on the project documents for
each project.

New water, sewer force and reclaimed mains greater than 12” ID (unless
determined otherwise by the Owner) shall be hydraulically cleaned with a
polypropylene swabbing device to remove dirt, sand and debris from main.

If swabbing access and egress points are not provided in the design drawings, it will
be the responsibility of the Contractor to provide temporary access and egress
points for the cleaning, as required.

Cleaning of the system shall be done in conjunction with, and prior to, the initial
filling of the system for its hydrostatic test.

The line to be cleaned shall only be connected to the existing distribution system at
a single connection point.

At the receiver or exit point for the poly swab, the Contractor is responsible for
creating a safe environment for collection of debris, water and the swab.
Considerations shall be made for protecting surrounding personnel and property
and safe retrieval of the swab.

4.06 Testing

A.

Disinfection tests

1. All water pipe and fittings shall be thoroughly disinfected prior to being
placed in service. Disinfection shall follow the applicable provisions of the
procedure established for the disinfection of water mains as set forth in
AWWA C651. Bacteriological testing on the water main shall be scheduled,
completed and sent for water analysis (lab testing.) The results of the lab
testing shall be sent to the Owner. No pipeline shall be placed into service
until it is properly disinfected and water analysis proves it is disinfected.

2. Temporary blow-offs shall be installed for the purpose of cleaning the water
main. Temporary blow-offs shall be removed and plugged after the main is
cleared. The main shall be flushed prior to disinfection.
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The new water main shall be connected to the existing water main at one
point only for flushing purposes. The new main MUST have a blow off on
the end as required. After the new main is thoroughly flushed, the open end
shall be sealed and restrained and the main shall be thoroughly disinfected.

Pressure and Leakage tests

1.

Conduct hydrostatic pressure testing of installed polyethylene pipe in
accordance with ASTM F2164.

For HDPE mains, fill the main slowly ensuring fill rate does not exceed
capacity of air release devices. Once air has been expelled from the system,
gradually raise the pressure to 160 psi. Add makeup water as necessary to
maintain this pressure as necessary for 4 hours. After the 4 hour period,
reduce main pressure to the 150 psi test pressure and monitor for 1 hour. Do
not increase pressure or add makeup water during this one hour period. The
test is passed and considered acceptable if the main pressure does not drop
more than 5% (7.5 psi) during the one hour period.

If any defects or leaks are revealed, they should be corrected and the
pipeline retested after a minimum 24 hour recuperation period between
tests. Total testing conducted on a section of pipeline shall not exceed 8
hours within a 24 hour period.

Disposal of Surplus Fluids

A.

Restoration

All drill fluid excess shall be contained in entry and/or exit pits and pumped as
needed into additional on-site storage tanks, tanker trucks, vacuum trucks, etc.
Dispose of excess drill fluid offsite as allowed by local rules and regulations.

Dispose of all material not needed or not suitable for backfilling over or around the
entry and receiving pits. The disposal shall be subject to local codes and
regulations.

After extraction, drill fluids, pits, work areas, staging and storage areas are to be restored
to equal or better condition than pre-construction condition.

END OF SECTION
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SECTION 02410

POTABLE WATER PIPE BURSTING

PART 1 GENERAL

1.01

Scope of Work

The work specified in this section consists of furnishing and installing underground water
mains using the pipe bursting method of installation for pipes of various sizes. This work
shall include all services, equipment, materials, and labor for the complete and proper
installation, testing, and restoration of underground water mains and environmental
protection and restoration.

The pipe bursting method will repeat the method, outlined below for each section of pipe
being replaced. These processes may be performed in series or in parallel with other
sections of pipe within the job; however each section will require these steps. The outline
below of the process does not dictate the means and methods of the Contractor but provides
an overview of the pipe bursting process.

1. Deliver notice of service outage to each affected property Owner in advance of work

Chlorinate a length of product pipe that yields passing bacteriological test results for

potable water per American Water Works Association (AWWA) and any applicable

regulatory authority

Perform hydrostatic test of the product pipe section

4. Excavate a machine pit at one end of the section down to pipe grade for placement of
the pipe bursting equipment

5. Excavate an insertion pit at the opposite end of the section down to pipe grade for

entry of the product pipe

Excavate service connection pits

7. Isolate the section to be rehabilitated from the rest of the system to maintain pressure

integrity of the system as well as preventing any backflow of chlorinated solution or

non-potable water into the system

Excavate and remove hydrant tees and valve tees from the host pipe

9. Assemble the rod string as it is thrust through the host pipe from machine pit to
insertion pit

10. Burst tooling and product pipe attached to rod end at insertion pit

11. Pull back and disassemble rod string simultaneously while tooling and product pipe
travels from insertion pit to machine pit

12. Install service connections to the newly installed mains

13. Super-chlorinate main for 15 minutes to 300 ppm, de-chlorinate the residual chlorine
when flushing and flush the newly installed main with potable water

14. Inspect for leaks at new connections

15. Perform final connection of the replaced section of pipe to the system

[99)
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It should be noted that items “4” through “15” can be accomplished within a single ten
hour day if the need for temporary services is to be eliminated. The length of pipe to be
burst per run should be chosen to conform to this time frame. Items “4” though “6”
(excavation items) may be performed in advance of the bursting operations to expedite the
process.

1.02 Contractor Qualifications

A.

Contractor (or Sub-Contractor) shall provide documented evidence of successful
installation of pipe through the pipe bursting method for work comparable in nature
to the scope of work required by this project for a minimum of two years.

Contractor (or Sub-Contractor) to have successfully self-performed at least (5) pipe
bursting projects to install product pipe of a similar nominal diameter and length to
the proposed project within the past two years. Owner and Engineer shall have the
sole authority to determine the adequacy of the representative projects.

Contractor’s (or Sub-Contractor’s) project manager, superintendent, and pipe
bursting machine operator assigned to pipe bursting shall be experienced in work
of this nature shall have successfully completed projects similar in nature and shall
have successfully completed similar projects using pipe bursting. Contractor (or
Sub-Contractor) shall submit substantiating evidence of qualifications with the bid
submittal documents.

All pipe bursting equipment operators shall be experienced in comparable pipe
bursting work, and shall have been fully trained in the use of the proposed
equipment by an authorized representative of the equipment manufacturer(s) or
their authorized training agents.

All high density polyethylene (HDPE) fusion equipment operators shall be
qualified to perform pipe joining using the means, methods and equipment
employed by the Contractor. Fusion equipment operators must possess and be able
to provide written validation (card or certificate) of current, formal training on all
fusion equipment employed on the project, including training and proper use of the
data logging device on the equipment. Qualification of the fusion technician shall
be demonstrated by evidence of fusion training within the past two years on the
equipment to be utilized on this project in accordance with ASTM F2620.

1.03 Referenced Standards

A.

American Water Works Association (AWWA) latest edition:

1. AWWA (C622 — Pipe Bursting of Potable Water Mains 4 In. (100 mm) to
36 In. (900 mm)
2. AWWA C651 — Disinfecting Water Mains
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AWWA C901 — Polyethylene Pressure Pipe and Tubing, % Inch Through 3
Inch for Water Service

AWWA C906 — Polyethylene Pressure Pipe and Fittings, 4 Inch Through
63 Inch for Water Distribution and Transmission

B. American Society of Civil Engineers (ASCE) — Manual of Practice 112 — Pipe
Bursting Projects

C. American Society for Testing and Materials (ASTM) latest edition:

1.

10.
1.
12.
13.
14.
15.
16.
17.
18.

19.

ASTM D638 — Tensile Method for Tensile Properties of Plastics

ASTM D790 — Test Materials for Flexural Properties of Unreinforced and
Reinforced Plastics and Electrical Insulating Materials

ASTM D2122 - Standard Method of Determining Dimensions of
Thermoplastics Pipe and Fittings

ASTM D2239 — Standard Specification for Polyethylene (PE) Plastic Pipe
(SIDR-PR) Based on Controlled Inside Diameter

ASTM D2657 — Practice for Heat-Joining of Polyolefin Pipe and Fittings
ASTM D2683 — Standard Specification for Socket Type Polyethylene
Fittings for Outside Diameter-Controlled Polyethylene Pipe and Tubing
ASTM D2774 — Standard Practice for Underground Installation of
Thermoplastic Pressure Piping

ASTM D2837 — Standard Method for Obtaining Hydrostatic Design Basis
for Thermoplastic Pipe Materials or Pressure Design Basis for
Thermoplastic Pipe Products

ASTM D3035 — Polyethylene (PE) Plastic Pipe (DR-PE) Based on
Controlled Outside Diameter

ASTM D3261 — Butt Heat Fusion Polyethylene (PE) Plastic Fittings for
Polyethylene (PE) Plastic Pipe and Tubing

ASTM D3350 — Polyethylene Plastic Pipe and Fittings Material

ASTM F412 — Standard Terminology Relating to Plastic Piping Systems
ASTM F714 — Polyethylene (PE) Plastic Pipe (SDR-PR) Based on Outside
Diameter

ASTM F905 — Standard Practice for Qualification of Polyethylene Saddle-
Fused Joints

ASTM F1055 — Standard Specification for Electrofusion Type Polyethylene
Fittings for Outside Diameter Controlled Polyethylene Pipe and Tubing
ASTM F1056 — Standard Specification for Socket Fusion Tools for Use in
Socket Fusion Joining Polyethylene Pipe or Tubing and Fittings

ASTM F1290 — Standard Practice for Electrofusion Joining Polyolefin Pipe
and Fittings

ASTM F2164 — Field Leak Testing of Polyethylene (PE) Pressure Piping
Systems Using Hydrostatic Pressure

ASTM F2206 — Fabricated Fittings for Butt-Fused Polyethylene Plastic
Pipe

02410 - 3
Alliance for PE Pipe



pepipedd

20.

21.

22.
23.

24.

REV 12/2023

ASTM F2620 — Standard Practice for Heat Fusion Joining of Polyethylene
Pipe and Fittings

ASTM F2786 — Standard Practice for Field Leak Testing of Polyethylene
(PE) Pressure Piping Systems Using Gaseous Testing Media Under
Pressure (Pneumatic Leak Testing)

ASTM F3124 — Standard Practice for Data Recording the Procedure used
to Produce Heat Butt Fusion Joints

ASTM F3183 — Standard Practice for Guided Side Bend Evaluation of
Polyethylene Pipe Butt Fusion Joint

ASTM F3190 — Standard Practice for Heat Fusion Equipment (HFE)
Operator Qualifications on Polyethylene (PE) and Polyamide (PA) Pipe and
Fittings

C. North American Society for Trenchless Technology (NASTT) latest edition:

1.

NASTT’s Pipe Bursting Good Practices Guidelines — 3rd Edition

D. Plastics Pipe Institute (PPI) latest edition:

1.

2.

9.

10.

The Plastics Pipe Institute Handbook of Polyethylene Pipe — Chapter 16
Pipe Bursting

PPI TR-3 — Policies and Procedures for Developing Hydrostatic Design
Basis, Hydrostatic Design Stresses, Pressure Design Basis, Strength Design
Basis, Minimum Required Strength Ratings, and Categorized Required
Strength for Thermoplastic Piping Materials or Pipe

PPI TR-4 — PPI HSB Listing of Hydrostatic Design Basis, Hydrostatic
Design Stresses, Pressure Design Basis, Strength Design Basis, Minimum
Required Strength Ratings, and Categorized Required Strength for
Thermoplastic Piping Materials or Pipe

PPI — TN-36 — General Guidelines for Connecting HDPE Potable Water
Pressure Pipes to DI and PVC Piping Systems

PPI — TN-38 — Bolt Torque for Polyethylene Flanged Joints

PPI — TN-44 — Long Term Resistance of AWWA C906 Polyethylene (PE)
Pipe to Potable Water Disinfectants

PPI — TN-45 — Mechanical Couplings for Joining Polyethylene Pipe

PPI — TN-46 — Guidance for Field Hydrostatic Testing of High Density
Polyethylene Pressure Pipelines: Owner’s Considerations, Planning,
Procedures, and Checklists

PPI — TN-49 — Recommendations for AWWA C901 Service Tubes in
Potable Water Applications

PPI — TN-54 — General Guidelines for Squeezing Off Polyethylene Pipe in
Water, Oil and Gas Applications

E. Plastics Pipe Institute (PPI) Municipal Advisory Board (MAB)

1.

2.

MAB Generic Electrofusion Procedure for Field Joining of 12 Inch and
Smaller Polyethylene (PE) Pipe

MAB Generic Electrofusion Procedure for Field Joining of 14 Inch to 30
Inch Polyethylene (PE) Pipe
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3. MAB Model Specifications for PE 4710 Buried Potable Water Service,
Distribution and Transmission Pipes and Fittings
4. MAB Guidelines for PE 4710 Pipe Bursting of Potable Water Mains

1.04 Submittals

A.

Contractor shall submit personnel information detailing the names and resumes,
including specific project experience, for the proposed project manager,
superintendent, and pipe bursting equipment operator proving that the experience
meets the requirements detailed in this specification.

Contractor shall submit personnel information, including specific project
experience, for all proposed pipe bursting equipment operators, including evidence
of training in the use of the proposed equipment by an authorized representative of
the equipment manufacturer or their qualified agent.

Contractor to submit a plan to the Owner on a marked-up copy of the project
documents showing the Contractor’s construction phasing and plans. Plan details
shall include the following:

Pit locations for machine pit and insertion pit

Pit locations for service connection pits

Burst schedule detailing which locations are to be replaced
Lengths of each section to be burst

Isolation points to be used to seal the system during pipe bursting
Location of temporary services or pre-chlorination guidelines
Staging area to be used for fusion and material storage

Pipe bursting equipment information to be used on the project such as
tonnage and tooling

9. Shoring system to be used with the bursting equipment

10.  Risk management plan

11. Tracer wire to be used

PN R

Submit pipe catalog information confirming that pipe, fittings, joints, and other
materials conform to the requirements of the specifications.

Submit pipe manufacturer’s most current calculations regarding tensile load
limitations for trenchless installations.

Provide information showing staging and pipe fusion areas, site access during work
activities, pipe storage and handling and procedure for pipe joining.

Contractor shall provide a plan to locate and protect all adjacent utilities and
infrastructure.

Submit traffic control plan for all entrance and exit pits.
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Provide as-built documentation. Contractor shall plot as-built conditions on the
field drawings, including the location of pits and service connections at the
completion of each production shift.

Contractor to maintain all testing and quality control documentation and assurance
procedures. Contractor to provide the following documents to the Owner:

1. Quality control test reports
2. Fusion reports for each weld as reported by the datalogger

1.05 Utility Locating

A.

The Contractor shall be responsible for following the procedures in this
specification to identify, locate and verify the presence of existing utilities along
the route of the proposed pipeline or work areas.

Utility locating will be performed in three parts: identification, designating and
verification.

l. Utility Identification — Identify the presence of underground utilities
through One Call service and visual observation of surface markers or other
indicators such as manholes, valve boxes, fire hydrants, etc.

2. Utility Designation — Marking the location of underground utilities with
paint or flags based on utility owner information or third party locating
equipment.

3. Utility Verification — Verification of Utility Identification and Designation

by excavation or other methods to determine the horizontal and vertical
location of the underground utility. This also provides the size and material
of the underground utility. Approved methods to accomplish this task
include vacuum excavation, potholing, and test holes with traditional
equipment (backhoes, etc.)

The Contractor shall record the location (horizontal and vertical) of all known
utilities, as defined within this specification, on the project documents. At a
minimum, utilities shall be located by station and offset from the project baseline
or with state plan coordinates. Vertical location can be based on depth from
existing grade or elevation using the project vertical datum.

The project documents showing all known existing utilities shall be submitted to
the Owner’s Representative for review and to document, prior to construction, the
known utilities within the project limits. The Owner’s Representative will have a
five (5) working day period to review and approve or comment on the utility
locations.
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E. The approved project documents showing the existing utilities shall be the basis for
changes to the contract as addressed within these specifications.

F. Utilities located and documented as described above then subsequently damaged
by the Contractor under this contract will have no basis for claims against the
Owner for costs associated with repairs, delays, etc.

G. Damage to existing underground utilities that were not identified by the procedures
noted above will be the utility owner’s responsibility to repair or replace.

PART 2 PRODUCTS

2.01 Polyethylene Pipe, Fittings and Accessories

A.

Polyethylene pipe and fittings 4-65 inch diameter shall be in accordance with
AWWA (C906-15, material designation code of PE4710, all applicable ASTM
standards and be listed on the PPI TR-4 HSB Listing of Hydrostatic Design Basis
Listed Materials.

Polyethylene pipe '4 -3 inch diameter for main line piping shall be polyethylene
pipe (not tubing) in accordance with AWWA C901, material designation code of
PE4710 all applicable ASTM standards and be listed on the PPI TR-4 HSB Listing
of Hydrostatic Design Basis Listed Materials.

Butt fusion fittings shall be made of HDPE material with a minimum material
designation code of PE4710, all applicable ASTM standards and shall be listed in
current versions of PPI TR-4. Molded and fabricated fittings shall have a pressure
rating equal to the pipe unless otherwise specified on the project documents. All
fittings shall meet the requirements of AWWA C901, C906 and all applicable
ASTM standards. Markings for molded fittings shall comply with the requirements
of ASTM D3261. Fabricated fittings shall be marked in accordance with ASTM
F2206. Socket fittings shall meet ASTM D2683. Fabricated fittings shall be
manufactured using a DatalLogger to record fusion time, pressure and temperature,
and shall be marked with a unique joint identifier that corresponds to the joint
report. A graphic representation of the time and pressure data for all fusion joints
made producing fittings shall be maintained for a minimum of five years as part of
quality control and will be available upon request of owner.

Electrofusion fittings shall be made of HDPE material with a minimum material
designation code of PE4710 and meet ASTM F1055. Electrofusion fittings shall
have a pressure rating equal to the pipe unless otherwise specified on the project
documents. All electrofusion fittings shall be suitable for use as pressure conduits
and have nominal burst values of four times the working pressure rating of the
fitting. Marking of electrofusion fittings shall comply with the requirements of
ASTM F1055. All electrofusion fittings shall be properly stored in compliance with
the manufacturers recommendation.
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Saddle fusion could be used to fuse branch saddles, tapping tees and other HDPE
fittings onto the wall of the main pipe. Saddle fusion shall be done in accordance
with ASTM F2620 or PPI TR-41 or the fitting manufacturer’s recommendations.
Saddle fusion joints shall be made by qualified fusion technicians. Qualification of
the fusion technician shall be demonstrated by evidence of fusion training within
the past two years on the equipment to be utilized on this project in accordance with
ASTM F3190.

Socket fusion could be used to fuse branch saddles, tapping tees and other HDPE
fittings onto the wall of the main pipe. Socket fusion shall be done in accordance
with ASTM D2683 or the fitting manufacturer’s recommendations. Socket fusion
joints shall be made by qualified fusion technicians. Qualification of the fusion
technician shall be demonstrated by evidence of fusion training within the past two
years on the equipment to be utilized on this project in accordance with ASTM
F3190. All equipment used for socket fusion should comply with ASTM F1056 and
manufacturer’s recommendations.

Flanges and Mechanical Joint Adapters (MJ) shall have a minimum material
designation code of PE4710 and meet all applicable AWWA and ASTM standards.
Flanged and MJ adapters can be made to ASTM D3261 or machined in compliance
with ASTM F2206. Flanges and MJ adapters shall have a pressure rating equal to
the pipe unless otherwise specified on the project documents. Markings for molded
or machined flange adapters or MJ adapters shall be per ASTM D3261. Fabricated
(including machined) flange adapters shall be marked per ASTM F2206.
Installation of all Flanged adapters shall follow the guidelines of the Plastics Pipe
Institute TN-38.

Glands, bolts, and gaskets shall be manufactured in accordance with AWWA C153.
Bolts and nuts shall be grade 2 or higher.

2.02 Pipeline Identification

A.

All polyethylene pipe shall be marked in accordance with the standards to which it
is manufactured.

All polyethylene pipe shall be black, and shall contain a continuous colored stripe,
2 inches wide, located at no greater than 90 degree intervals around the pipe.
Stripes shall be impregnated or molded into the pipe by the manufacturer.
Application of the stripes after manufacture is not acceptable. Stripe color shall be:

1. Potable Water Mains - blue stripes

All black polyethylene without stripes may be used for any installation in the
interest of expediting delivery or reducing the cost of installation as approved by
the Owner or Engineer.
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2.03 Tracer Wire

A.

Installation of Tracer Wire. The Contractor shall be required to install tracer wire
during the pipe bursting operations including along all pits for connections. The
tracer wire shall be installed simultaneously with the PE piping system. Tracer
wire shall be properly spliced at each end connection and each service connection.
Care should be taken to adequately wrap and protect wire at all splice locations.
No bare tracer wire shall be accepted. Provide Magnesium alloy anode for cathodic
protection that conforms to the requirements of ASTM B843. Install tracer wire
per local and manufacturer’s requirements. A minimum of three separate tracer
wires shall be installed with the pipe bursting activities. Contractor shall be required
to provide as many wires as necessary to maintain continuity throughout the length
of the pipe bursting activity. Failure of continuous continuity in the locating wire
shall result in abandonment and reinstallation of the pipe bursting activity, at the
discretion of the Owner.

1. Tracer wire shall be three (3) 3/16-inch, 7 x 7 (or stronger) Stranded Copper
Clad Steel Extreme Strength with 4,700 Ib. break load, or braided stainless
steel (A304 or A316), with minimum 50 mil HDPE insulation thickness.

2.04 Delivery, Storage and Handling of Materials

A.

Contractor is required to inspect materials delivered to the site for damage. All
materials found during inspection or during the progress of work to have cracks,
flaws, or other defects shall be rejected and removed from the job site without
delay.

PART 3 EQUIPMENT

3.01

3.02

3.03

General

A.

The pipe bursting equipment shall consist of a pipe bursting unit that is capable of
generating sufficient force to burst and compact the existing pipe fragments into
the surrounding soil while pulling in the replacement pipe and trained and
competent personnel to operate the system. All equipment shall be in good, safe
operating condition with sufficient materials and spare parts on hand to maintain
the system in good working order for the duration of the project.

Other Equipment

A.

Pipe Rollers — pipe rollers, if used, shall be of sufficient size to fully support the
weight of the pipe while being hydro-tested and during pull back operations.
Sufficient number of rollers shall be used to prevent excess sagging of pipe.

Data Logger
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A data logger shall be used to record and document all butt fusion process. The data
logger must be compatible and outfitted with an electronic data recording device.
A digital report or printout for all fusion joints made that complies with, but is not
limited to, ASTM F3124 must be delivered to the OWNER upon request and at the
completion of the project. All hydraulic fusion must be recorded and able to
produce a graphic representation of the time and pressure data. All manual fusion
must be recorded with, but not limited to, Joint ID, Operator Name and ID, Pipe
information, and Heater Plate Temperature. The recording unit shall be a
Datalogger 6 as manufactured by McElroy Manufacturing, Inc, or newer model or
approved equivalent.

The Owner or Engineer may approve not implementing use of a DataLogger on
small diameter pipe, 6 inches or less.

PART 4 EXECUTION

4.01 General

A.

Locate positions of machine and insertion pits and lay out pipe assembly area. Lay
out and assemble pipe in a manner that does not obstruct adjacent roads, and
commercial or residential activities adjacent to construction areas.

Temporary water service connections shall be provided, if the pre-chlorination
process is not used with an acceptable pre-determined outage period. The
Contractor is to use a temporary bypass line comprised of large enough diameter
polyethylene pipe above ground to provide service to existing connections. The
above ground polyethylene pipe is to be protected by Contractor at all times.

4.02 Pipe Joining

A.

High density polyethylene pipe shall be heat fused and pressure tested as per
manufacturer's guidelines before installation in the bore hole. During assembly and
prior to pullback, pipe must be laid out in such a way as to minimize interference
to pedestrian and vehicular traffic.

Cuts or gouges that reduce the wall thickness by more than 10% are not acceptable
and must be cut out, discarded and the pipe rejoined.

Each butt fusion shall be recorded and logged by a datalogger affixed to the fusion
machine. Joint data shall be submitted as part of the As-built documentation.

Mechanical joining — Polyethylene pipe and fittings may be joined together or to
other materials by means of flanged connections or mechanical couplings designed
for joining polyethylene pipe or for joining polyethylene pipe to another pipe
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material. Mechanical couplings shall be fully pressure rated and fully thrust
restrained and installed in accordance with manufacturer’s recommendations.

Install required locator wire along polyethylene pipe prior to pulling through bore
hole as per these specifications.

After pulling pipe, clean exposed ends for installation of fittings, test locator wire
for continuity.

4.03 Swabbing (if Pre-chlorination is approved, see Section 4.05)

A.

The purpose of swabbing a new pipeline is to conserve water while thoroughly
cleaning the pipeline of all foreign material, sand, gravel, construction debris and
other items not found in a properly cleaned system. Prior to pressure testing of a
new pipeline swabbing shall be utilized as specified on the project documents for
each project.

New water mains greater than 12 ID (unless determined otherwise by the Owner)
shall be hydraulically cleaned with a polypropylene swabbing device to remove
dirt, sand and debris from main.

If swabbing access and egress points are not provided in the design drawings, it will
be the responsibility of the Contractor to provide temporary access and egress
points for the cleaning, as required.

Cleaning of the system shall be done in conjunction with, and prior to, the initial
filling of the system for its hydrostatic test.

The line to be cleaned shall only be connected to the existing distribution system at
a single connection point.

At the receiver or exit point for the poly swab, the Contractor is responsible for
creating a safe environment for collection of debris, water and the swab.
Considerations shall be made for protecting surrounding personnel and property
and safe retrieval of the swab.

4.04 Disinfection Testing (if Pre-chlorination is approved, see Section 4.05)

A.

Disinfection tests

1. all water pipe and fittings shall be thoroughly disinfected prior to being
placed in service. Disinfection shall follow the applicable provisions of the
procedure established for the disinfection of water mains as set forth in
AWWA C651. Bacteriological testing on the water main shall be scheduled,
completed and sent for water analysis (lab testing.) The results of the lab
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testing shall be sent to the Owner. No pipeline shall be placed into service
until it is properly disinfected and water analysis proves it is disinfected.
Temporary blow-offs shall be installed for the purpose of cleaning the water
main. Temporary blow-offs shall be removed and plugged after the main is
cleared. The main shall be flushed prior to disinfection.

The new water main shall be connected to the existing water main at one
point only for flushing purposes. The new main MUST have a blow off on
the end as required. After the new main is thoroughly flushed, the open end
shall be sealed and restrained and the main shall be thoroughly disinfected.

4.05 Pressure and Leakage Testing

A. Summary of Practice of Pressure and Leakage Testing

1.

The section of the piping to be tested is isolated from other parts of the
system and properly restrained in order to prevent failure of both the test
section and the existing system connected to the test section. Isolated
sections of the test section are vented to the atmosphere in order to ensure
compressible gases do not remain within the hydraulic test section. The test
section is filled with liquid, raised to the test pressure, and allowed to
stabilize. The system is then inspected for leakage and the pressure is
relieved. Any required repairs or replacements are then performed while the
pipe is depressurized.

There is no leakage allowance, as properly made heat-fusion joints of HDPE
do not leak. However, if any defects or leaks are revealed, they should be
corrected and the pipeline retested after a minimum 24 hour recuperation
period between tests. Total testing conducted on a section of pipeline shall
not exceed eight hours within a 24 hour period.

An expansion allowance is allowed as HDPE will expand slightly due to
elasticity and Poisson effects. The amount of make-up water (expansion
allowance) will vary because expansion is not linear. This procedure
compensates for expansion with an initial expansion phase followed by a
testing phase as to which the test pressure is reduced suspending expansion.
Expansion or contraction due to Poisson effects may disjoin other non-
restrained joints, such as bell and spigot joints, so measures must be taken
to fully restrain the test section.

B. Style of Testing

1.

Conduct hydrostatic pressure testing of installed polyethylene pipe in
accordance with ASTM F2164, Standard Field Leak Testing of
Polyethylene Pipe and Crosslinked Polyethylene Piping Systems Using
Hydrostatic Pressure.

It is not permitted to conduct pneumatic leak testing on HDPE in accordance
with ASTM F2786, Standard Practice for Leak Testing of Polyethylene
Piping Systems Using Gaseous Media Under Pressure (Pneumatic Leak
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Testing.)

Non-pressurized HDPE sewer mains may be pressure tested following
ASTM F1417 Standard Practice for Installation Acceptance of Plastic Non-
pressure Sewer Lines Using Low-Pressure Air.

C. Non-HDPE Components

1.

D. Safety

[98)

Non-HDPE components, such as end caps, valves, etc., that are used to
isolate the test section from other parts of the system in order to perform the
test are required to be rated for pressures equal to or greater than the test
pressure applied to the test section. These non-HDPE components must be
properly restrained while conducting the pressure test.

Air release valves must be installed at the high points of the test section to
allow for the release of any air or gases within the pipe prior to performing
the required hydraulic pressure testing.

Pumping equipment used to pressurize the test section during the pressure
testing should be of adequate capacity to fill, pressurize and test the section
within the allotted time for the test.

A pressure monitoring gage is recommended to be connected to the test
section at the lowest point to ensure the highest pressure is recorded within
the test section. The combination of pump pressure and pressure at higher
elevations will be recorded at the lowest point of the test section. Constant
monitoring of the pressure during testing is required. A datalogger with a
pressure recording transducer can be attached to the pressure gage to record
pressure readings during the test. Additional gauges capturing the quantity
of water used to fill prior to initial pressure testing and make up water during
testing are required.

Take the necessary safety precautions to ensure the test is conducted safely
during the entirety of the testing period. Persons operating near the test
string should be familiar with pressure testing and understand the safety
precautions necessary to perform the test safely.

The test section should be supervised at all times during pressure testing.
Failure of the HDPE pipe string may result in sudden, violent, uncontrolled
and dangerous movement of the system piping, components or parts of the
components.

E. Restraint against movement

1.

Measures should be taken to ensure all parts and components of the pipe
section under pressure testing should be restrained from movement either
through the use of partial backfill or adequate above ground restraint
methods.
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Pre-test preparation and set-up

1.

HDPE pipe materials are rated at temperatures of 73°F or less. Pressure
testing at higher temperatures will require de-rating of the pipe and fittings
in accordance with the manufacturer’s recommendations.

Prior to testing, all heat fusion joints are to be completely cooled and
allowed to cool beyond the required rough handling time.

The pipe string and components required to be tested should be flushed,
pigged or otherwise cleaned to remove and dirt and debris that may damage
parts or components involved in the pressure testing.

Maximum test pressures

1.

2.

The maximum test pressure of should not exceed the Owner’s or Engineer’s
recommendations.

System operating pressures often refer to the actual pressure that the
municipal water and wastewater pipeline systems experience during actual
operation.

System design pressures often refer to the pressure rating of the HDPE
pipeline that will be installed within the municipal water and wastewater
pipeline system. HDPE pipe utilized in municipal water and wastewater
systems often have higher rated design pressures than the operating
pressures of the pipe systems they are installed within.

System operating and system design pressures are not always equal. It is
necessary to establish if there is a difference between system operating and
system design pressures. The Owner or Engineer will make a determination
if the system operating pressure or system design pressures will be used to
perform pressure and leakage tests on the pipe string.

The maximum test pressure for HDPE shall not exceed 1.5 times the system
design pressure when lower pressure rated components or devices are not
present. The maximum test pressure for HDPE shall not exceed the pressure
rating of the lowest pressure rated components when they are present.

Test duration

The test duration required to pressurize, stabilize, hold test pressure and
depressurize shall not exceed 8 hours. If retesting is necessary, the test
section shall be depressurize for a minimum of 8 hours prior to restarting.
Prior to pressurizing, all components must be inspected to be in proper
working conditions, all components of the test section shall be vented to
atmosphere and all low pressure lines not part of the test section shall be
disconnected from the test section.

Hydrostatic Test Procedure

1.

The test section shall be filled slowly with liquid and all air is purged from
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the system. It is important to take steps to ensure all air is purged from the
system. The flow velocity of liquid within the test section should not exceed
the capacity of air to be purged from the system or the allowable design

velocity of the pipe.

2. The test section should be allowed to come to temperature equilibrium
between the pipe string and the fluid within the pipe.

3. When the test section is filled with fluid and purged with air, the pressure

within the test section shall be gradually increased to the required test
pressure. Make-up water should be allowed to fill the test section to
maintain the required pressure due to expansion of the test section.

4. Once the pipe has stabilized, the pressure should be reduced 10 psi and the
pressure monitored for 1 hour. The pressure should not be increased nor
makeup water added to the test section during the observation period.

5. If not leakage occurs or if the internal pressure remains within 5% of the
test phase pressure, the pressure test has passed.

Post test submittals

1. All records kept during pressure testing shall be provided to the Owner and
Engineer.
2. Pressure test reports shall include the test liquid, backflow prevention

devices, if used, weather conditions and ambient temperature at site of
testing, test pressure, types of test gauges, location of test gauges including
location distances and elevations, gauge calibration records, test pressures
recorded, any adjustments made such as makeup water, etc, description of
leaks or failures, date and time, and operator performing the pressure test.

Pre-chlorination of Product Pipe (replaces Swabbing and Testing sections above)

Chlorination of pipes prior to bursting shall be carried out per ANSVAWWA C651-99
Standard for Disinfecting Water Mains and in cooperation with the Owner. Any
information here shall facilitate that method when performed on pipes not yet placed on
grade. In general, the method includes the following:

A.

B.

Disinfect all equipment, tools, end caps, pipe fittings or product that may contact
pipe.

Disinfection shall be carried out by immersing or rinsing items in a hypochlorus
solution containing 1 to 5 percent chlorine measured by weight.

Product pipe shall be fused into a string of sufficient length to complete the
designated section or be coiled in a manner suitable for delivery on a pipe reel.
Maximum allowable length is 800 feet.

The surface upon which the product pipe rests during chlorination shall be
relatively impervious and free from visible contamination. Coiled pipe must be laid
horizontally to allow all air to be expelled.

Swabbing, chlorination and testing of the inside diameter of the pipe shall be
accomplished by the following:
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Swab being inserted at the lowest end of the pipe.

Calcium Hypochlorite tablets or granules as described in Section 02510
shall be placed behind the swab

Pressure tight end cap shall be mounted to the low end of the pipe either by
fusing or mechanically assembled to the pipe.

Potable water shall be introduced through this end cap at a controlled rate
such that the swab is propelled at a velocity less than or equal to one foot
per second. All air is to be dispelled from the pipe.

Upon discharge of the swab from the elevated end of the pipe, the elevated
end shall be capped with a pressure tight seal. This seal having a tapped
access hole of size at least 1.25” NPT or incorporating the ability to leak
(purge) air or water at will by adjustment of clamping bolts. Additional
potable water should be added after capping to ensure that no air remains
between the caps.

Pressure testing of the pipe section should be performed per this
specification.

Chlorinated solution should be maintained in the pipe for a minimum of 24
hours prior to flushing when water temperature is above 41 °F (5°C), 48
hours when water temperature is 41°F (5°C) or less. Time for retention of
the chlorinated solution shall not be significantly over designated holding
time so as to prevent damage to the pipe or end caps.

After designated holding time, the pipe shall be drained, flushed and filled
with potable water so as to expel the highly chlorinated solution. The spent
chlorinated solution shall not be allowed to enter any water shed, a sanitary
sewer or any other area where environmental damage may occur without
neutralizing it in an industry acceptable manner. Flushing water shall be
from a source known to be of drinking water standard.

Test samples shall be taken from each end of the pipe on consecutive days,
24 hours apart. Samples shall be tested by a state certified lab within 30
hours of being taken.

Failure of any sample to pass a bacteriological test should result in the
related section of pipe being re-flushed and retested. Should any sample
again fail, the section must be chlorinated before retest.

Time before re-connection of a passing pipe section shall be limited to 14
days from the last sampling. After this time the pipe must be retested to be
acceptable for use.

Drain the section of pipe prior to pipe bursting. The pipe shall be drained
on the day of the pipe bursting, and sealed after draining and for the pipe
bursting process.

Swabs should be designated by the manufacturer as suitable for potable
water system use. Swabs are to be manufactured by Knapp Industries or be
of equivalent design.
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A. The pipe bursting operation described within provides guidance on the basic
process. It is to be understood that the need to make exceptions or additions to this
process are common. These changes are made to accommodate nonstandard
conditions. The contractor experience requirements make it reasonable to put the
responsibility of devising these exceptions upon the Contractor.

B. Pit Location and Excavation

1.

Machine pit and insertion pit locations shall be placed such that excavations
are minimized. This may be accomplished by placing either or both of these
pits at the point of service connection, valve or hydrant location.

Initial burst lengths shall be 400 feet (+/-) 50 feet in length for first two
bursts to determine soil pipe friction and specific site conditions that may
impact bursting lengths. After site specific factors are evaluated, longer
burst runs may be performed.

All pits shall be shored to ensure worker safety per OSHA or other local
regulations.

All pits shall be roped off and or covered when not active per OSHA or
local regulations to ensure public safety.

Traffic control shall be accommodated for by Contractor as per the Contract
specifications. Safe traffic passage around pit excavations that are located
in or adjacent to streets or highways shall meet Right-of-way Department
requirements. Parking of related employee vehicles, trucks and auxiliary
and equipment shall be such that congestion and traffic delays are
minimized.

Utilities intersecting the existing pipe shall be exposed using an excavation
technique appropriate for the utility. As a general rule, both horizontal and
vertical distance between the pipe to be burst and the existing adjacent pipe
should be at least two diameters of the replacement pipe. If adjacent utilities
are within this area, or the adjacent utility location is unknown, the
excavation (Utility Crossing Pit) shall be excavated prior to commencement
of bursting. Worker entry shoring is not required, except as determined by
OSHA, however appropriate safety precautions should be made.

C. Static Pipe Bursting Machine Location and Shoring: Bursting machines of the static
pull style require preparation and planning for the machine pit that they are to
operate from.

1.

Forward face of the machine pit or the surface that the machine bears against
while pulling back, shall be shored in a safe manner. This shoring shall
maintain perpendicular burst machine alignment to the pipe during
pullback. Any loss of perpendicular alignment during pull shall result in
stopping of the bursting process and improvement of the forward face
shoring.

Rearward shoring shall be provided to react rod thrust forces during payout.
While these forces are substantially lower than pullback forces, shoring
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must be used to stabilize the bursting machine so as to maintain
perpendicular alignment of the machine during payout. The weight of the
machine cannot be depended on to react thrust forces. Existing pipe at rear
face of pit may only be utilized for rearward shoring if scheduled for
replacement.

Pipe face for Cast Iron, Ductile Iron or PVC shall be cut off using a saw or
similar device to produce a square face for the bursting machine forward
face to bear against. Final separation of cast iron pipe with a wedge may
provide a clean face. Existing pipe shall be removed in sufficient length to
accommodate pipe burst machine.

Pipe burst machine must be positioned so as to have rod centerline at
approximate centerline of existing pipe.

Rod box delivery and removal between temporary rod storage location and
burst pit must be accommodated for with appropriate lifting equipment and
techniques. Additionally, movement and or placement of lifting machine
must be included in traffic control plans.

D. Rod Payout Operation

1.

[99)

Rod payout is the process of assembling a string of rods and pushing them
in a step wise manner from machine pit, through the interior of the existing
pipe to insertion pit.

Lifting of rod boxes into or out of the machine pit shall be performed per
OSHA or other applicable requirements with respect to equipment and
method.

Threads shall be cleaned of foreign matter before assembly.

Counting of rods during payout, or quantity of rods per box shall be
monitored such that the equipment operator is aware of the distance between
the burst machine and the lead end of the rod string.

Thrust force should be monitored by the operator. Should an unexpected
sudden and significant increase in thrust force be experienced, the process
shall be halted. The operator or Contractor shall review the results with the
Owner to remedy in an attempt to determine if offsets, valves or other
features or obstruction exist that may cause the rod string to leave the pipe.

a. Front end of the rod string should be located by distance from the
machine pit. Location should be painted and compared to as built
documents.

b. Appropriate action should be taken to remedy the cause. This
action may include an additional pit at the obstruction to determine
the cause, and remove or accommodate for the obstruction. The
Contractor shall follow the process provided in the approved Risk
Management Plan.

Existing pipe in the insertion pit shall be cut or broken prior to arrival of the
rod string. Sufficient length shall be removed so as to allow the burst tooling
to enter the existing pipe and bend the product within the allowable radius
specified by the pipe manufacturer. The second end of the existing pipe in
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the insertion pit shall be positioned or worked so as not to damage the
product pipe as it travels through the insertion pit.

Workmen shall not enter the insertion pit when the rod string is nearing the
pit. A workman shall be in visual or radio contact with the burst machine
operator so as to have the payout halted in a position that allows attachment
of the burst tooling. Burst tooling style shall be chosen based on anticipated
properties of existing pipe and existing pipe repairs.

a. Cast iron or asbestos cement existing pipe anticipated to be free of
either ductile repair sections or dressor style couplings may use a
simple conical burst head with a single or double longitudinal
blade.

b. Ductile iron, PVC or existing pipe with ductile iron repair sections
or dressor style couplings require use of a rolling blade cutter
(slitter) ahead of the conical expander.

E. Tooling and Attachment

1.

The new polyethylene pipe shall be moved into position for attachment to
the rod string. Appropriate traffic or pedestrian control will be exercised
along the path of the polyethylene pipe.

The lead and second rod shall be painted orange or yellow so as to give
notice to the burst machine operator position of the burst tooling.
Attachment of the burst tooling to the rod shall be through the use of
removable pin joint allowing the tooling to pivot to the rod axis.

Burst head diameter will be on average 15% over size to the outside
diameter of the new polyethylene pipe. Actual size is left to the discretion
of the Contractor. A greater outside diameter allows for reduced pipe
friction but increases bursting forces with increased soil displacement.
Attachment of the polyethylene pipe to the burst tooling shall be with a
swivel that permits rotation to relieve torsional (twist) stress on the
polyethylene pipe.

Burst head shall slide on the rod string such that the rear of the burst head
overlaps the forward end of the polyethylene pipe to eliminate the chance
of damage to the polyethylene pipe.

F. Pullback Operation

1.

2.

The burst machine operator will begin the pullback with the approval of the
insertion pit observer. Progress will be made at a slow rate until the observer
sees the burst tooling has completely entered the existing pipe.

As the burst tooling nears any utility crossing pit, an observer in radio or
visual contact with the burst machine operator will monitor and control
movement of the burst tooling past the utility.

Should the forward shoring upon which the bursting machine bears yield
sufficiently to bring the bursting machine out of square to the existing pipe,
the shoring will be reworked.
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Tooling Removal

1. Burst machine operator shall note rod count and anticipate entry of painted
rods into the burst pit. As the pin joint connection nears the burst machine
forward face, the burst is to be halted. Load on the forward face is relieved
by reversing the rod direction slightly.

2. The burst machine shore plate is to be removed, allowing the tooling to enter
a cage or the hull of the burst machine. The tooling string will be
disassembled and removed, in sections if necessary until the product pipe
face has been pulled beyond the face of the machine pit. The distance past
the face of the machine pit shall be at the discretion of the Contractor
anticipating the length required for connection/fusing.

Reinstating Service Connections

Upon completion of the pipe bursting, certain tasks must be followed through in order to
complete the overall process.

A.

Maintaining sanitary conditions within the product pipe after pipe bursting must
take high priority. Should any foreign matter, including ground water be allowed
to enter the pipe interior, the condition of the pipe is no longer suitable for
connection to the system. For this reason connections may not be made in standing
water. Such water must be pumped or bailed prior to making the connection or
unsealing the pipe. Areas under connections should be excavated below the pipe
invert.

Before joining a surface and before any special surface preparation to accommodate
that joining, external surfaces should be clean and dry. Dust may be removed by
wiping with clean, lint free cloth. Heavier deposits must be washed from the surface
with soap and water and dried with a clean, lint free cloth.

Incidental exposure of the interior of the pipe to any foreign matter shall require
that one of the two following remedies be carried out:

1. Complete chlorination per AWWA specifications for buried pipe and
specifications.

2. Localized contamination at the end of the pipe may be removed and the
contaminated interior surface of the pipe wiped with a solution of 1 to 5%
hypochlorite disinfecting solution.

Service taps shall be of a type approved by the Engineer and must meet AWWA
C906. Construction of taps shall be per the manufacturer’s recommendation and
section T2.06.
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E. Replacement or rehabilitation of service lines, if required, shall be according to
contract.

F. Post-chlorination: The section of main will be super-chlorinated to 300 ppm by
inserting a swab at one end. The swab shall travel the entire length of the pipe
section.

G. Service Reinstatement: Prior to connection of the newly installed pipe, the section

of pipe shall be fully flushed with the use of a de-chlorination unit and ascorbic
acid to neutralize the residual chlorine. Following flushing, the newly installed
section may be connected to the main at both ends and service reinstated.

4.09 Restoration

After completion of the pipe bursting operation work areas, staging and storage areas are
to be restored to equal or better condition than pre-construction condition.

END OF SECTION
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SECTION 02XXX

SEWER PIPE BURSTING

PART 1 GENERAL

1.01

Scope of Work

The work specified in this section consists of furnishing and installing underground water
mains using the pipe bursting method of installation for pipes of various sizes. This work
shall include all services, equipment, materials, and labor for the complete and proper
installation, testing, and restoration of underground water mains and environmental
protection and restoration.

The pipe bursting method will repeat the method, outlined below for each section of pipe
being replaced. These processes may be performed in series or in parallel with other
sections of pipe within the job; however each section will require these steps. The outline
below of the process does not dictate the means and methods of the Contractor but provides
an overview of the pipe bursting process.

1. Deliver notice of service outage to each affected property Owner in advance of work
Perform hydrostatic test of the product pipe section

3. Excavate a machine pit at one end of the section down to pipe grade for placement of
the pipe bursting equipment

4. Excavate an insertion pit at the opposite end of the section down to pipe grade for

entry of the product pipe

Excavate service connection pits

6. Isolate the section to be rehabilitated from the rest of the system to maintain pressure
integrity of the system as well as preventing any backflow

7. Excavate and remove hydrant tees and valve tees from the host pipe

8. Assemble the rod string as it is thrust through the host pipe from machine pit to
insertion pit

9. Burst tooling and product pipe attached to rod end at insertion pit

10. Pull back and disassemble rod string simultaneously while tooling and product pipe
travels from insertion pit to machine pit

11. Install service connections to the newly installed mains

12. Inspect for leaks at new connections

13. Perform final connection of the replaced section of pipe to the system

b

It should be noted that items “4” through “13” can be accomplished within a single ten
hour day if the need for temporary services is to be eliminated. The length of pipe to be
burst per run should be chosen to conform to this time frame. Items “4” though “6”
(excavation items) may be performed in advance of the bursting operations to expedite the
process.
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1.02 Contractor Qualifications

A.

Contractor (or Sub-Contractor) shall provide documented evidence of successful
installation of pipe through the pipe bursting method for work comparable in nature
to the scope of work required by this project for a minimum of two years.

Contractor (or Sub-Contractor) to have successfully self-performed at least (5) pipe
bursting projects to install product pipe of a similar nominal diameter and length to
the proposed project within the past two years. Owner and Engineer shall have the
sole authority to determine the adequacy of the representative projects.

Contractor’s (or Sub-Contractor’s) project manager, superintendent, and pipe
bursting machine operator assigned to pipe bursting shall be experienced in work
of this nature shall have successfully completed projects similar in nature and shall
have successfully completed similar projects using pipe bursting. Contractor (or
Sub-Contractor) shall submit substantiating evidence of qualifications with the bid
submittal documents.

All pipe bursting equipment operators shall be experienced in comparable pipe
bursting work, and shall have been fully trained in the use of the proposed
equipment by an authorized representative of the equipment manufacturer(s) or
their authorized training agents.

All high density polyethylene (HDPE) fusion equipment operators shall be
qualified to perform pipe joining using the means, methods and equipment
employed by the Contractor. Fusion equipment operators must possess and be able
to provide written validation (card or certificate) of current, formal training on all
fusion equipment employed on the project, including training and proper use of the
data logging device on the equipment. Qualification of the fusion technician shall
be demonstrated by evidence of fusion training within the past two years on the
equipment to be utilized on this project in accordance with ASTM F2620.

1.03 Referenced Standards

A.

B.

American Water Works Association (AWWA) latest edition:

1. AWWA (C622 — Pipe Bursting of Potable Water Mains 4 In. (100 mm) to
36 In. (900 mm)

2. AWWA C651 — Disinfecting Water Mains

3. AWWA C901 — Polyethylene Pressure Pipe and Tubing, }% Inch Through 3
Inch for Water Service

4. AWWA C906 — Polyethylene Pressure Pipe and Fittings, 4 Inch Through
63 Inch for Water Distribution and Transmission

American Society of Civil Engineers (ASCE) — Manual of Practice 112 — Pipe
Bursting Projects

02XXX- 2
Alliance for PE Pipe



pepipedd

REV 12/2023

C. American Society for Testing and Materials (ASTM) latest edition:

1.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21.

22.

ASTM D638 — Tensile Method for Tensile Properties of Plastics

ASTM D790 — Test Materials for Flexural Properties of Unreinforced and
Reinforced Plastics and Electrical Insulating Materials

ASTM D2122 — Standard Method of Determining Dimensions of
Thermoplastics Pipe and Fittings

ASTM D2239 — Standard Specification for Polyethylene (PE) Plastic Pipe
(SIDR-PR) Based on Controlled Inside Diameter

ASTM D2657 — Practice for Heat-Joining of Polyolefin Pipe and Fittings
ASTM D2683 — Standard Specification for Socket Type Polyethylene
Fittings for Outside Diameter-Controlled Polyethylene Pipe and Tubing
ASTM D2774 — Standard Practice for Underground Installation of
Thermoplastic Pressure Piping

ASTM D2837 — Standard Method for Obtaining Hydrostatic Design Basis
for Thermoplastic Pipe Materials or Pressure Design Basis for
Thermoplastic Pipe Products

ASTM D3035 — Polyethylene (PE) Plastic Pipe (DR-PE) Based on
Controlled Outside Diameter

ASTM D3261 — Butt Heat Fusion Polyethylene (PE) Plastic Fittings for
Polyethylene (PE) Plastic Pipe and Tubing

ASTM D3350 — Polyethylene Plastic Pipe and Fittings Material

ASTM F412 — Standard Terminology Relating to Plastic Piping Systems
ASTM F714 — Polyethylene (PE) Plastic Pipe (SDR-PR) Based on Outside
Diameter

ASTM F905 — Standard Practice for Qualification of Polyethylene Saddle-
Fused Joints

ASTM F1055 — Standard Specification for Electrofusion Type Polyethylene
Fittings for Outside Diameter Controlled Polyethylene Pipe and Tubing
ASTM F1056 — Standard Specification for Socket Fusion Tools for Use in
Socket Fusion Joining Polyethylene Pipe or Tubing and Fittings

ASTM F1290 — Standard Practice for Electrofusion Joining Polyolefin Pipe
and Fittings

ASTM F2164 — Field Leak Testing of Polyethylene (PE) Pressure Piping
Systems Using Hydrostatic Pressure

ASTM F2206 — Fabricated Fittings for Butt-Fused Polyethylene Plastic
Pipe

ASTM F2620 — Standard Practice for Heat Fusion Joining of Polyethylene
Pipe and Fittings

ASTM F2786 — Standard Practice for Field Leak Testing of Polyethylene
(PE) Pressure Piping Systems Using Gaseous Testing Media Under
Pressure (Pneumatic Leak Testing)

ASTM F3124 — Standard Practice for Data Recording the Procedure used
to Produce Heat Butt Fusion Joints
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ASTM F3183 — Standard Practice for Guided Side Bend Evaluation of
Polyethylene Pipe Butt Fusion Joint

ASTM F3190 — Standard Practice for Heat Fusion Equipment (HFE)
Operator Qualifications on Polyethylene (PE) and Polyamide (PA) Pipe and
Fittings

C. North American Society for Trenchless Technology (NASTT) latest edition:

1.

NASTT’s Pipe Bursting Good Practices Guidelines — 3rd Edition

D. Plastics Pipe Institute (PPI) latest edition:

1.

2.

10.

The Plastics Pipe Institute Handbook of Polyethylene Pipe — Chapter 16
Pipe Bursting

PPI TR-3 — Policies and Procedures for Developing Hydrostatic Design
Basis, Hydrostatic Design Stresses, Pressure Design Basis, Strength Design
Basis, Minimum Required Strength Ratings, and Categorized Required
Strength for Thermoplastic Piping Materials or Pipe

PPI TR-4 — PPI HSB Listing of Hydrostatic Design Basis, Hydrostatic
Design Stresses, Pressure Design Basis, Strength Design Basis, Minimum
Required Strength Ratings, and Categorized Required Strength for
Thermoplastic Piping Materials or Pipe

PPI — TN-36 — General Guidelines for Connecting HDPE Potable Water
Pressure Pipes to DI and PVC Piping Systems

PPI — TN-38 — Bolt Torque for Polyethylene Flanged Joints

PPI — TN-44 — Long Term Resistance of AWWA C906 Polyethylene (PE)
Pipe to Potable Water Disinfectants

PPI — TN-45 — Mechanical Couplings for Joining Polyethylene Pipe

PPI — TN-46 — Guidance for Field Hydrostatic Testing of High Density
Polyethylene Pressure Pipelines: Owner’s Considerations, Planning,
Procedures, and Checklists

PPI — TN-49 — Recommendations for AWWA C901 Service Tubes in
Potable Water Applications

PPI — TN-54 — General Guidelines for Squeezing Off Polyethylene Pipe in
Water, Oil and Gas Applications

E. Plastics Pipe Institute (PPI) Municipal Advisory Board (MAB)

1.

2.

3.

4.

1.04 Submittals

MAB Generic Electrofusion Procedure for Field Joining of 12 Inch and
Smaller Polyethylene (PE) Pipe

MAB Generic Electrofusion Procedure for Field Joining of 14 Inch to 30
Inch Polyethylene (PE) Pipe

MAB Model Specifications for PE 4710 Buried Potable Water Service,
Distribution and Transmission Pipes and Fittings

MAB Guidelines for PE 4710 Pipe Bursting of Potable Water Mains
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Contractor shall submit personnel information detailing the names and resumes,
including specific project experience, for the proposed project manager,
superintendent, and pipe bursting equipment operator proving that the experience
meets the requirements detailed in this specification.

Contractor shall submit personnel information, including specific project
experience, for all proposed pipe bursting equipment operators, including evidence
of training in the use of the proposed equipment by an authorized representative of
the equipment manufacturer or their qualified agent.

Contractor to submit a plan to the Owner on a marked-up copy of the project
documents showing the Contractor’s construction phasing and plans. Plan details
shall include the following:

Pit locations for machine pit and insertion pit

Pit locations for service connection pits

Burst schedule detailing which locations are to be replaced
Lengths of each section to be burst

Isolation points to be used to seal the system during pipe bursting
Location of temporary services

Staging area to be used for fusion and material storage

Pipe bursting equipment information to be used on the project such as
tonnage and tooling

9. Shoring system to be used with the bursting equipment

10.  Risk management plan

11. Tracer wire to be used

PN R

Submit pipe catalog information confirming that pipe, fittings, joints, and other
materials conform to the requirements of the specifications.

Submit pipe manufacturer’s most current calculations regarding tensile load
limitations for trenchless installations.

Provide information showing staging and pipe fusion areas, site access during work
activities, pipe storage and handling and procedure for pipe joining.

Contractor shall provide a plan to locate and protect all adjacent utilities and
infrastructure.

Submit traffic control plan for all entrance and exit pits.
Provide as-built documentation. Contractor shall plot as-built conditions on the

field drawings, including the location of pits and service connections at the
completion of each production shift.
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Contractor to maintain all testing and quality control documentation and assurance
procedures. Contractor to provide the following documents to the Owner:

1. Quality control test reports
2. Fusion reports for each weld as reported by the datalogger

1.05 Utility Locating

A.

The Contractor shall be responsible for following the procedures in this
specification to identify, locate and verify the presence of existing utilities along
the route of the proposed pipeline or work areas.

Utility locating will be performed in three parts: identification, designating and
verification.

1. Utility Identification — Identify the presence of underground utilities
through One Call service and visual observation of surface markers or other
indicators such as manholes, valve boxes, fire hydrants, etc.

2. Utility Designation — Marking the location of underground utilities with
paint or flags based on utility owner information or third party locating
equipment.

3. Utility Verification — Verification of Utility Identification and Designation

by excavation or other methods to determine the horizontal and vertical
location of the underground utility. This also provides the size and material
of the underground utility. Approved methods to accomplish this task
include vacuum excavation, potholing, and test holes with traditional
equipment (backhoes, etc.)

The Contractor shall record the location (horizontal and vertical) of all known
utilities, as defined within this specification, on the project documents. At a
minimum, utilities shall be located by station and offset from the project baseline
or with state plan coordinates. Vertical location can be based on depth from
existing grade or elevation using the project vertical datum.

The project documents showing all known existing utilities shall be submitted to
the Owner’s Representative for review and to document, prior to construction, the
known utilities within the project limits. The Owner’s Representative will have a
five (5) working day period to review and approve or comment on the utility
locations.

The approved project documents showing the existing utilities shall be the basis for
changes to the contract as addressed within these specifications.

Utilities located and documented as described above then subsequently damaged
by the Contractor under this contract will have no basis for claims against the
Owner for costs associated with repairs, delays, etc.
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G. Damage to existing underground utilities that were not identified by the procedures
noted above will be the utility owner’s responsibility to repair or replace.
PART 2 PRODUCTS

2.01

Polyethylene Pipe, Fittings and Accessories

A.

Polyethylene pipe and fittings 4-65 inch diameter shall be in accordance with
AWWA (C906-15, material designation code of PE4710, all applicable ASTM
standards and be listed on the PPI TR-4 HSB Listing of Hydrostatic Design Basis
Listed Materials.

Polyethylene pipe !4 -3 inch diameter for main line piping shall be polyethylene
pipe (not tubing) in accordance with AWWA C901, material designation code of
PE4710 all applicable ASTM standards and be listed on the PPI TR-4 HSB Listing
of Hydrostatic Design Basis Listed Materials.

Butt fusion fittings shall be made of HDPE material with a minimum material
designation code of PE4710, all applicable ASTM standards and shall be listed in
current versions of PPI TR-4. Molded and fabricated fittings shall have a pressure
rating equal to the pipe unless otherwise specified on the project documents. All
fittings shall meet the requirements of AWWA C901, C906 and all applicable
ASTM standards. Markings for molded fittings shall comply with the requirements
of ASTM D3261. Fabricated fittings shall be marked in accordance with ASTM
F2206. Socket fittings shall meet ASTM D2683. Fabricated fittings shall be
manufactured using a DatalLogger to record fusion time, pressure and temperature,
and shall be marked with a unique joint identifier that corresponds to the joint
report. A graphic representation of the time and pressure data for all fusion joints
made producing fittings shall be maintained for a minimum of five years as part of
quality control and will be available upon request of owner. Qualification of the
fusion technician shall be demonstrated by evidence of fusion training within the
past two years on the equipment to be utilized on this project in accordance with
ASTM F2620.

Electrofusion fittings shall be made of HDPE material with a minimum material
designation code of PE4710 and meet ASTM F1055. Electrofusion fittings shall
have a pressure rating equal to the pipe unless otherwise specified on the project
documents. All electrofusion fittings shall be suitable for use as pressure conduits
and have nominal burst values of four times the working pressure rating of the
fitting. Marking of electrofusion fittings shall comply with the requirements of
ASTM F1055. All electrofusion fittings shall be properly stored in compliance with
the manufacturers recommendation.

Saddle fusion could be used to fuse branch saddles, tapping tees and other HDPE
fittings onto the wall of the main pipe. Saddle fusion shall be done in accordance
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with ASTM F2620 or PPI TR-41 or the fitting manufacturer’s recommendations.
Saddle fusion joints shall be made by qualified fusion technicians. Qualification of
the fusion technician shall be demonstrated by evidence of fusion training within

the past two years on the equipment to be utilized on this project in accordance with
ASTM F3190.

Socket fusion could be used to fuse branch saddles, tapping tees and other HDPE
fittings onto the wall of the main pipe. Socket fusion shall be done in accordance
with ASTM D2683 or the fitting manufacturer’s recommendations. Socket fusion
joints shall be made by qualified fusion technicians. Qualification of the fusion
technician shall be demonstrated by evidence of fusion training within the past two
years on the equipment to be utilized on this project in accordance with ASTM
F3190. All equipment used for socket fusion should comply with ASTM F1056 and
manufacturer’s recommendations.

Flanges and Mechanical Joint Adapters (MJ) shall have a minimum material
designation code of PE4710 and meet all applicable AWWA and ASTM standards.
Flanged and MJ adapters can be made to ASTM D3261 or machined in compliance
with ASTM F2206. Flanges and MJ adapters shall have a pressure rating equal to
the pipe unless otherwise specified on the project documents. Markings for molded
or machined flange adapters or MJ adapters shall be per ASTM D3261. Fabricated
(including machined) flange adapters shall be marked per ASTM F2206.
Installation of all Flanged adapters shall follow the guidelines of the Plastics Pipe
Institute TN-38.

Glands, bolts, and gaskets shall be manufactured in accordance with AWWA C153.
Bolts and nuts shall be grade 2 or higher.

2.02 Pipeline Identification

A.

All polyethylene pipe shall be marked in accordance with the standards to which it
1s manufactured.

All polyethylene pipe shall be black, and shall contain a continuous colored stripe,
2 inches wide, located at no greater than 90 degree intervals around the pipe.
Stripes shall be impregnated or molded into the pipe by the manufacturer.
Application of the stripes after manufacture is not acceptable. Stripe color shall be:

1. Reclaimed Water Mains - purple stripes
2. Force Mains - green stripes
3. Sanitary Sewer - green stripes

Grey or white polyethylene without stripes may be used for gravity or storm sewer
applications as approved by the Owner or Engineer.
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All black polyethylene without stripes may be used for any installation in the
interest of expediting delivery or reducing the cost of installation as approved by
the Owner or Engineer.

2.03 Tracer Wire

A.

Installation of Tracer Wire. The Contractor shall be required to install tracer wire
during the pipe bursting operations including along all pits for connections. The
tracer wire shall be installed simultaneously with the PE piping system. Tracer
wire shall be properly spliced at each end connection and each service connection.
Care should be taken to adequately wrap and protect wire at all splice locations.
No bare tracer wire shall be accepted. Provide Magnesium alloy anode for cathodic
protection that conforms to the requirements of ASTM B843. Install tracer wire
per local and manufacturer’s requirements. A minimum of three separate tracer
wires shall be installed with the pipe bursting activities. Contractor shall be required
to provide as many wires as necessary to maintain continuity throughout the length
of the pipe bursting activity. Failure of continuous continuity in the locating wire
shall result in abandonment and reinstallation of the pipe bursting activity, at the
discretion of the Owner.

1. Tracer wire shall be three (3) 3/16-inch, 7 x 7 (or stronger) Stranded Copper
Clad Steel Extreme Strength with 4,700 1b. break load, or braided stainless
steel (A304 or A316), with minimum 50 mil HDPE insulation thickness.

2.04 Delivery, Storage and Handling of Materials

A. Contractor is required to inspect materials delivered to the site for damage. All
materials found during inspection or during the progress of work to have cracks,
flaws, or other defects shall be rejected and removed from the job site without
delay.

PART 3 EQUIPMENT

3.01 General

A.

The pipe bursting equipment shall consist of a pipe bursting unit that is capable of
generating sufficient force to burst and compact the existing pipe fragments into
the surrounding soil while pulling in the replacement pipe and trained and
competent personnel to operate the system. All equipment shall be in good, safe
operating condition with sufficient materials and spare parts on hand to maintain
the system in good working order for the duration of the project.

3.02 Other Equipment
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Pipe Rollers — pipe rollers, if used, shall be of sufficient size to fully support the
weight of the pipe while being hydro-tested and during pull back operations.
Sufficient number of rollers shall be used to prevent excess sagging of pipe.

3.03 Data Logger

A.

A data logger shall be used to record and document all butt fusion process. The data
logger must be compatible and outfitted with an electronic data recording device.
A digital report or printout for all fusion joints made that complies with, but is not
limited to, ASTM F3124 must be delivered to the OWNER upon request and at the
completion of the project. All hydraulic fusion must be recorded and able to
produce a graphic representation of the time and pressure data. All manual fusion
must be recorded with, but not limited to, Joint ID, Operator Name and ID, Pipe
information, and Heater Plate Temperature. The recording unit shall be a
Datal.ogger 6 as manufactured by McElroy Manufacturing, Inc, or newer model or
approved equivalent.

The Owner or Engineer may approve not implementing use of a DatalLogger on
small diameter pipe, 6 inches or less.

PART 4 EXECUTION

4.01

4.02

General

A.

Locate positions of machine and insertion pits and lay out pipe assembly area. Lay
out and assemble pipe in a manner that does not obstruct adjacent roads, and
commercial or residential activities adjacent to construction areas.

The Contractor is to use a temporary bypass line comprised of large enough
diameter polyethylene pipe or lay flat hose above ground to provide temporary
bypass. The above ground polyethylene pipe or lay flat hose is to be protected by
Contractor at all times.

For temporary bypass, the Contractor shall provide flow diversion with pumps of
adequate size and capacity to handle all flows generated during the pipe bursting
process.

Contractor can provide door hangers for residents and customers indicating when
the pipe bursting project is to occur and resident should refrain from using water to
the sewer system during the temporary outage period. Contractor shall evaluate if
such flow stoppage provides adequate working conditions for the pipe bursting
process and reconnection of laterals and manholes.

Pipe Joining
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High density polyethylene pipe shall be heat fused and pressure tested as per
manufacturer's guidelines before installation in the bore hole. During assembly and
prior to pullback, pipe must be laid out in such a way as to minimize interference
to pedestrian and vehicular traffic.

Cuts or gouges that reduce the wall thickness by more than 10% are not acceptable
and must be cut out, discarded and the pipe rejoined.

Each butt fusion shall be recorded and logged by a datalogger affixed to the fusion
machine. Joint data shall be submitted as part of the As-built documentation.

Mechanical joining — Polyethylene pipe and fittings may be joined together or to
other materials by means of flanged connections or mechanical couplings designed
for joining polyethylene pipe or for joining polyethylene pipe to another pipe
material. Mechanical couplings shall be fully pressure rated and fully thrust
restrained and installed in accordance with manufacturer’s recommendations.

Install required locator wire along polyethylene pipe prior to pulling through bore
hole as per these specifications.

After pulling pipe, clean exposed ends for installation of fittings, test locator wire
for continuity.

Swabbing (if Pre-chlorination is approved, see Section 4.05)

A.

The purpose of swabbing a new pipeline is to conserve water while thoroughly
cleaning the pipeline of all foreign material, sand, gravel, construction debris and
other items not found in a properly cleaned system. Prior to pressure testing of a
new pipeline swabbing shall be utilized as specified on the project documents for
each project.

New water mains greater than 12” ID (unless determined otherwise by the Owner)
shall be hydraulically cleaned with a polypropylene swabbing device to remove
dirt, sand and debris from main.

If swabbing access and egress points are not provided in the design drawings, it will
be the responsibility of the Contractor to provide temporary access and egress
points for the cleaning, as required.

Cleaning of the system shall be done in conjunction with, and prior to, the initial
filling of the system for its hydrostatic test.

The line to be cleaned shall only be connected to the existing distribution system at
a single connection point.
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F. At the receiver or exit point for the poly swab, the Contractor is responsible for
creating a safe environment for collection of debris, water and the swab.
Considerations shall be made for protecting surrounding personnel and property
and safe retrieval of the swab.

4.04 Pressure and Leakage Testing

A. Summary of Practice of Pressure and Leakage Testing

1.

The section of the piping to be tested is isolated from other parts of the
system and properly restrained in order to prevent failure of both the test
section and the existing system connected to the test section. Isolated
sections of the test section are vented to the atmosphere in order to ensure
compressible gases do not remain within the hydraulic test section. The test
section is filled with liquid, raised to the test pressure, and allowed to
stabilize. The system is then inspected for leakage and the pressure is
relieved. Any required repairs or replacements are then performed while the
pipe is depressurized.

There is no leakage allowance, as properly made heat-fusion joints of HDPE
do not leak. However, if any defects or leaks are revealed, they should be
corrected and the pipeline retested after a minimum 24 hour recuperation
period between tests. Total testing conducted on a section of pipeline shall
not exceed eight hours within a 24 hour period.

An expansion allowance is allowed as HDPE will expand slightly due to
elasticity and Poisson effects. The amount of make-up water (expansion
allowance) will vary because expansion is not linear. This procedure
compensates for expansion with an initial expansion phase followed by a
testing phase as to which the test pressure is reduced suspending expansion.
Expansion or contraction due to Poisson effects may disjoin other non-
restrained joints, such as bell and spigot joints, so measures must be taken
to fully restrain the test section.

A. Style of Testing

1.

Conduct hydrostatic pressure testing of installed polyethylene pipe in
accordance with ASTM F2164, Standard Field Leak Testing of
Polyethylene Pipe and Crosslinked Polyethylene Piping Systems Using
Hydrostatic Pressure.

It is not permitted to conduct pneumatic leak testing on HDPE in accordance
with ASTM F2786, Standard Practice for Leak Testing of Polyethylene
Piping Systems Using Gaseous Media Under Pressure (Pneumatic Leak
Testing.)

Non-pressurized HDPE sewer mains may be pressure tested following
ASTM F1417 Standard Practice for Installation Acceptance of Plastic Non-
pressure Sewer Lines Using Low-Pressure Air.
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Non-HDPE components, such as end caps, valves, etc., that are used to
isolate the test section from other parts of the system in order to perform the
test are required to be rated for pressures equal to or greater than the test
pressure applied to the test section. These non-HDPE components must be
properly restrained while conducting the pressure test.

Air release valves must be installed at the high points of the test section to
allow for the release of any air or gases within the pipe prior to performing
the required hydraulic pressure testing.

Pumping equipment used to pressurize the test section during the pressure
testing should be of adequate capacity to fill, pressurize and test the section
within the allotted time for the test.

A pressure monitoring gage is recommended to be connected to the test
section at the lowest point to ensure the highest pressure is recorded within
the test section. The combination of pump pressure and pressure at higher
elevations will be recorded at the lowest point of the test section. Constant
monitoring of the pressure during testing is required. A datalogger with a
pressure recording transducer can be attached to the pressure gage to record
pressure readings during the test. Additional gauges capturing the quantity
of water used to fill prior to initial pressure testing and make up water during
testing are required.

Take the necessary safety precautions to ensure the test is conducted safely
during the entirety of the testing period. Persons operating near the test
string should be familiar with pressure testing and understand the safety
precautions necessary to perform the test safely.

The test section should be supervised at all times during pressure testing.
Failure of the HDPE pipe string may result in sudden, violent, uncontrolled
and dangerous movement of the system piping, components or parts of the
components.

Restraint against movement

1.

Measures should be taken to ensure all parts and components of the pipe
section under pressure testing should be restrained from movement either
through the use of partial backfill or adequate above ground restraint
methods.

Pre-test preparation and set-up

1.

HDPE pipe materials are rated at temperatures of 73°F or less. Pressure
testing at higher temperatures will require de-rating of the pipe and fittings
in accordance with the manufacturer’s recommendations.
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Prior to testing, all heat fusion joints are to be completely cooled and
allowed to cool beyond the required rough handling time.

The pipe string and components required to be tested should be flushed,
pigged or otherwise cleaned to remove and dirt and debris that may damage
parts or components involved in the pressure testing.

F. Maximum test pressures

1.

2.

The maximum test pressure of should not exceed the Owner’s or Engineer’s
recommendations.

System operating pressures often refer to the actual pressure that the
municipal water and wastewater pipeline systems experience during actual
operation.

System design pressures often refer to the pressure rating of the HDPE
pipeline that will be installed within the municipal water and wastewater
pipeline system. HDPE pipe utilized in municipal water and wastewater
systems often have higher rated design pressures than the operating
pressures of the pipe systems they are installed within.

System operating and system design pressures are not always equal. It is
necessary to establish if there is a difference between system operating and
system design pressures. The Owner or Engineer will make a determination
if the system operating pressure or system design pressures will be used to
perform pressure and leakage tests on the pipe string.

The maximum test pressure for HDPE shall not exceed 1.5 times the system
design pressure when lower pressure rated components or devices are not
present. The maximum test pressure for HDPE shall not exceed the pressure
rating of the lowest pressure rated components when they are present.

G. Test duration

The test duration required to pressurize, stabilize, hold test pressure and
depressurize shall not exceed 8 hours. If retesting is necessary, the test
section shall be depressurize for a minimum of 8 hours prior to restarting.
Prior to pressurizing, all components must be inspected to be in proper
working conditions, all components of the test section shall be vented to
atmosphere and all low pressure lines not part of the test section shall be
disconnected from the test section.

H. Hydrostatic Test Procedure

1.

The test section shall be filled slowly with liquid and all air is purged from
the system. It is important to take steps to ensure all air is purged from the
system. The flow velocity of liquid within the test section should not exceed
the capacity of air to be purged from the system or the allowable design
velocity of the pipe.

The test section should be allowed to come to temperature equilibrium
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between the pipe string and the fluid within the pipe.

3. When the test section is filled with fluid and purged with air, the pressure
within the test section shall be gradually increased to the required test
pressure. Make-up water should be allowed to fill the test section to
maintain the required pressure due to expansion of the test section.

4. Once the pipe has stabilized, the pressure should be reduced 10 psi and the
pressure monitored for 1 hour. The pressure should not be increased nor
makeup water added to the test section during the observation period.

5. If not leakage occurs or if the internal pressure remains within 5% of the
test phase pressure, the pressure test has passed.

L. Post test submittals
1. All records kept during pressure testing shall be provided to the Owner and
Engineer.
2. Pressure test reports shall include the test liquid, backflow prevention

devices, if used, weather conditions and ambient temperature at site of
testing, test pressure, types of test gauges, location of test gauges including
location distances and elevations, gauge calibration records, test pressures
recorded, any adjustments made such as makeup water, etc, description of
leaks or failures, date and time, and operator performing the pressure test.

4.05 Preliminary CCTYV Inspection of Sewer Lines

A. The Contractor shall perform a preliminary internal CCTV inspection after cleaning
the existing pipe in order to document the condition of the host pipe, identify and
locate and active service laterals, and verify if the lines were cleaned enough to
perform the pipe bursting process.

B. The Contractor is to determine if obstructions or pipe materials that will prevent
the existing pipe to be pipe burst that can’t be removed by traditional cleaning
equipment. These obstruction locations should be shared with the Owner or
Construction Inspector and a determination if this obstruction should be corrected
prior to perform pipe bursting should be made by the Owner or Construction
Inspector.

C. The Contractor is to determine if there are any sags or humps in the existing pipe
that have standing water greater than 25% of the existing pipe diameter. These sag
locations should be shared with the Owner or Construction Inspector and a
determination if this sag should be corrected prior to perform pipe bursting should
be made by the Owner or Construction Inspector.

4.06 Pipe Bursting

D. The pipe bursting operation described within provides guidance on the basic
process. It is to be understood that the need to make exceptions or additions to this
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process are common. These changes are made to accommodate nonstandard
conditions. The contractor experience requirements make it reasonable to put the
responsibility of devising these exceptions upon the Contractor.

B. Pit Location and Excavation

1.

Machine pit and insertion pit locations shall be placed such that excavations
are minimized. This may be accomplished by placing either or both of these
pits at the point of service connection, valve, hydrant location or manholes.
Initial burst lengths shall be 400 feet (+/-) 50 feet in length for first two
bursts to determine soil pipe friction and specific site conditions that may
impact bursting lengths. After site specific factors are evaluated, longer
burst runs may be performed.

All pits shall be shored to ensure worker safety per OSHA or other local
regulations.

All pits shall be roped off and or covered when not active per OSHA or
local regulations to ensure public safety.

Traffic control shall be accommodated for by Contractor as per the Contract
specifications. Safe traffic passage around pit excavations that are located
in or adjacent to streets or highways shall meet Right-of-way Department
requirements. Parking of related employee vehicles, trucks and auxiliary
and equipment shall be such that congestion and traffic delays are
minimized.

Utilities intersecting the existing pipe shall be exposed using an excavation
technique appropriate for the utility. As a general rule, both horizontal and
vertical distance between the pipe to be burst and the existing adjacent pipe
should be at least two diameters of the replacement pipe. If adjacent utilities
are within this area, or the adjacent utility location is unknown, the
excavation (Utility Crossing Pit) shall be excavated prior to commencement
of bursting. Worker entry shoring is not required, except as determined by
OSHA, however appropriate safety precautions should be made.

C. Static Pipe Bursting Machine Location and Shoring: Bursting machines of the static
pull style require preparation and planning for the machine pit that they are to
operate from.

1.

Forward face of the machine pit or the surface that the machine bears against
while pulling back, shall be shored in a safe manner. This shoring shall
maintain perpendicular burst machine alignment to the pipe during
pullback. Any loss of perpendicular alignment during pull shall result in
stopping of the bursting process and improvement of the forward face
shoring.

Rearward shoring shall be provided to react rod thrust forces during payout.
While these forces are substantially lower than pullback forces, shoring
must be used to stabilize the bursting machine so as to maintain
perpendicular alignment of the machine during payout. The weight of the
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machine cannot be depended on to react thrust forces. Existing pipe at rear
face of pit may only be utilized for rearward shoring if scheduled for
replacement.

Pipe face for Cast Iron, Ductile Iron or PVC shall be cut off using a saw or
similar device to produce a square face for the bursting machine forward
face to bear against. Final separation of cast iron pipe with a wedge may
provide a clean face. Existing pipe shall be removed in sufficient length to
accommodate pipe burst machine.

Pipe burst machine must be positioned so as to have rod centerline at
approximate centerline of existing pipe.

Rod box delivery and removal between temporary rod storage location and
burst pit must be accommodated for with appropriate lifting equipment and
techniques. Additionally, movement and or placement of lifting machine
must be included in traffic control plans.

D. Rod Payout Operation

1.

[99)

Rod payout is the process of assembling a string of rods and pushing them
in a step wise manner from machine pit, through the interior of the existing
pipe to insertion pit.

Lifting of rod boxes into or out of the machine pit shall be performed per
OSHA or other applicable requirements with respect to equipment and
method.

Threads shall be cleaned of foreign matter before assembly.

Counting of rods during payout, or quantity of rods per box shall be
monitored such that the equipment operator is aware of the distance between
the burst machine and the lead end of the rod string.

Thrust force should be monitored by the operator. Should an unexpected
sudden and significant increase in thrust force be experienced, the process
shall be halted. The operator or Contractor shall review the results with the
Owner to remedy in an attempt to determine if offsets, valves or other
features or obstruction exist that may cause the rod string to leave the pipe.

a. Front end of the rod string should be located by distance from the
machine pit. Location should be painted and compared to as built
documents.

b. Appropriate action should be taken to remedy the cause. This
action may include an additional pit at the obstruction to determine
the cause, and remove or accommodate for the obstruction. The
Contractor shall follow the process provided in the approved Risk
Management Plan.

Existing pipe in the insertion pit shall be cut or broken prior to arrival of the
rod string. Sufficient length shall be removed so as to allow the burst tooling
to enter the existing pipe and bend the product within the allowable radius
specified by the pipe manufacturer. The second end of the existing pipe in
the insertion pit shall be positioned or worked so as not to damage the
product pipe as it travels through the insertion pit.
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Workmen shall not enter the insertion pit when the rod string is nearing the
pit. A workman shall be in visual or radio contact with the burst machine
operator so as to have the payout halted in a position that allows attachment
of the burst tooling. Burst tooling style shall be chosen based on anticipated
properties of existing pipe and existing pipe repairs.

a. Cast iron or asbestos cement existing pipe anticipated to be free of
either ductile repair sections or dressor style couplings may use a
simple conical burst head with a single or double longitudinal
blade.

b. Ductile iron, PVC or existing pipe with ductile iron repair sections
or dressor style couplings require use of a rolling blade cutter
(slitter) ahead of the conical expander.

Tooling and Attachment

1.

The new polyethylene pipe shall be moved into position for attachment to
the rod string. Appropriate traffic or pedestrian control will be exercised
along the path of the polyethylene pipe.

The lead and second rod shall be painted orange or yellow so as to give
notice to the burst machine operator position of the burst tooling.
Attachment of the burst tooling to the rod shall be through the use of
removable pin joint allowing the tooling to pivot to the rod axis.

Burst head diameter will be on average 15% over size to the outside
diameter of the new polyethylene pipe. Actual size is left to the discretion
of the Contractor. A greater outside diameter allows for reduced pipe
friction but increases bursting forces with increased soil displacement.
Attachment of the polyethylene pipe to the burst tooling shall be with a
swivel that permits rotation to relieve torsional (twist) stress on the
polyethylene pipe.

Burst head shall slide on the rod string such that the rear of the burst head
overlaps the forward end of the polyethylene pipe to eliminate the chance
of damage to the polyethylene pipe.

Pullback Operation

1.

The burst machine operator will begin the pullback with the approval of the
insertion pit observer. Progress will be made at a slow rate until the observer
sees the burst tooling has completely entered the existing pipe.

As the burst tooling nears any utility crossing pit, an observer in radio or
visual contact with the burst machine operator will monitor and control
movement of the burst tooling past the utility.

Should the forward shoring upon which the bursting machine bears yield
sufficiently to bring the bursting machine out of square to the existing pipe,
the shoring will be reworked.

Tooling Removal
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Burst machine operator shall note rod count and anticipate entry of painted
rods into the burst pit. As the pin joint connection nears the burst machine
forward face, the burst is to be halted. Load on the forward face is relieved
by reversing the rod direction slightly.

The burst machine shore plate is to be removed, allowing the tooling to enter
a cage or the hull of the burst machine. The tooling string will be
disassembled and removed, in sections if necessary until the product pipe
face has been pulled beyond the face of the machine pit. The distance past
the face of the machine pit shall be at the discretion of the Contractor
anticipating the length required for connection/fusing.

Pneumatic Pipe Bursting Equipment Setup: Bursting machines of the pneumatic
pull style require preparation and planning for the machine pit that they are to
operate from.

1.

2.

If the pipe bursting equipment is to be inserted into a manhole, the
Contractor shall remove all concrete and existing pipe necessary to allow
for the bursting head and replacement pipe to enter the manhole without
disruption.

If the pipe bursting equipment is to be aligned outside of a manhole, the
Contractor shall provide suitable supports to the excavation to withstand the
force require during the pipe bursting process.

Pipe Relaxation

1.

After the pipe has been installed, allow the pipe to relax for the
manufacturer’s recommended relaxation time period, but not less than four
(4) hours, for cooling and relaxation due to tensile stressing during the pipe
bursting project. The pipe shall be allowed to relax prior to reconnecting to
laterals, manholes, service lines, sealing of the annulus or backfilling of the
excavations.

Sufficient excess length of the pipe, but not less than six inches, shall be
allowed to protrude into the manhole to provide for relaxation.

4.07 Pipe Bursting Sewer Laterals

A.

Contractor shall verify all sewer lateral connections as indicated in these
specifications above. Service laterals shall be disconnected from the sewer main
prior to pipe bursting to minimize damage to the existing lateral.

If a sewer lateral is to be replaced through lateral pipe bursting, the lateral pipe
bursting shall occur after the mainline is burst or replaced by open cut construction.
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4.08 Reinstating Service Connections

Upon completion of the pipe bursting, certain tasks must be followed through in order to
complete the overall process.

A.

Maintaining sanitary conditions within the product pipe after pipe bursting must
take high priority. Should any foreign matter, including ground water be allowed
to enter the pipe interior, the condition of the pipe is no longer suitable for
connection to the system. For this reason connections may not be made in standing
water. Such water must be pumped or bailed prior to making the connection or
unsealing the pipe. Areas under connections should be excavated below the pipe
mnvert.

Before joining a surface and before any special surface preparation to accommodate
that joining, external surfaces should be clean and dry. Dust may be removed by
wiping with clean, lint free cloth. Heavier deposits must be washed from the surface
with soap and water and dried with a clean, lint free cloth.

Service reconnections shall be of a type approved by the Owner and Construction
Inspector. All service reconnections shall be made following manufacturer’s
recommendations and dry conditions for all fusion of HDPE. Mechanical service
connections shall follow the manufacturer's recommendations.

4.09 Restoration

After completion of the pipe bursting operation work areas, staging and storage areas are
to be restored to equal or better condition than pre-construction condition.

4.010 Post CCTYV Inspection of Sewer Lines

E.

The Contractor shall perform a post CCTV inspection after installation the
replacement pipe and connection to all services and manholes. The Contractor shall
submit the CCTV inspection video to the Owner or Construction Inspector for
approval and final acceptance of the pipe.

END OF SECTION
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SECTION 02XXX

POTABLE WATER SLIPLINING

PART 1 GENERAL

1.01

Scope of Work

The work specified in this section consists of furnishing and installing underground water
mains using the pipe bursting method of installation for pipes of various sizes. This work
shall include all services, equipment, materials, and labor for the complete and proper
installation, testing, and restoration of underground water mains and environmental
protection and restoration.

The sliplining method will repeat the method, outlined below for each section of pipe being
installed. These processes may be performed in series or in parallel with other sections of
pipe within the project; however each section will require these steps. The outline below
of the process does not dictate the means and methods of the Contractor but provides an
overview of the sliplining process.

1.

[99)

3

>

10.

11.

12.

Deliver notice of service outage to each affected property Owner in advance of work
Chlorinate a length of product pipe that yields passing bacteriological test results for
potable water per American Water Works Association (AWWA) and any applicable
regulatory authority

Perform hydrostatic test of the product pipe section

Excavate an access pit at one end of the section down to pipe grade for placement of
the any necessary equipment

Excavate an insertion pit at the opposite end of the section down to pipe grade for
entry of the product pipe

Excavate any service or lateral connection pits

Isolate the section to be rehabilitated from the rest of the system to maintain pressure
integrity of the system as well as preventing any backflow of chlorinated solution or
non-potable water into the system

Excavate and remove hydrant tees, valve tees or other connections from the host pipe
Assess the condition of the inside of the existing pipe to determine the appropriate
process for cleaning, removal of any obstructions and preparing the inside of the
existing pipe

Clean the interior of the existing pipe using the appropriate cleaning devices, such as
sprayers, scrapers, etc

Prove the interior size of the existing pipe by pulling through a foam pig which
matches the OD of the pipe to be inserted as a slipliner. If the foam pig doesn’t clear
any sections of the existing pipe, additional effort may be required to remove the
obstruction

Assemble the rod string or cable as it is thrust through the host pipe from access pit to
insertion pit

02XXX - 1
Alliance for PE Pipe



pepipedd

13.
14.

15.
16.

17.
18.
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Attach product pipe to rod or cable end at insertion pit

Pull back and disassemble rod string or cable simultaneously while tooling and
product pipe travels from insertion pit to access pit

Install service or lateral connections to the newly installed mains

Super-chlorinate main for 15 minutes to 300 ppm, de-chlorinate the residual chlorine
when flushing and flush the newly installed main with potable water

Inspect for leaks at new connections

Perform final connection of the replaced section of pipe to the system

Items 12 — 14 can be substituted with another method to push or pull the replacement
pipe into position. The contractor is responsible for the method of slipline insertion.

1.02 Contractor Qualifications

A.

Contractor (or Sub-Contractor) shall provide documented evidence of successful
installation of pipe through the sliplining method for work comparable in nature to
the scope of work required by this project for a minimum of two years.

Contractor (or Sub-Contractor) to have successfully self-performed at least (5)
sliplining projects to install product pipe of a similar nominal diameter and length
to the proposed project within the past two years. Owner and Engineer shall have
the sole authority to determine the adequacy of the representative projects.

Contractor’s (or Sub-Contractor’s) project manager, superintendent, and machine
operator assigned to sliplining shall be experienced in work of this nature shall have
successfully completed projects similar in nature and shall have successfully
completed similar projects using sliplining. Contractor (or Sub-Contractor) shall
submit substantiating evidence of qualifications with the bid submittal documents.

All sliplining equipment operators shall be experienced in comparable sliplining
work, and shall have been fully trained in the use of the proposed equipment by an
authorized representative of the equipment manufacturer(s) or their authorized
training agents.

All high density polyethylene (HDPE) fusion equipment operators shall be
qualified to perform pipe joining using the means, methods and equipment
employed by the Contractor. Fusion equipment operators must possess and be able
to provide written validation (card or certificate) of current, formal training on all
fusion equipment employed on the project, including training and proper use of the
data logging device on the equipment. Qualification of the fusion technician shall
be demonstrated by evidence of fusion training within the past two years on the
equipment to be utilized on this project in accordance with ASTM F2620.

1.03 Referenced Standards

A.

American Water Works Association (AWWA) latest edition:
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AWWA M28 — Rehabilitation of Water Mains

AWWA C651 — Disinfecting Water Mains

AWWA C901 — Polyethylene Pressure Pipe and Tubing, /2 Inch Through 3
Inch for Water Service

AWWA C906 — Polyethylene Pressure Pipe and Fittings, 4 Inch Through
63 Inch for Water Distribution and Transmission

B. American Society for Testing and Materials (ASTM) latest edition:

1.

10.
1.
12.
13.
14.
15.
16.
17.
18.

19.

ASTM D638 — Tensile Method for Tensile Properties of Plastics

ASTM D790 — Test Materials for Flexural Properties of Unreinforced and
Reinforced Plastics and Electrical Insulating Materials

ASTM D2122 - Standard Method of Determining Dimensions of
Thermoplastics Pipe and Fittings

ASTM D2239 — Standard Specification for Polyethylene (PE) Plastic Pipe
(SIDR-PR) Based on Controlled Inside Diameter

ASTM D2657 — Practice for Heat-Joining of Polyolefin Pipe and Fittings
ASTM D2683 — Standard Specification for Socket Type Polyethylene
Fittings for Outside Diameter-Controlled Polyethylene Pipe and Tubing
ASTM D2774 — Standard Practice for Underground Installation of
Thermoplastic Pressure Piping

ASTM D2837 — Standard Method for Obtaining Hydrostatic Design Basis
for Thermoplastic Pipe Materials or Pressure Design Basis for
Thermoplastic Pipe Products

ASTM D3035 — Polyethylene (PE) Plastic Pipe (DR-PE) Based on
Controlled Outside Diameter

ASTM D3261 — Butt Heat Fusion Polyethylene (PE) Plastic Fittings for
Polyethylene (PE) Plastic Pipe and Tubing

ASTM D3350 — Polyethylene Plastic Pipe and Fittings Material

ASTM F412 — Standard Terminology Relating to Plastic Piping Systems
ASTM F714 — Polyethylene (PE) Plastic Pipe (SDR-PR) Based on Outside
Diameter

ASTM F905 — Standard Practice for Qualification of Polyethylene Saddle-
Fused Joints

ASTM F1055 — Standard Specification for Electrofusion Type Polyethylene
Fittings for Outside Diameter Controlled Polyethylene Pipe and Tubing
ASTM F1056 — Standard Specification for Socket Fusion Tools for Use in
Socket Fusion Joining Polyethylene Pipe or Tubing and Fittings

ASTM F1290 — Standard Practice for Electrofusion Joining Polyolefin Pipe
and Fittings

ASTM F2164 — Field Leak Testing of Polyethylene (PE) Pressure Piping
Systems Using Hydrostatic Pressure

ASTM F2206 — Fabricated Fittings for Butt-Fused Polyethylene Plastic
Pipe
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ASTM F2620 — Standard Practice for Heat Fusion Joining of Polyethylene
Pipe and Fittings

ASTM F2786 — Standard Practice for Field Leak Testing of Polyethylene
(PE) Pressure Piping Systems Using Gaseous Testing Media Under
Pressure (Pneumatic Leak Testing)

ASTM F3124 — Standard Practice for Data Recording the Procedure used
to Produce Heat Butt Fusion Joints

ASTM F3183 — Standard Practice for Guided Side Bend Evaluation of
Polyethylene Pipe Butt Fusion Joint

ASTM F3190 — Standard Practice for Heat Fusion Equipment (HFE)
Operator Qualifications on Polyethylene (PE) and Polyamide (PA) Pipe and
Fittings

C. Plastics Pipe Institute (PPI) latest edition:

1.

2.

10.

The Plastics Pipe Institute Handbook of Polyethylene Pipe — Chapter 11
Pipeline Rehabilitation by Sliplining with PE Pipe

PPI TR-3 — Policies and Procedures for Developing Hydrostatic Design
Basis, Hydrostatic Design Stresses, Pressure Design Basis, Strength Design
Basis, Minimum Required Strength Ratings, and Categorized Required
Strength for Thermoplastic Piping Materials or Pipe

PPI TR-4 — PPI HSB Listing of Hydrostatic Design Basis, Hydrostatic
Design Stresses, Pressure Design Basis, Strength Design Basis, Minimum
Required Strength Ratings, and Categorized Required Strength for
Thermoplastic Piping Materials or Pipe

PPI — TN-36 — General Guidelines for Connecting HDPE Potable Water
Pressure Pipes to DI and PVC Piping Systems

PPI — TN-38 — Bolt Torque for Polyethylene Flanged Joints

PPI — TN-44 — Long Term Resistance of AWWA C906 Polyethylene (PE)
Pipe to Potable Water Disinfectants

PPI — TN-45 — Mechanical Couplings for Joining Polyethylene Pipe

PPI — TN-46 — Guidance for Field Hydrostatic Testing of High Density
Polyethylene Pressure Pipelines: Owner’s Considerations, Planning,
Procedures, and Checklists

PPI — TN-49 — Recommendations for AWWA C901 Service Tubes in
Potable Water Applications

PPI — TN-54 — General Guidelines for Squeezing Off Polyethylene Pipe in
Water, Oil and Gas Applications

D. Plastics Pipe Institute (PPI) Municipal Advisory Board (MAB)

1.

2.

3.

MAB Generic Electrofusion Procedure for Field Joining of 12 Inch and
Smaller Polyethylene (PE) Pipe

MAB Generic Electrofusion Procedure for Field Joining of 14 Inch to 30
Inch Polyethylene (PE) Pipe

MAB Model Specifications for PE 4710 Buried Potable Water Service,
Distribution and Transmission Pipes and Fittings

MAB Guidelines for PE 4710 Pipe Bursting of Potable Water Mains
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1.04 Submittals

A.

Contractor shall submit personnel information detailing the names and resumes,
including specific project experience, for the proposed project manager,
superintendent, and sliplining equipment operator proving that the experience
meets the requirements detailed in this specification.

Contractor shall submit personnel information, including specific project
experience, for all proposed sliplining equipment operators, including evidence of
training in the use of the proposed equipment by an authorized representative of the
equipment manufacturer or their qualified agent.

Contractor to submit a plan to the Owner on a marked-up copy of the project
documents showing the Contractor’s construction phasing and plans. Plan details
shall include the following:

Pit locations for access pit and insertion pit

Pit locations for service and lateral connection pits

Sliplining schedule detailing which locations are to be replaced

Lengths of each section to be sliplined

Isolation points to be used to seal the system during sliplining

Location of temporary services or pre-chlorination guidelines

Staging area to be used for fusion and material storage

Sliplining equipment information to be used on the project such as tonnage
and tooling

Shoring system to be used with the sliplining equipment and safe access to
the excavations

10.  Risk management plan

11. Tracer wire to be used

O NN W=

e

Submit pipe catalog information confirming that pipe, fittings, joints, and other
materials conform to the requirements of the specifications.

Submit pipe manufacturer’s most current calculations regarding tensile load
limitations for trenchless installations.

Provide information showing staging and pipe fusion areas, site access during work
activities, pipe storage and handling and procedure for pipe joining.

Contractor shall provide a plan to locate and protect all adjacent utilities and
infrastructure.

Submit traffic control plan for all entrance and exit pits.
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Provide as-built documentation. Contractor shall plot as-built conditions on the
field drawings, including the location of pits and service connections at the
completion of each production shift.

Contractor to maintain all testing and quality control documentation and assurance
procedures. Contractor to provide the following documents to the Owner:

1. Quality control test reports
2. Fusion reports for each weld as reported by the datalogger

Locating

The Contractor shall be responsible for following the procedures in this
specification to identify, locate and verify the presence of existing utilities along
the route of the proposed pipeline or work areas.

Utility locating will be performed in three parts: identification, designating and
verification.

1. Utility Identification — Identify the presence of underground utilities
through One Call service and visual observation of surface markers or other
indicators such as manholes, valve boxes, fire hydrants, etc.

2. Utility Designation — Marking the location of underground utilities with
paint or flags based on utility owner information or third party locating
equipment.

3. Utility Verification — Verification of Utility Identification and Designation

by excavation or other methods to determine the horizontal and vertical
location of the underground utility. This also provides the size and material
of the underground utility. Approved methods to accomplish this task
include vacuum excavation, potholing, and test holes with traditional
equipment (backhoes, etc.)

The Contractor shall record the location (horizontal and vertical) of all known
utilities, as defined within this specification, on the project documents. At a
minimum, utilities shall be located by station and offset from the project baseline
or with state plan coordinates. Vertical location can be based on depth from
existing grade or elevation using the project vertical datum.

The project documents showing all known existing utilities shall be submitted to
the Owner’s Representative for review and to document, prior to construction, the
known utilities within the project limits. The Owner’s Representative will have a
five (5) working day period to review and approve or comment on the utility
locations.

The approved project documents showing the existing utilities shall be the basis for
changes to the contract as addressed within these specifications.
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F. Utilities located and documented as described above then subsequently damaged
by the Contractor under this contract will have no basis for claims against the
Owner for costs associated with repairs, delays, etc.
G. Damage to existing underground utilities that were not identified by the procedures
noted above will be the utility owner’s responsibility to repair or replace.
PART 2 PRODUCTS

2.01 Polyethylene Pipe, Fittings and Accessories

A.

Polyethylene pipe and fittings 4-65 inch diameter shall be in accordance with
AWWA (C906-15, material designation code of PE4710, all applicable ASTM
standards and be listed on the PPI TR-4 HSB Listing of Hydrostatic Design Basis
Listed Materials.

Polyethylene pipe '4 -3 inch diameter for main line piping shall be polyethylene
pipe (not tubing) in accordance with AWWA C901, material designation code of
PE4710 all applicable ASTM standards and be listed on the PPI TR-4 HSB Listing
of Hydrostatic Design Basis Listed Materials.

Butt fusion fittings shall be made of HDPE material with a minimum material
designation code of PE4710, all applicable ASTM standards and shall be listed in
current versions of PPI TR-4. Molded and fabricated fittings shall have a pressure
rating equal to the pipe unless otherwise specified on the project documents. All
fittings shall meet the requirements of AWWA C901, C906 and all applicable
ASTM standards. Markings for molded fittings shall comply with the requirements
of ASTM D3261. Fabricated fittings shall be marked in accordance with ASTM
F2206. Socket fittings shall meet ASTM D2683. Fabricated fittings shall be
manufactured using a DatalLogger to record fusion time, pressure and temperature,
and shall be marked with a unique joint identifier that corresponds to the joint
report. A graphic representation of the time and pressure data for all fusion joints
made producing fittings shall be maintained for a minimum of five years as part of
quality control and will be available upon request of owner. Qualification of the
fusion technician shall be demonstrated by evidence of fusion training within the
past two years on the equipment to be utilized on this project in accordance with
ASTM F2620.

Electrofusion fittings shall be made of HDPE material with a minimum material
designation code of PE4710 and meet ASTM F1055. Electrofusion fittings shall
have a pressure rating equal to the pipe unless otherwise specified on the project
documents. All electrofusion fittings shall be suitable for use as pressure conduits
and have nominal burst values of four times the working pressure rating of the
fitting. Marking of electrofusion fittings shall comply with the requirements of
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ASTM F1055. All electrofusion fittings shall be properly stored in compliance with
the manufacturers recommendation.

Saddle fusion could be used to fuse branch saddles, tapping tees and other HDPE
fittings onto the wall of the main pipe. Saddle fusion shall be done in accordance
with ASTM F2620 or PPI TR-41 or the fitting manufacturer’s recommendations.
Saddle fusion joints shall be made by qualified fusion technicians. Qualification of
the fusion technician shall be demonstrated by evidence of fusion training within
the past two years on the equipment to be utilized on this project in accordance with
ASTM F3190.

Socket fusion could be used to fuse branch saddles, tapping tees and other HDPE
fittings onto the wall of the main pipe. Socket fusion shall be done in accordance
with ASTM D2683 or the fitting manufacturer’s recommendations. Socket fusion
joints shall be made by qualified fusion technicians. Qualification of the fusion
technician shall be demonstrated by evidence of fusion training within the past two
years on the equipment to be utilized on this project in accordance with ASTM
F3190. All equipment used for socket fusion should comply with ASTM F1056 and
manufacturer’s recommendations.

Flanges and Mechanical Joint Adapters (MJ) shall have a minimum material
designation code of PE4710 and meet all applicable AWWA and ASTM standards.
Flanged and MJ adapters can be made to ASTM D3261 or machined in compliance
with ASTM F2206. Flanges and MJ adapters shall have a pressure rating equal to
the pipe unless otherwise specified on the project documents. Markings for molded
or machined flange adapters or MJ adapters shall be per ASTM D3261. Fabricated
(including machined) flange adapters shall be marked per ASTM F2206.
Installation of all Flanged adapters shall follow the guidelines of the Plastics Pipe
Institute TN-38.

Glands, bolts, and gaskets shall be manufactured in accordance with AWWA C153.
Bolts and nuts shall be grade 2 or higher.

2.02 Pipeline Identification

A.

All polyethylene pipe shall be marked in accordance with the standards to which it
is manufactured.

All polyethylene pipe shall be black, and shall contain a continuous colored stripe,
2 inches wide, located at no greater than 90 degree intervals around the pipe.
Stripes shall be impregnated or molded into the pipe by the manufacturer.
Application of the stripes after manufacture is not acceptable. Stripe color shall be:

1. Potable Water Mains - blue stripes
2. Reclaimed Water Mains - purple stripes
3. Force Mains - green stripes

02XXX - 8

Alliance for PE Pipe



pepipedd

REV 12/2023

4. Sanitary Sewer - green stripes
5. Storm Sewer - no stripes required

Grey or white polyethylene without stripes may be used for gravity or storm sewer
applications as approved by the Owner or Engineer.

All black polyethylene without stripes may be used for any installation in the
interest of expediting delivery or reducing the cost of installation as approved by
the Owner or Engineer.

2.03 Tracer Wire

A.

Installation of Tracer Wire. The Contractor shall be required to install tracer wire
during the pipe bursting operations including along all pits for connections. The
tracer wire shall be installed simultaneously with the PE piping system. Tracer
wire shall be properly spliced at each end connection and each service connection.
Care should be taken to adequately wrap and protect wire at all splice locations.
No bare tracer wire shall be accepted. Provide Magnesium alloy anode for cathodic
protection that conforms to the requirements of ASTM B843. Install tracer wire
per local and manufacturer’s requirements. A minimum of three separate tracer
wires shall be installed with the pipe bursting activities. Contractor shall be required
to provide as many wires as necessary to maintain continuity throughout the length
of the pipe bursting activity. Failure of continuous continuity in the locating wire
shall result in abandonment and reinstallation of the pipe bursting activity, at the
discretion of the Owner.

1. Tracer wire shall be two (2) 3/16-inch, 7 x 7 (or stronger) Stranded Copper
Clad Steel Extreme Strength with 4,700 1b. break load, or braided stainless
steel (A304 or A316), with minimum 50 mil HDPE insulation thickness.

2.04 Delivery, Storage and Handling of Materials

A. Contractor is required to inspect materials delivered to the site for damage. All
materials found during inspection or during the progress of work to have cracks,
flaws, or other defects shall be rejected and removed from the job site without
delay.

PART 3 EQUIPMENT

3.01 General

A.

The sliplining equipment shall consist of a pulling unit that is capable of generating
sufficient force to pull in the replacement pipe and trained and competent personnel
to operate the system. All equipment shall be in good, safe operating condition with
sufficient materials and spare parts on hand to maintain the system in good working
order for the duration of the project. Another method to push or pull the replacement
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pipe into position can be substituted for a pulling unit. The contractor is responsible
for the method of slipline insertion

Other Equipment

A.

Pipe Rollers — pipe rollers, if used, shall be of sufficient size to fully support the
weight of the pipe while being hydro-tested and during pull back operations.
Sufficient number of rollers shall be used to prevent excess sagging of pipe.

3.03 Data Logger

A.

A data logger shall be used to record and document all butt fusion process. The data
logger must be compatible and outfitted with an electronic data recording device.
A digital report or printout for all fusion joints made that complies with, but is not
limited to, ASTM F3124 must be delivered to the OWNER upon request and at the
completion of the project. All hydraulic fusion must be recorded and able to
produce a graphic representation of the time and pressure data. All manual fusion
must be recorded with, but not limited to, Joint ID, Operator Name and ID, Pipe
information, and Heater Plate Temperature. The recording unit shall be a
DatalL.ogger 6 as manufactured by McElroy Manufacturing, Inc, or newer model or
approved equivalent.

The Owner or Engineer may approve not implementing use of a DataLogger on
small diameter pipe, 6 inches or less.

PART 4 EXECUTION

4.01

4.02

General

A.

Locate positions of access and insertion pits and lay out pipe assembly area. Lay
out and assemble pipe in a manner that does not obstruct adjacent roads, and
commercial or residential activities adjacent to construction areas.

Temporary water service connections shall be provided, if the pre-chlorination
process is not used with an acceptable pre-determined outage period.

The Contractor is to use a temporary bypass line comprised of large enough
diameter polyethylene pipe or lay flat hose above ground to provide temporary
bypass. The above ground polyethylene pipe or lay flat hose is to be protected by
Contractor at all times.

For temporary bypass, the Contractor shall provide flow diversion with pumps of
adequate size and capacity to handle all flows generated during the pipe bursting
process.

Pipe Joining
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High density polyethylene pipe shall be heat fused and pressure tested as per
manufacturer's guidelines before installation in the bore hole. During assembly and
prior to pull in, pipe must be laid out in such a way as to minimize interference to
pedestrian and vehicular traffic.

Cuts or gouges that reduce the wall thickness by more than 10% are not acceptable
and must be cut out, discarded and the pipe rejoined.

Each butt fusion shall be recorded and logged by a datalogger affixed to the fusion
machine. Joint data shall be submitted as part of the As-built documentation.

Mechanical joining — in areas as to which auxiliary or final connections are to be
made and the sliplining will not be pulled through the existing pipe, the
polyethylene pipe and fittings may be joined together or to other materials by means
of flanged connections or mechanical couplings designed for joining polyethylene
pipe or for joining polyethylene pipe to another pipe material. Mechanical
couplings shall be fully pressure rated and fully thrust restrained and installed in
accordance with manufacturer’s recommendations.

Install required tracer wire along polyethylene pipe prior to pulling through host
pipe as per these specifications.

After pulling pipe, clean exposed ends for installation of fittings, test tracer wire
for continuity.

Perform Inspection to Assess the Condition of the Existing Pipe

A.

Prior to the sliplining of the pipe, it shall be the contractors responsibility to remove
any obstructions from the inside of the existing pipe that would preclude insertion
of the slipliner.

Inspection of the existing pipeline shall be performed by experienced personnel
trained in locating breaks, obstacles and any external connections by closed circuit
television or alternate inspection method. The interior of the pipeline shall be
carefully inspected to determine the locations and extent of any failures or
obstructions. The location of any conditions which may prevent proper installation
of the slipliner into the existing pipeline shall be noted so the condition can be
corrected. A video of the inspection shall be kept and submitted as part of the
project documents.

4.04 Verify the Existing Pipe is Ready for Pipe Insertion

A.

The pipeline should be thoroughly cleaned using scrapes, wire brushes or other
tools aimed at removing any internal corrosion, obstructions or other material that
would preclude insertion of the compressive fit liner. All scale, sediment, corrosion
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or other loose material shall be removed prior to starting insertion of the
compressive fit liner.

B. The purpose of swabbing a new pipeline is to conserve water while thoroughly
cleaning the pipeline of all foreign material, sand, gravel, construction debris and
other items not found in a properly cleaned system and to validate the ID of the
existing pipe is appropriately sized to receive the slipliner. Prior to pressure testing
of a new pipeline swabbing shall be utilized as specified on the project documents
for each project. A properly sized foam pig shall be pushed or pulled through the
host pipe.

C. New water mains greater than 12” ID (unless determined otherwise by the Owner)
shall be hydraulically cleaned with a polypropylene swabbing device to remove
dirt, sand and debris from main.

D. If swabbing access and egress points are not provided in the design drawings, it will
be the responsibility of the Contractor to provide temporary access and egress
points for the cleaning, as required.

E. At the receiver or exit point for the poly swab, the Contractor is responsible for
creating a safe environment for collection of debris, water and the swab.
Considerations shall be made for protecting surrounding personnel and property
and safe retrieval of the swab.

F. If there is any difficulty in pulling or pushing the foam pig through the host pipe,
the contractor is to correct the obstruction.

4.05 Disinfection Testing (if Pre-chlorination is approved, see Section 4.05)
A. Disinfection tests

1. All water pipe and fittings shall be thoroughly disinfected prior to being
placed in service. Disinfection shall follow the applicable provisions of the
procedure established for the disinfection of water mains as set forth in
AWWA C651. Bacteriological testing on the water main shall be scheduled,
completed and sent for water analysis (lab testing.) The results of the lab
testing shall be sent to the Owner. No pipeline shall be placed into service
until it is properly disinfected and water analysis proves it is disinfected.

2. Temporary blow-offs shall be installed for the purpose of cleaning the water
main. Temporary blow-offs shall be removed and plugged after the main is
cleared. The main shall be flushed prior to disinfection.

3. The new water main shall be connected to the existing water main at one
point only for flushing purposes. The new main MUST have a blow off on
the end as required. After the new main is thoroughly flushed, the open end
shall be sealed and restrained and the main shall be thoroughly disinfected.
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4.06 Pressure and Leakage Testing

A. Summary of Practice of Pressure and Leakage Testing

1.

The section of the piping to be tested is isolated from other parts of the
system and properly restrained in order to prevent failure of both the test
section and the existing system connected to the test section. Isolated
sections of the test section are vented to the atmosphere in order to ensure
compressible gases do not remain within the hydraulic test section. The test
section is filled with liquid, raised to the test pressure, and allowed to
stabilize. The system is then inspected for leakage and the pressure is
relieved. Any required repairs or replacements are then performed while the
pipe is depressurized.

There is no leakage allowance, as properly made heat-fusion joints of HDPE
do not leak. However, if any defects or leaks are revealed, they should be
corrected and the pipeline retested after a minimum 24 hour recuperation
period between tests. Total testing conducted on a section of pipeline shall
not exceed eight hours within a 24 hour period.

An expansion allowance is allowed as HDPE will expand slightly due to
elasticity and Poisson effects. The amount of make-up water (expansion
allowance) will vary because expansion is not linear. This procedure
compensates for expansion with an initial expansion phase followed by a
testing phase as to which the test pressure is reduced suspending expansion.
Expansion or contraction due to Poisson effects may disjoin other non-
restrained joints, such as bell and spigot joints, so measures must be taken
to fully restrain the test section.

B. Style of Testing

1.

Conduct hydrostatic pressure testing of installed polyethylene pipe in
accordance with ASTM F2164, Standard Field Leak Testing of
Polyethylene Pipe and Crosslinked Polyethylene Piping Systems Using
Hydrostatic Pressure.

It is not permitted to conduct pneumatic leak testing on HDPE in accordance
with ASTM F2786, Standard Practice for Leak Testing of Polyethylene
Piping Systems Using Gaseous Media Under Pressure (Pneumatic Leak
Testing.)

Non-pressurized HDPE sewer mains may be pressure tested following
ASTM F1417 Standard Practice for Installation Acceptance of Plastic Non-
pressure Sewer Lines Using Low-Pressure Air.

C. Non-HDPE Components

1.

Non-HDPE components, such as end caps, valves, etc., that are used to
isolate the test section from other parts of the system in order to perform the
test are required to be rated for pressures equal to or greater than the test
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pressure applied to the test section. These non-HDPE components must be
properly restrained while conducting the pressure test.

Air release valves must be installed at the high points of the test section to
allow for the release of any air or gases within the pipe prior to performing
the required hydraulic pressure testing.

Pumping equipment used to pressurize the test section during the pressure
testing should be of adequate capacity to fill, pressurize and test the section
within the allotted time for the test.

A pressure monitoring gage is recommended to be connected to the test
section at the lowest point to ensure the highest pressure is recorded within
the test section. The combination of pump pressure and pressure at higher
elevations will be recorded at the lowest point of the test section. Constant
monitoring of the pressure during testing is required. A datalogger with a
pressure recording transducer can be attached to the pressure gage to record
pressure readings during the test. Additional gauges capturing the quantity
of water used to fill prior to initial pressure testing and make up water during
testing are required.

Take the necessary safety precautions to ensure the test is conducted safely
during the entirety of the testing period. Persons operating near the test
string should be familiar with pressure testing and understand the safety
precautions necessary to perform the test safely.

The test section should be supervised at all times during pressure testing.
Failure of the HDPE pipe string may result in sudden, violent, uncontrolled
and dangerous movement of the system piping, components or parts of the
components.

E. Restraint against movement

1.

Measures should be taken to ensure all parts and components of the pipe
section under pressure testing should be restrained from movement either
through the use of partial backfill or adequate above ground restraint
methods.

F. Pre-test preparation and set-up

1.

HDPE pipe materials are rated at temperatures of 73°F or less. Pressure
testing at higher temperatures will require de-rating of the pipe and fittings
in accordance with the manufacturer’s recommendations.

Prior to testing, all heat fusion joints are to be completely cooled and
allowed to cool beyond the required rough handling time.

The pipe string and components required to be tested should be flushed,
pigged or otherwise cleaned to remove and dirt and debris that may damage
parts or components involved in the pressure testing.
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Maximum test pressures

1.

2.

The maximum test pressure of should not exceed the Owner’s or Engineer’s
recommendations.

System operating pressures often refer to the actual pressure that the
municipal water and wastewater pipeline systems experience during actual
operation.

System design pressures often refer to the pressure rating of the HDPE
pipeline that will be installed within the municipal water and wastewater
pipeline system. HDPE pipe utilized in municipal water and wastewater
systems often have higher rated design pressures than the operating
pressures of the pipe systems they are installed within.

System operating and system design pressures are not always equal. It is
necessary to establish if there is a difference between system operating and
system design pressures. The Owner or Engineer will make a determination
if the system operating pressure or system design pressures will be used to
perform pressure and leakage tests on the pipe string.

The maximum test pressure for HDPE shall not exceed 1.5 times the system
design pressure when lower pressure rated components or devices are not
present. The maximum test pressure for HDPE shall not exceed the pressure
rating of the lowest pressure rated components when they are present.

Test duration

The test duration required to pressurize, stabilize, hold test pressure and
depressurize shall not exceed 8 hours. If retesting is necessary, the test
section shall be depressurize for a minimum of 8 hours prior to restarting.
Prior to pressurizing, all components must be inspected to be in proper
working conditions, all components of the test section shall be vented to
atmosphere and all low pressure lines not part of the test section shall be
disconnected from the test section.

Hydrostatic Test Procedure

1.

The test section shall be filled slowly with liquid and all air is purged from
the system. It is important to take steps to ensure all air is purged from the
system. The flow velocity of liquid within the test section should not exceed
the capacity of air to be purged from the system or the allowable design
velocity of the pipe.

The test section should be allowed to come to temperature equilibrium
between the pipe string and the fluid within the pipe.

When the test section is filled with fluid and purged with air, the pressure
within the test section shall be gradually increased to the required test
pressure. Make-up water should be allowed to fill the test section to
maintain the required pressure due to expansion of the test section.
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4. Once the pipe has stabilized, the pressure should be reduced 10 psi and the
pressure monitored for 1 hour. The pressure should not be increased nor
makeup water added to the test section during the observation period.

5. If not leakage occurs or if the internal pressure remains within 5% of the
test phase pressure, the pressure test has passed.

Post test submittals

1. All records kept during pressure testing shall be provided to the Owner and
Engineer.
2. Pressure test reports shall include the test liquid, backflow prevention

devices, if used, weather conditions and ambient temperature at site of
testing, test pressure, types of test gauges, location of test gauges including
location distances and elevations, gauge calibration records, test pressures
recorded, any adjustments made such as makeup water, etc, description of
leaks or failures, date and time, and operator performing the pressure test.

Pre-chlorination of Product Pipe (replaces Testing sections above)

Chlorination of pipes prior to sliplining shall be carried out per ANSAWWA C651-99
Standard for Disinfecting Water Mains and in cooperation with the Owner. Any
information here shall facilitate that method when performed on pipes not yet placed on
grade. In general, the method includes the following:

A.

B.

Disinfect all equipment, tools, end caps, pipe fittings or product that may contact
pipe.

Disinfection shall be carried out by immersing or rinsing items in a hypochlorus
solution containing 1 to 5 percent chlorine measured by weight.

Product pipe shall be fused into a string of sufficient length to complete the
designated section or be coiled in a manner suitable for delivery on a pipe reel.
Maximum allowable length is 800 feet.

The surface upon which the product pipe rests during chlorination shall be
relatively impervious and free from visible contamination. Coiled pipe must be laid
horizontally to allow all air to be expelled.

Swabbing, chlorination and testing of the inside diameter of the pipe shall be
accomplished by the following:

1. Swab being inserted at the lowest end of the pipe.
Calcium Hypochlorite tablets or granules as described in Section 02510
shall be placed behind the swab

3. Pressure tight end cap shall be mounted to the low end of the pipe either by
fusing or mechanically assembled to the pipe.

4. Potable water shall be introduced through this end cap at a controlled rate
such that the swab is propelled at a velocity less than or equal to one foot
per second. All air is to be dispelled from the pipe.
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. Upon discharge of the swab from the elevated end of the pipe, the elevated

end shall be capped with a pressure tight seal. This seal having a tapped
access hole of size at least 1.25” NPT or incorporating the ability to leak
(purge) air or water at will by adjustment of clamping bolts. Additional
potable water should be added after capping to ensure that no air remains
between the caps.

Pressure testing of the pipe section should be performed per this
specification.

Chlorinated solution should be maintained in the pipe for a minimum of 24
hours prior to flushing when water temperature is above 41 °F (5°C), 48
hours when water temperature is 41°F (5°C) or less. Time for retention of
the chlorinated solution shall not be significantly over designated holding
time so as to prevent damage to the pipe or end caps.

After designated holding time, the pipe shall be drained, flushed and filled
with potable water so as to expel the highly chlorinated solution. The spent
chlorinated solution shall not be allowed to enter any water shed, a sanitary
sewer or any other area where environmental damage may occur without
neutralizing it in an industry acceptable manner. Flushing water shall be
from a source known to be of drinking water standard.

Test samples shall be taken from each end of the pipe on consecutive days,
24 hours apart. Samples shall be tested by a state certified lab within 30
hours of being taken.

Failure of any sample to pass a bacteriological test should result in the
related section of pipe being re-flushed and retested. Should any sample
again fail, the section must be chlorinated before retest.

Time before re-connection of a passing pipe section shall be limited to 14
days from the last sampling. After this time the pipe must be retested to be
acceptable for use.

Drain the section of pipe prior to sliplining. The pipe shall be drained on the
day of the sliplining, and sealed after draining and for the sliplining process.
Foam pigs should be designated by the manufacturer as suitable for potable
water system use.

A. The sliplining operation described within provides guidance on the basic process.
It is to be understood that the need to make exceptions or additions to this process
are common. These changes are made to accommodate nonstandard conditions.
The contractor experience requirements make it reasonable to put the responsibility
of devising these exceptions upon the Contractor.

B. Pit Location and Excavation

1.

Access pit and insertion pit locations shall be placed such that excavations
are minimized. This may be accomplished by placing either or both of these
pits at the point of service or lateral connections, valve or hydrant location.
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Initial slipliner lengths shall be 400 feet (+/-) 50 feet in length for first two
pulls to determine pipe friction and specific site conditions that may impact
sliplining lengths. After site specific factors are evaluated, longer sliplining
runs may be performed.

All pits shall be shored to ensure worker safety per OSHA or other local
regulations.

All pits shall be roped off and or covered when not active per OSHA or
local regulations to ensure public safety.

Traffic control shall be accommodated for by Contractor as per the Contract
specifications. Safe traffic passage around pit excavations that are located
in or adjacent to streets or highways shall meet Right-of-way Department
requirements. Parking of related employee vehicles, trucks and auxiliary
and equipment shall be such that congestion and traffic delays are
minimized.

Access Location and Shoring: sliplining pull equipment requires preparation and
planning for the access pit that they are to operate from, unless another method of
push or pull is used by the contractor.

1.

Forward face of the access pit or the surface that the machine bears against
while pulling back, shall be shored in a safe manner. This shoring shall
maintain perpendicular pulling machine alignment to the pipe during
pullback. Any loss of perpendicular alignment during pull shall result in
stopping of the pulling process and improvement of the forward face
shoring.

Rearward shoring shall be provided to react rod thrust forces during payout.
While these forces are substantially lower than pullback forces, shoring
must be used to stabilize the pulling machine so as to maintain
perpendicular alignment of the machine during payout. The weight of the
machine cannot be depended on to react thrust forces. Existing pipe at rear
face of pit may only be utilized for rearward shoring if scheduled for
replacement.

Pipe face for Cast Iron, Ductile Iron, PVC or pre-stressed concrete cylinder
pipe shall be cut off using a saw or similar device to produce a square face
for the pulling machine forward face to bear against. Final separation of cast
iron pipe with a wedge may provide a clean face. Existing pipe shall be
removed in sufficient length to accommodate the pulling machine.

The pulling machine must be positioned so as to have rod or cable centerline
at approximate centerline of existing pipe.

Rod box delivery and removal between temporary rod storage location and
access pit must be accommodated for with appropriate lifting equipment
and techniques. Additionally, movement and or placement of lifting
machine must be included in traffic control plans.

Rod or Cable Payout Operation
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. Rod or cable payout is the process of assembling a string of rods or solid

cable and pushing them in a step wise manner from access pit, through the
interior of the existing pipe to insertion pit.

Lifting of rod boxes into or out of the access pit shall be performed per
OSHA or other applicable requirements with respect to equipment and
method.

Threads shall be cleaned of foreign matter before assembly.

Counting of rods or cable during payout, or quantity of rods per box shall
be monitored such that the equipment operator is aware of the distance
between the pulling machine and the lead end of the rod string or cable.
Thrust force should be monitored by the operator. Should an unexpected
sudden and significant increase in thrust force be experienced, the process
shall be halted. The operator or Contractor shall review the results with the
Owner to remedy in an attempt to determine if offsets, valves or other
features or obstruction exist that may cause the rod string to leave the pipe.

a. Front end of the rod string should be located by distance from the
access pit. Location should be painted and compared to as built
documents.

b. Appropriate action should be taken to remedy the cause. This
action may include an additional pit at the obstruction to determine
the cause, and remove or accommodate for the obstruction. The
Contractor shall follow the process provided in the approved Risk
Management Plan.

Existing pipe in the insertion pit shall be cut or broken prior to arrival of the
rod string. Sufficient length shall be removed so as to allow the pulling
tooling to enter the existing pipe and bend the product within the allowable
radius specified by the pipe manufacturer. The second end of the existing
pipe in the insertion pit shall be positioned or worked so as not to damage
the product pipe as it travels through the insertion pit.

Workmen shall not enter the insertion pit when the rod string or cable is
nearing the pit. A workman shall be in visual or radio contact with the
pulling machine operator so as to have the payout halted in a position that
allows attachment of the pulling tooling. Pulling tooling style shall be
chosen based on anticipated properties of existing pipe and existing pipe
repairs.

E. Tooling and Attachment

1.

The new polyethylene pipe shall be moved into position for attachment to
the rod string or cable. Appropriate traffic or pedestrian control will be
exercised along the path of the polyethylene pipe.

The lead and second rod or front of cable shall be painted orange or yellow
so as to give notice to the pulling machine operator position of the pulling
tooling.

Attachment of the pulling tooling to the rod or cable shall be through the
use of removable pin joint allowing the tooling to pivot to the rod axis.
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Attachment of the polyethylene pipe to the pulling tooling shall be with a
swivel that permits rotation to relieve torsional (twist) stress on the
polyethylene pipe.

F. Pullback Operation

1.

2.

The pulling machine operator will begin the pullback with the approval of
the insertion pit observer. Progress will be made at a slow rate until the
observer sees the pulling tooling has completely entered the existing pipe.
As the pulling tooling nears any utility crossing pit, an observer in radio or
visual contact with the pulling machine operator will monitor and control
movement of the pulling tooling past the utility.

Should the forward shoring upon which the pulling machine bears yield
sufficiently to bring the pulling machine out of square to the existing pipe,
the shoring will be reworked.

G. HDPE Relaxation and Tooling Removal

1.

Pulling machine operator shall note rod count or cable length and anticipate
entry of painted rods into the access pit. As the pin joint connection nears
the pulling machine forward face, the pull is to be halted. Load on the
forward face is relieved by reversing the rod or cable direction slightly.
After the pull head reaches the receiving pit, the pulling force shall be
removed. The contractor must use caution to pull the new HDPE a sufficient
distance into the receiving pit so the pipe does not retract back into the host
pipe.

The pulling machine shore plate is to be removed, allowing the tooling to
enter a cage or the hull of the pulling machine. The tooling string will be
disassembled and removed, in sections if necessary until the product pipe
face has been pulled beyond the face of the access pit. The distance past the
face of the access pit shall be at the discretion of the Contractor anticipating
the length required for connection/fusing.

The HDPE pipe must be allowed to relax to allow full reversion for a period
of 24 hours before tie in activities begin. The reversion period may lengthen
or shorten depending on the characteristics of each pull, temperatures and
other site specific conditions. The reversion process shall follow the natural
reversion of HDPE and no methods shall be used to force the HDPE to
revert to its natural form, using water, steam, heat, or other methods.

Reinstating Service and Lateral Connections

Upon completion of the sliplining, certain tasks must be followed through in order to
complete the overall process.

Maintaining sanitary conditions within the product pipe after sliplining must take

high priority. Should any foreign matter, including ground water be allowed to enter
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the pipe interior, the condition of the pipe is no longer suitable for connection to
the system. For this reason connections may not be made in standing water. Such
water must be pumped or bailed prior to making the connection or unsealing the
pipe. Areas under connections should be excavated below the pipe invert.

B. Before joining a surface and before any special surface preparation to accommodate
that joining, external surfaces should be clean and dry. Dust may be removed by
wiping with clean, lint free cloth. Heavier deposits must be washed from the surface
with soap and water and dried with a clean, lint free cloth.

C. Incidental exposure of the interior of the pipe to any foreign matter shall require
that one of the two following remedies be carried out:

1. Complete chlorination per AWWA specifications for buried pipe and
specifications.

2. Localized contamination at the end of the pipe may be removed and the
contaminated interior surface of the pipe wiped with a solution of 1 to 5%
hypochlorite disinfecting solution.

D. Service taps shall be of a type approved by the Engineer and must meet AWWA

C906.

E. Replacement or rehabilitation of service lines, if required, shall be according to
contract.

F. Post-chlorination: The section of main will be super-chlorinated to 300 ppm by

inserting a foam pig at one end. The foam pig shall travel the entire length of the
pipe section.

G. Service Reinstatement: Prior to connection of the newly installed pipe, the section
of pipe shall be fully flushed with the use of a de-chlorination unit and ascorbic
acid to neutralize the residual chlorine. Following flushing, the newly installed
section may be connected to the main at both ends and service reinstated.

Restoration

After completion of the sliplining operation work areas, staging and storage areas are to be
restored to equal or better condition than pre-construction condition.

END OF SECTION
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SECTION 02XXX

POTABLE WATER COMPRESSIVE FIT LINING

PART 1 GENERAL

1.01

Scope of Work

The work specified in this section consists of furnishing and installing underground water
mains using the compressive fit lining method of installation for pipes of various sizes.
This work shall include all services, equipment, materials, and labor for the complete and
proper installation, testing, and restoration of underground water mains and environmental
protection and restoration.

The compressive fit lining method will repeat the method, outlined below for each section
of pipe being installed. These processes may be performed in series or in parallel with other
sections of pipe within the project; however each section will require these steps. The
outline below of the process does not dictate the means and methods of the Contractor but
provides an overview of the compressive fit lining process.

1.

[99)

3

>

10.

11.

12.

Deliver notice of service outage to each affected property Owner in advance of work
Chlorinate a length of product pipe that yields passing bacteriological test results for
potable water per American Water Works Association (AWWA) and any applicable
regulatory authority

Perform hydrostatic test of the product pipe section

Excavate an access pit at one end of the section down to pipe grade for placement of
the any necessary equipment

Excavate an insertion pit at the opposite end of the section down to pipe grade for
entry of the product pipe

Excavate any service or lateral connection pits

Isolate the section to be rehabilitated from the rest of the system to maintain pressure
integrity of the system as well as preventing any backflow of chlorinated solution or
non-potable water into the system

Excavate and remove hydrant tees, valve tees or other connections from the host pipe
Assess the condition of the inside of the existing pipe to determine the appropriate
process for cleaning, removal of any obstructions and preparing the inside of the
existing pipe

Clean the interior of the existing pipe using the appropriate cleaning devices, such as
sprayers, scrapers, etc

Prove the interior size of the existing pipe by pulling through a foam pig which
matches the OD of the pipe to be inserted as a compressive fit liner. If the foam pig
doesn’t clear any sections of the existing pipe, additional effort may be required to
remove the obstruction

Assemble the rod string or cable as it is thrust through the host pipe from access pit to
insertion pit
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Attach product pipe to rod or cable end at insertion pit

Pull back and disassemble rod string or cable simultaneously while tooling and
product pipe travels from insertion pit to access pit

Install service or lateral connections to the newly installed mains

Super-chlorinate main for 15 minutes to 300 ppm, de-chlorinate the residual chlorine
when flushing and flush the newly installed main with potable water

Inspect for leaks at new connections

Perform final connection of the replaced section of pipe to the system

Items 12 — 14 can be substituted with another method to push or pull the replacement
pipe into position. The contractor is responsible for the method of compressive fit liner
insertion.

Contractor Qualifications

A.

Contractor (or Sub-Contractor) shall provide documented evidence of successful
installation of pipe through the compressive fit lining method for work comparable
in nature to the scope of work required by this project for a minimum of three years.

Contractor (or Sub-Contractor) to have successfully self-performed at least (5)
compressive fit lining projects to install product pipe of a similar nominal diameter
and length to the proposed project within the past two years. Owner and Engineer
shall have the sole authority to determine the adequacy of the representative
projects.

Contractor’s (or Sub-Contractor’s) project manager, superintendent, and machine
operator assigned to compressive fit lining shall be experienced in work of this
nature shall have successfully completed projects similar in nature and shall have
successfully completed similar projects using compressive fit lining. Contractor (or
Sub-Contractor) shall submit substantiating evidence of qualifications with the bid
submittal documents.

All compressive fit lining equipment operators shall be experienced in comparable
compressive fit lining work, and shall have been fully trained in the use of the
proposed equipment by an authorized representative of the equipment
manufacturer(s) or their authorized training agents.

All high density polyethylene (HDPE) fusion equipment operators shall be
qualified to perform pipe joining using the means, methods and equipment
employed by the Contractor. Fusion equipment operators must possess and be able
to provide written validation (card or certificate) of current, formal training on all
fusion equipment employed on the project, including training and proper use of the
data logging device on the equipment. Qualification of the fusion technician shall
be demonstrated by evidence of fusion training within the past two years on the
equipment to be utilized on this project in accordance with ASTM F2620.

02XXX -2
Alliance for PE Pipe



pepipedd

REV 12/2023

1.03 Referenced Standards

A.

American Water Works Association (AWWA) latest edition:

1.
3.

4.

AWWA M28 — Rehabilitation of Water Mains

AWWA C651 — Disinfecting Water Mains

AWWA C901 — Polyethylene Pressure Pipe and Tubing, '% Inch Through 3
Inch for Water Service

AWWA C906 — Polyethylene Pressure Pipe and Fittings, 4 Inch Through
63 Inch for Water Distribution and Transmission

American Society for Testing and Materials (ASTM) latest edition:

1.

10.

11.

12.

13.

14.

15.

16.

17.

ASTM D638 — Tensile Method for Tensile Properties of Plastics

ASTM D790 — Test Materials for Flexural Properties of Unreinforced and
Reinforced Plastics and Electrical Insulating Materials

ASTM D2122 — Standard Method of Determining Dimensions of
Thermoplastics Pipe and Fittings

ASTM D2239 — Standard Specification for Polyethylene (PE) Plastic Pipe
(SIDR-PR) Based on Controlled Inside Diameter

ASTM D2657 — Practice for Heat-Joining of Polyolefin Pipe and Fittings
ASTM D2683 — Standard Specification for Socket Type Polyethylene
Fittings for Outside Diameter-Controlled Polyethylene Pipe and Tubing
ASTM D2774 — Standard Practice for Underground Installation of
Thermoplastic Pressure Piping

ASTM D2837 — Standard Method for Obtaining Hydrostatic Design Basis
for Thermoplastic Pipe Materials or Pressure Design Basis for
Thermoplastic Pipe Products

ASTM D3035 — Polyethylene (PE) Plastic Pipe (DR-PE) Based on
Controlled Outside Diameter

ASTM D3261 — Butt Heat Fusion Polyethylene (PE) Plastic Fittings for
Polyethylene (PE) Plastic Pipe and Tubing

ASTM D3350 — Polyethylene Plastic Pipe and Fittings Material

ASTM F3508 — Standard Guide for In-Situ Pipeline Renovation as Dual-
Wall Composite Pipeline by Push/Pull Installation of Compressed-Fit
Shape-Memory-Polymer Tubular (SMPT)

ASTM F412 — Standard Terminology Relating to Plastic Piping Systems
ASTM F714 — Polyethylene (PE) Plastic Pipe (SDR-PR) Based on Outside
Diameter

ASTM F905 — Standard Practice for Qualification of Polyethylene Saddle-
Fused Joints

ASTM F1055 — Standard Specification for Electrofusion Type Polyethylene
Fittings for Outside Diameter Controlled Polyethylene Pipe and Tubing
ASTM F1056 — Standard Specification for Socket Fusion Tools for Use in
Socket Fusion Joining Polyethylene Pipe or Tubing and Fittings
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ASTM F1290 — Standard Practice for Electrofusion Joining Polyolefin Pipe
and Fittings

ASTM F2164 — Field Leak Testing of Polyethylene (PE) Pressure Piping
Systems Using Hydrostatic Pressure

ASTM F2206 — Fabricated Fittings for Butt-Fused Polyethylene Plastic
Pipe

ASTM F2620 — Standard Practice for Heat Fusion Joining of Polyethylene
Pipe and Fittings

ASTM F2786 — Standard Practice for Field Leak Testing of Polyethylene
(PE) Pressure Piping Systems Using Gaseous Testing Media Under
Pressure (Pneumatic Leak Testing)

ASTM F3124 — Standard Practice for Data Recording the Procedure used
to Produce Heat Butt Fusion Joints

ASTM F3183 — Standard Practice for Guided Side Bend Evaluation of
Polyethylene Pipe Butt Fusion Joint

ASTM F3190 — Standard Practice for Heat Fusion Equipment (HFE)
Operator Qualifications on Polyethylene (PE) and Polyamide (PA) Pipe and
Fittings

C. Plastics Pipe Institute (PPI) latest edition:

1.

2.

10.

The Plastics Pipe Institute Handbook of Polyethylene Pipe — Chapter 11
Pipeline Rehabilitation by Sliplining with PE Pipe

PPI TR-3 — Policies and Procedures for Developing Hydrostatic Design
Basis, Hydrostatic Design Stresses, Pressure Design Basis, Strength Design
Basis, Minimum Required Strength Ratings, and Categorized Required
Strength for Thermoplastic Piping Materials or Pipe

PPI TR-4 — PPI HSB Listing of Hydrostatic Design Basis, Hydrostatic
Design Stresses, Pressure Design Basis, Strength Design Basis, Minimum
Required Strength Ratings, and Categorized Required Strength for
Thermoplastic Piping Materials or Pipe

PPI — TN-36 — General Guidelines for Connecting HDPE Potable Water
Pressure Pipes to DI and PVC Piping Systems

PPI — TN-38 — Bolt Torque for Polyethylene Flanged Joints

PPI — TN-44 — Long Term Resistance of AWWA C906 Polyethylene (PE)
Pipe to Potable Water Disinfectants

PPI — TN-45 — Mechanical Couplings for Joining Polyethylene Pipe

PPI — TN-46 — Guidance for Field Hydrostatic Testing of High Density
Polyethylene Pressure Pipelines: Owner’s Considerations, Planning,
Procedures, and Checklists

PPI — TN-49 — Recommendations for AWWA C901 Service Tubes in
Potable Water Applications

PPI — TN-54 — General Guidelines for Squeezing Off Polyethylene Pipe in
Water, Oil and Gas Applications

D. Plastics Pipe Institute (PPI) Municipal Advisory Board (MAB)
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1. MAB Generic Electrofusion Procedure for Field Joining of 12 Inch and
Smaller Polyethylene (PE) Pipe

2. MAB Generic Electrofusion Procedure for Field Joining of 14 Inch to 30
Inch Polyethylene (PE) Pipe

3. MAB Model Specifications for PE 4710 Buried Potable Water Service,
Distribution and Transmission Pipes and Fittings

4. MAB Guidelines for PE 4710 Pipe Bursting of Potable Water Mains

1.04 Submittals

A.

Contractor shall submit personnel information detailing the names and resumes,
including specific project experience, for the proposed project manager,
superintendent, and compressive fit lining equipment operator proving that the
experience meets the requirements detailed in this specification.

Contractor shall submit personnel information, including specific project
experience, for all proposed compressive fit lining equipment operators, including
evidence of training in the use of the proposed equipment by an authorized
representative of the equipment manufacturer or their qualified agent.

Contractor to submit a plan to the Owner on a marked-up copy of the project
documents showing the Contractor’s construction phasing and plans. Plan details
shall include the following:

Pit locations for access pit and insertion pit

Pit locations for service and lateral connection pits

Compressive fit lining schedule detailing which locations are to be replaced
Lengths of each section to be compressive fit lined

Isolation points to be used to seal the system during compressive fit lining
Location of temporary services or pre-chlorination guidelines

Staging area to be used for fusion and material storage

Compressive fit lining equipment information to be used on the project such
as tonnage and tooling

Shoring system to be used with the compressive fit lining equipment and
safe access to the excavations

10. Risk management plan

XN R WD

©

Submit pipe catalog information confirming that pipe, fittings, joints, and other
materials conform to the requirements of the specifications.

Submit pipe manufacturer’s most current calculations regarding tensile load
limitations for trenchless installations.

Provide information showing staging and pipe fusion areas, site access during work
activities, pipe storage and handling and procedure for pipe joining.
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Contractor shall provide a plan to locate and protect all adjacent utilities and
infrastructure.

Submit traffic control plan for all entrance and exit pits.
Provide as-built documentation. Contractor shall plot as-built conditions on the
field drawings, including the location of pits and service connections at the

completion of each production shift.

Contractor to maintain all testing and quality control documentation and assurance
procedures. Contractor to provide the following documents to the Owner:

1. Quality control test reports
2. Fusion reports for each weld as reported by the datalogger

1.05 Utility Locating

A.

The Contractor shall be responsible for following the procedures in this
specification to identify, locate and verify the presence of existing utilities along
the route of the proposed pipeline or work areas.

Utility locating will be performed in three parts: identification, designating and
verification.

1. Utility Identification — Identify the presence of underground utilities
through One Call service and visual observation of surface markers or other
indicators such as manholes, valve boxes, fire hydrants, etc.

2. Utility Designation — Marking the location of underground utilities with
paint or flags based on utility owner information or third party locating
equipment.

3. Utility Verification — Verification of Utility Identification and Designation

by excavation or other methods to determine the horizontal and vertical
location of the underground utility. This also provides the size and material
of the underground utility. Approved methods to accomplish this task
include vacuum excavation, potholing, and test holes with traditional
equipment (backhoes, etc.)

The Contractor shall record the location (horizontal and vertical) of all known
utilities, as defined within this specification, on the project documents. At a
minimum, utilities shall be located by station and offset from the project baseline
or with state plan coordinates. Vertical location can be based on depth from
existing grade or elevation using the project vertical datum.

The project documents showing all known existing utilities shall be submitted to
the Owner’s Representative for review and to document, prior to construction, the
known utilities within the project limits. The Owner’s Representative will have a
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five (5) working day period to review and approve or comment on the utility
locations.

E. The approved project documents showing the existing utilities shall be the basis for
changes to the contract as addressed within these specifications.

F. Utilities located and documented as described above then subsequently damaged
by the Contractor under this contract will have no basis for claims against the
Owner for costs associated with repairs, delays, etc.

G. Damage to existing underground utilities that were not identified by the procedures
noted above will be the utility owner’s responsibility to repair or replace.

PART 2 PRODUCTS

2.01 Polyethylene Pipe, Fittings and Accessories

A.

Polyethylene pipe and fittings 4-65 inch diameter shall be in accordance with
AWWA C906-15, material designation code of PE4710, all applicable ASTM
standards and be listed on the PPI TR-4 HSB Listing of Hydrostatic Design Basis
Listed Materials.

Polyethylene pipe 2 -3 inch diameter for main line piping shall be polyethylene
pipe (not tubing) in accordance with AWWA C901, material designation code of
PE4710 all applicable ASTM standards and be listed on the PPI TR-4 HSB Listing
of Hydrostatic Design Basis Listed Materials.

Butt fusion fittings shall be made of HDPE material with a minimum material
designation code of PE4710, all applicable ASTM standards and shall be listed in
current versions of PPI TR-4. Molded and fabricated fittings shall have a pressure
rating equal to the pipe unless otherwise specified on the project documents. All
fittings shall meet the requirements of AWWA C901, C906 and all applicable
ASTM standards. Markings for molded fittings shall comply with the requirements
of ASTM D3261. Fabricated fittings shall be marked in accordance with ASTM
F2206. Socket fittings shall meet ASTM D2683. Fabricated fittings shall be
manufactured using a DatalLogger to record fusion time, pressure and temperature,
and shall be marked with a unique joint identifier that corresponds to the joint
report. A graphic representation of the time and pressure data for all fusion joints
made producing fittings shall be maintained for a minimum of five years as part of
quality control and will be available upon request of owner. Qualification of the
fusion technician shall be demonstrated by evidence of fusion training within the
past two years on the equipment to be utilized on this project in accordance with
ASTM F2620.

Electrofusion fittings shall be made of HDPE material with a minimum material
designation code of PE4710 and meet ASTM F1055. Electrofusion fittings shall
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have a pressure rating equal to the pipe unless otherwise specified on the project
documents. All electrofusion fittings shall be suitable for use as pressure conduits
and have nominal burst values of four times the working pressure rating of the
fitting. Marking of electrofusion fittings shall comply with the requirements of
ASTM F1055. All electrofusion fittings shall be properly stored in compliance with
the manufacturers recommendation.

Saddle fusion could be used to fuse branch saddles, tapping tees and other HDPE
fittings onto the wall of the main pipe. Saddle fusion shall be done in accordance
with ASTM F2620 or PPI TR-41 or the fitting manufacturer’s recommendations.
Saddle fusion joints shall be made by qualified fusion technicians. Qualification of
the fusion technician shall be demonstrated by evidence of fusion training within

the past two years on the equipment to be utilized on this project in accordance with
ASTM F3190.

Socket fusion could be used to fuse branch saddles, tapping tees and other HDPE
fittings onto the wall of the main pipe. Socket fusion shall be done in accordance
with ASTM D2683 or the fitting manufacturer’s recommendations. Socket fusion
joints shall be made by qualified fusion technicians. Qualification of the fusion
technician shall be demonstrated by evidence of fusion training within the past two
years on the equipment to be utilized on this project in accordance with ASTM
F3190. All equipment used for socket fusion should comply with ASTM F1056 and
manufacturer’s recommendations.

Flanges and Mechanical Joint Adapters (MJ) shall have a minimum material
designation code of PE4710 and meet all applicable AWWA and ASTM standards.
Flanged and MJ adapters can be made to ASTM D3261 or machined in compliance
with ASTM F2206. Flanges and MJ adapters shall have a pressure rating equal to
the pipe unless otherwise specified on the project documents. Markings for molded
or machined flange adapters or MJ adapters shall be per ASTM D3261. Fabricated
(including machined) flange adapters shall be marked per ASTM F2206.
Installation of all Flanged adapters shall follow the guidelines of the Plastics Pipe
Institute TN-38.

Glands, bolts, and gaskets shall be manufactured in accordance with AWWA C153.
Bolts and nuts shall be grade 2 or higher.

2.02 Compressive Fit Pipe Liner

A.

The compressive fit pipe liner shall be installed in accordance with the guidelines
of ASTM F3508.

The compressive fit pipe liner to be installed on this project shall be a fully
structural Class V and Class VI liner that complies with Table 1 Classification and
Designation Specification for Shape Memory Polymer Composite Pipe as defined
in ASTM F3508. The compressive fit pipe liner is required to comply with the
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operating pressure requirements as defined by the project documents. Any HDPE
liner less than a fully structural Class V liner will not be accepted.

The compressive fit pipe liner shall use polyethylene pipe as required by Section
2.01, Polyethylene pipe, fittings and accessories.

2.03 Pipeline Identification

A.

All polyethylene pipe shall be marked in accordance with the standards to which it
is manufactured.

All polyethylene pipe shall be black, and shall contain a continuous colored stripe,
2 inches wide, located at no greater than 90 degree intervals around the pipe.
Stripes shall be impregnated or molded into the pipe by the manufacturer.
Application of the stripes after manufacture is not acceptable. Stripe color shall be:

Potable Water Mains - blue stripes
Reclaimed Water Mains - purple stripes
Force Mains - green stripes

Sanitary Sewer - green stripes

Storm Sewer - no stripes required

Nk W=

Grey or white polyethylene without stripes may be used for gravity or storm sewer
applications as approved by the Owner or Engineer.

All black polyethylene without stripes may be used for any installation in the
interest of expediting delivery or reducing the cost of installation as approved by
the Owner or Engineer.

2.04 Delivery, Storage and Handling of Materials

A. Contractor is required to inspect materials delivered to the site for damage. All
materials found during inspection or during the progress of work to have cracks,
flaws, or other defects shall be rejected and removed from the job site without
delay.

PART 3 EQUIPMENT

3.01 General

A.

The compressive fit lining equipment shall consist of a pulling unit that is capable
of generating sufficient force to pull in the replacement pipe and trained and
competent personnel to operate the system. All equipment shall be in good, safe
operating condition with sufficient materials and spare parts on hand to maintain
the system in good working order for the duration of the project. The contractor is
responsible for the method of compressive fit lining insertion.
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Other Equipment

A.

Pipe Rollers — pipe rollers, if used, shall be of sufficient size to fully support the
weight of the pipe while being hydro-tested and during pull back operations.
Sufficient number of rollers shall be used to prevent excess sagging of pipe.

3.03 Data Logger

A.

A data logger shall be used to record and document all butt fusion process. The data
logger must be compatible and outfitted with an electronic data recording device.
A digital report or printout for all fusion joints made that complies with, but is not
limited to, ASTM F3124 must be delivered to the OWNER upon request and at the
completion of the project. All hydraulic fusion must be recorded and able to
produce a graphic representation of the time and pressure data. All manual fusion
must be recorded with, but not limited to, Joint ID, Operator Name and ID, Pipe
information, and Heater Plate Temperature. The recording unit shall be a
Datal.ogger 7 as manufactured by McElroy Manufacturing, Inc, or newer model or
approved equivalent.

The Owner or Engineer may approve not implementing use of a DatalLogger on
small diameter pipe, 6 inches or less.

PART 4 EXECUTION

4.01

4.02

General

A.

Locate positions of access and insertion pits and lay out pipe assembly area. Lay
out and assemble pipe in a manner that does not obstruct adjacent roads, and
commercial or residential activities adjacent to construction areas.

If an acceptable pre-determined outage period is not used, temporary water service
connections shall be provided.

The Contractor is to use a temporary bypass line comprised of large enough
diameter polyethylene pipe or lay flat hose above ground to provide temporary
bypass. The above ground polyethylene pipe or lay flat hose is to be protected by
Contractor at all times.

For temporary bypass, the Contractor shall provide flow diversion with pumps of
adequate size and capacity to handle all flows generated during the pipe bursting
process.

Pipe Joining
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High density polyethylene pipe shall be heat fused and pressure tested as per
manufacturer's guidelines before installation in the existing pipe. During assembly
and prior to pull in, pipe must be laid out in such a way as to minimize interference
to pedestrian and vehicular traffic.

Cuts or gouges that reduce the wall thickness by more than 10% are not acceptable
and must be cut out, discarded and the pipe rejoined.

Each butt fusion shall be recorded and logged by a datalogger affixed to the fusion
machine. Joint data shall be submitted as part of the As-built documentation.

Mechanical joining — in areas as to which auxiliary or final connections are to be
made and the compressive fit pipe liner will not be pulled through the existing pipe,
the polyethylene pipe and fittings may be joined together or to other materials by
means of flanged connections or mechanical couplings designed for joining
polyethylene pipe or for joining polyethylene pipe to another pipe material.
Mechanical couplings shall be fully pressure rated and fully thrust restrained and
installed in accordance with manufacturer’s recommendations.

After pulling pipe, clean exposed ends for installation of fittings.

4.03 Perform Inspection to Assess the Condition of the Existing Pipe

A.

Prior to insertion of the compressive fit pipe liner of the existing pipe, it shall be
the contractors responsibility to remove any obstructions from the inside of the
existing pipe that would preclude insertion of the compressive fit pipe liner.

Inspection of the existing pipeline shall be performed by experienced personnel
trained in locating breaks, obstacles and any external connections by closed circuit
television or alternate inspection method. The interior of the pipeline shall be
carefully inspected to determine the locations and extent of any failures or
obstructions. The location of any conditions which may prevent proper installation
of the compressive fit pipe liner into the existing pipeline shall be noted so the
condition can be corrected. A video of the inspection shall be kept and submitted
as part of the project documents.

4.04 Verify the Existing Pipe is Ready for Pipe Insertion

A.

The pipeline should be thoroughly cleaned using scrapes, wire brushes or other
tools aimed at removing any internal corrosion, obstructions or other material that
would preclude insertion of the compressive fit liner. All scale, sediment, corrosion
or other loose material shall be removed prior to starting insertion of the
compressive fit liner.

The purpose of swabbing a new pipeline is to conserve water while thoroughly
cleaning the pipeline of all foreign material, sand, gravel, construction debris and
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other items not found in a properly cleaned system and to validate the ID of the
existing pipe is appropriately sized to receive the compressive fit liner. Prior to
pressure testing of a new pipeline swabbing shall be utilized as specified on the
project documents for each project. A properly sized foam pig shall be pushed or
pulled through the host pipe.

C. New water mains greater than 12” ID (unless determined otherwise by the Owner)
shall be hydraulically cleaned with a polypropylene swabbing device to remove
dirt, sand and debris from main.

D. If swabbing access and egress points are not provided in the design drawings, it will
be the responsibility of the Contractor to provide temporary access and egress
points for the cleaning, as required.

E. At the receiver or exit point for the poly swab, the Contractor is responsible for
creating a safe environment for collection of debris, water and the swab.
Considerations shall be made for protecting surrounding personnel and property
and safe retrieval of the swab.

F. If there is any difficulty in pulling or pushing the foam pig through the host pipe,
the contractor is to correct the obstruction.

4.05 Disinfection Testing (if Pre-chlorination is approved, see Section 4.05)
A. Disinfection tests

1. All water pipe and fittings shall be thoroughly disinfected prior to being
placed in service. Disinfection shall follow the applicable provisions of the
procedure established for the disinfection of water mains as set forth in
AWWA C651. Bacteriological testing on the water main shall be scheduled,
completed and sent for water analysis (lab testing.) The results of the lab
testing shall be sent to the Owner. No pipeline shall be placed into service
until it is properly disinfected and water analysis proves it is disinfected.

2. Temporary blow-offs shall be installed for the purpose of cleaning the water
main. Temporary blow-offs shall be removed and plugged after the main is
cleared. The main shall be flushed prior to disinfection.

3. The new water main shall be connected to the existing water main at one
point only for flushing purposes. The new main MUST have a blow off on
the end as required. After the new main is thoroughly flushed, the open end
shall be sealed and restrained and the main shall be thoroughly disinfected.

4.06 Pressure and Leakage Testing

A. Summary of Practice of Pressure and Leakage Testing
1. The section of the piping to be tested is isolated from other parts of the
02XXX - 12
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system and properly restrained in order to prevent failure of both the test
section and the existing system connected to the test section. Isolated
sections of the test section are vented to the atmosphere in order to ensure
compressible gases do not remain within the hydraulic test section. The test
section is filled with liquid, raised to the test pressure, and allowed to
stabilize. The system is then inspected for leakage and the pressure is
relieved. Any required repairs or replacements are then performed while the
pipe is depressurized.

There is no leakage allowance, as properly made heat-fusion joints of HDPE
do not leak. However, if any defects or leaks are revealed, they should be
corrected and the pipeline retested after a minimum 24 hour recuperation
period between tests. Total testing conducted on a section of pipeline shall
not exceed eight hours within a 24 hour period.

An expansion allowance is allowed as HDPE will expand slightly due to
elasticity and Poisson effects. The amount of make-up water (expansion
allowance) will vary because expansion is not linear. This procedure
compensates for expansion with an initial expansion phase followed by a
testing phase as to which the test pressure is reduced suspending expansion.
Expansion or contraction due to Poisson effects may disjoin other non-
restrained joints, such as bell and spigot joints, so measures must be taken
to fully restrain the test section.

B. Style of Testing

1.

Conduct hydrostatic pressure testing of installed polyethylene pipe in
accordance with ASTM F2164, Standard Field Leak Testing of
Polyethylene Pipe and Crosslinked Polyethylene Piping Systems Using
Hydrostatic Pressure.

It is not permitted to conduct pneumatic leak testing on HDPE in accordance
with ASTM F2786, Standard Practice for Leak Testing of Polyethylene
Piping Systems Using Gaseous Media Under Pressure (Pneumatic Leak
Testing.)

Non-pressurized HDPE sewer mains may be pressure tested following
ASTM F1417 Standard Practice for Installation Acceptance of Plastic Non-
pressure Sewer Lines Using Low-Pressure Air.

C. Non-HDPE Components

1.

Non-HDPE components, such as end caps, valves, etc., that are used to
isolate the test section from other parts of the system in order to perform the
test are required to be rated for pressures equal to or greater than the test
pressure applied to the test section. These non-HDPE components must be
properly restrained while conducting the pressure test.

Air release valves must be installed at the high points of the test section to
allow for the release of any air or gases within the pipe prior to performing
the required hydraulic pressure testing.
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Pumping equipment used to pressurize the test section during the pressure
testing should be of adequate capacity to fill, pressurize and test the section
within the allotted time for the test.

A pressure monitoring gage is recommended to be connected to the test
section at the lowest point to ensure the highest pressure is recorded within
the test section. The combination of pump pressure and pressure at higher
elevations will be recorded at the lowest point of the test section. Constant
monitoring of the pressure during testing is required. A datalogger with a
pressure recording transducer can be attached to the pressure gage to record
pressure readings during the test. Additional gauges capturing the quantity
of water used to fill prior to initial pressure testing and make up water during
testing are required.

Take the necessary safety precautions to ensure the test is conducted safely
during the entirety of the testing period. Persons operating near the test
string should be familiar with pressure testing and understand the safety
precautions necessary to perform the test safely.

The test section should be supervised at all times during pressure testing.
Failure of the HDPE pipe string may result in sudden, violent, uncontrolled
and dangerous movement of the system piping, components or parts of the
components.

E. Restraint against movement

1.

Measures should be taken to ensure all parts and components of the pipe
section under pressure testing should be restrained from movement either
through the use of partial backfill or adequate above ground restraint
methods.

F. Pre-test preparation and set-up

1.

HDPE pipe materials are rated at temperatures of 73°F or less. Pressure
testing at higher temperatures will require de-rating of the pipe and fittings
in accordance with the manufacturer’s recommendations.

Prior to testing, all heat fusion joints are to be completely cooled and
allowed to cool beyond the required rough handling time.

The pipe string and components required to be tested should be flushed,
pigged or otherwise cleaned to remove and dirt and debris that may damage
parts or components involved in the pressure testing.

G. Maximum test pressures

1.

The maximum test pressure of should not exceed the Owner’s or Engineer’s
recommendations.
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System operating pressures often refer to the actual pressure that the
municipal water and wastewater pipeline systems experience during actual
operation.

System design pressures often refer to the pressure rating of the HDPE
pipeline that will be installed within the municipal water and wastewater
pipeline system. HDPE pipe utilized in municipal water and wastewater
systems often have higher rated design pressures than the operating
pressures of the pipe systems they are installed within.

System operating and system design pressures are not always equal. It is
necessary to establish if there is a difference between system operating and
system design pressures. The Owner or Engineer will make a determination
if the system operating pressure or system design pressures will be used to
perform pressure and leakage tests on the pipe string.

The maximum test pressure for HDPE shall not exceed 1.5 times the system
design pressure when lower pressure rated components or devices are not
present. The maximum test pressure for HDPE shall not exceed the pressure
rating of the lowest pressure rated components when they are present.

H. Test duration

The test duration required to pressurize, stabilize, hold test pressure and
depressurize shall not exceed 8 hours. If retesting is necessary, the test
section shall be depressurize for a minimum of 8 hours prior to restarting.
Prior to pressurizing, all components must be inspected to be in proper
working conditions, all components of the test section shall be vented to
atmosphere and all low pressure lines not part of the test section shall be
disconnected from the test section.

L Hydrostatic Test Procedure

1.

The test section shall be filled slowly with liquid and all air is purged from
the system. It is important to take steps to ensure all air is purged from the
system. The flow velocity of liquid within the test section should not exceed
the capacity of air to be purged from the system or the allowable design
velocity of the pipe.

The test section should be allowed to come to temperature equilibrium
between the pipe string and the fluid within the pipe.

When the test section is filled with fluid and purged with air, the pressure
within the test section shall be gradually increased to the required test
pressure. Make-up water should be allowed to fill the test section to
maintain the required pressure due to expansion of the test section.

Once the pipe has stabilized, the pressure should be reduced 10 psi and the
pressure monitored for 1 hour. The pressure should not be increased nor
makeup water added to the test section during the observation period.

If not leakage occurs or if the internal pressure remains within 5% of the
test phase pressure, the pressure test has passed.
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Post test submittals

1. All records kept during pressure testing shall be provided to the Owner and
Engineer.
2. Pressure test reports shall include the test liquid, backflow prevention

devices, if used, weather conditions and ambient temperature at site of
testing, test pressure, types of test gauges, location of test gauges including
location distances and elevations, gauge calibration records, test pressures
recorded, any adjustments made such as makeup water, etc, description of
leaks or failures, date and time, and operator performing the pressure test.

Pre-chlorination of Product Pipe

Chlorination of pipes prior to compressive fit lining shall be carried out per ANSTAWWA
C651-99 Standard for Disinfecting Water Mains and in cooperation with the Owner. Any
information here shall facilitate that method when performed on pipes not yet placed on
grade. In general, the method includes the following:

A.

B.

Disinfect all equipment, tools, end caps, pipe fittings or product that may contact
pipe.

Disinfection shall be carried out by immersing or rinsing items in a hypochlorus
solution containing 1 to 5 percent chlorine measured by weight.

Product pipe shall be fused into a string of sufficient length to complete the
designated section or be coiled in a manner suitable for delivery on a pipe reel.
Maximum allowable length is 800 feet.

The surface upon which the product pipe rests during chlorination shall be
relatively impervious and free from visible contamination. Coiled pipe must be laid
horizontally to allow all air to be expelled.

Swabbing, chlorination and testing of the inside diameter of the pipe shall be
accomplished by the following:

1. Swab being inserted at the lowest end of the pipe.

Calcium Hypochlorite tablets or granules as described in Section 02510
shall be placed behind the swab

3. Pressure tight end cap shall be mounted to the low end of the pipe either by
fusing or mechanically assembled to the pipe.

4. Potable water shall be introduced through this end cap at a controlled rate
such that the swab is propelled at a velocity less than or equal to one foot
per second. All air is to be dispelled from the pipe.

5. Upon discharge of the swab from the elevated end of the pipe, the elevated
end shall be capped with a pressure tight seal. This seal having a tapped
access hole of size at least 1.25” NPT or incorporating the ability to leak
(purge) air or water at will by adjustment of clamping bolts. Additional
potable water should be added after capping to ensure that no air remains
between the caps.
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Pressure testing of the pipe section should be performed per this
specification.

Chlorinated solution should be maintained in the pipe for a minimum of 24
hours prior to flushing when water temperature is above 41 °F (5°C), 48
hours when water temperature is 41°F (5°C) or less. Time for retention of
the chlorinated solution shall not be significantly over designated holding
time so as to prevent damage to the pipe or end caps.

After designated holding time, the pipe shall be drained, flushed and filled
with potable water so as to expel the highly chlorinated solution. The spent
chlorinated solution shall not be allowed to enter any water shed, a sanitary
sewer or any other area where environmental damage may occur without
neutralizing it in an industry acceptable manner. Flushing water shall be
from a source known to be of drinking water standard.

Test samples shall be taken from each end of the pipe on consecutive days,
24 hours apart. Samples shall be tested by a state certified lab within 30
hours of being taken.

Failure of any sample to pass a bacteriological test should result in the
related section of pipe being re-flushed and retested. Should any sample
again fail, the section must be chlorinated before retest.

Time before re-connection of a passing pipe section shall be limited to 14
days from the last sampling. After this time the pipe must be retested to be
acceptable for use.

Drain the section of pipe prior to compressive fit lining. The pipe shall be
drained on the day of the compressive fit lining, and sealed after draining
and for the compressive fit lining process.

Foam pigs should be designated by the manufacturer as suitable for potable
water system use.

Compressive Fit Lining Operation

The compressive fit lining operation described within provides guidance on the basic
process. It is to be understood that the need to make exceptions or additions to this process

arc common.

These changes are made to accommodate nonstandard conditions. The

contractor experience requirements make it reasonable to put the responsibility of devising
these exceptions upon the Contractor.

A. Pit Location and Excavation

1.

Access pit and insertion pit locations shall be placed such that excavations
are minimized. This may be accomplished by placing either or both of these
pits at the point of service or lateral connections, valve or hydrant location.
Initial compressive fit liner lengths shall be 500 feet (+/-) 50 feet in length
for first two pulls to determine pipe friction and specific site conditions that
may impact compressive fit lining lengths. After site specific factors are
evaluated, longer compressive fit lining runs may be performed.
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. All pits shall be shored to ensure worker safety per OSHA or other local

regulations.

All pits shall be roped off and or covered when not active per OSHA or
local regulations to ensure public safety.

Traffic control shall be accommodated for by Contractor as per the Contract
specifications. Safe traffic passage around pit excavations that are located
in or adjacent to streets or highways shall meet Right-of-way Department
requirements. Parking of related employee vehicles, trucks and auxiliary
and equipment shall be such that congestion and traffic delays are
minimized.

B. Access Location and Shoring: compressive fit lining pull equipment requires
preparation and planning for the access pit that they are to operate from, unless
another method of push or pull is used by the contractor.

1.

Forward face of the access pit or the surface that the machine bears against
while pulling back, shall be shored in a safe manner. This shoring shall
maintain perpendicular pulling machine alignment to the pipe during
pullback. Any loss of perpendicular alignment during pull shall result in
stopping of the pulling process and improvement of the forward face
shoring.

Rearward shoring shall be provided to react rod thrust forces during payout.
While these forces are substantially lower than pullback forces, shoring
must be used to stabilize the pulling machine so as to maintain
perpendicular alignment of the machine during payout. The weight of the
machine cannot be depended on to react thrust forces. Existing pipe at rear
face of pit may only be utilized for rearward shoring if scheduled for
replacement.

Pipe face for Cast Iron, Ductile Iron, PVC or pre-stressed concrete cylinder
pipe shall be cut off using a saw or similar device to produce a square face
for the pulling machine forward face to bear against. Final separation of cast
iron pipe with a wedge may provide a clean face. Existing pipe shall be
removed in sufficient length to accommodate the pulling machine.

The pulling machine must be positioned so as to have rod or cable centerline
at approximate centerline of existing pipe.

. Rod box delivery and removal between temporary rod storage location and

access pit must be accommodated for with appropriate lifting equipment
and techniques. Additionally, movement and or placement of lifting
machine must be included in traffic control plans.

C. Rod or Cable Payout Operation

1.

Rod or cable payout is the process of assembling a string of rods or solid
cable and pushing them in a step wise manner from access pit, through the
interior of the existing pipe to insertion pit.
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Lifting of rod boxes into or out of the access pit shall be performed per
OSHA or other applicable requirements with respect to equipment and
method.

Threads shall be cleaned of foreign matter before assembly.

Counting of rods or cable during payout, or quantity of rods per box shall
be monitored such that the equipment operator is aware of the distance
between the pulling machine and the lead end of the rod string or cable.
Thrust force should be monitored by the operator. Should an unexpected
sudden and significant increase in thrust force be experienced, the process
shall be halted. The operator or Contractor shall review the results with the
Owner to remedy in an attempt to determine if offsets, valves or other
features or obstruction exist that may cause the rod string to leave the pipe.

a. Front end of the rod string should be located by distance from the
access pit. Location should be painted and compared to as built
documents.

b. Appropriate action should be taken to remedy the cause. This
action may include an additional pit at the obstruction to determine
the cause, and remove or accommodate for the obstruction. The
Contractor shall follow the process provided in the approved Risk
Management Plan.

Existing pipe in the insertion pit shall be cut or broken prior to arrival of the
rod string. Sufficient length shall be removed so as to allow the pulling
tooling to enter the existing pipe and bend the product within the allowable
radius specified by the pipe manufacturer. The second end of the existing
pipe in the insertion pit shall be positioned or worked so as not to damage
the product pipe as it travels through the insertion pit.

Workmen shall not enter the insertion pit when the rod string or cable is
nearing the pit. A workman shall be in visual or radio contact with the
pulling machine operator so as to have the payout halted in a position that
allows attachment of the pulling tooling. Pulling tooling style shall be
chosen based on anticipated properties of existing pipe and existing pipe
repairs.

D. Tooling and Attachment

1.

The new polyethylene pipe shall be moved into position for attachment to
the rod string or cable. Appropriate traffic or pedestrian control will be
exercised along the path of the polyethylene pipe.

The lead and second rod or front of cable shall be painted orange or yellow
so as to give notice to the pulling machine operator position of the pulling
tooling.

. Attachment of the pulling tooling to the rod or cable shall be through the

use of removable pin joint allowing the tooling to pivot to the rod axis.
Attachment of the polyethylene pipe to the pulling tooling shall be with a
swivel that permits rotation to relieve torsional (twist) stress on the
polyethylene pipe.
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The equipment used during the compressive fit process must be of the
constant tension type.

E. Pullback Operation

1.

The pulling machine operator will begin the pullback with the approval of
the insertion pit observer. During the start of the pull, the pull speed must
be reduced to allow the pull head to travel through the reduction die and
into the host pipe. Progress will be made at a slow rate until the observer
sees the pulling tooling has completely entered the existing pipe.

The pipe diameter of the HDPE will be temporarily reduced between 5%
and 15% as the new pipe is pulled through the reduction die or other
reduction device prior to entering the host pipe.

The reduction system will be uniform around the entire circumference to
ensure no distortion occurs on the HDPE during pull in.

Should the forward shoring upon which the pulling machine bears yield
sufficiently to bring the pulling machine out of square to the existing pipe,
the shoring will be reworked.

Constant tension must be applied on the HDPE pipe string until the pull
head reaches the receiving pit. The equipment used during the compressive
fit process must be of the constant tension type.

F. HDPE Relaxation and Tooling Removal

1.

Pulling machine operator shall note rod count or cable length and anticipate
entry of painted rods into the access pit. As the pin joint connection nears
the pulling machine forward face, the pull is to be halted. Load on the
forward face is relieved by reversing the rod or cable direction slightly.
After the pull head reaches the receiving pit, the pulling force shall be
removed. The contractor must use caution to pull the new HDPE a sufficient
distance into the receiving pit so the pipe does not retract back into the host
pipe.

The pulling machine shore plate is to be removed, allowing the tooling to
enter a cage or the hull of the pulling machine. The tooling string will be
disassembled and removed, in sections if necessary until the product pipe
face has been pulled beyond the face of the access pit. The distance past the
face of the access pit shall be at the discretion of the Contractor anticipating
the length required for connection/fusing.

The HDPE pipe must be allowed to relax to allow full reversion for a period
of 24 hours before tie in activities begin. The reversion period may lengthen
or shorten depending on the characteristics of each pull, temperatures and
other site specific conditions. The reversion process shall follow the natural
reversion of HDPE and no methods shall be used to force the HDPE to
revert to its natural form, using water, steam, heat, or other methods.
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4.09 Reinstating Service and Lateral Connections

4.010

Upon completion of the compressive fit lining, certain tasks must be followed through in
order to complete the overall process.

A.

Maintaining sanitary conditions within the product pipe after compressive fit lining
must take high priority. Should any foreign matter, including ground water be
allowed to enter the pipe interior, the condition of the pipe is no longer suitable for
connection to the system. For this reason connections may not be made in standing
water. Such water must be pumped or bailed prior to making the connection or
unsealing the pipe. Areas under connections should be excavated below the pipe
mvert.

Before joining a surface and before any special surface preparation to accommodate
that joining, external surfaces should be clean and dry. Dust may be removed by
wiping with clean, lint free cloth. Heavier deposits must be washed from the surface
with soap and water and dried with a clean, lint free cloth.

Incidental exposure of the interior of the pipe to any foreign matter shall require
that one of the two following remedies be carried out:

1. Complete chlorination per AWWA specifications for buried pipe and
specifications.

2. Localized contamination at the end of the pipe may be removed and the
contaminated interior surface of the pipe wiped with a solution of 1 to 5%
hypochlorite disinfecting solution.

Service taps shall be of a type approved by the Engineer and must meet AWWA
C906.

Replacement or rehabilitation of service lines, if required, shall be according to
contract.

Post-chlorination: The section of main will be super-chlorinated to 300 ppm by
inserting a foam pig at one end. The foam pig shall travel the entire length of the
pipe section.

Service Reinstatement: Prior to connection of the newly installed pipe, the section
of pipe shall be fully flushed with the use of a de-chlorination unit and ascorbic
acid to neutralize the residual chlorine. Following flushing, the newly installed
section may be connected to the main at both ends and service reinstated.

Restoration

After completion of the compressive fit lining operation work areas, staging and storage
areas are to be restored to equal or better condition than pre-construction condition.
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SECTION 02XXX

FIELD TESTING METHODS FOR HDPE PIPE AND FITTINGS

1.01 SCOPE OF WORK

A.

The Contractor shall provide verification that butt fusion and electrofusion of
HDPE pipe are performed in accordance with AWWA, ASTM, and other
referenced documents and standards within this specification by submitting to
various destructive testing methods covered within this specification.

Types of field testing available

1.

Butt fusion testing includes preparing and conducting guided side bend back
tests as a means to assess the ductility of a butt fusion joint by applying
lateral (side) bending strain across a specimen taken from the full butt fusion
cross-section. There are no test values provided by this test as the results are
a non-numerical report.

Electrofusion testing includes joint integrity tests, joint crush test, saddle
type joint crush test and fusion evaluation test. These test are a means to
assess if the exterior surface of the HDPE pipe at the location of the EF
fitting have been properly prepared and if the EF fitting performs in
accordance with this specification. There are no test values provided by this
test as the results are a non-numerical report.

1.02 REFERENCED STANDARDS

A.

American Society for Testing and Materials (ASTM) latest edition:

1.

2.

ASTM F1055 — Standard Specification for Electrofusion Type Polyethylene
Fittings for Outside Diameter Controlled Polyethylene Pipe and Tubing
ASTM F3183 — Standard Practice for Guided Side Bend Evaluation of
Polyethylene Pipe Butt Fusion Joint

1.03 MATERIALS AND EQUIPMENT

A.

HDPE Materials

1.

Polyethylene pipe and fittings 4-65 inch diameter shall be in accordance
with AWWA C906-15, material designation code of PE4710, all applicable
ASTM standards and be listed on the PPI TR-4 HSB Listing of Hydrostatic
Design Basis Listed Materials.

Polyethylene pipe '2 -3 inch diameter for main line piping shall be
polyethylene pipe (not tubing) in accordance with AWWA C901, material
designation code of PE4710 all applicable ASTM standards and be listed
on the PPI TR-4 HSB Listing of Hydrostatic Design Basis Listed Materials.
Butt fusion fittings shall be made of HDPE material with a minimum
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material designation code of PE4710, all applicable ASTM standards and
shall be listed in current versions of PPI TR-4. Molded and fabricated
fittings shall have a pressure rating equal to the pipe unless otherwise
specified on the project documents. All fittings shall meet the requirements
of A WWA C901, C906 and all applicable ASTM standards. Markings for
molded fittings shall comply with the requirements of ASTM D3261.
Fabricated fittings shall be marked in accordance with ASTM F2206.
Socket fittings shall meet ASTM D2683. Fabricated fittings shall be
manufactured using a DatalLogger to record fusion time, pressure and
temperature, and shall be marked with a unique joint identifier that
corresponds to the joint report. A graphic representation of the time and
pressure data for all fusion joints made producing fittings shall be
maintained for a minimum of five years as part of quality control and will
be available upon request of owner. Qualification of the fusion technician
shall be demonstrated by evidence of fusion training within the past two
years on the equipment to be utilized on this project in accordance with
ASTM F2620.

Electrofusion fittings shall be made of HDPE material with a minimum
material designation code of PE4710 and meet ASTM F1055. Electrofusion
fittings shall have a pressure rating equal to the pipe unless otherwise
specified on the project documents. All electrofusion fittings shall be
suitable for use as pressure conduits and have nominal burst values of four
times the working pressure rating of the fitting. Marking of electrofusion
fittings shall comply with the requirements of ASTM F1055. All
electrofusion fittings shall be properly stored in compliance with the
manufacturers recommendation.

B. Guided side bend back test

1.

The parts and components of the guided side bend back testing apparatus
shall conform to ASTM F3183 — Standard Practice for Guided Side Bend
Evaluation of Polyethylene Pipe Butt Fusion Joint.

Sawing or cutting of the HDPE required to cut the sample butt fusion into
segments shall be in good and safe working condition free of oils,
contaminants or other defects.

Machining equipment, such as a feed-through electric planer, to prepare the
side bend test specimen into required test coupons shall be in good and safe
working condition free of oils, contaminants or other defects.

C. Electrofusion testing

1.

The parts and components of the electrofusion test components will
conform to ASTM F1055 - Standard Specification for Electrofusion Type
Polyethylene Fittings for Outside Diameter Controlled Polyethylene Pipe
and Tubing.

Equipment necessary to properly prepare the HDPE pipe for connecting and
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fusing the electrofusion fitting, such as materials to properly clean the pipe,
peelers, scrapers, clamps, heating mechanisms and electrofusion
processors, shall be in good working order to safely prepare the
electrofusion fitting.

Any vise, clamp or other mechanism used to hold the test specimen during
the test procedure should be in good working order to safely hold the test
specimen during the test.

1.04 EXECUTION OF GUIDED SIDE BEND BACK TEST

A. Preparation of side bend test specimens

1.

2.

Preparation of all butt fusions used to prepare side bend test specimens shall
follow all applicable standards as referenced above.

Side bend test specimens are prepared from bend test coupon pairs that are
cut from a sample butt fusion. These test coupons should be two
approximately equal lengths of HDPE that are joined in the middle by butt
fusion. The minimum length for one side of the test coupon should be 6
inches so the overall total length is a minimum of 12 inches. The minimum
cut width of the bend test coupon shall be % inch width.

Side bend test coupon specimens can be taken from two or more equidistant
sides of the circumference of the butt fused HDPE. More than two bend test
coupons can be taken in order to test variation locations of the fusion heater
plate if validation of even heating across the heater plate is necessary, as
approved by the Owner or Engineer.

The internal and external bead of the side bend test specimens must remain
intact during preparation of the test specimens. If either bead is removed
during preparation, the test specimen shall be discarded.

Each side bend test specimen shall be marked, labeled, or tagged or
otherwise identified so that information relating to the sample butt fusion
joint such as date, time, operator, location relative to its position within the
fusion machine, joining procedure, pipe material, pipe size, etc. are
documented. The locations of the pipe specimen follow the positions of the
clock relative to the butt fusion machine. For example, the location relative
to the butt fusion machine shall be mean the upper most point of the butt
fusion joint while in the butt fusion machine shall be considered 12:00
o’clock and the lowest shall be considered 6:00 o’clock.

A single side bend test specimen shall be machined from each side bend
coupon. Equal amounts of material are removed from the % in width of the
bend test coupon to achieve a uniform thickness of 0.25 in + or — 0.02
inches.

The final side bend test specimen surfaces shall be clean, smooth and
parallel and show no signs of gouges, scratching, saw cuts or other surface
markings. If the fusion beads have been damaged or removed, the side bend
test specimen shall be discarded.

The final side bend test specimen shall be marked, labelled, tagged or
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otherwise identified in a manner consistent with the above marking process.

9. After preparation, the final side bend test specimen shall be stored at 70°F
(plus or minus 5°F) for four hours or in water for a minimum of 1 hour. Test
specimens tested in the field shall be protected from hot or cold surfaces
prior to testing.

Procedure

1. The operator shall verify the temperature of the test specimen and testing
environment as well as the thickness of the side bend test specimen.

2. Position the side bend test specimen with the width resting on the two
rotatable supports in the side bend test apparatus with the butt fusion joint
centered on the middle of the rotatable supports.

3. Start the actuator of the apparatus and bend the test strip to an angle of 90°

or the side bend test specimen breaks. Record the bend angle achieved or
broken side bend test specimen and the time to perform the test. Report
these results to the Owner or Engineer.

1.05 EXECUTION OF ELECTROFUSION TESTING

A.

Preparation of electrofusion fittings for testing

1.

2.

Preparation of all electrofusion fittings used to prepare electrofusion test
specimens shall follow all applicable standards as referenced above.
Prepare the electrofusion fittings test specimen so that the minimum length
of unreinforced pipe on either side of the fitting is equal to three times the
diameter of the pipe but not less than 12 inches. Multiple fittings can be
included on the same electrofusion fitting test specimen as long as they have
the minimum 12 inches of separation.

Procedure

1.

2.

The operator shall verify the temperature of the test specimen and testing
environment as well as the thickness of the side bend test specimen.

Pipe length extending outside of vise jaws may be cut back to 3 inches for
ease of placing the test specimen in the vise jaws. The outer most wire of
coils shall be placed within 1.25 inches of the vise jaws with the vise jaws
closing on just the pipe portion of the test specimen.

Tighten the jaws of the vise until the inner walls of the pipe meet. Repeat
the test on both sides of the test specimen.

Separation of the fitting from the pipe at the fusion interface constitutes a
failure of the test.
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SECTION 02XXXX

PRESSURE AND LEAKAGE TESTING OF HIGH DENSITY POLYETHYLENE PIPE

1.01

AND FITTINGS

SCOPE OF WORK

A. Summary of Practice of Pressure and Leakage Testing

1.

The section of the piping to be tested is isolated from other parts of the
system and properly restrained in order to prevent failure of both the test
section and the existing system connected to the test section. Isolated
sections of the test section are vented to the atmosphere in order to ensure
compressible gases do not remain within the hydraulic test section. The test
section is filled with liquid, raised to the test pressure, and allowed to
stabilize. The system is then inspected for leakage and the pressure is
relieved. Any required repairs or replacements are then performed while the
pipe is depressurized.

There is no leakage allowance, as properly made heat-fusion joints of HDPE
do not leak. However, if any defects or leaks are revealed, they should be
corrected and the pipeline retested after a minimum 24 hour recuperation
period between tests. Total testing conducted on a section of pipeline shall
not exceed eight hours within a 24 hour period.

An expansion allowance is allowed as HDPE will expand slightly due to
elasticity and Poisson effects. The amount of make-up water (expansion
allowance) will vary because expansion is not linear. This procedure
compensates for expansion with an initial expansion phase followed by a
testing phase as to which the test pressure is reduced suspending expansion.
Expansion or contraction due to Poisson effects may disjoin other non-
restrained joints, such as bell and spigot joints, so measures must be taken
to fully restrain the test section.

B. Style of Testing

1.

Conduct hydrostatic pressure testing of installed polyethylene pipe in
accordance with ASTM F2164, Standard Field Leak Testing of
Polyethylene Pipe and Crosslinked Polyethylene Piping Systems Using
Hydrostatic Pressure.

It is not permitted to conduct pneumatic leak testing on HDPE in accordance
with ASTM F2786, Standard Practice for Leak Testing of Polyethylene
Piping Systems Using Gaseous Media Under Pressure (Pneumatic Leak
Testing.)

Non-pressurized HDPE sewer mains may be pressure tested following
ASTM F1417 Standard Practice for Installation Acceptance of Plastic Non-
pressure Sewer Lines Using Low-Pressure Air.
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1.02 REFERENCED STANDARDS

A. American Society for Testing and Materials (ASTM) latest edition:

1.

ASTM F2164 - Standard Field Leak Testing of Polyethylene Pipe and
Crosslinked Polyethylene Piping Systems Using Hydrostatic Pressure
ASTM F2786 - Standard Practice for Leak Testing of Polyethylene Piping
Systems Using Gaseous Media Under Pressure (Pneumatic Leak Testing.)

1.03 MATERIALS AND EQUIPMENT

A. HDPE Materials

1.

Polyethylene pipe and fittings 4-65 inch diameter shall be in accordance
with AWWA C906-15, material designation code of PE4710, all applicable
ASTM standards and be listed on the PPI TR-4 HSB Listing of Hydrostatic
Design Basis Listed Materials.

Polyethylene pipe '2 -3 inch diameter for main line piping shall be
polyethylene pipe (not tubing) in accordance with AWWA C901, material
designation code of PE4710 all applicable ASTM standards and be listed
on the PPI TR-4 HSB Listing of Hydrostatic Design Basis Listed Materials.
Butt fusion fittings shall be made of HDPE material with a minimum
material designation code of PE4710, all applicable ASTM standards and
shall be listed in current versions of PPI TR-4. Molded and fabricated
fittings shall have a pressure rating equal to the pipe unless otherwise
specified on the project documents. All fittings shall meet the requirements
of AWWA C901, C906 and all applicable ASTM standards. Markings for
molded fittings shall comply with the requirements of ASTM D3261.
Fabricated fittings shall be marked in accordance with ASTM F2206.
Socket fittings shall meet ASTM D2683. Fabricated fittings shall be
manufactured using a DatalLogger to record fusion time, pressure and
temperature, and shall be marked with a unique joint identifier that
corresponds to the joint report. A graphic representation of the time and
pressure data for all fusion joints made producing fittings shall be
maintained for a minimum of five years as part of quality control and will
be available upon request of owner. Qualification of the fusion technician
shall be demonstrated by evidence of fusion training within the past two
years on the equipment to be utilized on this project in accordance with
ASTM F2620.

Electrofusion fittings shall be made of HDPE material with a minimum
material designation code of PE4710 and meet ASTM F1055. Electrofusion
fittings shall have a pressure rating equal to the pipe unless otherwise
specified on the project documents. All electrofusion fittings shall be
suitable for use as pressure conduits and have nominal burst values of four
times the working pressure rating of the fitting. Marking of electrofusion
fittings shall comply with the requirements of ASTM F1055. All
electrofusion fittings shall be properly stored in compliance with the
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manufacturers recommendation.

Non-HDPE Components

1.

Non-HDPE components, such as end caps, valves, etc., that are used to
isolate the test section from other parts of the system in order to perform the
test are required to be rated for pressures equal to or greater than the test
pressure applied to the test section. These non-HDPE components must be
properly restrained while conducting the pressure test.

Air release valves must be installed at the high points of the test section to
allow for the release of any air or gases within the pipe prior to performing
the required hydraulic pressure testing.

Pumping equipment used to pressurize the test section during the pressure
testing should be of adequate capacity to fill, pressurize and test the section
within the allotted time for the test.

A pressure monitoring gage is recommended to be connected to the test
section at the lowest point to ensure the highest pressure is recorded within
the test section. The combination of pump pressure and pressure at higher
elevations will be recorded at the lowest point of the test section. Constant
monitoring of the pressure during testing is required. A datalogger with a
pressure recording transducer can be attached to the pressure gage to record
pressure readings during the test. Additional gauges capturing the quantity
of water used to fill prior to initial pressure testing and make up water during
testing are required.

1.04 EXECUTION

A.

Safety

1.

Take the necessary safety precautions to ensure the test is conducted safely
during the entirety of the testing period. Persons operating near the test
string should be familiar with pressure testing and understand the safety
precautions necessary to perform the test safely.

The test section should be supervised at all times during pressure testing.
Failure of the HDPE pipe string may result in sudden, violent, uncontrolled
and dangerous movement of the system piping, components or parts of the
components.

Restraint against movement

1.

Measures should be taken to ensure all parts and components of the pipe
section under pressure testing should be restrained from movement either
through the use of partial backfill or adequate above ground restraint
methods.

Pre-test preparation and set-up
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HDPE pipe materials are rated at temperatures of 73°F or less. Pressure
testing at higher temperatures will require de-rating of the pipe and fittings
in accordance with the manufacturer’s recommendations.

Prior to testing, all heat fusion joints are to be completely cooled and
allowed to cool beyond the required rough handling time.

The pipe string and components required to be tested should be flushed,
pigged or otherwise cleaned to remove and dirt and debris that may damage
parts or components involved in the pressure testing.

D. Maximum test pressures

1.

2.

The maximum test pressure of should not exceed the Owner’s or Engineer’s
recommendations.

System operating pressures often refer to the actual pressure that the
municipal water and wastewater pipeline systems experience during actual
operation.

System design pressures often refer to the pressure rating of the HDPE
pipeline that will be installed within the municipal water and wastewater
pipeline system. HDPE pipe utilized in municipal water and wastewater
systems often have higher rated design pressures than the operating
pressures of the pipe systems they are installed within.

System operating and system design pressures are not always equal. It is
necessary to establish if there is a difference between system operating and
system design pressures. The Owner or Engineer will make a determination
if the system operating pressure or system design pressures will be used to
perform pressure and leakage tests on the pipe string.

The maximum test pressure for HDPE shall not exceed 1.5 times the system
design pressure when lower pressure rated components or devices are not
present. The maximum test pressure for HDPE shall not exceed the pressure
rating of the lowest pressure rated components when they are present.

E. Test duration

The test duration required to pressurize, stabilize, hold test pressure and
depressurize shall not exceed 8 hours. If retesting is necessary, the test
section shall be depressurize for a minimum of 8 hours prior to restarting.
Prior to pressurizing, all components must be inspected to be in proper
working conditions, all components of the test section shall be vented to
atmosphere and all low pressure lines not part of the test section shall be
disconnected from the test section.

F. Hydrostatic Test Procedure

1.

The test section shall be filled slowly with liquid and all air is purged from
the system. It is important to take steps to ensure all air is purged from the
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system. The flow velocity of liquid within the test section should not exceed
the capacity of air to be purged from the system or the allowable design
velocity of the pipe.

The test section should be allowed to come to temperature equilibrium
between the pipe string and the fluid within the pipe.

When the test section is filled with fluid and purged with air, the pressure
within the test section shall be gradually increased to the required test
pressure. Make-up water should be allowed to fill the test section to
maintain the required pressure due to expansion of the test section.

Once the pipe has stabilized, the pressure should be reduced 10 psi and the
pressure monitored for 1 hour. The pressure should not be increased nor
makeup water added to the test section during the observation period.

If not leakage occurs or if the internal pressure remains within 5% of the
test phase pressure, the pressure test has passed.

G. Post test submittals

1.

2.

All records kept during pressure testing shall be provided to the Owner and
Engineer.

Pressure test reports shall include the test liquid, backflow prevention
devices, if used, weather conditions and ambient temperature at site of
testing, test pressure, types of test gauges, location of test gauges including
location distances and elevations, gauge calibration records, test pressures
recorded, any adjustments made such as makeup water, etc, description of
leaks or failures, date and time, and operator performing the pressure test.

END OF SECTION
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ROADWAY SURFACE* CURB STOP
NOT SHOoW™ CURB TILITY STRIP
FOR CLARITY AND GUTTER U PLAN VIEW
WATER SERVICE WITH L
MECHANICAL SADDLE &L

Standard Detail CO-2
Scale: NTS

ALLIANCE FOR PE PIPE
REV 5/2020




VALVE BOX COVER

ROADWAY

TRACER WIRE BOX COVER

SURFACE

GATE VALVE
MJ ADAPTER

HDPE MAIN

MOLDED OR
FABRICATED
HDPE TEE

UTILITY STRIP

\ CURB AND GUTTER
TRACER WIRE

HDPE PIPE
/7 TO CONNECTION

| g

MJ ADAPTER

BUTT FUSION

SECTION VIEW

ROADWAY SURFACE*
NOT SHOWN FOR CLARITY

MJ ADAPTER
BUTT FUSION

MJ ADAPTER
r /— UTILITY STRIP

ELECTROFUSION
COUPLING

MOLDED OR —/

D
R T NPT A

FABRICATED
HDPE TEE

N

ELECTROFUSION /
COUPLING
HDPE MAIN

TRACER WIRE
GATE VALVE

L HDPE PIPE
TO CONNECTION
CURB AND GUTTER

L TRACER WIRE

TERMINATION POINT PLAN VIEW

MECHANICAL CONNECTION
TO GATE VALVE

&

ALLIANCE FOR PE PIPE

Standard Detail CO-3
Scale: NTS
REV 5/2020




VALVE BOX COVER

TRACER WIRE BOX COVER

ROADWAY
SURFACE

AVK SERIES 66 | |
GATE VALVE

HDPE MAIN

MOLDED OR /

FABRICATED
HDPE TEE

BUTT FUSION

UTILITY STRIP

CURB AND GUTTER

TRACER WIRE

HDPE PIPE
TO CONNECTION POINT

| ' g

BUTT FUSION
SECTION VIEW

ROADWAY SURFACE*
NOT SHOWN FOR CLARITY

— AVK SERIES 66

GATE VALVE
y— UTILITY STRIP

X 4

BUTT FUSION
ELECTROFUSION AT

COUPLING °

L il
:I | BRI C
—

3 f' ; HDPE PIPE

MOLDED OR F AR
FABRICATED s T e
HDPE TEE/ SURBI I
ELECTROFUSION a0
COUPLING Y g
[
HDPE MAIN HDPE PIPE TO
CONNECTION
TRACER WIRE POINT
TRACER WIRE CURB AND GUTTER
TERMINATION POINT BUTT FUSION PLAN VIEW

AVK SERIES 66 GATE VALVE

&

ALLIANCE FOR PE PIPE

Standard Detail CO-4
Scale: NTS
REV 5/2020




ROADWAY

SURFACE

HDPE FLEX RESTRAINT/

PE WALL ANCHOR
ELECTROFUSION
COUPLING OR
BUTT FUSION /
HDPE PIPE
BUTT FUSION
CONCRETE ANCHOR

‘\ UTILITY STRIP
\— CURB AND GUTTER

AVK SERIES 66
MJ TO PE PIPE TRANSITION
OR MJ ADAPTER

EXISTING NON
HDPE PIPE

SECTION VIEW

HDPE FLEX RESTRAINT/
PE WALL ANCHOR

AVK SERIES 66

MJ TO PE PIPE TRANSITION

OR MJ ADAPTER

ELECTROFUSION

COUPLING OR
BUTT FUSION
? P
HDPE PIPE /;
CONCRETE ANCHOR /
%
ROADWAY SURFACE*
NOT SHOWN
FOR CLARITY

EXISTING NON
HDPE PIPE

BUTT FUSION

PLAN VIEW

HDPE CONNECTION TO
ALTERNATE PIPE MATERIAL

&

ALLIANCE FOR PE PIPE

Standard Detail CO-5
Scale: NTS

REV 5/2020




CURB AND GUTTER

ROADWAY
SURFACE

UTILITY STRIP

FACTION FUSION
SADDLE CONNECTION
(22°, 45°, OR 90°)

EXISTING CLEAN OUT J

HDPE GRAVITY
SEWER MAIN

ELECTROFUSION
COUPLING

EXISTING HDPE
PIPE LATERAL

SECTION VIEW

ELECTROFUSION

EXISTING HDPE
LATERAL PIPE

~

o] ¢

COUPLING
HDPE GRAVITY A
SEWER MAIN RN
la- . .
LLoTan
. «'.'4_ a
e
FACTION FUSION SRR
SADDLE CONNECTION y / P
(22°, 45°, OR 90° -
90° SHOWN)
ROADWAY SURFACE*
NOT SHOWN
FOR CLARITY

EXISTING CLEAN OUT

PLAN VIEW

FACTION FUSION SADDLE
CONNECTION AND
ELECTROFUSION TO LATERAL

&

ALLIANCE FOR PE PIPE

Standard Detail CO-6
Scale: NTS
REV 5/2020




CURB AND GUTTER

UTILITY STRIP

ROADWAY
SURFACE

FACTION FUSION
SADDLE CONNECTION
(22°, 45°, OR 90°)

EXISTING CLEAN OUT /

HDPE GRAVITY

BUTT FUSION TO EXISTING HDPE
SEWER MAIN EXISTING HDPE LATERAL PIPE
LATERAL SECTION VIEW

FACTION FUSION
SADDLE CONNECTION
(22°, 45°, OR 90° -

BUTT FUSION TO
EXISTING HDPE

LATERAL
22° SHOWN)
JRA
f 4"'.. ‘
AR EXISTING HDPE
LT LATERAL PIPE
HDPE GRAVITY
SEWER MAIN
/ . &
Y
ROADWAY SURFACE* EXISTING CLEAN OUT
NOT SHOWN
FOR CLARITY

PLAN VIEW

FACTION FUSION SADDLE L
CONNECTION AND BUTT £'L
FUSION TO LATERAL

Standard Detail CO-7
ALLIANCE FOR PE PIPE Scale: NTS

REV 5/2020




CURB AND GUTTER

UTILITY STRIP

ROADWAY
SURFACE

FACTION FUSION
SADDLE CONNECTION
(22°, 45°, OR 90°)

EXISTING CLEAN OUT /

HDPE GRAVITY RUBBER COUPLER EXISTING NON- HDPE
SEWER MAIN TO EXISTING LATERAL PIPE
NON-HDPE LATERAL SECTION VIEW
RUBBER COUPLER
TO EXISTING
NON-HDPE LATERAL
HDPE GRAVITY - _.4'.-:4" . d _ EXISTING NON-HDPE
SEWER MAIN S LATERAL PIPE
"3 A..- ‘
a. . )
AR -
DR o 8
L4 @4 a
.44.:". 4. . a
. @
FACTION FUSION SRR
SADDLE CONNECTION |/' f R
(22°, 45°, OR 90° -
90° SHOWN) EXISTING CLEAN OUT
ROADWAY SURFACE*
NOT SHOWN
FOR CLARITY PLAN VIEW
FACTION FUSION SADDLE ‘
CONNECTION AND RUBBER £‘
COUPLER TO LATERAL

Standard Detail CO-8

ALLIANCE FOR PE PIPE Scale: NTS
REV 5/2020




FIRE HDYRANT

TRACER WIRE
TERMINATION POINT
ROADWAY CUGRUBTﬁ';g
SURFACE
SIDEWALK
- FIRE HYDRANT
GATE VALVE 4 UTILITY / ASSEMBLY MAY
STRIP BE ASSEMBLED
MJ ADAPTER OFFSITE AND
BUTT FUSION ” INSTALLED AS
TRACER ONE PIECE
WIRE
HDPE MAIN D
i) CONCRETE
FIRE HYDRANT
FOUNDATION
MJ ADAPTER
SECTION VIEW
ROADWAY SURFACE* gﬂ?_Er‘EA&ND
NOT SHOWN FOR CLARITY UTILITY STRIP
MJADAPTER ‘\ FIRE HYDRANT
BUTT FUSION F
,\<>_\ |/1 Y AT

BUTT FUSION \

MOLDED OR
FABRICATED SN
HDPE TEE

7

BUTT FUSION

HDPE MAIN —/ GATE _ MJ ADAPTER _/
SIDEWALK

TRACER WIRE VALVE TRACER WIRE
TERMINATION POINT PLAN VIEW

FIRE HYDRANT ASSEMBLY ‘-
MECHANICAL CONNECTION m &L

Standard Detail FH-1
ALLIANCE FOR PE PIPE Scale: NTS
REV 5/2020




FIRE HDYRANT

TRACER WIRE
TERMINATION POINT
ROADWAY CUGRSTQES
SURFACE
SIDEWALK
UTILITY — FIRE HYDRANT
AVK SERIES 66 & STRIP ASSEMBLY MAY
GATE VALVE BE ASSEMBLED
. OFFSITE AND
= TRACER INSTALLED AS
BUTT FUSION WIRE ONE PIECE
HDPE MAIN BUTT FUSION
b CONCRETE
INIWgl , FIRE HYDRANT
= FOUNDATION
AVK SERIES 66
PE TO MJ ADAPTER SECTION VIEW
AVK SERIES 66 —
ROADWAY SURFACE* PE TO MJ ADAPTER CURB AND GUTTER

NOT SHOWN FOR CLARITY

BUTT FUSION

UTILITY STRIP

/7 FIRE HYDRANT

ELECTROFUSION
COUPLING

7

MOLDED OR
FABRICATED SN

7

HDPE TEE

r M\

ELECTROFUSION 1

COUPLING
HDPE MAIN N PR AN e ag g
TRACER WIRE J j J SIDEWALK J
TRACER WIRE
AVK SERIES 66 TERMINATION POINT PLAN VIEW

GATE VALVE

FIRE HYDRANT ASSEMBLY
AVK SERIES 66

&

ALLIANCE FOR PE PIPE

Standard Detail FH-2
Scale: NTS
REV 5/2020




ASPHALT OR

CONCRETE
SURFACE
. B ;
‘ 2' MIN COVER
12" LIFT
COMPACTED

CLEAN BACKEFILL

NATURAL SOIL /

OD +1/2 OD MIN
OD +24" MAX

f

SECTION VIEW

¢

PIPE BEDDING DETAIL "L

Standard Detail INST-1A

ALLIANCE FOR PE PIPE Scale: NTS
REV 5/2020




EXISTING UTILITY
IN CONFLICT

12" MIN.

HDPE MAIN ‘\

S

MOLDED OR
FABRICATED
45° BEND (TYP.)

L BUTT FUSION OR
ELECTROFUSION (TYP.)

SECTION VIEW
UTILITY IN CONFLICT
O/\/
? / \ (g
HDPE MAIN HDPE MAIN
BUTT FUSION OR
> ELECTROFUSION (TYP.)
MOLDED OR
FABRICATED

45° BEND (TYP.)

PLAN VIEW

UTILITY CONFLICT FUSION TO
HDPE FITTINGS

&

ALLIANCE FOR PE PIPE

Standard Detail INST-2A
Scale: NTS
REV 5/2020




HDPE MAIN

BUTT
FUSION

UTILITY IN CONFLICT

MINIMUM HDPE
BENDING RADIUS*

MINIMUM HDPE
BENDING RADIUS*

12" MIN.

NOTE:
IF NOT ENOUGH CLEARANCE LENGTH IS AVAILABLE TO AVOID
EXISTING UTILITY, USE DETAIL INST-2A WITH FITTINGS. SECTION VIEW

UTILITY IN CONFLICT
HDPE MAIN / BUTT
\ / / FUSION

| . 3

BUTT FUSION HDPE MAIN
O PLAN VIEW
oD - * MINIMUM BENDING RADIUS PER SDR (FEET)
OIII?I(SI-IIJE;S NOMINAL 7 9 11 13.5 17 21 26 32.5
( ) (INCHES) 20*R 20 R 25*R 25*R 27 *R 27 *R 34 *R 42 *R
4 4.8 8.0 8.0 10.0 10.0 10.8 10.8 13.6 16.8
6 6.9 11.5 11.5 14.4 14 .4 15.5 15.5 19.6 24.2
8 9.1 15.1 151 18.9 18.9 20.4 20.4 25.6 31.7
10 11.1 18.5 18.5 23.1 23.1 25.0 25.0 31.5 38.9
12 13.2 22.0 22.0 27.5 27.5 29.7 29.7 37.4 46.2
14 15.3 25.5 25.5 31.9 31.9 34.4 34.4 434 53.6
16 17.4 29.0 29.0 36.3 36.3 39.2 39.2 49.3 60.9
18 19.5 325 325 40.6 40.6 43.9 439 55.3 68.3
20 21.6 36.0 36.0 45.0 45.0 48.6 48.6 61.2 75.6
24 25.8 43.0 43.0 53.8 53.8 58.1 58.1 731 90.3
30 32.0 53.3 53.3 66.7 66.7 72.0 72.0 90.7 112.0
36 38.3 63.8 63.8 79.8 79.8 86.2 86.2 108.5 1341
UTILITY CONFLICT AND HDPE &

BEND RADIUS m («L

Standard Detail INST-2B
ALLIANCE FOR PE PIPE Scale: NTS
REV 5/2020




HDPE MAIN

PLASSON ELECTROFUSION
ADJUSTABLE ELBOW -
PRESSURE RATED

NOTE:
PLASSON ELECTROFUSION ADJUSTABLE
ELBOW IS ONE COMPLETE UNIT

12° MAX ANGLE
DEFLECTION PER SIDE

24° MAX
DEFLECTION

~

HDPE MAIN 7\

12° MAX ANGLE
DEFLECTION PER SIDE

SECTION VIEW

HDPE MAIN

PLASSON ELECTROFUSION /

ADJUSTABLE ELBOW

PRESSURE RATED
ELECTROFUSION FITTING

°

=

HDPE MAIN

PLAN VIEW

PLASSON ELECTROFUSION

ADJUSTABLE ELBOW

&

ALLIANCE FOR PE PIPE

Standard Detail INST-2C
Scale: NTS
REV 5/2020




COUPLING (TYP.)

HDPE PIPE
HDPE MANHOLE
ELECTROFUSION ”‘O/
y RISER
o

ACCESS LADDER

PRE-FABRICATED r HDPE SLEEVE
HDPE GUSSET (TYP.) {L

FORCE MAIN TO

EXTEND THROUGH
SEE NOTE 3 SLEEVE INTO
(TYP.) \ MANHOLE
of (

—-—— FLOW ? ° X/ [| 3 ' J=—— FLOW

\% 18" MIN.

et i
AT 3 PIPE DEPTH
(SEE NOTE 4)
FULL PIPE
DEPTH CHANNELS °
o MANHOLE DIAMETER
VARIES
<
PLAN VIEW
FOR SECTION VIEW SEE
STANDARD DETAIL MH-2A
NOTES:
1. BACKFILL SHALL BE PLACED AROUND THE MANHOLE RISER FOR THE FULL HEIGHT OF THE
MANHOLE.

2. BACKEFILL SHALL EXTEND A MINIMUM OF 3.5' FROM THE RISER OR TO THE TRENCH WALL
(NOT SHOWN), WHICHEVER IS GREATER.

3. PIPE STUB WALL THICKNESS SHALL BE EQUAL TO OR GREATER THAN THE HDPE MAINLINE
PIPE SDR.

4. BENCH AND PIPE TO BE AT FULL PIPE DEPTH IN NON-HATCHED AREAS, HATCH LOCATIONS
TO BE HALF PIPE DEPTH.

HDPE MANHOLE WITH ‘-
ELECTROFUSION CONNECTIONS m &L

Standard Detail MH-1A

ALLIANCE FOR PE PIPE Scale: NTS
REV 05/2020




HDPE PIPE
f\o/ HDPE MANHOLE
/|

BUTT FUSION
ACCESS LADDER
PRE-FABRICATED r HDPE SLEEVE
HDPE GUSSET (TYP.) {L BUTT FUSION
FORCE MAIN TO

EXTEND THROUGH
SEE N((')r-gi:; SLEEVE INTO
. MANHOLE

r
- FLOW? ~ ) —] g‘_ FLOW
BUTT FUSION % 18" MIN.
PRE-FABRICATED T MANHOLE BENCH
HDPE PIPE STUB

AT 3 PIPE DEPTH

(SEE NOTE 4)
FULL PIPE

DEPTH CHANNELS

MANHOLE DIAMETER

BUTT FUSION VARIES

PLAN VIEW
FOR SECTION VIEW SEE
STANDARD DETAIL MH-2A

NOTES:

1.

2.

3.

BACKFILL SHALL BE PLACED AROUND THE MANHOLE RISER FOR THE FULL HEIGHT OF THE
MANHOLE.

BACKFILL SHALL EXTEND A MINIMUM OF 3.5' FROM THE RISER OR TO THE TRENCH WALL
(NOT SHOWN), WHICHEVER IS GREATER.

PIPE STUB WALL THICKNESS SHALL BE EQUAL TO OR GREATER THAN THE HDPE MAINLINE
PIPE SDR.

4. BENCH AND PIPE TO BE AT FULL PIPE DEPTH IN NON-HATCHED AREAS, HATCH LOCATIONS
TO BE HALF PIPE DEPTH.
HDPE MANHOLE WITH BUTT ‘-

FUSION CONNECTIONS m QL

Standard Detail MH-1B

ALLIANCE FOR PE PIPE Scale: NTS
REV 05/2020




MANHOLE COVER \

CONCRETE MANHOLE
CAP

HDPE MANHOLE —— |
DIAMETER VARIES

CONCRETE ANTI-
FLOTATION ANCHOR

ANCHOR CONNECTING \ 3

\;/ OPTIONAL CONCRETE RING

Ve ACCESS LADDER

SOLID WALL HDPE
/ MANHOLE

RNG e
PRE-FABRICATED
HDPE PIPE STUB \ HDPE SLEEVE
fl
~—— FLOW ? o o / g—— FLOW
yi
ELECTROFUSION J - —— 18" MIN.
COUPLING
PRE-FABRICATED FORCE MAIN TO
EXTEND THROUGH
HDPE GUSSET (TYP.) SLEEVE INTO
L — FULL PIPE MANHOLE
DEPTH CHANNELS
SECTION VIEW

FOR PLAN VIEW SEE
STANDARD DETAIL MH-1A

HDPE MANHOLE WITH
ELECTROFUSION CONNECTIONS

&

ALLIANCE FOR PE PIPE

Standard Detail MH-2A

Scale: NTS
REV 05/2020




MANHOLE COVER \

\:‘/ OPTIONAL CONCRETE RING

CONCRETE MANHOLE ]
CAP
|_— ACCESS LADDER
HDPE MANHOLE —— | /
DIAMETER VARIES 4
SOLID WALL HDPE
/ MANHOLE
A
ELONGATED
ANCHOR RING
PRE-FABRICATED I—
HDPE PIPE STUB \ | / HDPE SLEEVE
fl
—Ffowy o i 3~ FLOW
{
ELECTROFUSION J - —l— 18" MIN.

COUPLING

FORCE MAIN TO
EXTEND THROUGH
SLEEVE INTO
MANHOLE

PRE-FABRICATED
HDPE GUSSET (TYP.)

L — FULL PIPE
DEPTH CHANNELS

SECTION VIEW
FOR PLAN VIEW SEE
STANDARD DETAIL MH-1A

HDPE MANHOLE WITH "
ELECTROFUSION CONNECTIONS &
AND ELONGATED ANCHOR RING L

Standard Detail MH-2B

ALLIANCE FOR PE PIPE Scale: NTS
REV 05/2020




MANHOLE COVER \

P g
‘

CONCRETE MANHOLE
CAP

HDPE MANHOLE —— |
DIAMETER VARIES

ELONGATED
ANCHOR RING E
PRE-FABRICATED

%/ OPTIONAL CONCRETE RING

Ve ACCESS LADDER

SOLID WALL HDPE
/ MANHOLE
A

—— FLOW ?

BUTT FUSION

I
HDPE PIPE STUB \ | BUTT FUSION
4
/ g —~—— FLOW
- = 18" MIN. \
PRE-FABRICATED HDPE PIPE
HDPE GUSSET (TYP.)
L — FULL PIPE

DEPTH CHANNELS

SECTION VIEW
FOR PLAN VIEW SEE
STANDARD DETAIL MH-1A

HDPE MANHOLE WITH BUTT

FUSION CONNECTIONS

AND ELONGATED ANCHOR RING

&

ALLIANCE FOR PE PIPE

Standard Detail MH-2C
Scale: NTS
REV 05/2020




MANHOLE COVER \

CONCRETE MANHOLE
CAP

%/ OPTIONAL CONCRETE RING

HDPE MANHOLE
DIAMETER VARIES

ACCESS LADDER —— — |

SOLID WALL HDPE
/ MANHOLE
/ MOLDED OR
FABRICATED

HDPE 90° BEND

18" MIN.

%7 FLOW

BUTT FUSION

<

INTERNAL HDPE

ELONGATED
ANCHOR RING
PRE-FABRICATED L — AN
HDPE PIPE STUB \ |
{
- FLOW? /
BUTT FUSION

PRE-FABRICATED
HDPE GUSSET (TYP.)

FULL PIPE
DEPTH CHANNELS

DROP PIPE FLOWS
TO FULL DEPTH PIPE
CHANNELS

SECTION VIEW
FOR PLAN VIEW SEE
STANDARD DETAIL MH-1A

HDPE MANHOLE WITH BUTT
FUSION CONNECTIONS
AND INTERNAL HDPE DROP PIPE

&

ALLIANCE FOR PE PIPE

Standard Detail MH-2D
Scale: NTS
REV 05/2020




MANHOLE COVER \

CONCRETE MANHOLE
CAP

HDPE MANHOLE
DIAMETER VARIES

ACCESS LADDER —— |

%/ OPTIONAL CONCRETE RING

a4 g L
L XA 2P

SOLID WALL HDPE
MANHOLE

1 MOLDED OR
FABRICATED
HDPE 90° BEND

- FLOV\Q

ELONGATED
ANCHOR RING
PRE-FABRICATED L= I
HDPE PIPE STUB \ ||
4
~— rLow ¢ / ) 9
/
BUTT FUSION
BUTT FUSION

PRE-FABRICATED
HDPE GUSSET (TYP.)

FULL PIPE
DEPTH CHANNELS

EXTERNAL HDPE
DROP PIPE

SECTION VIEW
FOR PLAN VIEW SEE
STANDARD DETAIL MH-1A

HDPE MANHOLE WITH BUTT
FUSION CONNECTIONS
AND EXTERNAL HDPE DROP PIPE

&

ALLIANCE FOR PE PIPE

Standard Detail MH-2E
Scale: NTS
REV 05/2020




PREPARE EXISTING
MANHOLE WALL

FOR HDPE INSERTION
BY ENLARGING,

AS NECESSARY

ACCESS LADDER

/ HDPE PIPE
; EXISTING

NON-HDPE
MANHOLE

INSERT HDPE INTO

b

EXISTING NON-HDPE
MANHOLE

(SEE NOTE 5)

—— FLOW ? (

g - FLOW

GROUT /

CONNECTION
(SEE NOTE 4)

FULL PIPE
DEPTH CHANNELS

NOTES:

MANHOLE BENCH

AT 3 PIPE DEPTH
SEE NOTE 3

MANHOLE DIAMETER
VARIES

PLAN VIEW
FOR PLAN VIEW SEE
STANDARD DETAIL MH-3C

1.  BACKEFILL SHALL BE PLACED AROUND THE MANHOLE RISER FOR THE FULL HEIGHT OF THE

MANHOLE.

2. BACKEFILL SHALL EXTEND A MINIMUM OF 3.5' FROM THE RISER OR TO THE TRENCH WALL,

WHICHEVER IS GREATER.

3. BENCH AND PIPE TO BE AT FULL PIPE DEPTH IN NON-HATCHED AREAS, HATCH LOCATIONS

TO BE HALF PIPE DEPTH.

»

ALLOW HDPE TO RELAX PRIOR TO INSTALLING GROUT

5. INSERT LONGER LENGTH OF HDPE PIPE INTO MANHOLE AND ALLOW TO RELAX PRIOR TO

INSTALLING GROUT

CONNECTING HDPE TO
NON-HDPE MANHOLE

&

ALLIANCE FOR PE PIPE

Standard Detail MH-3A
Scale: NTS
REV 05/2020




MANHOLE COVER \

%/ OPTIONAL CONCRETE RING

44

CONCRETE MANHOLE

CAP EXISTING NON-HDPE
/ MANHOLE
EXISTING MANHOLE

DIAMETER VARIES
ACCESS LADDER —— |

PREPARE EXISTING

MANHOLE WALL
FOR HDPE INSERTION INSERT HDPE
BY ENLARGING, INTO EXISTING MANHOLE
AS NECESSARY || (SEE NOTE 2)
\
Ba— FLOW? <;<— FLOW
4 A
/
FULL PIPE
DEPTH CHANNELS GROUT
CONNECTION
(SEE NOTE 1) HDPE PIPE
SECTION VIEW

FOR PLAN VIEW SEE

STANDARD DETAIL MH-3A
NOTES:

1. ALLOW HDPE TO RELAX PRIOR TO INSTALLING GROUT
2. INSERT LONGER LENGTH OF HDPE PIPE INTO MANHOLE AND ALLOW TO
RELAX PRIOR TO INSTALLING GROUT

CONNECTING HDPE TO O
NON-HDPE MANHOLE m CC

Standard Detail MH-3B

ALLIANCE FOR PE PIPE Scale: NTS
REV 05/2020




CURB AND GUTTER

ROADWAY
SURFACE

CONCRETE
/ SIDEWALK

KRAUSZ HYMAX
GRIP COUPLING

RESTRAINT
(15" - 12"-
6" SHOWN)
SECTION VIEW
ROADWAY SURFACE*
NOT SHOWN
FOR CLARITY —N — A
L4l
KRAUSZ HYMAX o,
GRIP COUPLING
RESTRAINT et
(15" - 12" - -
6" SHOWN)
o \
P :.q..d-: .
CONCRETE
HDPE MAIN o SIDEWALK
4 q
‘ “"PLAN VIEW

KRAUSZ HYMAX GRIP
COUPLING - REPAIR OR
RESTRAINED CONNECTION

&

ALLIANCE FOR PE PIPE

Standard Detail REP-1
Scale: NTS
REV 05/2020




CURB AND GUTTER

ROADWAY
SURFACE

CONCRETE
/ SIDEWALK

4

BOOIHIIRIXIIR KK R K XX

KRAUSZ VERSA
FULL CIRCLE
REPAIR COUPLAING
(1.5"- 70" -

6" SHOWN)

SECTION VIEW

ROADWAY SURFACE*
NOT SHOWN
FOR CLARITY —\ e P

KRAUSZ VERSA
FULL CIRCLE . .
REPAIR COUPLAING Sa T

(1.5"_70"_ q .. . B
6" SHOWN) B ca .
a :.q’- a -
R CONCRETE
HDPE MAIN 4 LA SIDEWALK

“ PLAN VIEW

BN
IS

KRAUSZ VERSA FULL CIRCLE L
REPAIR COUPLING - £'L
NON-RESTRAINED (1.5" - 70-")

Standard Detail REP-2

ALLIANCE FOR PE PIPE Scale: NTS
REV 05/2020
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peplpe& HDPE Contractor and Fusion Operator

Qualification Specification

Contractor and Fusion Operator Qualification Specification

In order to ensure a smooth and successful HDPE piping project, it is of paramount
importance to select an experienced HDPE contractor whose operators and technicians
are properly trained in HDPE pipe fusion procedures, using industry-approved standard
protocols, fittings, and equipment. The specification as set forth in this document is useful
for municipalities and consulting engineers when creating a contractor pool or selecting
a contractor for the installation of high-density polyethylene (HDPE) pipe. The following
information provides guidance for all aspects of HDPE contractor selection.

This specification covers:

e Background

e Definitions and Acronyms

e Qualified Fusion Contractor

e Qualified Fusion Operator

e Fusion Records

e Data Logging — Butt fusion and Electrofusion
e References

Background

In order to create a leak free, monolithic, HDPE piping system for your potable and
wastewater applications, you and your contractor should understand and follow proper
fusion and related procedures. When we discuss fusion of HDPE pipe, all approved

methods of fusion are included. Such methods include:

e Butt Fusion

e Saddle Fusion
e Socket Fusion
e Electrofusion

In order for a contractor's technician to perform any of the aforementioned types of
fusions, personnel require formal training specific to the size and dimension ratio (DR) of
the piping system. Although each of the various fusion procedures and methodologies is
similar to the others, the key difference between them is in operating a specific type or
size of fusion equipment and understanding the methodologies for handling the pipe or

fitting itself.

HDPE Contractor and Fusion Operator Qualification Specification Page 1
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peplpe& HDPE Contractor and Fusion Operator

Qualification Specification

Approved fusion procedures are well-documented in the Plastics Pipe Institute’s (PPI)

technical reports, notes, and its Handbook of Polyethylene Pipe (PPI, 2008, 2012, 2013).

Other sources for fusion procedures include documentation from the American Society

for Testing and Materials (ASTM) (ASTM, 2013) and from manufacturers' literature.

Working with fusion technicians that understand HDPE and the importance of adherence

to such procedures will help ensure a leak-free and monolithic system that will provide

long service life to the water or wastewater piping system.

Definitions and Acronyms

Butt Fusion - A method of joining HDPE pipe where two pipe ends are heated
and rapidly brought together under pressure to form a homogeneous bond. It is
estimated that at least 90% of the fusions in the HDPE pipe industry are butt
fusion welds.

Ductile Iron Pipe Sizing (DIPS) — DIPS is used for HDPE pipe when HDPE pipe is OD
controlled. DIPS pipe OD is larger than IPS pipe OD by almost half an inch.

Dimension Ratio (DR) - The ratio of pipe diameter to wall oD
thickness, where DR= outer diameter divided by the minimum [PDR = ——
wall thickness.

tMIN

Electrofusion (EF) — A heat fusion joining process where the heat source is an
integral part of the fitting.

High Density Polyethylene (HDPE) or Polyethylene (PE) — HDPE pipe or fitting.

Iron Pipe Sizing Convention (IPS) — IPS is used for HDPE pipe when HDPE pipe is
OD controlled. IPS pipe OD is always smaller than DIPS pipe OD.

Example - An 8” DR11 IPS pipe features an 8.6"” average OD and a .78”
minimum wall with a 7.0” average ID; an 8” DR11 DIPS pipe featuresa 9.1”
average OD and minimum wall of .82” with an average ID of 7.3”

Pressure Rating - Estimated maximum internal pressure allowed with a high
certainty that failure of the pipe will not occur. HDPE can handle as a part of its
design occasional surges to 2 times its pressure rating and 1.5 times for recurring
surges.

Standard Dimension Ratio (SDR) - A specific ratio of the average specified outside
diameter to the minimum specified wall thickness for outside diameter-controlled

HDPE Contractor and Fusion Operator Qualification Specification Page 2
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plastic pipe. Common reference is DR. DR and SDR are the same and used
interchangeably.

Thermoplastic - A plastic, such as PE, that can be repeatedly softened by heating
and hardened by cooling through a temperature range characteristic of the plastic
and that in the softened state can be shaped by molding or extrusion.

Qualified HDPE Fusion Contractor

Contractors and their personnel conducting and performing HDPE pipe fusions in the field
must be formally trained and have experience related to the pipe size and equipment
required for the job. The contractor must have experience with the type of fusion being
conducted and knowledge of best handling practices in the field to reduce potential

damage or future problems related to the installation.

Appropriate record keeping and documentation is also highly recommended to track
technician experience and abilities and to provide traceable evidence to ensure proper
procedures and methodologies were followed. Electronic data collection, such as data
logging and written logs, serve the dual purposes of procedure verification as well as

documentation of contractor history and experience.

Documentation should be provided showing current and up-to-date qualification (i.e. a
qualification card not older than 24 months) of training obtained to fuse HDPE pipe in the
appropriate sizes and equipment types for the job. This type of training is readily available
from the fusion equipment manufacturer and distribution companies that sell
polyethylene products. Accountability for the entirety of the fusion and proper

installation of a polyethylene piping system lies with the installer.

A Qualified Fusion Contractor (QFC) is a contracting company that has managed, either
as the prime contractor or the fusion subcontractor, two or more HDPE fusion projects
similar to the project being considered by the owner within the last 36 months.
Contractors who are qualified may also have served as a subcontractor handling the slip-

lining, pipe bursting, or horizontal directional drilling elements of an HDPE project.
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93  Because many jobs find HDPE as a part of a larger pipeline job, instances may also occur
94  where a contractor is handling both HDPE and another material. These projects should

95 also assist in qualifying a contractor.

96 The owner should understand that a QFC may be qualified to operate fusion equipment,
97  but may not have experience in the installation method necessary to use the HDPE. Thus,
98  the qualified contractor must not only demonstrate qualification in fusion, but s/he
99  should also demonstrate experience in the construction method required to fulfill the

100  project requirements.

101 The QFC’s project history that meets the 36-month criteria must be of similar type. For
102 example, if the owner is proposing a 24” open cut HDPE job, the QFC’s experience must

103  be open cut and must have included work with equipment capable of the same size range.

104  If the project is a slip-lining job, the QFC must have HDPE slip-lining experience using pipes
105 of a similar diameter. If the project is a pipe-bursting job, a QFC must have experience
106  with pipes bursting at any diameter. In those cases where a contractor has limited
107  experience with pipe bursting or drilling operations but proposes the use of technicians
108 with training from the manufacturers of equipment used in such operations, a contractor

109  shall be considered as a qualified.
110  Qualified HDPE Fusion Operator (QFO)

111 Using approved manufacturers of HDPE pipe and associated equipment, the QFC, as
112 described above, shall ensure that personnel performing heat fusion and related
113 operations are qualified to perform such procedures. To ensure that all practices of pipe
114 handling and fusing meet or exceed manufacturers' specifications and recommendations,
115 only qualified technicians shall be permitted to fuse and install HDPE pipe. A QFO is an

116 individual who:

117 (i) is competent and knowledgeable in heat fusion procedures;
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118 (ii) is qualified and has proof of qualification within the last 24 months via a
119 manufacturers recognized training facility and/or program;

120 (iii) has received training in heat fusion procedures according to ASTM F2620
121 for Butt Fusion and ASTM F1055 for Electro Fusion;

122 (iv) has received training in the equipment being used to perform fusion
123 procedures;

124 (v) has received training in accordance for the size of installation (e.g., small
125 diameter (1/2" CTS to 6" DPS (16 mm to 180 mm)); medium diameter (2"
126 IPS to 20" OD (63 mm to 500 mm)); or large diameter (20" IPS to 74" OD
127 (225 mm to 1600 mm));

128 (vi) has received training in handling and testing methods;

129 (vii)  understands the effects of changing conditions in the surrounding
130 environments and adjusts or checks fusion parameters to avoid negative
131 impacts on the fusions (e.g., weather changes — cold or wet, wind and dust,
132 bend radius, etc.)

133 (viii) has documented prior experience (logs) in performing HDPE pipe
134 installations, heat fusion procedures, and testing methods.

135  The required training and experience described above shall also be consistent with
136  published guidance (current PPI literature, ASTM, American Water Works Association
137 (AWWA), CSA, etc). The QFC is required to maintain records of personnel training and

138 experience and said records shall be made available for inspection.
139 Fusion Records and Marking

140  Central to competency as a QFC in the HDPE world is record keeping. Paper or electronic
141 records of appropriate joint fusion procedure details shall be kept for all HDPE pipes
142 fusions. Data logger information and drawings showing locations shall be submitted for
143 review and recordation purposes before final approval of the contract. Electrofusion

144  records should be printed or downloaded and saved to maintain a record log of EF. Note
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that fusion locations and fusion placement could be two separate locations. Using Global

Positioning System (GPS) coordinates can help pinpoint the location of a specific fusion.

All fusions regardless of where they are actually fused should be marked on the pipe for

reference to when they are located in or above ground.

Data loggers and EF machines do NOT capture certain aspects of fusion. Such aspects

should be recognized and verified by the QFO to ensure proper protocols and procedures

were followed and include the following:

(i)

(i)

(i)

(iv)

Pipe preparation — ensure the pipe ends are free of contaminants
that could negatively affect fusion. The only cleaner recommended
is 95% or greater purity isopropyl alcohol using lint free, white, non-
synthetic paper towels or cloths.

Dirt, mud or dust, water or moisture, chainsaw oils and grease or
any oils, facing shavings or facing tags, lint from non-lint free
clothes, etc.

Pipe alignments — confirm the pipes are properly aligned prior to
heating and fusion steps. If adjustments to the machine are made,
the pipes should be refaced and checked again.

Machine and heater operation checks — ensure a clean and
balanced heating surface. Ensure heater surface temperatures are
within the specified range, and heater faces are clear of
contaminates and build up.

Visual inspections - study pipe prior to and after unloading
(gouging, scratching, notching, etc.) inside and outside surfaces.
Inspect the OD of pipe after it has been handled or moved in the
field to insure that scratches of no greater than 10% of the wall

thickness have occurred.
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173 The permanent type markers, such as the, “Sharpie,” (e.g. Sharpie brand, permanent,
174 silver metallic) and “Magic Marker” by Avery are adequate for marking light colored pipe.
175 Fast drying paint pens, such as those manufactured by PENTEL and Faber Castell, also
176  work well and are available in colors that will show well on black pipe; it is sometimes
177 necessary to allow for drying when using paint type pens. A wax based “China Marker,”
178 although not permanent, works well for marking black pipe. We have found no advantage
179  of one type of marker, permanent or paint, over the other.

180

181 Such labels are still considered temporary markings because they will wear off over time

182  unless they are not protected or covered. These marking should include as a minimum:

183 (i) Date/time;

184 (ii) Operator Name or Company;

185 (iii) Fusion identification (ID) number assigned (link to data logger); and
186 (iv) Project number.

187

188  An example of the minimum typical information to be given is shown in Figure 1. Follow
189  all guidelines and recommendations provided by data logger manufacturers to ensure

190  that quality is maintained.
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191
192
193 1 Date &2 Time: 20040802 08:20:09 R ded Gauge P (o)
2. Joint Number : 9 18 Heat . -
3. Job Number : gdru 19. Soak ey
4 Employes ID : Jesse 20 Fuse 04
194 5. Machine ID : mi3 21. Coel a4
6. Mach. Model - #28 HF
7. Pigton Area - 4710 ir? Recorded Data
€. Pipe Material : US Poly PE 2406 23. Drag Pressure; 30 psi
9 Pipe Size 6"IPS DR115 24 Datalogger Probe: 440 *F
195 25 Extemal Probe: —
Interfacial Pressures (psi): 26 MDL30151v01.4 DI3-PPCVL1E
12, Heat - 27 Notes
13, Soak 0
4. Fuse :75
196 15, Cool 275
197 psi Front-end Piot (100% search range)
20
198 190
100
<0
199
Seconds 20 an 60 80 1w 120 140 160
200 pst QOpen/Close Plot
20
201 5
100
202 %
Seconds 5 10 15 20 2 30
203
psi Summary Plot (106 data points)
20
204
120
100
205 a0
Minutes 1 2 3 4 5 6 7
206
207 Figure 1. Example of a heat fusion joint record output for a McElroy Data Logger
208 (Colorado Springs Utilities, 2014)
209 REFERENCES

210 American Society for Testing and Materials (ASTM) (2013). Standard Practice for Heat Fusion Joining of Polyethylene

211 Pipe and Fittings (F2620-13). ASTM International, West Conshohocken, PA. www.astm.org.

212 Colorado Springs Utilities (2014). Water Line Extension and Service Standards. www.csu.org.

213 Georg Fischer Central Plastics (2003). Electrofusion Installation Procedure Manual, www.centralplastics.com

214 Plastics Pipe Institute (2008). Handbook of Polythylene Pipe, 2" Edition. www.plasticpipe.org.
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215 Plastics Pipe Institute (PPI) (2012). Generic Butt Fusion Joining Procedure for Field Joining of Polyethylene Pipe. PPI

216 Document TR-33. www.plasticpipe.org.

217 Plastics Pipe Institute (PPI) (2013). Recommended Minimum Training Guidelines for Polyethylene Pipe Butt Fusion

218 Joining Operations for Municipal and Industrial Projects. PPI Document TN-42. www.plasticpipe.org.

219

HDPE Contractor and Fusion Operator Qualification Specification Page 9


http://www.plasticpipe.org/
http://www.plasticpipe.org/

Foreword | 1

Handbook of Polyethylene Pipe

Handbook of Polyethylene (PE) Pipe

Foreword

PE piping, has been successfully utilized for a variety of piping
applications for over 50 years. Despite this relatively short history,
the engineering community has embraced the overall toughness
and durability of PE pipe and the latitude afforded by the variety of
installation methods that can be employed using PE pipe to expand
its use at a quickening rate.

Today, we see PE piping systems operating in a broad array of
installations; from pressure-rated potable water and natural gas
lines to gravity sewers, from industrial and chemical handling

to telecommunications and electrical ducting; from oil and gas
production to marine installations and directional drilling.

This text has been developed to assist designers, installers and
owners in the design, rehabilitation and installation of solid wall

PE pipe. Applications using profile wall PE pipe are addressed

briefly; applications using PEX pipe (for plumbing, heating, ...) and
applications using corrugated PE pipe (for drainage, ...) are covered in
multiple and separate PPI publications.

This Handbook discusses material properties, design, installation
and applications of solid wall PE pipe and to a lesser extent, profile
wall PE pipe. Corrugated PE pipe for drainage applications is
covered in a separate handbook.

This Handbook discusses material properties, design, installation
and applications of solid wall PE pipe and to a lesser extent, profile
wall PE pipe. Corrugated PE pipe for drainage applications is
covered in a separate handbook.

The material presented in this text has been written in a manner that
is easily understood, with an emphasis on organization to provide
the reader with ease of reference. It is only because of our efforts to
be as comprehensive as possible with respect to the subject matter
that have resulted in such an extensive publication.
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Foreword
Handbook of Polyethylene Pipe

The overall work consists of essentially three fairly discreet
sections, each consisting of several chapters. The chaptersin
the first section cover introductory type information including the
origins and growth of the PE pipe industry in North America, the
unique features of PE pipe material, its manufacture, handling,
storage, field inspection and testing, and safety considerations.
This section also includes a chapter dealing with the subject

of the product specifications and codes that apply to PE pipe.
Completing this section is a comprehensive chapter covering the
engineering and physical properties of the PE pipe materials and of
the finished pipe product itself.

The second section, or design section, consists primarily of design considerations
and includes chapters on pipe design, joining procedures, and basic information on
buried and above-ground installations.

The final section of this text is comprised of a set of chapters that provide the reader
with detailed information regarding design considerations, installation techniques,
repairs and operation of PE pipe in a variety of specific applications, such as
directional drilling, pipe bursting, marine, conduit, HVAC.

The overall work concludes with an extensive glossary and, of course, an index

to provide ease of reference for specific topics of interest. The organization of the
subject matter should allow the reader to quickly reference a specific area of interest
or, moreover, for the college educator to utilize specific sections of the handbook
within the context of a college curriculum.

This handbook has been developed by the PPI as a service to the industry. The
information in this handbook is offered in good faith and believed to be accurate

at the time of its preparation, but is offered without any warranty, expressed

or implied, including warranties of merchantability and fitness for a particular
purpose. Additional information may be needed in some areas, especially with
regard to unusual or special applications. In these situations, the reader is advised to
consult the manufacturer or material supplier for more detailed information. A list
of member companies is available on the PPI website. Also, the reader has to refer to
the website to download a copy of the Errata Sheet.

PPI intends to revise this handbook from time to time, in response to comments and
suggestions from member companies and from users of the handbook. To that end,
please send suggestions for improvements to PPL. Information on other publications
can be obtained by visiting the website.
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The Plastics Pipe Institute

This handbook has been developed as a result of a task group initiative within the
Plastics Pipe Institute (PPI). Founded in 1950, the PPI is the major trade association
representing all segments of the plastics piping industry. PPI is dedicated to the
advancement of PE pipe systems by:

e Contributing to the development of research, standards and design guides

¢ Educating designers, installers, users and government officials

e Collecting and publishing industry statistics

¢ Maintaining liaisons with industry, educational and government groups

e Providing a technical focus for the plastics piping industry

e Communicating up-to-date information through our website www.plasticpipe.org

The Plastics Pipe Institute, Inc.

469-499-1044
www.plasticpipe.org
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CHAPTER 1

Introduction

Since its discovery in 1933, PE has grown to become one of the world’s most widely
used and recognized thermoplastic materials.(1) The versatility of this unique plastic
material is demonstrated by the diversity of its use and applications. The original
application for PE was as a substitute for rubber in electrical insulation during World
War II. PE has since become one of the world’s most widely utilized thermoplastics.
Today’s modern PE resins are highly engineered for much more rigorous applications
such as pressure-rated gas and water pipe, landfill membranes, automotive fuel tanks
and other demanding applications.

Figure | Joining Large Diameter PE Pipe with Butt Fusion

PE’s use as a piping material first occurred in the mid 1950’s. In North America, its
original use was in industrial applications, followed by rural water and then oil field
production where a flexible, tough and lightweight piping product was needed to
fulfill the needs of a rapidly developing oil and gas production industry. The success
of PE’s pipe in these installations quickly led to its use in natural gas distribution
where a coilable, corrosion-free piping material could be fused in the field to assure a
“leak-free” method of transporting natural gas to homes and businesses. PE’s success
in this critical application has not gone without notice and today it is the material

of choice for the natural gas distribution industry. Sources now estimate that nearly
95% of all new gas distribution pipe installations in North America that are 12” in
diameter or smaller are PE piping.”)
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The performance benefits of polyethylene pipe in these original oil and gas related
applications have led to its use in equally demanding piping installations such

as potable water distribution, industrial and mining pipe, force mains and other
critical applications where a tough, ductile material is needed to assure long-

term performance. It is these applications, representative of the expanding use of
polyethylene pipe that are the principle subject of this handbook. In the chapters
that follow, we shall examine all aspects of design and use of polyethylene pipe in
a broad array of applications. From engineering properties and material science to
fluid flow and burial design; from material handling and safety considerations to
modern installation practices such as horizontal directional drilling and/or pipe
bursting; from potable water lines to industrial slurries we will examine those
qualities, properties and design considerations which have led to the growing use of
polyethylene pipe in North America.

Million Pounds

Years

Figure 2 Historical Growth in North American HDPE Pipe Shipments®

Features and Benefits of PE Pipe

When selecting pipe materials, designers, owners and contractors specify materials
that provide reliable, long-term service durability, and cost-effectiveness.

Solid wall PE pipes provide a cost-effective solution for a wide range of piping
applications including natural gas distribution, municipal water and sewer,
industrial, marine, mining, landfill, and electrical and communications duct
applications. PE pipe is also effective for above ground, buried, trenchless, floating
and marine installations. According to David A. Willoughby, PO.E., “... one major
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reason for the growth in the use of the plastic pipe is the cost savings in installation,
labor and equipment as compared to traditional piping materials. Add to this the
potential for lower maintenance costs and increased service life and plastic pipe is a
very competitive product.”®

Natural gas distribution was among the first applications for medium-density PE
(MDPE) pipe. In fact, many of the systems currently in use have been in continuous
service since 1960 with great success. Today, PE pipe represents over 95% of the pipe
installed for natural gas distribution in diameters up to 12” in the U.S. and Canada.
PE is the material of choice not only in North America, but also worldwide. PE

pipe has been used in potable water applications for almost 50 years, and has been
continuously gaining approval and growth in municipalities. PE pipe is specified
and/or approved in accordance with AWWA, NSF, and ASTM standards.

Some of the specific benefits of PE pipe are discussed in the parargraphs
which follow.

o Life Cycle Cost Savings — For municipal applications, the life cycle cost of PE pipe
can be significantly less than other pipe materials. The extremely smooth inside
surface of PE pipe maintains its exceptional flow characteristics, and heat fusion
joining eliminates leakage. This has proven to be a successful combination for
reducing total system operating costs.

o Leak Free, Fully Restrained Joints — PE heat fusion joining forms leak-free joints
that are as strong as, or stronger than, the pipe itself. For municipal applications,
fused joints eliminate the potential leak points that exist every 10 to 20 feet when
using the bell and spigot type joints associated with other piping products such
as PVC or ductile iron. All these bell and spigot type joints employ elastomeric
gasket materials that age over time and thus have the potential for leaks. As a
result of this, the “allowable water leakage” for PE pipe is zero as compared to the
water leakage rates of 10% or greater typically associated with these other piping
products. PE pipe’s fused joints are also self-restraining, eliminating the need for
costly thrust restraints or thrust blocks while still insuring the integrity of the joint.
Notwithstanding the advantages of the butt fusion method of joining, the engineer
also has other available means for joining PE pipe and fittings such as electrofusion
and mechanical fittings. Electrofusion fittings join the pipe and/or fittings together
using embedded electric heating elements. In some situations, mechanical fittings
may be required to facilitate joining to other piping products, valves or other
system appurtenances. Specialized fittings for these purposes have been developed
and are readily available to meet the needs of most demanding applications.

 Corrosion & Chemical Resistance — PE pipe will not rust, rot, pit, corrode,
tuberculate or support biological growth. It has superb chemical resistance and is
the material of choice for many harsh chemical environments. Although unaffected
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by chemically aggressive native soil, installation of PE pipe (as with any piping
material) through areas where soils are contaminated with organic solvents (oil,
gasoline) may require installation methods that protect the PE pipe against contact
with organic solvents. It should be recognized that even in the case of metallic

and other pipe materials, which are joined by means of gaskets, protection against
permeation is also required. Protective installation measures that assure the quality
of the fluid being transported are typically required for all piping systems that are
installed in contaminated soils.

Fatigue Resistance and Flexibility — PE pipe can be field bent to a radius of about
30 times the nominal pipe diameter or less depending on wall thickness (12"

PE pipe, for example, can be cold formed in the field to a 32-foot radius). This
eliminates many of the fittings otherwise required for directional changes in piping
systems and it also facilitates installation. The long-term durability of PE pipe

has been extremely well researched. PE has exceptional fatigue resistance and
when, operating at maximum operating pressure, it can withstand multiple surge
pressure events up to 100% above its maximum operating pressure without any
negative effect to its long-term performance capability.

Seismic Resistance — The toughness, ductility and flexibility of PE pipe combined
with its other special properties, such as its leak-free fully restrained heat fused
joints, make it well suited for installation in dynamic soil environments and in
areas prone to earthquakes.

Figure 3 Butt Fused PE Pipe “Arched” for Insertion into Directional Drilling Installation
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o Construction Advantages — PE pipe’s combination of light weight, flexibility and
leak-free, fully restrained joints permits unique and cost-effective installation
methods that are not practical with alternate materials. Installation methods
such as horizontal directional drilling, pipe bursting, sliplining, plow and plant,
and submerged or floating pipe, can greatly simplify construction and save
considerable time and money on many installations. At approximately one-eighth
the weight of comparable sized steel pipe, and with integral and dependable
leakfree joining methods, installation is simpler, and it does not need heavy lifting
equipment. PE pipe is produced in standard straight lengths to 50 feet or longer
and coiled in diameters up through 6”. Coiled lengths over 1000 feet are available
in certain diameters. PE pipe can withstand impact much better than PVC pipe,
especially in cold weather installations where other pipes are more prone to cracks
and breaks. Because heat fused PE joints are as strong as the pipe itself, it can be
joined into long runs conveniently above ground and later, installed directly into a
trench or pulled in via directional drilling or using the re-liner process. Of course,
the conditions at the construction site have a big impact on the preferred method of
installation.

o Durability — PE pipe installations are cost-effective and have long-term cost
advantages due to the pipe’s physical properties, leak-free joints and reduced
maintenance costs. The PE pipe industry estimates a service life for PE pipe to be,
conservatively, 50-100 years provided that the system has been properly designed,
installed and operated in accordance with industry established practice and the
manufacturer’s recommendations. This longevity confers savings in replacement
costs for generations to come. Properly designed and installed PE piping systems
require little on-going maintenance. PE pipe is resistant to most ordinary
chemicals and is not susceptible to galvanic corrosion or electrolysis.

Figure 4 PE Pipe Weighted and Floated for Marine Installation

9
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o Hydraulically Efficient — The internal surface of PE pipe is devoid of any roughness
which places it in the “smooth pipe” category, a category that results in the lowest
resistance to fluid flow. For water applications, PE pipe’s Hazen Williams C factor
is 150 and does not change over time. The C factor for other typical pipe materials
declines dramatically over time due to corrosion and tuberculation or biological
build-up. Without corrosion, tuberculation, or biological growth PE pipe maintains
its smooth interior wall and its flow capabilities indefinitely to insure hydraulic
efficiency over the intended design life.

o Temperature Resistance — PE pipe’s typical operating temperature range is
from 0°F to 140°F for pressure service. However, for non-pressure and special
applications the material can easily handle much lower temperatures (e.g., to — 40°F
and lower) and there are specially formulated materials that can service somewhat
higher temperatures. Extensive testing and very many applications at very low
ambient temperatures indicates that these conditions do not have an adverse effect
on pipe strength or performance characteristics. Many of the PE resins used in
PE pipe are stress rated not only at the standard temperature, 73° F, but also at an
elevated temperature, such as 140°F. Typically, PE materials retain greater strength
at elevated temperatures compared to other thermoplastic materials such as PVC.
At 140° F, PE materials retain about 50% of their 73°F strength, compared to PVC
which loses nearly 80% of its 73° F strength when placed in service at 140°F.(5) As
a result, PE pipe materials can be used for a variety of piping applications across a
very broad temperature range.

The features and benefits of PE are quite extensive, and some of the more notable
qualities have been delineated in the preceding paragraphs. The remaining chapters
of this Handbook provide more specific information regarding these qualities and the
research on which these performance attributes are based.

Many of the performance properties of PE piping are the direct result of two
important physical properties associated with PE pressure rated piping products.
These are ductility and visco-elasticity. The reader is encouraged to keep these two
properties in mind when reviewing the subsequent chapters of this handbook.
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e Ductility

Ductility is the ability of a material to deform in response to stress without fracture
or, ultimately, failure. It is also sometimes referred to as increased strain capacity
and it is an important performance feature of PE piping, both for above and below
ground service. For example, in response to earth loading, the vertical diameter

of buried PE pipe is slightly reduced. This reduction causes a slight increase in
horizontal diameter, which activates lateral soil forces that tend to stabilize the
pipe against further deformation. This yields a process that produces a soil-pipe
Introduction 11 structure that is capable of safely supporting vertical earth and
other loads that can fracture pipes of greater strength but lower strain capacity.

Ductile materials, including PE, used for water, natural gas and industrial pipe
applications have the capacity to safely handle localized stress intensifications
that are caused by poor quality installation where rocks, boulders or tree stumps
may be in position to impinge on the outside surface of the pipe. There are many
other construction conditions that may cause similar effects, e.g. bending the
pipe beyond a safe strain limit, inadequate support for the pipe, misalignment in
connections to rigid structures and so on. Non- ductile piping materials do not
perform as well when it comes to handling these types of localized high stress
conditions.

Materials with low ductility or strain capacity respond differently. Strain sensitive
materials are designed on the basis of a complex analysis of stresses and the potential
for stress intensification in certain regions within the material. When any of these
stresses exceed the design limit of the material, crack development occurs which can
lead to ultimate failure of the part or product. However, with materials like PE pipe
that operate in the ductile state, a larger localized deformation can take place without
causing irreversible material damage such as the development of small cracks.
Instead, the resultant localized deformation results in redistribution and a significant
lessening of localized stresses, with no adverse effect on the piping material. As

a result, the structural design with materials that perform in the ductile state can
generally be based on average stresses, a fact that greatly simplifies design protocol.

To ensure the availability of sufficient ductility (strain capacity) special requirements
are developed and included into specifications for structural materials intended to
operate in the ductile state; for example, the requirements that have been established
for “ductile iron” and mild steel pipes. On the other hand, ductility has always been
a featured and inherent property of PE pipe materials. And it is one of the primary
reasons why this product has been, by far, the predominant material of choice for
natural gas distribution in North America over the past 30 plus years. The new or
modern generation of PE pipe materials, also known as high performance materials,
have significantly improved ductility performance compared to the traditional

11
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versions which have themselves, performed so successfully, not only in gas but also
in a variety of other applications including, water, sewer, industrial, marine and
mining since they were first introduced about 50 years ago.

For a more detailed discussion of this unique property of PE material, especially the
modern high performance versions of the material, and the unique design benefits it
brings to piping applications, the reader is referred to Chapter 3, Material Properties.

Visco-Elasticity

PE pipe is a visco-elastic construction material.(6) Due to its molecular nature, PE is a
complex combination of elastic-like and fluid-like elements. As a result, this material
displays properties that are intermediate to crystalline metals and very high viscosity
fluids. This concept is discussed in more detail in the chapter on Engineering
Properties within this handbook.

The visco-elastic nature of PE results in two unique engineering characteristics that
are employed in the design of PE water piping systems, creep and stress relaxation.

« Creep is the time dependent viscous flow component of deformation. It refers
to the response of PE, over time, to a constant static load. When PE is subjected
to a constant static load, it deforms immediately to a strain predicted by the
stressstrain modulus determined from the tensile stress-strain curve. At high
loads, the material continues to deform at an ever decreasing rate, and if the load
is high enough, the material may finally yield or rupture. PE piping materials are
designed in accordance with rigid industry standards to assure that, when used in
accordance with industry recommended practice, the resultant deformation due to
sustained loading, or creep, is too small to be of engineering concern.

o Stress relaxation is another unique property arising from the visco-elastic nature
of PE. When subjected to a constant strain (deformation of a specific degree) that
is maintained over time, the load or stress generated by the deformation slowly
decreases over time, but it never relaxes completely. This stress relaxation
response to loading is of considerable importance to the design of PE piping
systems. It is a response that decreases the stress in pipe sections which are subject
to constant strain.

As a visco-elastic material, the response of PE piping systems to loading is time-
dependent. The apparent modulus of elasticity is significantly reduced by the
duration of the loading because of the creep and stress relaxation characteristics

of PE. An instantaneous modulus for sudden events such as water hammer is
around 150,000 psi at 73°F. For slightly longer duration, but short-term events such
as soil settlement and live loadings, the short-term modulus for PE is roughly
110,000 to 130,000 psi at 73° F, and as a long-term property, the apparent modulus
is reduced to something on the order of 20,000-30,000 psi. As will be seen in the
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chapters that follow, this modulus is a key criterion for the long-term design of PE
piping systems.
This same time-dependent response to loading also gives PE its unique resiliency and
resistance to sudden, comparatively short-term loading phenomena. Such is the case
with PE’s resistance to water hammer phenomenon which will be discussed in more
detail in subsequent sections of this handbook.

Summary

As can been seen from our brief discussions here, PE piping is a tough, durable
piping material with unique performance properties that allow for its use in a broad
range of applications utilizing a variety of different construction techniques based
upon project needs. The chapters that follow offer detailed information regarding the
engineering properties of PE, guidance on design of PE piping systems, installation
techniques as well as background information on how PE pipe and fittings are
produced, and appropriate material handling guidelines. Information such as this

is intended to provide the basis for sound design and the successful installation and
operation of PE piping systems. It is to this end, that members of the Plastics Pipe
Institute have prepared the information in this handbook.
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CHAPTER 2

Inspections, Tests and
Safety Considerations

Scope

Once a PE piping system has been selected and designed for an application,

the design is implemented by procuring the pipe, fittings and other necessary
appurtenances, installing the system, and placing it in service. Piping installation
involves people and machines in motion to move, assemble, install, inspect and test
the piping system. Whenever moving machinery, piping parts, and personnel are
engaged in piping system construction, safety must be a primary consideration.
This chapter presents some of the inspections, tests and safety considerations
related to installing PE piping, placing an installed system in service, and operating
a PE piping system.

Cautionary statements are provided in this chapter, but this chapter does not
purport to address all of the product applications, inspections, tests, or construction
practices that could be used, nor all of the safety practices necessary to protect
persons and property. It is the responsibility of the users of this chapter, installers,
inspectors and operators of piping systems to establish appropriate safety and
health practices, and to determine the applicability of regulatory limitations before

any use, installation, inspection, test or operation.

Introduction

Generally, piping system installation begins with the arrival and
temporary storage of pipe, fittings, and other goods required for the
system. Assembly and installation follow, then system testing and
finally, release for operation. Throughout the installation process,
various inspections and tests are performed to ensure that the
installation is in accordance with specification requirements and
that the system when completed is capable of functioning according
to its design specifications. In the selection, design, and installation
of PE piping systems, professional engineering services, and
qualified installers should be used.



16

Chapter 2
Inspections, Tests and Safety Considerations

PE piping products are integrated pipe and fitting systems for

a broad range of commercial, municipal, utility and industrial
applications. They may be buried, laid on the surface, supported
above grade, installed underwater, or floated on the surface of lakes
orrivers.

PE piping products are manufactured from 1/4” (6 mm) diameter
through 120” (3050 mm) diameter under applicable industry
standards (ASTM, AWWA, etc.) for pressure and non-pressure
applications. As well, PE fittings, custom fabrications, special
structures and appurtenances are available for full pressure rated,
reduced pressure rated, or non-pressure rated applications.

Conventionally extruded PE pipes have homogeneous walls

and smooth interior and exterior surfaces. Profile pipes are
manufactured by extruding a profile over a mandrel. These pipes
have smooth interiors, and may have a smooth or a profiled exterior.

Fittings, fabricated structures, tanks, and manholes are constructed
for pressure, low pressure and non-pressure applications. Smaller
size fittings are usually injection molded. Larger fittings, fabricated
structures, tanks, and manholes are fabricated in manufacturer’s
facilities. Thermal joining techniques used for fabrication usually
limit the design pressure capacity of the structure. Complex
structures are generally not suitable for field fabrication.

PE Piping in the Field

After the piping system has been designed and specified, the piping system
components must be procured. Typically, project management and purchasing
personnel work closely together so that the necessary components are available
when they are needed for the upcoming construction work.

Packaging for Commercial Transport

PE fittings, fabrications and pipe are shipped by commercial carriers who are
responsible for the products from the time they leave the manufacturing plant
until they are accepted by the receiver. Molded fittings and small fabrications and
components are usually packaged in cartons. Large orders may be palletized.
Large fabrications may require custom packaging. Commercial transport may

be by parcel service or commercial carrier in enclosed vans or on flatbed trailers
depending on packaging.
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Figure 1 Typical Truckload of Coiled, Silo-Pack Pipe (40’ Trailer)

PE pipe is produced in coils or in straight lengths and shipped on flatbed trailers.
Coils are typically limited to 6-inch and smaller sizes. Coils may be laid flat and
stacked together into silo packs, or may be individual large vertical coils, or may
be reels of coiled pipe. Straight lengths are bundled together in bulk packs or
loaded on the trailer in strip loads. Standard straight lengths for extruded pipe are
40 feet long; however, shorter lengths or lengths 60 feet long or longer depending
on transportation restrictions may be produced. State transportation restrictions
on length, height and width usually govern allowable load configurations. Higher
freight costs may apply to loads that exceed length, height, or width restrictions.
Although PE pipe is lightweight, weight limitations may restrict load size for very
heavy wall or longer length pipe. Profile wall extruded pipes 96-inch ID

(2438 mm ID) and 120-inch ID (3048 mm ID) will exceed 8 feet overall permissible
width, and are subject to wide load restrictions.

Figures 1 through 3 are general illustrations of truckload and packaging
configurations for conventionally extruded PE pipes. Actual truckloads and
packaging may vary from the illustrations. “Nesting”, or sliding a smaller pipe
length inside a larger pipe, is generally not practiced for commercial flatbed

loads because it is difficult to remove the inner pipe when the load is delivered at
the jobsite, because nesting can result in an overweight load, and because most
commercial flatbed trailers do not have structural bulkheads at both ends to
prevent nested pipes from sliding out during acceleration or braking. Fully enclosed
containers for overseas delivery can occasionally be nested. Occasionally, silos of
small tubing sizes may be “nested” in silos of larger coiled pipe. Nested silos must
have special packaging to lift the tubing silo out of the pipe silo. De-nesting should
only be performed after the nested silos have been unloaded from the truck and
placed on the ground.
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Figure 2 Typical Straight Length Bulk Pack Truckload
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Figure 3 Typical Straight Length Strip Load Truckload

Occasionally, when coiled pipe silo packs and boxed fittings are shipped together,
fitting cartons are placed in the center of the silo packs. Tanks, manholes, and large
fittings and custom fabrications are usually loaded directly onto flatbed trailers.

Receiving Inspection

Few things are more frustrating and time consuming than not having what you
need, when you need it. Before piping system installation begins, an important
initial step is a receiving inspection of incoming products. Construction costs can
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be minimized, and schedules maintained by checking incoming goods to be sure
the parts received are the parts that were ordered, and that they arrived in good
condition and ready for installation.

Checking and Inspecting the Order

When a shipment is received, it should be checked to see that the correct

products and quantities have been delivered in a condition that is suitable for
installation. Several documents are used here. The Purchase Order or the Order
Acknowledgment lists each item by its description, and the required quantity.

The incoming load will be described in a Packing List which is attached to the load.
The descriptions and quantities on the Packing List should match those on the
Purchase Order or the Order Acknowledgment.

The carrier will present a Bill of Lading that generally describes the load as the
number of packages the carrier received from the manufacturing plant. The Order
Acknowledgment, Packing List, and Bill of Lading should all be in agreement. Any
discrepancies must be reconciled among the shipper, the carrier, and the receiver.
The receiver should have a procedure for reconciling any such discrepancies.

There is no substitute for visually inspecting an incoming shipment to verify that
the paperwork accurately describes the load. Products are usually identified by
markings on each individual product. These markings should be checked against
the Order Acknowledgment and the Packing List. The number of packages and their
descriptions should be checked against the Bill of Lading.

Before and during unloading, the load should be inspected for damage that may
occur anytime products are handled. Obvious damage such as cuts, abrasions,
scrapes, gouges, tears, and punctures should be carefully inspected. Manufacturers
should be consulted for damage assessment guidelines. Product with damage that
could compromise product performance should be segregated and a resolution
discussed with the manufacturer.

When pipe installation involves saddle fusion joining, diesel smoke on the pipe
outside surface may be a concern because it may reduce the quality of saddle fusion
joints. Smoke damage is effectively prevented by covering at least the first third of
the load with tarpaulins or by using truck tractors with low exhaust. If smoke tarps
are required, they should be in place covering the load when it arrives.

Receiving Report & Reporting Damage

The delivering truck driver will ask the person receiving the shipment to sign the
Bill of Lading, and acknowledge that the load was received in good condition. Any
damage, missing packages, etc., should be noted on the bill of lading at that time.
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Shipping problems such as damage, missing packages, document discrepancies,
incorrect product, etc.,, should be reported to the product supplier immediately.
Shipping claims must be filed within 7 days.

Field Handling

PE piping product transportation and handling is generally subject to governmental
safety regulations such as OSHA in the United States or CCOSH in Canada. Persons
transporting and handling PE piping products should be familiar with applicable
governmental safety regulations. Additional PE pipe handling and transportation
information is available in the PPI Material Handling Guide®, and in handling and
unloading recommendations from product manufacturers. The responsibility for
safe transport and handling; however, rests primarily with persons that actually
perform transport and handling activities.

Manufacturer handling and unloading recommendations are typically given to the
truck driver when the load leaves the manufacturing plant with instructions for the
truck driver to give the manufacturer’s handling and unloading recommendations
to jobsite personnel upon delivery.

Always observe applicable governmental safety requlations and manufacturer’s handling

and unloading recommendations when transporting or handling PE piping products in the
field. Unsafe handling can result in damage to property or equipment, and be hazardous to
persons in the area. Keep unnecessary persons away from the area during unloading and
while handling pipe and piping components. See and be seen at all times. All persons involved
in unloading and handling PE pipe and piping components should be sure that they can see all
other persons and be seen by all other persons engaged in unloading and handling.

PE pipe is tough, lightweight, and flexible. Installation does not usually require high
capacity lifting equipment. Pipe up to about 8” (219 mm) diameter and weighing
roughly 6 Ibs per foot (9 kg per m) or less can frequently be handled manually.
Heavier, larger diameter pipe will require appropriate handling equipment to lift,
move and lower the pipe. Pipe must not be dumped, dropped, pushed, or rolled into
a trench.

Lengths of heat fused PE pipe may be cold bent in the field. The PE pipe
manufacturer should be consulted for field bending radius recommendations.
Field bending usually involves sweeping or pulling the pipe string into the desired
bend radius, then installing permanent restraint such as embedment around a
buried pipe, to maintain the bend. If used, temporary blocking should be removed
before backfilling to avoid point loads against the pipe.

Considerable force may be required to field bend larger pipe, and the pipe may spring
back forcibly if holding devices slip or are inadvertently released while bending. Observe
appropriate safety precautions during field bending.
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Handling Equipment

Unloading and handling equipment must be appropriate for the type of packaging,
must be in safe operating condition, and must have sufficient capacity (load rating)
to safely lift and move the product as packaged. Equipment operators should

be trained and preferably, certified to operate the equipment. Safe handling and
operating procedures must be observed.

Although PE piping components are lightweight compared to similar components
made of metal, concrete, clay, or other materials, larger components can be heavy.
Lifting and handling equipment must have adequate rated capacity to safely lift
and move components. Equipment that lifts from the bottom of the load such as a
forklift, or from above the load such as a crane, a side boom tractor, or an extension
boom crane is used for unloading. Above the load lifting equipment may employ
slings or slings and spreader bars to lift the load.

When using a forklift, or forklift attachments on equipment such as articulated
loaders or bucket loaders, lifting capacity must be adequate at the load center on
the forks. Forklift equipment is rated for a maximum lifting capacity at a distance
from the back of the forks. If the weight-center of the load is farther out on the forks,
lifting capacity is reduced.

Rated
Load
Capacity

Reduced
Load
Capacity

Figure 4 Forklift Load Capacity

Before lifting or transporting the load, forks should be spread as wide apart as
practical, forks should extend completely under the load using fork extensions

if necessary, and the load should be as far back on the forks as possible. During
transport, a load on forks that are too short or too close together, or a load too far
out on the forks, may become unstable and pitch forward or to the side, and result in
damage to the load or property, or hazards to persons.

Above the load lifting equipment such as cranes, extension boom cranes, and side
boom tractors, should be hooked to wide fabric choker slings that are secured
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around the load or to lifting lugs on the component. Wire rope slings and chains can
damage components, can slip, and should not be used. Spreader bars should be used
when lifting pipe or components longer than 20". Before use, inspect slings and lifting
equipment. Equipment with wear or damage that impairs function or load capacity should
not be used.

Unloading Site
A suitable unloading site will be generally level and large enough for the carrier’s
truck, handling equipment and its movement, and for temporary load storage.

Unloading Bulk Packaged Pipe, Fittings and Fabrications

Silo packs and other palletized packages should be unloaded from the side or end
with a forklift. Non-palletized pipe, fittings, fabrications, manholes, tanks, or other
components should be unloaded from above with suitable lifting equipment and
wide fabric slings, or from the side with a forklift.

Pipe, fittings, fabrications, tanks, manholes, and other components must not be pushed or
rolled or dumped off the truck, or dropped.

Unloading Large Fabrications, Manholes and Tanks

Large fabrications, manholes and tanks should be unloaded using a wide web
choker sling and lifting equipment such as an extension boom crane, crane, or lifting
boom. The choker sling is fitted around the manhole riser or near the top of the tank.
Do not use stub outs, outlets, or fittings as lifting points, and avoid placing slings
where they will bear against outlets or fittings. Larger diameter manholes and tanks
are typically fitted with lifting lugs. All lifting lugs must be used. The weight of the
manhole or tank is properly supported only when all lugs are used for lifting. Do not lift tanks
or manholes containing liquids.

Pre-Installation Storage

The size and complexity of the project and the components, will determine pre-
installation storage requirements. For some projects, several storage or staging sites
along the right-of-way may be appropriate, while a single storage location may be
suitable for another job.

The site and its layout should provide protection against physical damage to
components. General requirements are for the area to be of sufficient size to
accommodate piping components, to allow room for handling equipment to get
around them and to have a relatively smooth, level surface free of stones, debris, or
other material that could damage pipe or components, or interfere with handling.
Pipe may be placed on 4-inch wide wooden dunnage, evenly spaced at intervals of
4 feet or less.
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Blocking prevents movement

Width to suit

1

Rows per Table 1

Straight pipes not tangled up
or crossing over each other

Figure 5 Loose Pipe Storage

Pipe Stacking Heights

Coiled pipe is best stored as-received in silo packs. Individual coils may be removed
from the top of the silo pack without disturbing the stability of the remaining coils
in the silo package.

Pipe received in bulk packs or strip load packs should be stored in the same package.
If the storage site is flat and level, bulk packs or strip load packs may be stacked
evenly upon each other to an overall height of about 6'. For less flat or less level
terrain, limit stacking height to about 4.

Before removing individual pipe lengths from bulk packs or strip load packs, the
pack must be removed from the storage stack, and placed on the ground.
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TABLE 1

Suggested Jobsite Loose Storage Stacking Height Limits for PE Pipe

Conventionally
Extruded Solid Wall | Suggested Stacking Height Limits, Rows | Profile Wall Pipe ID | Suggested Stacking
Pipe 0D Size DR Above 17 DR 17 & Below Size (ASTM F 894®@) Height, Rows

4 15 12 18 4
5 12 10 21 3
6 10 8 24 3
8 8 6 27 2
10 6 5 30 2
12 5 4 33 2
14 5 4 36 2
16 4 3 42 1
18 4 3 48 1
20 3 3 54 1
22 3 2 60 1
24 3 2 66 1
26 3 2 72 1
28 2 2 84 1
30 2 2 96 1
32 2 2 120 1
36 2 1

42 1 1

48 1 1

54 1 1

63 1 1

Individual pipes may be stacked in rows. Pipes should be laid straight, not crossing

over or entangled with each other. The base row must be blocked to prevent

sideways movement or shifting. The interior of stored pipe should be kept free of

debris and other foreign matter.

Exposure to UV and Weather

PE pipe products are protected against deterioration from exposure to ultraviolet

light and weathering effects with antioxidants, and thermal and UV stabilizers. UV

stabilization formulations for color products and for black products are different.

Color products use sacrificial UV stabilizers that are depleted by the UV energy

absorbed. For this reason, unprotected outdoor storage for color products is

generally about 2 years or less; however, some manufacturers may use UV

stabilization formulations that allow longer unprotected outside storage. Where

extended storage is anticipated, color products should be covered or measures

should be taken to protect color product from direct UV exposure. Consult color

product manufacturers for unprotected outdoor storage recommendations.
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Black products contain at least 2% carbon black to shield the material against UV
deterioration®. Black products with and without stripes are generally suitable for
outdoor storage without covering or protection against UV exposure. Products that
are stored for many years may be affected by other environmental conditions or
obsolescence due to improvements in materials or processes.

Cold Weather Handling

Temperatures near or below freezing will affect PE pipe by increasing stiffness

and reducing resistance to impact damage. PE remains ductile at temperatures
below -40°F (-40°C). In colder conditions, allow more time to conduct handling and
installation procedures that bend and flex the pipe. Extra care should be taken not to
drop pipe or fabricated structures, and to keep handling equipment and other things
from forcefully impacting the pipe.

Ice, snow, and rain are not harmful to the material, but unsure footing and traction
require greater care and caution to prevent damage or injury. Inclement weather can
make pipe surfaces especially slippery. Do not walk on pipe.

General Considerations Before and During Installation

Pre-Construction

Inspections and tests begin before construction. Jobsite conditions dictate how
piping may be installed and what equipment is appropriate for construction. Soil
test borings and test excavations may be useful to determine soil bearing strength
and whether or not native soils are suitable as backfill materials in accordance with
project specifications.

In slipline or pipe bursting rehabilitation applications, the deteriorated pipeline
should be inspected by remote TV camera to locate structurally deteriorated
areas, obstructions, offset and separated joints, undocumented bends, and service
connections.

The installer should carefully review contract specifications and plans. Different
piping materials require different construction practices and procedures. These
differences should be accurately reflected in the contract documents. Good plans and
specifications help protect all parties from unnecessary claims and liabilities. Good
documents also set minimum installation quality requirements, and the testing and
inspection requirements that apply during the job.

Joining and Connections
For satisfactory material and product performance, system designs and installation
methods rely on appropriate, properly made connections. An inadequate or
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improperly made field joint may cause installation delays, may disable or impair
system operations, or may create hazardous conditions. Joining and connection
methods will vary depending upon requirements for internal or external pressure,
leak tightness, restraint against longitudinal movement (thrust load capacity),
application and operation conditions, construction and installation requirements,
and the products being joined.

PE pressure piping products are connected to themselves and to piping products
from other materials using methods that seal and restrain against longitudinal
thrust loads. These methods include butt, socket and saddle fusion, electrofusion
couplings and saddles, and mechanical methods such as MJ Adapters, flanges, and
restrained mechanical couplings.

In some circumstances, external restraint may be necessary for connections between
PE and non-PE piping, such as for connections between butt-fused PE pressure pipe
and bell and spigot joined PVC or ductile iron pipe. Longitudinal thrust forces that
may develop in PE pressure pipe may be sufficient to disjoin unrestrained PVC or
ductile iron joints that seal but do not restrain. To restrain longitudinal thrust forces,
PE pressure pipe may be fitted with a wall anchor or electrofusion restraints to
anchor against movement from longitudinal thrust forces.

PE non-pressure piping may require less or no restraint and may be connected using
gasketed bell and spigot joints, extrusion welding, compression couplings, and
various types of elastomeric seals. Sealed, unrestrained joints that may be suitable
for non-pressure service are not suitable for PE pressure service.

Before using a joining or connection method, the limitations of the joining or
connection method must be taken into account. Where a joining or connection
method is suitable, the manufacturer’s joining procedures, tools and components
required to construct and install joints in accordance with manufacturer’s
recommendations should always be used.

Field connections are controlled by and are the responsibility of the field installer.
Some joining procedures such as heat fusion, electrofusion and thermal welding
require trained and qualified personnel. Some joining equipment such as larger butt
fusion machines, saddle fusion and electrofusion equipment require persons that
are properly trained in equipment operation. For regulated pipelines, the authority
having jurisdiction may require certification of joining proficiency. Before heat fusion
or electrofusion joining is performed at the jobsite, the contractor should obtain
joining procedures and inspection criteria from the PE product manufacturer, and
should obtain documentation of joining proficiency and qualification for persons
making heat fusion or electrofusion joints. A discussion of joining and connecting
PE piping products is presented in the Polyethylene Joining Procedures chapter in
this handbook and in PPI TN-36%.
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Cleaning Before Joining

All field connection methods and procedures require component ends to be

clean, dry, and free of detrimental surface defects before the connection is made.
Contamination and unsuitable surface conditions usually produce an unsatisfactory
connection. Gasketed joints may require appropriate lubrication.

Cleaning component ends before joining may require removing surface deposits to
planning (facing), abrading or scraping the pipe surface. Surface dust and light soil
may be removed by wiping the surfaces with clean, dry, lint free cloths. Heavier soil
may be washed or scrubbed off with soap and water solutions, followed by thorough
rinsing with clear water, and drying with dry, clean, lint-free cloths.

Before using chemical cleaning solvents, the user should know the potential

risks and hazards and appropriate safety precautions should be taken. Hazard
information is available from chemical manufacturer’s instructions and the

MSDS for the chemical. Some solvents may leave a residue on the pipe, or may be
incompatible or deleterious when used with PE, for example, solvents that contain
hydrocarbon liquids such as WD-40 or kerosene will contaminate the pipe and
prevent heat fusion bonding. General information on PE compatibility with various
chemicals is available in PPI Technical Report TR-19¢.

Surface damage that could detrimentally affect sealing or pipe performance
generally requires removing the damaged section. See “Damage Inspections” below.

Field Fusion Joining

Heat fusion joining may be performed in any season and in hot or cold conditions.
During inclement weather, a temporary shelter should be set-up around the joining
operation to shield heat fusion operations from rain, frozen precipitation, and high
wind conditions. Wind chill can reduce heating plate temperature or chill melted
component ends before joining. If fusion joining operations cannot be protected
against dust contamination during severe windblown dust conditions, joining may
need to be temporarily suspended until conditions improve.

Most heat fusion equipment is electrically powered, but is not explosion proof. The fusion
equipment manufacturer’s instructions should be observed at all times and especially when
heat fusion is to be performed in an atmosphere that may be volatile, such as coal or grain
dust or in areas where gas or gas fumes may be present.

When installing large diameter PE pipe in a butt fusion machine, do not bend the pipe against
an open fusion machine collet or clamp. The pipe may suddenly slip out of the open clamp,
and cause injury or damage.
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During Construction and Installation

Tests and inspections performed during construction may include damage
inspections, butt fusion joint quality tests, soil tests, pipe deflection tests for ID
controlled products such as extruded profile wall pipe, or pressure leak tests.

Damage Inspections

Damage such as cuts, scrapes, gouges, tears, cracks, punctures, and the like may
occur during handling and installation. Damage may affect joint integrity or sealing,
or may compromise pipeline performance. The following guidelines may be used to
assess surface damage significance.

For PE pipelines, damage should not exceed about 10% of the minimum wall
thickness required for the pipeline’s operating pressure or the minimum wall
thickness required to meet structural design requirements. Excessive damage
generally requires removing the damaged section or reinforcement with a full
encirclement repair clamp. Excessively deep cuts, abrasions or grooves cannot be
repaired by using hot gas or extrusion welding to fill the damaged area with PE
material because these methods do not provide sufficient bond strength for pressure
service or to restore structural strength.

If damage is not excessive, the shape of the damage may be a consideration. Sharp
notches and cuts may be dressed smooth so the notch is blunted. Blunt scrapes or
gouges should not require attention. Minor surface abrasion from sliding on the
ground or insertion into a casing should not be of concern.

Damage such as punctures and tears will generally require cutting the pipe

to remove the damaged section and replacement with undamaged pipe. Small
punctures may occasionally be repaired with patching saddles that are saddle fused
or electrofused over the puncture.

Butt Fusion Joint Quality

Visual inspection is the most common butt fusion joint evaluation method for all
sizes of conventionally extruded PE pipe. Visual inspection criteria for butt fusion
joints should be obtained from the pipe manufacturer. Hydraulic butt fusion
equipment is typically fitted for connection to data logging devices that can record
equipment temperature, time and pressure conditions during joining. The record
may be used to document equipment conditions when making field fusions, and to
supplement field joining quality assurance using visual inspection and procedural
oversight. Data logger records may be used to compare equipment operation during
field fusion joining to data logger equipment operation records of properly made
fusions (Butt fusion joining procedures are addressed in Chapter 9) where joint
integrity has been verified.
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To confirm joint integrity, operator procedure, and fusion machine set-up, fusion
joints may be destructively tested. Destructive laboratory tests of tensile specimens
prepared from butt fusion joined pipes may be performed per ASTM D 638©
(standard tensile) or ASTM F 2634") (tensile impact). Tensile tests are usually
compared to specimens without joints prepared from the parent pipe. Bent strap
tests are usually limited to smaller pipe sizes. Bent strap test specimens from pipe
with heavier walls require considerable bending force and attention to safety.
Specially designed hydraulic press equipment may be used in the shop to conduct
bend tests of heavy wall products. Bent strap tests in the shop or in the field require
safety measures against inadvertent release, joint failure or springback during
bending.

The bent strap test specimen is prepared by making a trial butt fusion and allowing
it to cool to ambient temperature. A test strap that is at least 6” or 15 pipe wall
thicknesses long on each side of the fusion, and about 1” or 1-1/2 wall thicknesses
wide is cut out of the trial fusion pipe as illustrated in Figure 6. The strap is then bent
so that the ends of the strap touch. Any disbondment at the fusion is unacceptable
and indicates poor fusion quality. If failure occurs, fusion procedures and/or
machine set-up should be changed, and a new trial fusion and bent strap test
specimen should be prepared and tested. Field fusion should not proceed until a test
joint has passed the bent strap test.

15tor 6" min 15tor 6" min

1-1/2t
or 1" min

—

Test Strap

Butt Fusion
Figure 6 Bent Strap Test Specimen

Soil Tests

During buried pipe installation, work should be checked throughout the
construction period by an inspector who is thoroughly familiar with the jobsite,
contract specifications, materials, and installation procedures. Inspections should
reasonably ensure that significant factors such as trench depth, grade, pipe
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foundation (if required), quality and compaction of embedment backfill, and safety
are in compliance with contract specifications and other requirements. To evaluate
soil stability, density and compaction, appropriate ASTM tests may be required in
the contract specifications.

Deflection Tests for ID controlled Pipes

Deflection tests are typically based on an allowable percent vertical deflection of

the pipe inside diameter. Deflection tests are generally limited to ID controlled PE
piping such as extruded profile wall pipe. Conventionally extruded solid wall pipe

is OD controlled so it is difficult if not impossible to determine a base ID for vertical
deflection tests. Solid wall pipe extrusion also produces in a slight toe-in at the pipe
ends. While internal fusion beads have negligible effects on fluid flows, the ID at butt
fusions is reduced at butt fusions. For these reasons deflection testing is limited to ID
controlled pipes and is not recommended for OD controlled conventionally extruded
solid wall PE piping.

For ID controlled extruded profile pipes, pipe deflection may be used to monitor the
installation quality. Improperly embedded pipe can develop significant deflection in
a short time, thus alerting the installer and the inspector to investigate the problem.
Inspection should be performed as the job progresses, so errors in the installation
procedure can be identified and corrected.

Backfill placed

and compacte
//

Vertical diameter

Final Backfill placed
and compacted

Vertical diameter

Figure 7 Determining Initial Deflection



Chapter 2 | 31
Inspections, Tests and Safety Considerations

Initial deflection checks of ID controlled extruded profile pipe may be performed
after embedment materials have been placed and compacted. The inside diameter
of the pipe is measured after backfill materials have been placed to the pipe crown,
and compacted. This is D1. Then final backfill materials are placed and compacted,
and the pipe inside diameter is measured again at the exact location where the prior
measurement was taken. This is D2.

Percent initial deflection is calculated using the following:

(1) _
% Deflection = (%) 100

Where D1 and D2 are as defined above and depicted in Figure 7.

Another method to measure deflection is to pull a pre-sized mandrel (sewer ball)
through the pipe. The mandrel should be sized so that if the pipe exceeds allowable
deflection, the mandrel is blocked.

To properly size the mandrel, the allowable vertical diameter of the pipe must be
established. It is necessary to account for pipe ID manufacturing tolerances and any
ovality that may occur during shipping. Pipe base ID dimensions and tolerances
should be obtained from the manufacturer. The maximum mandrel diameter is
calculated as follows:

(2)
Dy
D, =D -[-BY
i (100)

WHERE

Dy = maximum mandrel diameter, in
D = base pipe ID, in

y = allowable deflection, percent

® p=p, A%+ B2

D; = nominal pipe ID, in
A = ID manufacturing tolerance, in

4 B=0.03D;
B = shipping ovality, in
For buried large diameter PE pipe that has been poorly backfilled, excessive

deflection may be correctable using point excavation to remove backfill, then
reinstalling embedment materials in accordance with recommended procedures.
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Post Installation

Leak Testing — Considerations for All Procedures

The intent of leak testing is to find unacceptable joint leakage in pressure or non-
pressure piping systems. If leaks exist, they may manifest themselves by leakage

or rupture. Leak tests of pressure systems generally involve filling the system or a
section of the system with a liquid or gaseous fluid and applying internal pressure to
determine resistance to leakage. Leak tests of non-pressure systems typically involve
testing sections of the system or individual joints using end plugs or bulkheads to
determine resistance to leakage.

Safety is of paramount importance when conducting pressurized internal fluid leak
tests. Although routinely performed, leak tests may be the very first time a newly
installed system or repair will be subjected to stress.

e Even at relatively low internal pressures, leak testing with a pressurized internal fluid can
generate very high forces that can be dangerous or even fatal if suddenly released by the
failure of a joint or a system component or a testing component.

o Always take safety precautions when conducting pressurized fluid leak tests.

e Restrain pipe, components and test equipment against movement in the event of failure.
Joints may be exposed for leakage inspection provided that restraint is maintained.

e Keep persons not involved in testing a safe distance away while testing is being conducted.

Liquids such as water are preferred as test fluids because less energy is released

if something in the test section fails catastrophically. During a pressure leak test,
energy (internal pressure) is applied to stress the test section. If the test fluid is an
incompressible liquid such as water, the energy applied to pressurize the liquid
transfers primarily to the pipe and components in the test section. However, if the
test fluid is a compressible gas, energy is applied to compress the gas as well as to
stress the piping section. If a catastrophic failure occurs during a pressurized liquid
leak test, the overall applied energy is much lower, and energy dissipation is rapid.
However, if catastrophic failure occurs during a pressurized gas test, energy release
is many times greater, much more forceful and longer duration.

e Where hydrostatic testing is specified, never substitute compressed gas
(pneumatic) for liquid (hydrostatic) testing.

o Test pressure is temperature dependent. If possible, test fluid and test section
temperatures should be less than 80°F (27°C). At temperatures above 80°F (27°C),
reduced test pressure is required. Contact the pipe manufacturer for technical
assistance with elevated temperature pressure reduction. Sunlight heating of
exposed PE pipe especially black PE pipe can result in high pipe temperature.
Before applying test pressure, allow time for the test fluid and the test section to
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temperature equalize. Hydrostatic leak tests typically use cooler liquids so the
liquid filled test section will tend to equalize to a lower temperature near test
liquid temperature. Compressed gases used in pneumatic leak tests do not have
similar temperature lowering effects, so it is more likely that test pressures will
have to be reduced due elevated temperature effects when conducting pneumatic
leak tests. Bursting can result if test pressure is not reduced for elevated test
section temperature.

e Leak Test Pressure and Duration — The maximum allowable leak test pressure and
leak test time including initial expansion, and time at leak test pressure should be
in accordance with equation (5) and Tables 1 and 2.

() p 2xHDSx F; xHt
T =
) (DR —1)
WHERE
P = Leak Test Pressure, psi (MPa), for Leak Test Time, T
T = Leak Test Time, hours
HDS = PE material hydrostatic design stress for water at 73°F (23°C), psi (MPa)
Fi = PE material temperature reduction factor
Hr = Leak test duration factor for leak test time, T
DR = Pipe dimension ratio
TABLE 2
Leak Test Duration Factor, “Hr”
Leak Test Pressure, Leak Test Time, T, Leak Test Duration
P(r), psi (MPa) hours Factor, Hy
P(g) <8 1.50
P(43) <48 1.25
Pi20) <120 1.00
TABLE 3
PE Material Hydrostatic Design Stress
PE Material Designation HDS for Water at 73°F (23°C),
psi (MPa)
PE2606 (PE2406) 630 (4.3)
PE2708 800 (5.5)
PE3608 (PE3408) 800 (5.5)
PE3710 & PE4710 1000 (6.9)

Various PE materials can have different elevated temperature performance. Consult
the PE pipe manufacturer for the applicable temperature reduction factor, “Ft”.
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Examples:

1. What is the maximum leak test pressure for a DR 11 PE4710 pipe for a 24 hour
leak test where the pipe temperature is 125°F (52°C)?

Answer: From Table 1, “Hy” = 1.25, and from Table 2, HDS = 1000 psi. The PE
pipe manufacturer provided a temperature reduction factor, “Ft”, of 0.70.

Plos) = 2x1000x0.70x1.25 _175psi

11-1)

2. What is the maximum leak test pressure for a DR 13.5 PE2606 pipe for a 6 hour

leak test where the pipe temperature is 68°F (20°C)? For a 96 hour leak test?

Answer: From Table 1, “Hy” = 1.50 for a 6 hour leak test, and “Hy” = 1.00 for a 96
hour leak test; from Table 2, HDS = 630 psi. The PE pipe manufacturer provided a
temperature reduction factor, “F;”, of 1.00.

2x630x1.00x1.50
(13.5-1)

Pe)= =151.2psi

2x630x1.00x1.00
(13.5-1)

Pes) = =100.8 psi

The piping manufacturer should be consulted before using pressure testing
procedures other than those presented here. Other pressure testing procedures
may or may not be applicable depending upon piping products and/or piping
applications.

Pressure System Leak Testing — Hydrostatic

Hydrostatic pressure leak tests of PE pressure piping systems should be conducted
in accordance with ASTM F 2164®. The preferred hydrostatic testing liquid is clean
water. Other non-hazardous liquids may be acceptable.

e Restraint -The pipeline test section must be restrained against movement in the
event of catastrophic failure. Joints may be exposed for leakage examination
provided that restraint is maintained.

e The testing equipment capacity and the pipeline test section should be such that
the test section can be pressurized and examined for leaks within test duration
time limits. Lower capacity testing and pressurizing equipment may require a
shorter test section.
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e Test equipment and the pipeline test section should be examined before pressure
is applied to ensure that connections are tight, necessary restraints are in place
and secure, and components that should be isolated or disconnected are isolated
or disconnected. All low pressure filling lines and other items not subject to the
test pressure should be disconnected or isolated.

For pressure piping systems where test pressure limiting components or devices
have been isolated, or removed, or are not present in the test section, the maximum
allowable test pressure for a leak test duration of 8 hours or less is 1.5 times the
system design pressure at the lowest elevation in the section under test. If lower
pressure rated components cannot be removed or isolated from the test section,

the maximum test pressure is the pressure rating of the lowest pressure rated
component that cannot be isolated from the test section. Test pressure is temperature
dependent and must be reduced at elevated temperatures.

e The test section should be completely filled with the test liquid, taking care to
bleed off any trapped air. Venting at high points may be required to purge air
pockets while the test section is filling. Venting may be provided by bleed valves
or equipment vents.

e The test procedure consists of initial expansion, and test phases. For the initial
expansion phase, the test section is pressurized to test pressure and make-up test
liquid is added as required to maintain maximum test pressure for four (4) hours.
For the test phase, the test pressure is reduced by 10 psi. This is the target test
pressure. If the pressure remains steady (within 5% of the target test pressure) for
an hour, leakage is not indicated.

e If leaks are discovered, depressurize the test section before repairing leaks.
Correctly made fusion joints do not leak. Leakage at a butt fusion joint may indicate
imminent catastrophic rupture. Depressurize the test section immediately if butt fusion
leakage is discovered. Leaks at fusion joints require the fusion joint to be cut out
and redone.

o If the pressure leak test is not completed due to leakage, equipment failure, etc.,
the test section should be de-pressurized and repairs made. Allow the test section
to remain depressurized for at least eight (8) hours before retesting.

Pressure System Leak Testing — Pneumatic

The Owner and the responsible Project Engineer should approve compressed gas
(pneumatic) leak testing before use. Pneumatic testing should not be considered
unless one of the following conditions exists:

e The piping system is so designed that it cannot be filled with a liquid;

or

* The piping system service cannot tolerate traces of liquid testing medium.
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The pressurizing gas should be non-flammable and non-toxic.

e Restraint — The pipeline test section must be restrained against movement in the
event of catastrophic failure. Joints may be exposed for leakage examination
provided that restraint is maintained.

e Leak test equipment and the pipeline test section should be examined before
pressure is applied to ensure that connections are tight, necessary restraints are
in place and secure, and components that should be isolated or disconnected are
isolated or disconnected. All low pressure filling lines and other items not subject
to the leak test pressure should be disconnected or isolated.

e Leak Test Pressure — For pressure piping systems where test pressure limiting
components or devices have been isolated, removed, or are not present in the
test section, the maximum allowable test pressure is 1.5 times the system design
pressure for a leak test duration of 8 hours or less. If lower pressure rated
components cannot be removed or isolated, the maximum test pressure is the
pressure rating of the lowest pressure rated component that cannot be isolated
from the test section. Leak test pressure is temperature dependent and must be
reduced at elevated temperatures.

e The pressure in the test section should be gradually increased to not more than
one-half of the test pressure; then increased in small increments until the required
leak test pressure is reached. Leak test pressure should be maintained for ten (10)
to sixty (60) minutes; then reduced to the design pressure rating (compensating for
temperature if required), and maintained for such time as required to examine the
system for leaks.

* Leaks may be detected using mild soap solutions (strong detergent solutions
should be avoided), or other non-deleterious leak detecting fluids applied to
the joint. Bubbles indicate leakage. After leak testing, all soap solutions or leak
detecting fluids should be rinsed off the system with clean water.

o If leaks are discovered, depressurize the test section before repairing leaks.
Correctly made fusion joints do not leak. Leakage at a butt fusion joint may indicate
imminent catastrophic rupture. Depressurize the test section immediately if butt fusion
leakage is discovered. Leaks at fusion joints require the fusion to be cut out and
redone.

o If the pressure leak test is not completed due to leakage, equipment failure, etc.,
the test section should be de-pressurized and repairs made. Allow the test section
to remain depressurized for at least eight (8) hours before retesting.

Pressure System Leak Testing — Initial Service

An initial service leak test may be acceptable when other types of tests are not
practical, or where leak tightness can be demonstrated by normal service, or when
initial service tests of other equipment are performed. An initial service test may
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apply to systems where isolation or temporary closures are impractical, or where
checking out pumps and other equipment affords the opportunity to examine the
system for leakage prior to full scale operations.

e Restraint — The pipeline section to be tested must be restrained against movement
in the event of catastrophic failure. Joints may be exposed for leakage examination
provided that restraint is maintained.

Test equipment and the pipeline should be examined before pressure is applied to
ensure that connections are tight, necessary restraints are in place and secure, and
components that should be isolated or disconnected are isolated or disconnected. All
low pressure filling lines and other items not subject to the test pressure should be
disconnected or isolated.

e Leak test fluid — The initial service leak test fluid will usually be the liquid or gas
being transported in the pipeline. The leak test fluid may or may not need to be
purged or flushed from the system.

e Leak Test Pressure — The piping system should be gradually brought up to normal
operating pressure, and held at operating pressure for at least ten (10) minutes.
During this time, joints and connections should be examined for leakage.

o If leaks are discovered, depressurize the test section before repairing leaks.
Correctly made fusion joints do not leak. Leaks at fusion joints require the
fusion to be cut out and redone. Leakage at a butt fusion joint may indicate imminent
catastrophic rupture. Depressurize the test section immediately if butt fusion leakage is
discovered.

Non-Pressure System Leak Testing
Pressure testing of non-pressure systems such as sewer lines should be conducted in
accordance with ASTM F 1417

Non-Testable Systems

Some systems may not be suitable for pressure leak testing. These systems may
contain non-isolatable components, or temporary closures may not be practical. Such
systems should be carefully inspected during and after installation. Inspections
such as visual examination of joint appearance, mechanical checks of bolt or joint
tightness, and other relevant examinations should be performed.

Considerations for Post Start-Up and Operation

Disinfecting Water Mains

Applicable procedures for disinfecting new and repaired potable water mains are
presented in standards such as ANSI/AWWA C651%° that uses liquid chlorine,
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sodium hypochlorite, or calcium hypochlorite to chemically disinfect the main.
Disinfecting solutions containing chlorine should not exceed 12% active chlorine,
because greater concentration can chemically attack and degrade PE.

Cleaning

Pipelines operating at low flow rates (around 2 ft/sec or less) may allow solids

to settle in the pipe invert. PE has a smooth, non-wetting surface that resists the
adherence of sedimentation deposits. If the pipeline is occasionally subject to higher
flow rates, much of the sedimentation will be flushed from the system during these
peak flows. If cleaning is required, sedimentation deposits can usually be flushed
from the system with high pressure water.

Water-jet cleaning is available from commercial services. It usually employs high
pressure water sprays from a nozzle that is drawn through the pipe system with
a cable.

Pressure piping systems may be cleaned with the water-jet process, or may be
pigged. Pigging involves forcing a resilient plastic plug (soft pig) through the
pipeline. Soft pigs must be used with PE pipe. Scraping finger type or bucket type
pigs may severely damage a PE pipe and must not be used. Usually, hydrostatic or
pneumatic pressure is applied behind the pig to move it down the pipeline. Pigging
should employ a pig launcher and a pig catcher.

A pig launcher is typically a tee assembly or a removable spool. In the tee assembly,
the main flow is into the tee branch and out through a run outlet. The opposite

tee run outlet is used to launch the pig. The pig is fitted into the opposite tee run;
then the run behind the pig is pressurized to move the pig into the pipeline and
downstream. In the removable pipe spool, the pig is loaded into the spool, the spool
is installed into the pipeline, and then the pig is forced downstream. (Note — Fully
pressure rated wyes suitable for pig launching are generally not available.)

A pig may discharge from the pipeline with considerable velocity and force. The pig catcher
is a basket or other device at the end of the line to safely receive or catch the pig
when it discharges from the pipeline.

Squeeze-Off

Squeeze-off (or pinch-off) is a means of controlling flow in smaller diameter PE
pipe and tubing by flattening the pipe between parallel bars. Flow control does not
imply complete flow stoppage in all cases. For larger pipes, particularly at higher
pressures, some seepage is likely. If the situation will not allow seepage, then it may
be necessary to vent the pipe between two squeeze-offs.
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PE gas pipe manufactured to ASTM D 2513 is suitable for squeeze-off; however,
squeeze-off practices are not limited to gas applications. Squeeze-off is applicable to
PE pressure pipe up to 16” IPS, and up to 100 psi internal pressure, and conveying
various gases or liquids. Larger sizes and higher pressures may be possible if
suitable commercial equipment is available. Manufacturers of squeeze-off equipment
should be consulted for equipment applicability, availability and capabilities.

Squeeze-off is applicable ONLY to PE pipe and tubing. The pipe or tubing manufacturer
should be consulted to determine if squeeze-off is applicable to his product, and for specific
squeeze-off procedures.

Squeeze-off tools should comply with ASTM F 1563%. Typical squeeze-off tools use
a manual mechanical screw or hydraulic cylinders, incorporate gap stops to prevent
over-squeeze, and a mechanism to prevent accidental bar separation.

Closing and opening rate are key elements to squeezing-off without damaging the
pipe. It is necessary to close slowly and release slowly, with slow release being more
important. Squeeze-off procedures should be in accordance with ASTM F 1041%¥ and
should be qualified in accordance with ASTM F 173404,

Lower temperatures will reduce material flexibility and ductility, so in colder
weather, closure and opening time must be slowed further.

High Compressive Stress
during flattening, then
High Tensile Stress
during opening

Figure 8 Squeeze-Off Stress

Testing of PE piping has shown that squeeze-off can be performed without
compromising the expected service life of the system, or pipe can be damaged
during squeeze-off. Damage occurs:

e If the manufacturer’s recommended procedures are not followed, or

o If the squeeze is held closed too long, or
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e From static electric discharge, or
e When closure stops are altered or circumvented, or
* By squeezing-off more than once in the same location.

Pipe known or suspected to have been damaged during squeeze-off should be removed from
the system, or should be reinforced at the squeeze-off point using a full encirclement clamp
and replacement repair scheduled.

Static Electricity Control — When pipe conveying a compressed gas is being flattened,
the gas flow velocity through the flattened area increases. High velocity, dry gas,
especially with particles present in the flow, can generate a static electric charge on
pipe surfaces that can discharge to ground. Before flattening the pipe, the tool should be
grounded and procedures to control static charge build-up on pipe surfaces such as wetting
surfaces with conductive fluids and applying conductive films or fabrics to ground should be
employed. Grounding and static control procedures should remain in place for the
entire squeeze-off procedure.

Identify the squeezed-off area by wrapping tape around the pipe, or installing a full
encirclement clamp over the area.

Squeeze-off procedures may be used for routine, scheduled changes to piping
systems, or as an emergency procedure to control gasses or liquids escaping from
a damaged pipe. For scheduled piping changes, ASTM F 1041 procedures that are
qualified per ASTM F 1734 should be observed so that the pipe’s service life is not
compromised.

However, an emergency situation may require quickly flattening the pipe and
controlling flow because the escaping fluid may be an immediate hazard of greater
concern than damaging the pipe. If an emergency situation requires rapid flattening,
the pipe or tubing may be damaged. When the emergency situation is resolved, a full
encirclement clamp should be installed over the squeezed off area, and repair to
replace the damaged pipe should be scheduled.

Conclusion

A successful piping system installation is dependent on a number of factors.
Obviously, a sound design and the specification and selection of the appropriate
quality materials are paramount to the long term performance of any engineered
installation. The handling, inspection, testing, and safety considerations that
surround the placement and use of these engineered products is of equal
importance.

In this chapter, we have attempted to provide fundamental guidelines regarding
the receipt, inspection, handling, storage, testing, and repair of PE piping products.
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procedures, or construction practices, it does point out the need to exercise

responsible care in planning out these aspects of any job site. It is the responsibility

of the contractor, installer, site engineer, or other users of these materials to establish
appropriate safety and health practices specific to the job site and in accordance with

the local prevailing codes that will result in a safe and effective installation.
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Chapter 3

Material Properties

Scope

A principal objective of the following brief review of the nature of polyethylene (PE)
piping materials, of their physical and chemical properties, and of their mechanical
and engineering behavior, is to impart a basic understanding of the factors that lie
behind the discussions and recommendations contained in this Handbook for the

proper storage, handling, installation, design and operation of PE piping systems.

Also included in this Chapter is an Appendix that lists values for the more common

engineering design properties of PE piping materials.

Introduction

A number of important performance advantages accounts for the
widespread adoption of PE piping for so many pressure and non-
pressure applications. A major one is PE’s virtual freedom from
attack by soils, and by ambient water and moisture. PE, being a
non-conductor of electricity, is immune to the electrochemical based
corrosion process that is induced by electrolytes such as salts,
acids and bases. In addition, PE piping is not vulnerable to biological
attack, and its smooth, non-stick inner surface results in low friction
factors and exceptional resistance to fouling.

Another unique performance advantage is the flexibility of PE

pipe. It allows for changes in direction with minimal use of fittings,
facilitates installation, and makes it possible for piping up to about
6-inches in diameter to be offered in coils of longer lengths. A further
one is strainability, a term denoting a capacity for high deformation
without fracture. In response to earth loading a buried PE pipe can
safely deflect and thereby gain additional and substantial support
from the surrounding soil. So much so, that a properly installed PE
pipe is capable of supporting earth fills and surface live loads that
would fracture pipes that, although much stronger, can crack and fail
at low strains. And, as proven by actual experience, PE pipe’s high
strainabilty makes it very resistive to seismic effects.
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PE pipe and PE fittings can be joined to each other by thermal

fusion processes which result in leak-proof bottle-tight joints that
are as strong and as tough as the pipe itself. These advantages
combine to make PE a preferred pipe for special applications,

such as for horizontal directional drilling, for the renewal of old

pipes by insertion, and for marine outfalls. For the first two named
applications the butt-fusion process — which avoids the use of larger
diameter couplings — enables installation to be conducted by pipe
pulling and it permits the use of a larger diameter pipe.

Another recognized advantage of PE piping is its toughness. PE
pipes, as well as the heat fusion joints in PE piping, greatly resist
the propagation of an initial small failure into a large crack — a
major reason for the overwhelming preference for PE piping for

gas distribution applications. And, PE piping retains its toughness
even at lower temperatures. In addition, PE piping exhibits very high
fatigue resistance. Potential damage by repetitive variations in
operating pressure (surges) is highly resisted.

Notwithstanding the above and various other advantages of PE
piping, its successful design and application requires adequate
recognition of its more complex stress/strain and stress/fracture
behavior. PE piping does not exhibit the simple proportionality
between stress and strain that is characteristic of metal pipes.
And, its capacity to resist fracture is reduced as duration of
loading is increased. In addition, these and its other mechanical
properties exhibit a greater sensitivity to temperature and certain
environments. Furthermore, the specific mechanical responses by
a PE pipe can vary somewhat depending on the PE material from
which it is made — mostly, depending on the nature of the PE polymer
(e.g., its molecular weight, molecular weight distribution, degree of
branching (density) but, also somewhat on the type and quantity of
additives that are included in the piping composition. The particular
behavior of the PE pipe that is selected for an application must be
given adequate recognition for achieving an effective design and
optimum quality of service. A brief explanation of the engineering
behavior of PE and the listing of its more important properties is a
major objective of this Chapter.
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An additional objective of this Chapter is the presentation of values
for the major properties that are used for material classification and
piping design, and a brief description of the methods based on which
these properties are determined.

PE Plastics

Plastics are solid materials that contain one or more polymeric substances which can
be shaped by flow. Polymers, the basic ingredient of plastics, compose a broad class
of materials that include natural and synthetic polymers. Nearly all plastics are made
from the latter. In commercial practice, polymers are frequently designated as resins.
For example, a PE pipe compound consists of PE resin combined with colorants,
stabilizers, anti-oxidants or other ingredients required to protect and enhance
properties during fabrication and service.

Plastics are divided into two basic groups, thermoplastics and thermosets, both of
which are used to produce plastic pipe.

Thermoplastics include compositions of PE, polypropylene, and polyvinyl chloride
(PVQ). These can be re-melted upon the application of heat. The solid state of
thermoplastics is the result of physical forces that immobilize polymer chains and
prevent them from slipping past each other. When heat is applied, these forces
weaken and allow the material to soften or melt. Upon cooling, the molecular chains
stop slipping and are held firmly against each other in the solid state. Thermoplastics
can be shaped during the molten phase of the resin and therefore can be extruded or
molded into a variety of shapes, such as pipe, pipe fittings, flanges or valves.

Thermoset plastics are similar to thermoplastics prior to “curing,” a chemical reaction
by which polymer chains are chemically bonded to each other by new cross-links.
The curing is usually done during or right after the shaping of the final product.
Cross-linking is the random bonding of molecules to each other to form a giant three-
dimensional network. Thermoset resins form a permanent insoluble and infusible
shape after the application of heat or a curing agent. They cannot be re-melted after
they have been shaped and cured. This is the main difference between thermosets
and thermoplastics. As heat is applied to a thermoset part, degradation occurs at a
temperature lower than the melting point. The properties of thermosetting resins
make it possible to combine these materials with reinforcements to form strong
composites. Fiberglass is the most popular reinforcement, and fiberglass-reinforced
pipe (FRP) is the most common form of thermoset-type pipe.
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History of PE

The Imperial Chemical Company (ICI) in England first invented PE in 1933. The
early polymerization processes used high-pressure (14,000 to 44,000 psi) autoclave
reactors and temperatures of 200° to 600° F (93° to 316° C). The PE that came from
these reactors was called “high pressure PE.” It was produced in a free radical chain
reaction by combining ethylene gas under high pressure with peroxide or a trace
amount of oxygen.

The original process was dangerous and expensive, so other safer and less expensive
processes were developed. PE produced at low pressure was introduced in the 1950’s.
These methods also afforded greater versatility in tailoring molecular structures
through variations in catalysts, temperatures, and pressures.

Manufacture of PE

Polymers are large molecules formed by the polymerization (i.e. the chemical linking)
of repeating small molecular units. To produce PE, the starting unit is ethylene, a
colorless gas composed of two double-bonded carbon atoms and four hydrogen
atoms (see Figure 1).

Double Carbon
Bnlnd Atoms
\
Emnﬂ!
Gas

° Hydrogen Atoms
Polyethylene

Figure 1 Manufacture of PE

There are currently three primary low-pressure methods for producing PE: gas-
phase, solution and slurry (liquid phase). The polymerization of ethylene may take
place with various types of catalysts, under varying conditions of pressure and
temperature and in reactor systems of radically different design. Ethylene can also be
copolymerized with small amounts of other monomers such as butene, propylene,
hexene, and octene. This type of copolymerization results in small modifications in
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chemical structure, which are reflected in certain differences in properties, such as
density, ductility, hardness, etc. Resins that are produced without comonomer are
called homopolymers.

Regardless of process type, the chemical process is the same. Under reaction
conditions, the double bond between the carbon atoms is broken, allowing a bond

to form with another carbon atom as shown in Figure 1. Thus, a single chain of PE is
formed. This process is repeated until the reaction is terminated and the chain length
is fixed. PE is made by the linking of thousands of monomeric units of ethylene.

Polymer Characteristics

PE resins can be described by three basic characteristics that greatly influence the
processing and end-use properties: density, molecular weight and molecular weight
distribution. The physical properties and processing characteristics of any PE resin
require an understanding of the roles played by these three major parameters.

Density

The earliest production of PE was done using the high-pressure process which
resulted in a product that contained considerable “side branching.” Side branching
is the random bonding of short polymer chains to the main polymer chain. Since
branched chains are unable to pack together very tightly, the resulting material had a
relatively low density, which led to it being named low-density PE (LDPE).

As time passed and PEs of different degrees of branching were produced, there was
a need for an industry standard that would classify the resin according to density.
The American Society for Testing of Materials (ASTM) originally established the
following classification system. It is a part of ASTM D1248, Standard Specification for
Polyethylene Plastics Molding and Extrusion Materials®®. This standard has since
been replaced by ASTM D 3350; ASTM D 1248 is no longer applicable to PE piping
materials.

Type Density
| 0.910 - 0.925 (low)
Il 0.926 - 0.940 (medium)
I 0.941 - 0.959 (high)
I\ 0.960 and above (high, homopolymer)

Type I is a low-density resin produced mainly in high-pressure processes. Also
contained within this range are the linear-low-density polyethylenes (LLDPE), which
represent a recent development in the PE area using low-pressure processes.

a7
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Type Il is a medium density resin produced either by low- or high-pressure processes.

Types III and IV are high-density polyethylenes. Type IIl materials are usually
produced with a small amount of a comonomer (typically butene or hexene) that

is used to control chain branching. Controlled branching results in improved
performance in applications where certain types of stresses are involved. Type

IV resins are referred to as homopolymers since only ethylene is used in the
polymerization process, which results in least-branched and highest-possible-density
material. Figure 2 depicts the various molecular structures associated with each type
of PE.

——

PE Homopolymer - Almost no branching

PE Copolymer - A few short chain branches; no long chain branches

High Pressure LDPE - Many long chain branches; some short chain branches

byl eyl s

Linear LDPE - Many short chain branches; no long chain branches

Figure 2 Chain Structure of PE

Crystallinity

The amount of side branching determines the density of the PE molecule. The more
side branches, the lower the density. The packing phenomenon that occurs in PE can
also be explained in terms of crystalline versus non-crystalline or amorphous regions
as illustrated in Figure 3. When molecules pack together in tight formation, the
intermolecular spacing is reduced.
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Figure 3 Crystallinity in PE

PE is one of a number of polymers in which portions of the polymer chain in certain
regions align themselves in closely packed and very well ordered arrangements of
polyhedral-shaped, microscopic crystals called spherulites. Other portions of the
polymer chain lie in amorphous regions having no definite molecular arrangement.
Since polyethylene contains both crystalline and amorphous regions, it is called

a semicrystalline material. Certain grades of high density PE can consist of up to
90% crystalline regions compared to 40% for low density PE. Because of their closer
packing, crystalline regions are denser than amorphous regions. Polymer density,
therefore, reflects the degree of crystallinity.

As chain branches are added to a PE backbone through co-polymerization, the site
and frequency of chain branches affect other aspects of the crystalline/amorphous
network. This includes the site and distribution of spherulites, as well as the nature
of the intermediate network of molecules that are between spherulites. For example,
using butene as co-monomer results in the following “ethyl” side chain structure®:

(-CHz-CHz-Cl:Hz-CHz-CHz-)n

or using hexene results in this “butyl” side chain:

(-CHz-CHz-CI:Hz-CHz-CHz-)n
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If two polymers were produced, one using butyl and the other hexene monomer,
the polymer that contained the resultant butyl branches would have a lower density.
Longer side branching reduces crystallinity and therefore lowers density. For high-
density PE, the number of short chain branches is on the order of 3 to 4 side chains
per 1,000 carbon atoms. It only takes a small amount of branching to affect the
density.

Resin density influences a number of physical properties. Characteristics such as
tensile yield strength and stiffness (flexural or tensile modulus) are increased as
density is increased.

Molecular Weight

The size of a polymer molecule is represented by its molecular weight, which is the
total of the atomic weights of all the atoms that make up the molecule. Molecular
weight exerts a great influence on the processability and the final physical and
mechanical properties of the polymer.

Molecular weight is controlled during the manufacturing process. The amount of
length variation is usually determined by catalyst, conditions of polymerization, and
type of process used. During the production of polyethylene, not all molecules grow
to the same length. Since the polymer contains molecules of different lengths, the
molecular weight is usually expressed as an average value.

There are various ways to express average molecular weight, but the most common
is the number average (Mn) and weight average (Mw). The definitions of these terms
are as follows:

Mn = Total weight of all molecules + Total number of molecules

Mw = (Total weight of each size) (respective weights) +
Total weight of all molecules
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Figure 4 illustrates the significance of these terms and includes other less frequently

used terms for describing molecular weight.

Molecular weight is the main factor that determines the durability-related properties

of a polymer. Long-term strength, toughness, ductility, and fatigue-endurance

improve as the molecular weight increases. The current grades of highly durable

materials result from the high molecular weight of the polymer.
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N
, Weight (including piston)
Heated Block ) = 2,160 grams for M
(190°C, 374°F) | = 21,600 grams for HLMI
\ Piston
Molten :
Polyethylene | L
Die Extrude
(0.0825 in. orifice) d HDPE

Figure 5 The Melt Flow Test (per ASTM D1238)

Molecular weight affects a polymer’s melt viscosity or its ability to flow in the
molten state. The standard method used to determine this “flowability” is the melt
flow rate apparatus, which is shown in Figure 5. ASTM D1238, Standard Test Method
for Flow Rates of Thermoplastics by Extrusion Plastometer®, is the industry standard for
measuring the melt flow rate. The test apparatus measures the amount of material
that passes through a certain size orifice in a given period of time when extruded at
a predetermined temperature and under a specified weight. The melt flow rate is the
measured weight of material that passes through the orifice in ten minutes.

The standard nomenclature for melt flow rate, as described in ASTM D1238, lists

the test temperature and weight used. A typical designation is condition 190/2.16
that indicates the test was conducted at a temperature of 190°C while using a 2.16-kg
weight on top of the piston. Other common weights include: 5 kg, 10 kg, 15 kg

and 21.6 kg.

The term “melt index”(MI) is the melt flow rate when measured under a particular
set of standard conditions — 190°C/2.16 kg. This term is commonly used throughout
the polyethylene industry.

Melt flow rate is a rough guide to the molecular weight and processability of the
polymer. This number is inversely related to molecular weight. Resins that have a
low molecular weight flow through the orifice easily and are said to have a high melt
flow rate. Longer chain length resins resist flow and have a low melt flow rate. The
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melt flow rates of these very viscous (stiff) resins are very difficult to measure under
the common conditions specified by this test. Therefore, another procedure is used
where the weight is increased to 21.6 kg from the 2.16 kg weight used in the normal
test procedure. This measurement is commonly referred to as the High Load Melt
Index (HLMI) or 10X scale. There are other melt flow rate scales that use 5 kg, 10 kg
or 15 kg weights.

There are various elaborate analytical techniques for determining molecular

weight of a polymer. The melt flow rate gives a very quick, simple indication of

the molecular weight. The more sophisticated methods include Gel Permeation
Chromatography (GPC). The essence of GPC is to dissolve the polymer in a solvent
and then inject the solution into a column (tubing). The column contains a porous
packing material that retards the movements of the various polymer chains as they
flow through the column under pressure. The time for the polymer to pass through
the column depends upon the length of the particular polymer chain. Shorter chains
take the longest time due to a greater number of possible pathways. Longer chain
molecules will pass more quickly since they are retained in fewer pores. This method
measures the distribution of the lengths of polymer chains along with the average
molecular weight.

Effect of Molecular Weight Distribution on Properties

The distribution of different sized molecules in a polyethylene polymer typically
follows the bell shaped normal distribution curve described by Gaussian probability
theory. As with other populations, the bell shaped curve can reflect distributions
ranging from narrow to broad. A polymer with a narrow molecular weight
distribution (MWD) contains molecules that are nearly the same in molecular weight.
It will crystallize at a faster, more uniform rate. This results in a part that will have
less warpage.

A polymer that contains a broader range of chain lengths, from short to long is said
to have a broad MWD. Resins with this type of distribution have good slow crack
growth (SCQG) resistance, good impact resistance and good processability.

Polymers can also have a bimodal shaped distribution curve which, as the name
suggests, seem to depict a blend of two different polymer populations, each with

its particular average and distribution. Resins having a bimodal MWD contain both
very short and very long polyethylene molecules, giving the resin excellent physical
properties while maintaining good processability. Figure 6 shows the difference in
these various distributions.
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The latest generation of high density PE pipe materials, known as high performance
materials (e.g. PE 4710), are, for the most part, produced from bimodal resins.

Pipe made from these materials are characterized by truly exceptional and

unique resistance to slow crack growth (SCG), significantly improved long term
performance, higher pressure ratings or increased flow capacity, and improved
chemical resistance, all of which are achieved without compromising any of the other
traditional benefits that are associated with the use of PE pipe.
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Figure 6 Molecular Weight Distribution

MWD is very dependent upon the type of process used to manufacture the particular
polyethylene resin. For polymers of the same density and average molecular weight,
their melt flow rates are relatively independent of MWD. Therefore, resins that have
the same density and MI can have very different molecular weight distributions. The
effects of density, molecular weight, and molecular weight distribution on physical
properties are summarized in Table 1.
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TABLE 1
Effects of Changes in Density, Melt Index, and Molecular Weight Distribution

Property As Density Increases, As Melt Index Dis‘t\rsix ‘:ifﬁl::;::zns,
Property Increases, Property
Property
Tensile Strength (@ Yield) Increases Decreases -
Stiffness Increases Decreases Slightly Decreases Slightly
Impact Strength Decreases Decreases Decreases
Low Temperature Increases Increases Decreases
Brittleness
Abrasion Resistance Increases Decreases —
Hardness Increases Decreases Slightly -
Softening Point Increases — Increases
Stress Crack Resistance Decreases Decreases Increases
Permeability Decreases Increases Slightly -
Chemical Resistance Increases Decreases -
Melt Strength - Decreases Increases
Gloss Increases Increases Decreases
Haze Decreases Decreases —
Shrinkage Increases Decreases Increases

PE Piping Materials
The Nature of PE Piping Materials

A PE piping material consists of a polyethylene polymer (commonly designated as
the resin) to which has been added small quantities of colorants, stabilizers, anti-
oxidants and other ingredients that enhance the properties of the material and that
protect it during the manufacturing process, storage and service. PE piping materials
are classified as thermoplastics because they soften and melt when sufficiently heated
and harden when cooled, a process that is totally reversible and may be repeated. In
contrast, thermosetting plastics become permanently hard when heat is applied.

Because PE is a thermoplastic, PE pipe and fittings can be fabricated by the
simultaneous application of heat and pressure. And, in the field PE piping can
be joined by means of thermal fusion processes by which matching surfaces are
permanently fused when they are brought together at a temperature above their
melting point.

PE is also classified as a semi-crystalline polymer. Such polymers (e.g., nylon,
polypropylene, polytetrafluoroethylene), in contrast to those that are essentially
amorphous (e.g., polystyrene, polyvinylchloride), have a sufficiently ordered
structure so that substantial portions of their molecular chains are able to align
closely to portions of adjoining molecular chains. In these regions of close molecular
alignment crystallites are formed which are held together by secondary bonds.
Outside these regions, the molecular alignment is much more random resulting in a
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less orderly state, labeled as amorphous. In essence, semi-crystalline polymers are a
blend of a two phases, crystalline and amorphous, in which the crystalline phase is
substantial in population.

A beneficial consequence of PE’s semi-crystalline nature is a very low glass transition
temperature (Tg), the temperature below which a polymer behaves somewhat like
arigid glass and above which it behaves more like a rubbery solid. A significantly
lower Tg endows a polymer with a greater capacity for toughness as exhibited

by performance properties such as: a capacity to undergo larger deformations

before experiencing irreversible structural damage; a large capacity for safely
absorbing impact forces; and a high resistance to failure by shattering or rapid

crack propagation. These performance aspects are discussed elsewhere in this
Chapter. The Tg for PE piping materials is approximately -130°F (-90°C) compared

to approximately 221°F (105°C) for polyvinyl chloride and 212°F (100°C) for
polystyrene, both of which are examples of amorphous polymers that include little or
no crystalline content.

In the case of amorphous polymers, their melting temperature, the temperature at
which a transition occurs between the rubbery solid and the liquid states, is not much
higher than their Tg. Also for amorphous polymers, the transition between a rubbery
solid and a viscous liquid is not very emphatic. This contrasts with semi-crystalline
polymers, for which this transition corresponds with the melting of all crystallites,
and above which a highly viscous liquid state is reached. This more emphatic
transition in PE between the semi-crystalline solid and highly viscous liquid states
facilitates manufacture, fabrication and field joining because it allows for more
efficient “‘welding’ to be conducted — when in a liquid state the polymer molecules
are able to more effectively diffuse into each other and thereby, form a monolithic
structure. In contrast, the melting point of amorphous polymers is less defined and,
across this melting point there is not as definite a transition between a rubbery, or
plastic state, and a liquid viscous state.

Structural Properties

PE Pipe Material Designation Code Identifies the Standard
Classification of Essential Properties

Standards for PE piping define acceptable materials in accordance with a standard
designation code. This code, which is explained in greater detail in Chapter 5, has
been designed for the quick identification of the pipe material’s principal structural
and design properties. As this section deals with this subject, it is appropriate to first
describe the link between the code designations and these principal properties. For
this purpose, and as an example, the significance of one designation, PE4710, is next
explained.
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e The letters PE designate that it is a polyethylene piping material.

e The first digit, in this example the number 4, identifies the PE resin’s density
classification in accordance with ASTM D3350, Standard Specification for
Polyethylene Plastic Pipe and Fittings Materials .

Certain properties, including stress/strain response, are dependent on a PE’s
crystalline content. An increase in this phase is reflected by an increase in density.
An increase in density affects certain properties, for example an increase in tensile
strength and stiffness. Also, a higher density results in changes to other properties.
For this reason, the Table for Apparent Modulus that is included in the Appendix
of this chapter lists values in accordance with the material’s standard density
classification. This ASTM standard classification can range from 2, the lowest value,
to 4 the highest value.

The second digit, in this example the number 7, identifies the material’s standard
classification for slow crack growth resistance — also, in accordance with ASTM
D3350 — relating its capacity for resisting the initiation and propagation of slowly
growing cracks when subjected to a sustained localized stress intensification.

The standard classification for current commercial grades is either 6 or 7.
The 6 denotes very high resistance and the 7 even higher. The test method for
determining quality of resistance to SCG is described later in this chapter.

The third and fourth digits combined, the number 10 in this example, denote the
material’s recommended hydrostatic design stress (HDS) for water at 73°F (23°C),
in units of 100psi. In this example the number 10 designates the HDS is 1,000psi.

There are two basic performance criteria based on which a recommended HDS

is determined. The first is the material’s long term hydrostatic strength (LTHS), a
value that is required to comply with certain additional validation or substantiation
requirements that are discussed later in this Chapter. The second is the material’s
quality of resistance to the initiation and growth of slowly growing cracks. An
explanation of both of these criteria is included in this section. And, the standard
method by which an LTHS is reduced into an HDS is explained in Chapter 5,
“Standard Specifications, Test Methods and Codes for PE Piping Systems”.

Stress/Strain Response and its Representation by Means of an
Apparent Modulus

The potential range of the stress/strain response of a material is bounded by two
extremes. At one extreme the response can be perfectly elastic; that is, in conformity
to Hook’s law whereby the magnitude of strain is always proportional to the
magnitude of the applied stress. The resultant proportionality between stress and
strain is labeled the modulus of elasticity. Elastic deformation is instantaneous, which
means that total deformation (or strain) occurs at the instant the stress is applied.
Upon the release of the external stress the deformation is instantaneously and totally

57



58 | Chapter 3
Material Properties

recovered. This behavior is represented in Figure 7b as strain versus time for the
instantaneous load-time curve depicted in Figure 7a. Under the modulus of elasticity
concept, the stress/strain relationship is independent of duration of load application.

At the other extreme, under what is referred to as viscous behavior, deformation
caused by the application of a stress is neither instantaneous nor proportional to
the stress. Deformation is delayed and the rate and the final extent of deformation
are dependent on the magnitude and the duration of the applied stress. Also, the
deformation that occurs is not reversible after the stress is released. This response is

depicted by Figure 7c.
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Figure 7 Strain Response (b-d) to aLoad (a)
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Figure 8 Stress Relaxation Response by a Viscoelastic Material

Viscoelastic behavior, which is depicted by Figure 7d, covers the intermediate region
between these extremes. The imposition of a stress in the manner of Figure 7a results
in a small instantaneous elastic strain that is then followed by a time-dependent
strain. Upon removal of the stress there is a small elastic recovery of strain that is then
followed by a time-dependent recovery. This time dependent recovery occurs more
quickly for lower values of initial strain and more slowly for an initially larger strain.
While the strain recovery may eventually be nearly total, there is almost always

some remaining permanent deformation, which, again, is larger for an initially larger
deformation.

Figure 7d illustrates viscoelastic response under the condition of constant tensile
stress. However, if a strain is imposed and then kept constant, the initially required
stress gradually decreases in the course of time. This reaction, which is illustrated
by Figure 8, is called stress-relaxation. Stress relaxation is a beneficial response in
situations where further deformation is either restrained or counteracted.

Models based on springs — which represent elastic response — and on dashpots
—representing viscous response — have been developed to illustrate and to simulate
the viscoelastic behavior of PE piping materials.!'? A simple one, known as the
Maxwell model®), is shown on the right side of Figure 9. In this model the lone
spring represent the elastic reaction, the parallel arrangement of spring and dashpot
represents the viscoelastic reaction and, the dashpot represents the viscous reaction.
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Figure 9 The Maxwell Model

A resultant stress/strain relationship for a viscoelastic/thermoplastic material is
determined by a number of variables, principally the following:

1. The magnitude of the initial stress or strain (a larger stress or strain results in a
larger viscous response)

2. The multi-axiality of the resultant stress (when a material is simultaneously
pulled in more than one direction this inhibits its freedom to deform)

3. The duration of the sustained stress or of the sustained strain (increased duration

results in a larger total response)
4. The temperature (it mostly affects the rate of the viscous response)

5. The environment (if an organic substance is adsorbed to some extent by PE, this
may result in a plasticizing effect that mostly accelerates the viscous response —
air and water are inert in this respect and they produce equivalent results)

6. Possible external restraints on the freedom to deform (e.g., the embedment
around a buried pipe restricts free-creeping)

A frequently used method for evaluating the stress/strain response of PE piping
materials is by means of tensile/creep tests that are conducted on test bars. In these
tests, the specimens are subjected to a uni-axial stress and they are allowed to free-
creep, meaning that their deformation is unrestrained. This combination of test
parameters yields the maximum possible deformation under a certain sustained
stress. When the logarithm of the strain (deformation) resulting from such tests is
plotted against the logarithm of duration of loading it yields an essentially straight
line for each level of sustained test stress. This behavior is illustrated by Figure 10.
This essentially straight line behavior facilitates extrapolation of experimental results
to longer durations of loading than covered by the data (the extrapolation is denoted
by the dotted lines in Figure 10).
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Figure 10 Typical Tensile Stress/Creep Response for a PE3XXX Piping Material When
Subjected to a Sustained Uni-axial Tensile Stress, in Air at 73°F

Any point on a tensile/ creep diagram, such as in Figure 10 gives a stress/ strain ratio.
To differentiate this ratio from the modulus of elasticity, which only applies to elastic
behaving materials, it is designated as the apparent modulus under tension. For
correct engineering use, a value of apparent modulus must identify the conditions
under which that value has been established: the kind of stress (uni-axial versus bi- or
multi-axial); the magnitude of the principal stress; the duration of stress application;
the temperature; and, the test environment. Figure 11 illustrates the manner by which
the apparent modulus of a PE3XXX material varies, at 73°F and in air, after different
durations of sustained loading and in response to uni-axial stresses of different

intensities.
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Figure 11 Apparent Modulus Versus Stress-Intensity for PE3XXX* Material when Evaluated
Under Uni-Axial Stressing, In Air and at 73°F

* The PE3XXX designation covers all pipe materials that are made using a PE resin that meets
the requirements for the Class 3 density classification, in accordance with ASTM D3350.

Apparent moduli have also been evaluated on pressurized pipe specimens by
measuring the increase in pipe diameter as a function of pressure (stress) and time
under pressure. In these tests the pipe specimen is subjected to bi-axial stressing — a
circumferential stress and an axial stress that is about one-half of the magnitude of
the circumferential stress. This combination of stresses works to restrain deformation.
The result is an apparent modulus that is about 25% larger than that determined
under uni-axial tension.
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Analogous apparent moduli can also be derived from stress-relaxation data.
However, the numerical difference between an apparent modulus derived from
tensile creep data and one derived from stress relaxation data is generally small
for typical working stresses and when the times under a continuous load, or
strain, are matched. Accordingly, the two can be used interchangeably for common
engineering design.

Apparent Modulus Under Compressive Stress

Apparent moduli can also be derived for the condition of compressive stress. Such a
value tends to be somewhat larger because the resultant deformation causes a slight
increase in the area that resists the applied stress. However, the resultant increase is
generally small, allowing the tensile stress value to adequately and conservatively
represent the compression state.

In summary

The apparent modulus concept has proven to be very useful and effective. Even
though PE piping materials exhibit viscoelastic behavior, this concept allows for
piping design to be conducted by means of the same equations that have been
developed based on the assumption of elastic behavior. However, it is important

to recognize that a value of an apparent modulus that is used for a design must
adequately reflect the viscoelastic response that is expected to occur under the
anticipated service conditions. In this regard it should be noted, as illustrated by
Figure 11, that a value of apparent modulus is dependent not only on duration of
loading but also, on stress intensity. However, in nearly all PE pipe applications the
maximum stresses that are generated by reactions other than that which is caused by
internal pressure — a reaction that, as shown by the section that follows, is treated as
a separate design issue — are of a magnitude that seldom exceeds the range of about
300 to 400psi. Accordingly, the apparent modulus values within this stress range may
be accepted as an appropriate and conservative value for general design purposes.
This is the major consideration behind the design values that are presented in Table
B.1.1 in the Appendix to this Chapter. It should also be recognized that the values

in this table apply to the condition of uni-axial stressing. Thus, these values tend

to be conservative because in most applications there exists some multi-axiality of
stressing, a condition that leads to a somewhat larger apparent modulus.

There is one kind of operation that results in a temporary tensile stress that is
significantly beyond the maximum range of 300-400psi for which Table B.1.1 applies.
This is an installation by pipe pulling, a procedure that is the subject of Chapter

12. At the significantly greater uni-axial stresses that result under this installation
procedure, the resultant apparent modulus is about 2/3rds of the values that are
listed in Table B.1.1.
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An aspect of Table B.1.1 worth noting is that it presents values in accordance with
the standard density classification of the PE resin (the first numeral after the PE
designation), in accordance with ASTM D3350 (Refer to Chapter 5 for a detailed
explanation of the D3350 classification system). As discussed earlier in this Chapter, a
higher resin density reflects a higher crystalline content. And, the higher the content,
the greater a material’s apparent modulus.

As mentioned earlier, the apparent modulus varies with temperature. Table B.1.2
in the Appendix to this Chapter lists multipliers for the converting of the apparent
modulus for the base temperature of 73°F to another temperature of design interest.

Stress/Fracture Behavior and the Determination of Working Strength

Introduction

Successful design requires that the working strength of a material be defined in
relation to the various conditions under which it is intended to be used and in
recognition of its structural behavior. The working tensile strength of PE is affected
by essentially the same variables that affect its stress/strain relationship, principally
magnitude of load, duration of loading, temperature and environment. However,
there is one important difference. Whereas strain response is in reaction to the
nominal value (the so called bulk or, average value) of applied stress, fracture can
result from either the effect of a nominal stress, or from that of a local intensified
stress. Under an excessively large nominal stress PE continues to slowly deform
until a sufficiently large deformation is reached at which the material begins to
yield. Yielding is then quickly followed by structural failure. This failure mechanism,
because it is preceded by yielding or plastic deformation, occurs in what is referred to
as the ductile state.

In contrast, a locally intensified stress can sometimes lead to the initiation and
subsequent propagation of a localized and very slowly growing crack. When the
crack grows to a size that spans from the inside to the outside wall of a pressure pipe
a leak is the end result. Even though a failure in PE pipe which results from slow
crack growth (SCG) is greatly resistant of its propagation into a larger crack — a very
beneficial feature of PE pipe — it is identified as brittle-like because it occurs absent

of any localized yielding or plastic deformation. Such absence is symptomatic of

the fracture process that occurs in what is known as the brittle state. The working
strength of each commercial grade of PE pipe material is determined in consideration
of both of these possible failure mechanisms.

In a pressure pipe application the major nominal stress is that which is induced by
internal hydrostatic pressure. Accordingly, standards for pressure rated PE pipe
require that each material from which a PE pipe is made have an experimentally
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established long-term hydrostatic strength (LTHS). The pressure rating of a PE pipe
is based on this hydrostatic strength after it has been reduced to a hydrostatic design
stress (HDS) by means of a design factor (DF) that gives adequate consideration

to the additional nominal and localized stresses that can be generated by other
conditions, as well as to the various other factors that can affect reliability and
durability under actual service conditions. A discussion of these factors is included in
Chapter 5 under the subtopic “Determining a PE’s Appropriate Hydrostatic Design
Stress (HDS) Category”.

The methodology for establishing an HDS for PE pipe presumes that at the assigned
value of HDS, and also under proper installation, the pipe shall operate in the
ductile state. In other words, when it operates at its sustained pressure rating it

also has sufficient reserve strength for safely absorbing anticipated add-on stresses,
particularly localized stress intensifications. Normal stress increasing situations

can result from scratches, gouges, changes in geometry (like those at fittings), rock
impingements, etc.

The possible adverse effect by localized stress intensifications on the working
strength of engineering materials is well recognized and is addressed by means of
these two general strategies:

1. By recognizing a material’s sensitivity to the effect of stress intensifications
through

a) the application of a larger ‘safety factor’ when establishing a safe design stress;
and, or,

b) by conducting pipe design not based on the average value of a major stress, but
doing so in consideration of the maximum localized stress that may be generated,
wherever it is expected to occur — for example, by the application of a special
stress concentration factor. ®%?

2. By ensuring that the pipe material has the capacity to operate in the ductile state
under the anticipated installation and service conditions. In this case pipe design
can proceed on the basis of the nominal (average) value of a major stress.

The latter is the strategy that is employed for qualifying PE materials for piping
applications. Because a design that is based on nominal stress presumes a capability
for performing in the ductile state, PE piping standards require that the pipe
material must not only have an established long-term hydrostatic strength (LTHS),
but that it also has to exhibit a very high resistance to the development and growth
of slowly growing cracks (SCG), the failure mechanism that may be initiated and
then propagated by a localized stress intensification. These are two of three major
considerations in the determination of the recommended hydrostatic design stress
(HDS) of a PE piping material.
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The determination of an HDS needs to also consider the potential effect on working
strength by the add-on stresses of very temporary duration — those that result from

pressure surges. This leads to a third consideration: The potential adverse effect on

working strength by pressure surges.

The methods by which each of these three considerations — long term hydrostatic
strength, resistance to slow crack growth and resistance to pressure surges — is
evaluated, and the manner in how the results are considered for the establishment of
an HDS, is briefly described in the sections that follow.

Establishing a PE’s Long-Term Hydrostatic Strength (LTHS) and its Derivative,

The Hydrostatic Design Basis (HDB)

It is well recognized that the working strength of materials that exhibit viscoelastic
behavior — which includes not just thermoplastics but also other materials such as
metals and ceramics at high temperatures — decreases with increased duration of
loading ® 1. For such materials their long-term working strength for a temperature
and other condition of interest is determined based on the result of a sustained-stress
versus time-to-rupture (i.e., a stress-rupture) evaluation. The working strength of

PE materials is similarly evaluated and a standard protocol has been established for
doing so.

The standard basis for determining an LTHS value for PE piping materials is from
results of pressure testing in water, or air, for the base temperature of 73°F (23°C).
However, many commercial grades of PE materials also have an LTHS that has been
determined at an elevated temperature, generally 140°F (60°C). The determination of
an LTHS involves three steps, as follows:

1. Circumferential (hoop) stress versus time-to -rupture data are obtained by means
of longer-term sustained hydrostatic pressure tests that are conducted on pipe
specimens made from the material under evaluation. This testing is performed
in accordance with ASTM D1598, Time to Failure of Plastic Pipe Under Constant
Internal Pressure®. Sufficient stress-rupture data points are obtained for the
adequate defining of the material’s stress-rupture behavior from about 10hrs to
not less than 10,000hrs.

2. The obtained data are then analyzed in accordance with ASTM D2837, Obtaining
Hydrostatic Design Basis for Thermoplastic Pipe Materials,® to determine if it
constitutes an acceptable basis for forecasting a PE’s LTHS. To be acceptable, the
data must satisfy the following two requirements:

a. A statistical analysis of the stress-rupture data must confirm that a plot of the
logarithm of circumferential (hoop) stress versus the logarithm of time-to-fail
yields a straight line.
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b. An analysis of separately obtained elevated temperature stress-rupture data
that are obtained on the same population of pipe specimens must validate
the expectation that the above experimentally established straight line
behavior shall continue significantly past the experimental period, through
at least 100,000hrs (11.4 years). For the case of materials that are labeled high
performance, it must be demonstrated that this straight line behavior shall
continue through at least the 50-year intercept. This latter demonstration is
labeled substantiation. A description of the validation and substantiation
methods appears later in this discussion.

3. When both of the above (2a and 2b) requirements are satisfied this qualifies the
mathematical representation of the stress-rupture behavior that is indicated by
the experimental data. This mathematical model is then used for forecasting the
average stress at which failure will occur at the 100,000hr intercept. The resultant
value is labeled the long-term hydrostatic strength (LTHS) of the material under
evaluation.

For purposes of simplifying standards that cover pressure rated pipes, an LTHS that
is established by the above procedure is next reduced to one of a limited number

of standard long-term hydrostatic strength categories, each of which is designated
as a Hydrostatic Design Basis (HDB). The hydrostatic design stress (HDS) is then
determined by applying an appropriate strength reduction factor — what is termed
as the design factor (DF) — to the resultant HDB. The standard convention is to also
express the DF in terms of a preferred number. The reduction of an HDB that is stated
in terms of a preferred number by means of a DF that is also stated in terms of a
preferred number results in an HDS that is always expressed in terms of a preferred
number. The interested reader is referred to Chapter 5 for further information on
the use of preferred numbers. A detailed description of the standard procedure for
the reducing of an LTHS to an HDB, and the subsequent determination of an HDS,
is included in Chapter 5, “Standard Specifications, Test Methods and Codes for PE
Piping Systems”.

It is important to recognize that because the LTHS is determined at the 100,000hr
intercept this does not mean that the intended design life is only for that time period,
essentially only about 11 years. This time intercept only represents the standard
accepted basis for defining the PE material’s LTHS. The design of a service life for a
much longer period is one of the important functions of the DF, based on which an
HDB (a categorized LTHS) is reduced to an HDS.

Once the HDS is determined for a particular material the standard pressure rating
(PR), or pressure class (PC), for a pipe made from that material may be computed.
The Appendix to this Chapter presents the equations that are used for this purpose
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as well as a table of the resultant PR’s and PC’s of pipes that are made to various
dimension ratios (DR’s).

The results of a stress-rupture evaluation of a PE pipe that has been produced from

a high density material are presented in Figure 12. In this evaluation water was
present inside and outside the pipe and the testing was conducted at a temperature
of 20°C (68°F), and also at two elevated temperatures: 60 and 80°C (140 and 176°F).
In this case all of the resultant data have been analyzed by means of a standard
mathematical program® that also forecasts the long term strength of the PE material
at each of these test temperatures. Two forecasts are shown: The higher line is a
forecast of the mean value of strength; and, the lower line is a forecast of the lower
predictive limit, the LPL. It can be observed that the 80°C data show that a “down-
turn” occurs after about 2500hrs. At the lower test temperature of 60°C the downturn
occurs about a log decade later. By taking into account the effect of temperature on
this shift in strength, the mathematical program projects that for the tested material
the straight line behavior at 20°C (68°F) shall continue beyond the 50 year intercept,
considerably past the minimum 100,000 hours that is imposed by the validation
requirement of ASTM D2837.
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Figure 12 Stress-Rupture Characteristics of an HDPE Pipe Material Similar or Equivalent to
PE 4710 (this is not a creep-rupture diagram and the ‘higher performance’
designation refers to the fact that there is no downturn even after 50 years.)
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As already stated, a principal objective of the validation requirement is to confirm
compliance to the expectation that the straight-line behavior that is exhibited by the
experimental data shall continue through at least 100,000hrs. Should this expectation
not be realized, then the LTHS as projected by the straight line assumption will be
overstated. But, there is another important objective of the validation requirement.
It has been determined that the shift to a down turn in the stress-rupture behavior
of PE piping materials is the result of a shift in failure mechanism; from ductile to
brittle-like. Studies show that brittle-like failures are the end result of a slow crack
growth (SCG) mechanism that is initiated by localized stress intensifications that are
generated at natural and normal flaws in the pipe material. In the case of PE materials
the term flaws refer to very localized and quite normal discontinuities in structure,
such as can be caused by gel particles, by residual catalyst, by transitions from
crystallites to amorphous material. Materials that display high resistance to inherent
flaws are also materials that offer high resistance to localized stress intensifications
that are created by external factors. This observation on the effect of inherent

flaws on working strength is in line with the behavior of other thermoplastics, as
well as that of traditional materials. For example, if it were not for the presence

of naturally occurring flaws the working strength of glass would be many times
greater. An objective in the development of an engineering material is to minimize
its vulnerability to inherent flaws; that is, to enhance its capacity to perform in the
ductile state. This is the other important objective of the validation requirement.

A study conducted by the Plastics Pipe Institute ™ has shown that very good quality
longer-term field performance is achieved by pipes that are made of PE materials for
which the down turn in its ambient temperature stress-rupture behavior is predicted
to occur beyond 100,000hrs. Such pipes have been shown to exhibit high resistance to
stress increasing situations. In other words, these pipes have a capacity to continually
operate in the ductile state. Based on this study, materials for which a downturn

is predicted to occur prior to the 100,000hr intercept are excluded from pressure

pipe applications. As discussed earlier in this section, it is important to, once again,
emphasize that while the LTHS of a PE pipe material is based on its value at 100,000
hours (11.4 years) this does not define its design life.

The newer high performance PE pipe materials — for example the PE4710 materials —
exhibit no downturn prior to the 50-year intercept. Because of this, and also because
of a couple of additional performance requirements, these newer materials do not
require as large a cushion to compensate for add-on stress and therefore, they can
safely operate at a higher hydrostatic design stress. A discussion of this matter is
included in Chapter 5.
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Methodology for the validation of an LTHS

The validation requirement in ASTM D2837 is predicated on the finding that

the kinetics of the slow crack growth process is in line with rate process
theory!!820:21.and27) Tn accordance with this theory, which has been found to apply

to many naturally occurring chemical and mechanical processes, the rate at which

a process proceeds is a function of a driving force (e.g., concentration, pressure or,
stress in the case of a fracture process) and temperature (which affects intensity of
molecular activity). The following rate process based equation has been found to well
model the experimentally established relationship between a pipe’s time to failure
under the SCG process and the magnitude of the applied stress and the temperature.

™ Logt=A+B/T+C (log 8)/T

WHERE

t = time to fail, hrs

T = absolute temperature, °R

0 = circumferential (hoop) stress, psi

A, B, and C = experimentally established coefficients
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Figure 13 Hoop Stress vs Time to Failure

With reference to Figure 13 the following are the steps that comprise the validation
procedure:

1. Inaccordance with ASTM D2837, evaluate pipe samples of a material of interest
at the base temperature of 73.4°F (23°) so as to define the mathematical model
that expresses the relationship between hoop stress and time-to-failure (Line a-a’).
Then, based on this model compute the predicted value of average hoop stress
that results in failure at the 100,000 hour intercept (Point I).

2. Atan elevated temperature, but not higher than 194°F (90°C), establish a brittle
failure line (line b-b’) by the means of the following procedure:
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a) Using at least six pipe test specimens, subject each specimen to a hoop stress
that results in a brittle-like failure (a crack in the pipe wall with no visible sign
of deformation) in the range of 100 to 500hrs. The determination of the best
stress/temperature combination may require some preliminary trial and error
experimentation. Determine the log average of the results (Point II).

b) Also using not less than six pipe specimens, select a hoop stress that is at least
75psi lower than that used in the above step. Testing under this condition
should result in a failure time that ranges from 1,000 to about 2,000hrs.
Determine the log average of the results (Point III).

3. Subject at least six pipe samples to the same sustained stress as used under
condition 2-a, but conduct the testing at a temperature that is at least 27°F
(15°C) lower. Continue this testing until failure of all specimens, or until the log
average of the testing times (failures and non-failures) equals or exceeds the time
predicted by the requirement that follows (Point IV).

4. To validate that the tested material is in compliance with the D2837 requirement
that the straight-line that is depicted by the experimental data shall continue
through at least 100,000 hours, the above determined log average failure time
(point IV) must at the least equal a value that is predicted by the rate process
equation (Equation 1) for which the coefficients A, B and C have been determined
based on the experimentally established values of points I, II, and III. PE materials
that fail to validate are considered unacceptable for pressure pipe applications.

A challenge in the application of the above method is the high resistance to brittle-
like failure that is exhibited by modern PE piping materials. In consequence of this,
failure times for these materials at the elevated test temperatures (such as Points III
and IV in Figure 13 can be as long as thousands of hours. To achieve a more practical
test time an alternate procedure has been established which is based on the Time-
Temperature Superposition Principle. This principle is a derivative of the rate process
theory. It essentially asserts that a certain stress-rupture performance that is exhibited
at an elevated temperature is shifted to a longer time when the temperature is
lowered. This shift is exhibited by lines b-b’, c-¢’ and d-d’ in Figure 13. Studies show
that for PE piping materials of various kinds this shift is adequately represented

by means of a common shift factor. Based on this common factor, tables have been
established that specify the minimum times to failure at a specified stress and an
elevated temperature that ensure the validation of an LTHS for 73.4°F (23°C). These
Tables are published in PPI report TR-3.®

Substantiation: A Step Beyond Validation
Thanks to modern chemistry, PE piping materials have become available which
exhibit outstanding resistance to slow crack growth. In consequence of this property
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these materials are very highly resistant to brittle-like failure, which results in a
straight line stress-rupture behavior at ambient temperature that is predicted to
exhibit no downturn prior to the 50-year intercept. This behavior is exhibited by
Figure 12. In order to give standard recognition to this very beneficial aspect the
substantiation requirement has been established. This requirement is essentially the
same as validation, but the difference is that substantiation is the confirmation, also
by means of supplementary testing, that the ductile stress-rupture behavior indicated
by the experimental data is expected to continue through at least the 50-year
intercept.

Compensating for the Effect of Temperature on Working Strength

Many evaluations have been conducted regarding the effect of a sustained
temperature on a PE’s LTHS. While results show that materials can be affected
somewhat differently, they also show that over a range of about 30°F (17°C) above
and below the base temperature of 73°F (23°C) the effect is sufficiently similar so that
it can be represented by a common set of temperature compensating multipliers.
Table A.2 in the Appendix to this chapter lists these common multipliers.

The Appendix also includes guidance for determining a multiplier, for a specific pipe
material, for sustained temperatures that are above 100°F (38°C). This determination
requires that the PE material from which the pipe is made have a recommended
HDB for a temperature above 100°F (38°C), in addition to the universal requirement
for pressure pipe applications to have an HDB for the base temperature of 73°F
(23°C). This information may be obtained from the pipe supplier or, in the case
where the commercial designation of the pipe material is known, it can be obtained
by consulting a current copy of PPI Report TR-4. Earlier in this Chapter, the subject
of HDB was discussed. For a more thorough discussion of the topic, the interested
reader is referred to Chapter 5.

In addition, it is noted in this Appendix that certain standards, codes and manuals
that are dedicated to certain applications may list temperature compensating
multipliers that are either specific to the PE materials that are covered or, that reflect
certain considerations that are unique to the application. For example, in water
distribution applications the highest temperature is not sustained all year long. The
operating temperature varies with the seasons. Therefore, in AWWA standards and
manuals the temperature compensating multipliers apply to a maximum operating
temperature — as contrasted to a temperature that is sustained — and the values
recognize that because of seasonal variations the average operating temperature shall
be somewhat below the maximum. Table A.2 in the Appendix presumes that the
noted temperature shall be continually sustained. Accordingly, if a standard, code or
manual includes a table of temperature de-rating multipliers, those multipliers take
precedence over those in Table A.2 in the Appendix.
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Compressive Strength

Unlike under the condition of tensile loading, which if excessive can result in a
failure, a compressive loading seldom leads to a fracture. Instead, there is a resultant
creep in compression, which causes a thickening of the areas resisting the stress, an
effect that tends to reduce the true stress. If the stress is excessive failure can occur by
yielding (excessive deformation) rather than by a fracture process. For these reasons,
it is customary to report compressive strength as the stress required to deform a test
sample to a certain strain. Recommended allowable compressive stress values are
presented in Table C-1 in the Appendix to this Chapter.

Evaluating the Resistance to Slow Crack Growth (SCG) of a
Sharply Notched PE Specimen

As mentioned earlier, a significant value of the validation and the substantiation
requirements is that they work to exclude from piping applications those

PE materials for which their long-term tensile strength and ductility may be
compromised by a lower resistance to the slow crack growth mechanism, as it may
be initiated by internal flaws (natural inhomogenities). And, as it was also mentioned
earlier, this resistance to the effect of internal flaws is also a recognized index of a PE’s
resistance to the potentially adverse effect of external flaws. However, indications

are that among different kinds of PE'’s there is not a consistent proportionality
between the material’s resistance to failure as initiated by internal flaws versus one
that is initiated by external flaws. Thus, to more directly determine a PE’s resistance
to external flaws, ASTM F 1473, “Standard Test Method for Notch Tensile Test to
Measure the Resistance to Slow Crack Growth of Polyethylene Pipes and Resins” ©
was developed. In this method a precisely notched specimen is subjected to a
constant load in air that is maintained at a constant temperature of 80°C (176°F). This
combination of conditions results in a failure time that can be measured in hours.
The failure mechanism is at first, and for the greater part of the failure time, that of a
slowly growing crack. When this crack reaches a major size it causes the remaining
ligament to be subjected to a sufficiently higher stress such that the final break occurs
by a ductile tearing. The total time-to-failure that covers both these mechanisms has
been shown to be an index of the quality of a PE’s resistance to SCG under actual
service conditions.

A study sponsored by the Gas Research Institute (GRI) regarding the quality of long-
term field performance of PE pipes versus their time-to-fail under test method ASTM
F1473 indicates that 50 hours under this test results in an excellent service life. Or,

in other words, this minimum time to failure ensures that under proper installation
and operating conditions the pipe shall continue to operate in the ductile state. The
lowest ASTM F1473 time to failure for current PE piping materials is 100hrs. This is
designated by the numeral 6 in the second digit of the PE pipe material designation
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code (e.g., PE 3608). This minimum 100hr value includes a “safety” margin over

the GRI determined “safe” value. However, many current materials qualify for the
numeral 7 (e.g., PE4710), which designates a time to failure under this test in excess
of 500 hours. This performance indicates a superior capacity for safely tolerating
localized stress intensifications, which gives added assurance of a pipe’s capability
to operate in the ductile state over its intended service life. This is one of the primary
requirements that the higher performance PE piping materials must meet in order to
qualify for a higher hydrostatic design stress rating. (See Chapter 5 for a discussion
on establishing an HDS).

There are materials for which the time-to-fail, when tested under ASTM F1473, is in
the thousands of hours. However, it should be kept in mind that under this method,
as the time to fail increases, a larger share of this time-to-fail covers the ductile
tearing phase, a phase that does not represent resistance to slow crack growth.®

It also should be kept in mind that the objective of setting a minimum time-to-fail
requirement is to achieve the beneficial effect of continued operation in the ductile
state. Accordingly, when tested under ASTM F1473,a minimum 500 hour time-to-
fail requirement has been established for higher performance PE materials, based on
information that indicates materials that meet this requirement exhibit maximum
efficacy in tempering potential adverse effects that may be caused by localized stress
intensifications.

Resistance to Pressure Surges

As discussed earlier, the pressure rating and pressure class of a PE pipe is established
based on the material’s long term hydrostatic strength (LTHS), a property that is
determined under the condition of a sustained hydrostatic stress. Under actual
service conditions pressure surges may occur, which can cause temporary rises in the
hydrostatic stress above the sustained working stress. Such rises need to be limited to
a value and a total number of occurrences that are safely tolerated by a pipe when it
is operating at its working pressure. In the case of some pipe materials, the strength
of which is affected by temporary pressure surges, their sustained pressure rating
must be appropriately reduced. On the other hand, as evidenced by testing and
proven by experience, PE pipe is very tolerant of the effect of pressure surges. Seldom
is it necessary to lower a PE pipe’s static pressure rating to compensate for the effect
of pressure surges.

Temporary rises in operating pressure may lead to either of these events:

1. The total stress that is induced by the combination of the static plus a surge
pressure may reach a magnitude that exceeds the pipe’s hydrostatic strength
thereby, causing the pipe to rupture.
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2. Alarge number of surge pressure events coupled with their magnitude may, after
some time, result in fatigue of the pipe material so as to cause a sufficient loss of
its long-term hydrostatic strength (LTHS) that can lead to a premature failure.

These two events are distinguished by a major difference. The first event is the simple
result of an applied stress that exceeds the pipe material’s hydrostatic strength. But,
the second one is the result of a gradual degradation of this strength by the effects

of fatigue. This essential difference is recognized by the two kinds of allowances for
sudden pressure surges for PE pipes that are presented in Chapter 6. One of these
allowances is for occasional pressure surges, which do not induce fatiguing and, the
other covers frequently occurring pressure surges that may result in fatiguing. PE
pipe’s reaction to each of these two different events is next discussed.

Reaction to Occasional Pressure Surges

PE’s viscoelastic nature, which accounts for its decrease in hydrostatic strength with
increased duration of loading also results in the opposite effect, an increased strength
under decreased duration of loading. Occasional surge pressure events — such as may
be caused by a power failure or other malfunction — result in a maximum hydrostatic
stress that lasts for only a few seconds, at their longest. However, it should be noted
that the short-term hydrostatic strength of PE pipe is more than twice its LTHS.

An evaluation of PE pipe’s stress/strain behavior gives further support to its capacity
for safely tolerating occasional pressure surges. When a PE pipe is subjected to an
add-on stress of very short duration, the resultant additional strain is relatively small,
as predicted by the higher apparent modulus that covers this situation (See previous
discussion on apparent modulus). And, essentially all of this strain is elastic, meaning
that as soon as the surge pressure is gone the added strain is reversed. Because this
temporary strain is fully recovered the minimal pipe expansion that occurs during a
short lived surge pressure event has no effect on the longer term creep expansion that
occurs under the sustained stress that is induced by a steady operating pressure. In
other words, surge pressure events of very short term duration have no adverse effect
on a PE’s long term hydrostatic strength (LTHS).

The above concepts have been confirmed by various studies and they are the basis for
the allowances that are presented in Chapter 6.

Reaction to Frequently Occurring Pressure Surges

To a degree that can vary depending on circumstances, the strength of all materials
may be adversely affected by fatigue. Modern PE’s that meet current requirements for
pressure pipe applications have been shown to exhibit very high resistance to fatigue.
The primary parameters that affect the degree and the rate at which a material suffers
irreversible damage through fatigue are the frequency and totality of the fatigue
events as well as the amplitude of the change in stress that occurs under each event.
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In PE, the fatigue mechanism that leads to a loss of long-term strength is that of an
initial development of microcracks which under the effect of each cycle event slowly
grow into larger cracks. It has been shown by various investigators that PE pipe
materials which exhibit a very high resistance to slow crack growth under sustained
pressure are also materials that exhibit a very high resistance to crack development
and growth when subjected to cyclic stressing. In this regard the studies conducted
by Bowman @ on butt-fused PE piping systems are very informative. They show
that even after millions of pressure cycling of substantial magnitude no damage has
been detected in the tested systems. And the work by Marshall et al. @ shows that
properly installed pipe made from modern PE piping materials can safely withstand
sustained periods of high frequency surging (from 1 to 50 cycles per hour) that result
in temporary peak pressure of up to 200 percent of the pipe’s static pressure rating
with no indication of fatigue and no reduction in long-term serviceability. In a 1999
issue of Water Industry Information and Guidance Note, ®® the UK based Water
Research Council concludes that for pipes made from high toughness PE materials
(e.g., materials offering very high resistance to slow crack growth), fatigue de-rating
is generally not required.

The allowances for frequently occurring pressure surges that are presented in
Chapter 6 are conservatively based on the results of studies such as those mentioned
in the above paragraph.

Other Engineering Properties

Mechanical Properties

Poisson’s Ratio — Any stretching or compressing of a test specimen in one direction,
due to uniaxial force (below the yield point) produces an adjustment in the
dimensions at right angles to the force. A tensile force in the axial direction causes

a small contraction in the lateral direction. The ratio of the decrease in lateral strain to
the increase in axial strain is called Poisson’s ratio (V).

Poisson’s ratio for PE has been found “? to vary somewhat depending on the
ultimate strain that is achieved, on temperature and on the density of the base resin.
However, for typical working stresses, strains, and temperatures, an average value
of 0.45 is applicable to all PE pipe materials regardless of their densities, and also for
both short- and long-term durations of service. This value is also reported in the
Appendix attached to this Chapter.
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Impact Strength — The concept of impact strength covers at least two important
properties:

1. The magnitude of a suddenly applied energy that causes the initiation and
propagation of a crack. This is usually assessed by the results of tests on
un-notched or, bluntly notched specimens.

2. The magnitude of a suddenly applied energy that causes a crack to rapidly
propagate. This is usually assessed by means of very sharply notched specimens.

The results under the first assessment give an indication of a material’s susceptibility
to brittle fracture absent a source of localized stress concentration. The second
assessment gives an indication of whether a material has useful resistance to
shattering by the propagation of an existing crack or flaw. A recognized feature of

PE materials is their very high resistance to crack initiation under very rapid loading.
Consequently, impact tests on this material are always conducted on notched
specimens.

The degree of resistance to impact loading depends on many factors that are not
assessed by the impact test. They can include mode of impact loading, strain rate,
multi-axiality of the stress field, localized stress concentrations, temperature and
environment. However, impact test results have been shown to be of very helpful
guidance in the selection of materials that can safely resist the potential adverse
effects of impact loading. One of the exceptional features of PE pipe is its excellent
impact resistance. This has been proven in the gas distribution application for
which PE piping has been shown to resist failure by the rapid crack propagation
mechanism.

Impact strength is a measure of the energy absorbed during the fracture or ductile
deformation of a specimen of standard dimensions and geometry when subjected to a
very rapid (impact) loading at a defined test temperature.

There are several types of impact tests that are used today. The most common one in
the United States is the notched Izod test, which is illustrated in Figure 14. Notched
specimens are tested as cantilever beams. The pendulum arm strikes the specimen
and continues to travel in the same direction, but with less energy due to impact with
the specimen. This loss of energy is called the Izod impact strength, measured in foot-
pounds per inch of notch of beam thickness (ft-1b/in). Compared to other common
true thermoplastic piping materials PE offers the highest Izod impact strengths. At
ambient temperatures the resultant values exceed 20ft-1bs/in of notch compared to
less than 10 for the other materials. And, many types of PE materials do not fail at all
under this test.
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The Charpy impact test, which is depicted in Figure 15, is widely used in Europe.
The specimen is a supported beam, which is then struck with a pendulum. The

loss of energy is measured in the same units as in the Izod impact test. At ambient
temperature, current PE piping materials also resist failure under this test. ASTM
D256, Standard Test Methods for Determining the Izod Pendulum Impact Resistance
of Plastics and ASTM D 6110 Standard Test Method for Determining the Charpy
Impact Resistance of Notched Specimens of Plastics describe these testing methods.

Resistance to Rapid Crack Propagation

The avoidance of the possibility of the occurrence of a rapid crack propagation (RCP)
event in pipe is a very desirable design objective because the consequences of such
an event can be very serious, especially when the piping is used for the transport

of combustible materials. However, even when transporting an inert material like
water an RCP kind of failure can result in a much larger loss of the fluid that is being
conveyed as well as in more extensive damage to pipe and fittings. A recognized
feature of PE piping is that “it leaks before it breaks”. This feature results from its
high ductility and toughness. However, PE’s toughness decreases with decreasing
temperature. Other factors that increase the possibility of an RCP event are: the
nature of the fluid (compressible versus non-compressible), increasing pipe diameter,
increasing wall thickness, and increasing operating pressure. In the case of the
conveyance of non-compressible fluids, extensive experience shows that under
proper installation and operation of thermally fused PE piping there is very little
chance of an RCP event, very much less than with other common thermoplastics

piping.
The defining of the exact material requirements and the pipe and operating

parameters that will avoid the remote possibility of an RCP event is a complex matter
that is still under study .

Abrasion Resistance

PE pipe is a frequent choice for the transport of granular or slurry solutions, such as
sand, fly ash and coal. The advantage of polyethylene in these applications is its wear
resistance, which for example when conveying fine grain slurries has been shown

in laboratory tests to be three to five times greater than for steel pipe ®”. PE pipe has
elastic properties that under proper flow conditions allow particles to bounce off

its surface. This feature combined with PE’s toughness results in a service life that
exceeds that of many metal piping materials.

There are several factors that affect the wear resistance of a pipeline. The
concentration, size and shape of the solid materials, along with the pipe diameter
and flow velocity, are the major parameters that will affect the life of the pipeline.



80

Chapter 3
Material Properties

The effects of velocity, particle size and solids concentration is discussed in Chapter
6 under the topic of “Pressure Flow of Liquid Slurries”. A report by D. Richards©®?
covers abrasion resistance factors that apply to dredge pipe applications.

Thermal Properties

Coefficient of Expansion/Contraction

A temperature increase or a decrease can induce a corresponding increase or decrease
in the length of a pipe the movement of which is unconstrained. And, in the case

of a constrained pipe it can induce the development of a longitudinal tensile or a
compressive stress. Both these effects must be given adequate consideration for

the proper installation, design and operation of PE piping system. Recommended
procedures for dealing with potential reactions that can arise from temperature
changes are addressed in various Chapters of this Handbook, but in particular in
Chapters 6 (Design of PE Piping Systems), 8 (Above Ground Applications for PE
Pipe), and 12 (Horizontal Directional Drilling). These procedures require that two
essential properties be adequately defined: the pipe’s linear coefficient of expansion/
contraction; and, the pipe material’s apparent modulus.

A property that distinguishes PE pipe from metallic pipe is that its coefficient of
thermal expansion is about 10 times larger. This means a larger thermal expansion/
contraction in the case of unconstrained pipe. However, another distinguishing
feature is a much lower apparent modulus of elasticity. In the case of constrained pipe
this leads to a much lower value of thermally induced longitudinal stresses, which
greatly simplifies requirements for supporting and anchoring. The aspect of apparent
modulus of elasticity has been covered earlier in this Chapter.

ASTM D696, Standard Test Method for Coefficient of Linear Expansion of Plastics, is
normally used for the determination of this property. The evaluation is usually
conducted on injection molded samples. But, it has been determined that the
values that are obtained on samples that are machined from extruded pipe are
somewhat smaller. And, it also has been noted that the value representing the
diametrical expansion/contraction is about 85 to 90% of that which corresponds
to the longitudinal expansion/contraction. This difference is attributed to a small
anisotropy that results from the manufacturing process. It also has been noted
that the value of this property is affected by resin density, an index of crystallinity.
Materials made using resins that have a higher crystalline content (i.e., resins of
higher density) have somewhat lower values for coefficient of thermal expansion.
It has also been observed that within the practical range of normal operating
temperatures there is little change in the value of this coefficient.
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The resultant values of this property are presented in Table E.1 in the Appendix to
this Chapter.

Thermal Conductivity

The capacity of PE materials to conduct heat is only about one hundredth of that of
steel or copper. As reported by the values listed in Table E.1 in the Appendix, this
capacity increases with resin density (i.e., with increased crystallinity) and it remains
fairly constant over the typical range of working temperatures. 10

Specific Heat

Over the range of typical working temperatures, the quantity of heat required to
produce a unit temperature rise per unit mass of PE pipe material is about 46% of that
for water. And, this capacity is little affected by resin density. In terms of traditional
units, and as reported in Table E.1 found in the Appendix, the approximate value of
the specific heat of PE piping compositions is 0.46 BTU/1b -°F.

Material Classification Properties

As discussed earlier in this Chapter, commercially available PE piping materials
offer a range of properties that are tailored for optimizing certain aspects of
engineering performance and ease of processing. For purposes of standardization, an
identification system has been established which identifies the available PE piping
materials based on important physical properties that can be used to distinguish one
kind of PE from another.

This is the major objective of ASTM D3350, Standard Specification for Polyethylene
Plastic Pipe and Fittings Material, ® a document that is more fully described in
Chapter 5. The discussion that follows focuses on a description of the primary
properties that are recognized by this ASTM standard. A listing of these properties

is included in the Table that follows. Also included in this table is the location in

this Handbook in which a brief description of the subject property is presented. As
indicated, two of the more important properties — Hydrostatic Strength Classification
and Resistance to Slow Crack Growth — have already been described earlier in this
Chapter. A brief description of the other properties is presented below.
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TABLE 2
Primary Identification Properties for PE Piping Materials in Accordance with ASTM D3350
Property Test Method Where Discussed in this Chapter
Density of PE Resin ASTM D1505, or D792 Under PE Piping Materials
and In this Section
Melt Index ASTM D1238 In this Section
Flexural Modulus ASTM D790 In this Section
Tensile Strength at Yield ASTM D638 In this Section
Resistance to Slow Crack Growth ASTM F1473, or D1693 Under Structural Properties
Hydrostatic Strength Classification ASTM D2837 Under Structural Properties
Color Indicated by code letter In this Section
UV Stabilizer Indicated by code letter In this Section
Density

The crystalline content of a PE resin is reflected by its density. As discussed earlier,
the crystalline content exerts a major influence on the properties of a PE resin.

This is recognized in the Appendix to this Chapter in which certain properties are
somewhat different in accordance with the density of the resin that is used in the

PE composition. Generally, as crystalline content increases so do stiffness (apparent
modulus), tensile strength, and softening temperature. However, for a given kind of
molecular structure there is a corresponding decrease in impact strength, and in low
temperature toughness.

The accepted technique for obtaining a measure of a PE resin’s crystalline content is
to determine its density. A standard method for the measuring of density is ASTM
D1505, Test Method for Density of Plastics by the Density Gradient Technique @, or ASTM
D792, Test Methods for Density and Specific Gravity (Relative Density) of Plastics by
Displacement .

Melt Index

The melt index is a measure of the flowability of PE materials when in the molten
state. This property is an accepted index to two important characteristics of a

PE piping material: its processability; and the molecular weight of its primary
constituent, the PE resin. A larger melt index denotes a lower melt viscosity, which
means the material flows more freely in the molten state. However, a larger melt
index also denotes a lower molecular weight, which tends to compromise certain
long-term properties. Modern PE’s are tailored so that at a resultant molecular weight
and molecular weight distribution they remain quite processible while still offering
very good long-term properties. Melt index is also important for joining by heat
fusion, more information on which can found in PPI TR-33 and TR-41.
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The method by which this property is determined is ASTM D1238, Standard Test
Method for Flow Rates of Thermoplastics by Extrusion Plastometer ®. Under this method
the melt index represents the amount of material that passes through a certain size
orifice in a given period of time when extruded at a predetermined temperature and
under a specified load.

Flexural Modulus

In this test a specimen is supported at both ends and a load is applied in the center at
a specified crosshead rate. The flexural modulus is determined at the point when the
strain in the outer fiber reaches a value of 2%. The modulus is the ratio of the stress
in the outer fiber that results in the 2% strain. It has been determined that the flexural
modulus is mainly affected by crystalline content (i.e., resin density) and to a lesser
extent by other factors, such as molecular weight and molecular weight distribution,
that help to determine size and distribution of crystallites. This property is primarily
used for material characterization purposes.

The test method is ASTM D790, Standard Test Methods for Flexural Properties of
Unreinforced and Reinforced Plastics and Electrical Insulating Materials®. The particular
version of this method that is used for PE materials and the conditions at which the
testing is conducted is specified in ASTM D3350.

Tensile Strength at Yield

A traditional means for determining the strength of metals and other materials has
been the tensile test, by which the stress/strain behavior of the material of interest is
evaluated under a constant rate of straining. For most metals a point of interest is that
at which yielding occurs — that is, the point at which there is a transition from elastic
(reversible) to plastic (non-reversible) stress/strain response. This is because design
with elastic materials seeks to ensure that only elastic deformation will result when a
stress is applied.

Because of its viscoelastic nature, PE does not exhibit a true elastic region. As
illustrated by Figure 16, although PE exhibits a yield point in the tensile test prior to
this point the slope of its stress/strain curve decreases with increased strain. And,
prior to yielding there is somewhat less than full reversibility in the strain that results
from a certain stress. Also, as is illustrated by this Figure the stress strain curve is
significantly affected by the rate of straining. Furthermore, the tensile behavior is
also significantly affected by temperature. However, the stress at which yielding
commences has been determined to be a useful measure for comparing PE piping
materials. Because it has been determined that there is no proportionality between
tensile strength at yield and long-term strength this property has limited value for
design.
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Figure 16 Stress vs Strain Curves Under Specified Conditions

However, it has been also determined that the extent to which a PE deforms in this
test prior to failure is an index of the material’s ductility under a sustained loading of
very long duration. Accordingly, ASTM D3350 requires that all PE materials that are
intended for pressure piping have a minimum extension at break of 500%.

The standard test method for determining a PE’s tensile strength at yield is ASTM
D638, Standard Test Method for Tensile Properties of Plastics®. To provide a uniform basis
for comparing different kinds of PE’s ASTM D638 specifies the sample preparation
procedure and it requires that this test be conducted at 23°C (73.4°F) and at a
specified strain rate.

Color and UV Stabilization

ASTM D3350 also includes a code denoting the combination of color — natural, or
colored, or black — and ultra violet (UV) stabilizer system that is used in the piping
material. The specific requirement for a particular color and effectiveness of UV
stabilization (e.g., at least six months of outdoor storage; or, for continuous above
ground and outdoor use) is usually specified in the applicable pipe product standard.
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Electrical Properties

Metals are very good electrical conductors because their atomic and crystalline
structure makes available very many free electrons for participation in the conduction
process. PE, along with most other polymers, is a poor conductor of electricity
because of the unavailability of a large number of free electrons. Being a poor
conductor, PE is a very good electrical insulator and is used as such in wiring and

in many other electrical applications. Because it very poorly conducts electricity, PE
also does not easily dissipate charges resulting from static electricity. Table F.1 in the
Appendix to this Chapter lists the typical electrical properties of PE piping materials.
In as much as the exact properties of a particular material can vary, interested readers
requiring a more accurate representation should consult the pipe and/or pipe
material manufacturer.

Static Charge

Since plastics are good insulators, they also tend to accumulate a static charge. PE
pipe can acquire a static charge through friction. Sources of friction can be simply

the handling of the pipe in during storage, shipping, or installation. Friction can also
result from the flow of gas that contains dust or scale or from the pneumatic transport
of dry materials. These charges can be a safety hazard if there is a possibility of a
combustible leaking gas or of an explosive atmosphere. Such potential hazard should
be dealt with prior to working on the pipeline.

A static charge in PE piping will remain in place until a grounding device discharges
it. A ground wire will only discharge the static charge from its point of contact.

The most effective method to minimize the hazard of a static electricity discharge

is to maintain a conductive path to earth ground by applying a film of electrically
conductive liquid (for example, water) to the pipe surface work area prior to
handling. So that the conductive liquid does not dry out, cloth coverings that are kept
moist with the conductive fluid or conductive films may also be wrapped around the
pipe. Please refer to the pipe manufacturer for other suggestions.

Chemical Resistance

As indicated earlier in this Chapter, the standard property requirements for PE piping
materials are established in an air or a water environment. When considering the use
of a PE piping for the transport of another kind of material, the potential reaction

by the piping to that material should first be established. This reaction depends on
various factors, particularly the chemical or physical effect of the medium on PE, its
concentration, the operating temperature, the period of contact and, the operating
stress. PE, being a poor conductor of electricity, is immune to electrolytic corrosion
such as can be caused by salts, acids and alkalis. However, strong oxidizing agents
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can attack the PE molecule directly and lead to a gradual deterioration of properties.
Certain organic chemicals can be gradually absorbed by PE, through a process called
solvation, causing some swelling, softening and a decrease in long-term strength that
largely depends on the chemical configuration of the organic material, but is also
affected by other operating variables.

A preliminary measure of the potential effect of a medium on the properties of PE

is by means of the so called “soak” or “chemical immersion” test in which the PE is
not subjected to any stressing. In this laboratory test, strips of PE material are soaked
for different periods of time — generally, not longer than a month — in the medium

of interest, which is maintained at a specified temperature. After certain soaking
periods, changes are noted in appearance, dimensions, in weight gain or loss, and in
strength properties — generally, in tensile strength at yield or elongation at break.

Results obtained by means of an immersion test are a useful guide for applications,
such as drainage piping, in which the pipe is subject to only low levels of stressing.
However, if the application is a pressurized system, then a more thorough
investigation needs to be conducted over and beyond the immersion tests discussed.
Please refer to PPI publication TR — 19, Chemical Resistance of Thermoplastics Piping
Materials, ®® for more details. In this type of test the immersion period is of limited
duration and the effect on strength is only checked by means of a short-term tensile
strength test, which is recognized as not a sufficiently reliable indicator of how the
tested medium may affect PE’s long-term strength. The standard pressure ratings
(PR) and standard pressure classes (PC) that are included in PE pipe standards that
are issued by ASTM, AWWA and CSA are for the standard condition of water at

73°F. For the transport of other fluids these PR’s or PC’s may need to be de-rated if
the fluid is known to cause a decrease in the pipe material’s long-term strength in
consequence of a slowly occurring chemical or physical action. Also, an additional
de-rating may be applied in cases where a special consideration is in order — usually,
when a greater safety margin is considered prudent because of either the nature of
the fluid that is being conveyed or by the possible impact of a failure on public safety.
The following is a general representation of the effect of different kinds of fluids on
the long-term hydrostatic strength of PE pipe materials and the de-ratings, if any, that
are normally applied in recognition of this effect:

 Aqueous solutions of salts, acids and bases — Because PE is immune to electrolytic
attack these solutions have no adverse effect. Consequently, the PR or PC for water
is also appropriate for the conveyance of these type materials.

o Sewage and wastewater — Normally, these fluids do not include components
that affect PE. Therefore, for this case the PR and PC established for water is also
appropriate.
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¢ Surface active agents (e.g., detergents), alcohols and glycols (including anti-freeze
solutions) — If these agents may be present in the fluid a precautionary measure
is to specify PE pipe which is made from a material which exhibits very high
resistance to slow crack growth (e.g., materials for which the second number in
their standard designation code is either 6 or 7, such as PE2708, PE3608, PE3708,
PE3710, PE4608, PE4708 and PE4710). For such materials no de-rating is needed.

o Fluids containing oxidizing agents — Strong oxidizers can gradually cause
damage to PE material. The rate at which this damage occurs depends on the
concentration and the chemical activity of the oxidizing agent. If the rate of damage
on unprotected PE is low then PE pipe made from material that is adequately
stabilized can be used. But, if the rate is high PE pipe may not be the most
appropriate choice. Thus, the determination of the suitability of PE pipe and/or the
extent to which it needs to be de-rated should be made on a case-by-case basis. For
this purpose it is suggested that the reader contact PPI or its member companies for
references regarding the known performance of PE pipes in similar applications.

o Inert gases such as hydrogen, nitrogen and carbon dioxide — These kinds of gases
have no adverse effect and the PR or PC established for water is also appropriate.

o Hydrocarbon gases of lower molecular weight, such as methane and hydrogen sulfide
— Studies and long-term experience show that the resultant long-term strength is at
least equal to that established when using water or air as a test fluid. Therefore, no
de-rating is required.

o Vapors generated by liquefied petroleum gases (LPG) — These vapors contain
hydrocarbon gases of somewhat greater molecular weight, gases which because of
their “plasticizing” or, “solvating” effect on PE tend to somewhat reduce PE’s long-
term hydrostatic strength. To offset this possible reduction, the PR or PC for water
is de-rated by the application of a factor of 0.80 or smaller.

e Common hydrocarbons in the liquid state, such as those in LPG and fuel gas
condensates, in crude oil, in fuel oil, in gasoline, in diesels fuels and in kerosene —
Because exposure to these liquids results in a larger “solvating” effect, the practice
is either to de-rate PE pipe to a greater extent than for vapors or, if this de-rating is
impractical, to use an alternate material. For crude oil application a de-rating factor
of 0.50 is typically used.

o Aromatic hydrocarbons — Because aromatic hydrocarbons, such as benzene and
toluene, have a much greater “solvating” effect, the use of PE should be avoided.

The above information, taken in conjunction with the results of immersion tests as
covered in PPI's TR-19 chemical resistance document,® is intended to give general
guidance regarding the adequacy of a PE piping system for the transport of a
specific medium under a particular set of operating conditions. The most reliable
guidance is actual service experience under equivalent or similar conditions. PE
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piping manufacturers, PE material suppliers, and PPI can assist in obtaining this
information.

The de-ratings that are mentioned above are only in recognition of the effect of

a different fluid than water on the long-term strength of PE pipe. A further de-
rating may be called for by a controlling standard or code because of additional
considerations, most often for the maximizing of public safety. A designer should
comply with the requirements of all applicable codes and standards.

An example of a more conservative de-rating is that by Title 49, Transportation, of
the Code of Federal Regulations. The effect of a provision of Part 191 of this code, a
part that covers transportation of natural and other fuel gases, is the requirement that
the pressure rating of a PE pipe in natural gas service shall be 64% of the pressure
rating which would be assigned to that pipe if it conveyed water, provided the

water pressure rating is established using an HDS that has been determined based
on a design factor (DF) of 0.50. This 64% de-rating is not in response to any adverse
effect by natural gas — studies show that similar long-term strengths are obtained
when using water or natural gas as the test pressure medium. It is applied mostly in
consideration of public safety issues but also in consideration of the minor effect on
PE by the small amount of additives that may be contained in fuel gases. There are
additional restrictions imposed by this Code, such as the maximum pressure at which
a PE pipe may be operated and the acceptable range of operating temperatures.

Another example of a conservative de-rating is that imposed by NFPA / ANSI 58,
Standard for the Storage and Handling of Liquefied Petroleum Gases. This standard
limits the operating pressure of PE pipe to a maximum of 30psig. The intent of this
limitation is to ensure that the LPG gases that are being conveyed are always in the
vapor and not in the liquid phase. This is because in the liquid state the constituents
of LPG exercise a much more pronounced solvating effect. For further information
the reader is referred to PPI publication TR-22, Polyethylene Piping Distribution
Systems for Components of Liquid Petroleum Gases.

Permeability

The property of permeability refers to the passage of a substance from one side to the
other side of a membrane. Polyethylene has very low permeability to water vapor but
it does exhibit some amount of permeability to certain gases and other vapors. As a
general rule the larger the vapor molecule or, the more dissimilar in chemical nature
to polyethylene, the lower the permeability.

The other factors that affect the rate of permeation include: the difference in
concentration, or in the partial pressure of the permeant between the two side of
a membrane; the thickness of the membrane (e.g., the wall thickness of a pipe);
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temperature; total area available for permeation; and any possible solvating effect by
the permeant that can accelerated the rate of permeation.

Depending on the source of a permeant, permeation through a PE pipe can occur
from the inside to the outside or, from the outside to the inside. This difference has
different potential consequences that need to be recognized and, if significant they
also need to be addressed. In the case of possible permeation from the inside the
primary concern is the loss of some of the fluid that is flowing through the pipe.
Studies show that this is not a problem with liquids. In the case of gases, it has

been determined that when conveying methane the loss is so small that there is no
problem involving transportation of natural gas. However, as shown in the Table that
follows, the permeation rate of hydrogen is several times that of methane. Therefore,
if hydrogen is a major constituent of a fuel gas the potential energy loss should be
calculated.

The following gases are listed in order of decreasing permeability: sulfur dioxide;
carbon dioxide; hydrogen; ethane; oxygen; natural gas; methane; air and nitrogen.

Most of the permeability is through the amorphous regions of the polymer, which

is related to density, and to a lesser extent, molecular weight. An increase in density
will result in a lower permeability. An increase in molecular weight will also slightly
reduce the permeability. Table 3 shows permeation rate of methane and hydrogen
through PE as a function of the density of the resin.®

TABLE 3
Approximate Gas Permeation Rate Through Polyethylene at Ambient Temperature

Permeation Rate, Ft3-mil/ft?-day-atm
Piping Material (The Ft2 is @ Std. Temp. & Pressure. The Ft? refers to the outside surface area of the pipe)

Methane Hydrogen
PE2XXX * 4.2x10° 21x10
PE3XXX * 2.4x10° 16x10°
PE4XXX * 1.9x10° 14x10°

*PE 2XXX, PE3XXX and PE4XXX denotes all PE’s that comply, respectively, to the density cell classification 2, or 3,
or 4 in accordance with ASTM D3350

In the case of permeation that originates from the outside, most often it is caused by
liquids that tend to permeate at much lower rates than gases, which generally do
not cause a problem. However, even a low permeation rate — one that results in a
“contamination” of only parts per billion — may affect the quality of the fluid that is
being conveyed. This possibility is of concern when the pipe, no matter its type, is
transporting potable water, and therefore, the issue is addressed by standards that
cover this application. However, it is recognized by authorities that any pipe, as well
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as an elastomeric gasketed pipe joint, can be subjected to external permeation when
the pipeline passes through contaminated soils. Special care should be taken when
installing potable water lines through these soils regardless of the pipe material
(concrete, clay, plastic, etc.). The Plastics Pipe Institute has issued Statement N —
Permeation® that should be studied for further details.

Properties Related to Durability

Weatherability

All polymers (resins) are susceptible to gradual degradation when continually
exposed to ultraviolet (UV) radiation in sunlight. ® There are two effective means for
protecting a resin against this effect. One is by the addition of a screen that blocks the
penetration of UV rays into the material. The other is by the inclusion of a stabilizer
that protects the material by chemical means.

For PE piping materials it has been shown that the most effective screen is achieved
by the incorporation into the material of 2 to 3 % of finely divided carbon black,
which also results in a black color. Experience and studies show that in outdoor
applications such a material will retain its original performance properties for periods
longer than 50-years. ASTM D3350, Standard Specification for Polyethylene Plastic Pipe
and Fittings Materials, recognizes these materials by the inclusion of the code letter C
in the material’s cell classification.

However, in the case of buried and other kinds of applications in which the pipe shall
not be exposed to sunlight indefinitely, the UV protection needs only to cover that
time period during which the pipe may be handled and stored outdoors. In practice,
this period is about two years. Protection for this period, and somewhat longer, is
very effectively achieved by the incorporation into the PE material of a UV stabilizer.
An advantage of using a stabilizer is that it allows the pipe to have another color
than black. For example, yellow is an accepted color for gas distribution applications,
blue for water and green for sewer and drain. The choice of a specific kind of colorant
follows an evaluation that is intended to ensure that the chosen colorant does not
interfere with the efficiency of the UV stabilizer. Standard ASTM D3350 identifies
materials that contain both a UV stabilizer and a colorant by means of the code

letter E.

Further information on this subject is presented in PPI Technical Report TR-18,
Weatherability of Thermoplastics Piping. ®
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Stabilization

All PE piping materials include stabilizers in order to achieve two principal
objectives. The first is to prevent the degradation of the resin during processing and
thermal fusion, when melts are subjected to high temperatures. And the second

is to protect the pipe during its service life from any deterioration in performance
properties that could occur by gradual oxidation.

Exposure of polymers to high temperatures can induce the development of chemical
reactions that can adversely affect performance properties. This degradation process
results from the formation of free radicals that continue to react with PE, thereby
producing a continuing degradation even after the material has been cooled. To
prevent the continuation of this process heat stabilizers are added. These stabilizers
work by reacting with initial products of degradation so as to form stable species that
are incapable of further action.

At lower working temperatures there exists the possibility of a very slowly acting
process of oxidative degradation, a process that can cause gradual degradation in
performance properties. To counteract against this possibility antioxidants are added
to the composition. These antioxidants can protect in a number of ways. A principal
one is by deactivating hydroperoxide sites that are formed by oxidation. Most often,
two kinds of antioxidants are used because of a synergism effect that substantially
enhances the quality of protection.

There are several tests that have been developed which give a reliable guide on

the quality of stabilizer and anti-oxidant protection that is included in a PE piping
composition. One of these is the thermal stability test that is included in ASTM
D3350. In this test a specimen of defined shape and size is heated in an oven, in air,
at a predetermined rate of 10°C (18°F) per minute. Eventually, a point is reached at
which the temperature rises much more rapidly than the predetermined rate. This
point is called the induction temperature because it denotes the start of an exothermic
reaction that results from the exhaustion of stabilizer and anti-oxidant protection.
The higher the temperature, the more effective the protection. To qualify for a piping
application a PE composition is required to exhibit an induction temperature of not
less than 220°C (428°F).

Biological Resistance

Biological attack can be described as degradation caused by the action of
microorganisms such as bacteria and fungi. Virtually all plastics are resistant

to this type of attack. Once installed, polyethylene pipe will not be affected by
microorganisms, such as those found in normal sewer and water systems. PE is not
a nutrient medium for bacteria, fungi, spores, etc.
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Research has shown that rodents and gnawing insects maintain their teeth in good
condition by gnawing on objects. Various materials such as wood, copper, lead, and
all plastics would fall prey to this phenomenon if installed in rodent-infested areas.

Termites pose no threat to PE pipe. Several studies have been made where PE pipe
was exposed to termites. Some slight damage was observed, but this was due to the
fact that the plastic was in the way of the termite’s traveling pathway. PPI Technical
Report TR-11, Resistance of Thermoplastic Piping Materials to Micro- and Macro-
Biological Attack® has further information on this matter.

Properties Related to Health and Safety Concerns
Toxicological

Health Effects

The Food and Drug Administration (FDA) issues requirements for materials that
may contact food, either directly or indirectly, under the Code of Federal Regulations
(CFR) Title 21, parts 170 to 199. Most natural polyethylene resins do comply with
these regulations.

Potable water piping materials, fittings, and pipe are currently tested according to
the standards developed by the National Sanitation Foundation (NSF). The most
recent standard to be written by the NSF is Standard 61, " Drinking Water System
Components — Health Effects. It sets forth toxicological standards not only for plastics
piping but also for all potable water system components. Compliance to these
standards is a requirement of most States and / or governing authorities that have
jurisdiction over water quality.

There are also other certification programs that are operated by independent
laboratory and industrial organizations as well as governmental agencies. These are
designed to assure compliance with applicable product standards. Amongst other
requirements, these programs may include producer qualification, product testing,
unannounced plant inspections and authorized use of compliance labels. Products
failing to comply are then de-listed or withdrawn from the marketplace.

Flammability

After continuous contact with a flame, PE will ignite unless it contains a flame
retardant stabilizer. Burning drips will continue to burn after the ignition source

is removed. The flash ignition and self ignition temperatures of polyethylene are
645°F (341°C) and 660°F (349°C) respectively as determined by using ASTM D1929%),
Standard Test Method for Ignition Properties of Plastics. The flash point using the
Cleveland Open Cup Method, described in ASTM D92©), Standard Test method for
Flash and Fire Points by Cleveland Open Cup, is 430°F (221°C).®
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During PE pipe production, some fumes may be generated. If present, they can be an
irritant and should be properly vented. Specific information and Material Safety Data
Sheets (MSDS) are available from the PE resin manufacturer.

Combustion Toxicity

The combustion of organic materials, such as wood, rubber, and plastics, can release
toxic gases. The nature and amount of these gases depends upon the conditions of
combustion. For further information on combustion gases, refer to Combustion Gases
of Various Building Materials and Combustion Toxicity Testing from the Vinyl Institute. >

The combustion products of polyethylene differ greatly from those of polyvinyl
chloride (PVC). Polyethylene does not give off any corrosive gases such as
hydrochloric acid, since it does not contain any chlorine in its polymer structure.
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Appendix A
Pipe Pressure Rating (PR) And Pressure Class (PC)

A.1 - Standard Pipe Pressure Rating (PR) and Standard Pressure Class (PC)
for 73°F (23°C)

Consensus standards for PE pipes intended for pressure applications define PE
piping materials in accordance with their recommended hydrostatic design stress
(HDS) for water, for the standard base temperature of 73°F (23°C). Most PE pipe
standards also identify a pipe’s resultant standard pressure rating (PR) or pressure
class (PC) for water at 73°F (23°C). As discussed in Chapter 6, this standard PR or
PC is determined based on the pipe material’s recommended HDS, and the pipe’s
specified dimension ratio. Pressure ratings for pipes made to common dimension
ratios are reproduced in Table A.1 (This is essentially the same Table as Table 6, in
Chapter 5).

The pipe’s PR or PC may be determined by means of either of the following
relationships:

e For pipes made to controlled outside diameters — for which Do/t is defined as the
dimension ratio (DR):

2 (HDS)

PR or, PC =
(Do

e For pipes made to controlled inside diameters — for which Di/t is defined as the
inside diameter dimension ratio (IDR):

2 (HDS)

PR or, PC = :
=

WHERE

PR = Pressure Rating, psig (kPa)

PC = Pressure Class, psig (kPa)

HDS = Hydrostatic Design Stress, psi (kPa) = HDB (Hydrostatic Design Basis) x DF (Design Factor).

For more details and discussion of each of these terms and the relationship between them, the reader is
referred to Chapters 5 and 6.

D, = Specified outside pipe diameter, in (mm)

D; = Specified inside pipe diameter, in (mm)

t = Specified minimum pipe wall thickness, in (mm)
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TABLE A.1

Standard Pressure Ratings (PR’s) and Standard Pressure Classes (PC’s), for Water for 73°F (23°C), for PE Pipes
Made to Standard Dimension Ratios

Dimension Ratio Standard PR and Standard PQ asa !:unction of the Pipe Material’s
(see Note 1) Recommended Hydrostatic Design Stress (HDS) for Water,
at 73°F (23°C)
DR (Ratio = Do/t | IDR (Ratio = Di/t) HDS = 630psi HDS = 800psi HDS = 1000psi
(Applies to (Applies to (4.34MPa) (5.52MPa) (6.90MPa)
pipes made to pipes made to
controlled outside | controlled inside
diameters- Do) diameters - Dj) psig kPa Psig kPa psig kPa
32.5 30.5 40 276 50 345 63 434
26.0 24.0 50 345 63 434 80 552
21.0 19.0 63 434 80 552 100 690
17.0 15.0 80 552 100 690 125 862
13.5 11.5 100 690 125 862 160 1103
11.0 9.0 125 862 160 1103 200 1379
9.0 7.0 160 1103 200 1379 250 1724
7.3 5.3 200 1379 250 1724 320 2206

Note 1: While the term, SDR (Standard Dimension Ratio), is an ANSI term, the pipe industry typically uses the term
DR as shown in this table.

A.2 — Values for Other Temperatures

As discussed elsewhere in this and the other chapters of this Handbook (See Chapters
5 and 6), the long-term strength properties of PE pipe materials are significantly
affected by temperature. In consequence of this, an operating temperature above the
base temperature of 73°F (23°C) results in a decrease in a pipe material’s HDS and
therefore, in a pipe’s PR or PC. Conversely, an operating temperature below the base
temperature yields the opposite effect. There are three approaches, as follows, for
compensating for the effect of temperature:

1. The application of a temperature compensating factor for operating temperatures
that range between 40°F (4°C) and 100°F(38°C).

While the effect of temperature on long-term strength is not exactly the same
among the different commercially offered PE pipe materials, this effect is
sufficiently similar over the temperature range covered by Table A.2 to allow

for the establishment of the a common table of Temperature Compensation
Multipliers. However, because some dissimilarity, though small, may exist, the
reader is advised to consult with the pipe manufacturer to determine the most
appropriate multiplier to apply in the particular application under consideration.
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TABLE A.2
Temperature Compensating Multipliers for Converting a Base Temperature HDS or PR to HDS or PR for Another
Temperature Between 40 and 100°F (4 and 38°C)

Maximum Sustained .-
Temperature, °F (°C) © Multiplier @
40 (4) 1.25
50 (10) 117
60 (15) 1.10
73 (23) 1.00
80 (27) 0.94
90 (32) 0.86
100 (38) 0.78

)

2

Temporary and relatively minor increases in temperature beyond a sustained temperature have little effect on
the long-term strength of a PE pipe material and thus, can be ignored.

The multipliers in this table apply to a PE pipe that is made from a material having at least, an established
hydrostatic design stress (HDS) for water, for 73°F (23°C). This HDS is designated by the last two numerals in
the PE’s standard designation code (e.g., the last two digits in PE4710 designate that the HDS for water, for
73°F (23°C), is 1,000psi — See Introduction and Chapter 5 for a more complete explanation.)

For a temperature of interest that falls within any pair of listed temperatures the reader may apply an
interpolation process to determine the appropriate multiplier.

In the case of PE pipes that are made from materials that have an established
hydrostatic design basis (HDB) for water for both the base temperature of 73°F
(23°C) and one higher temperature, the appropriate temperature multiplier for
any in-between temperature may be determined by interpolation. Extrapolation
above the range bounded by the higher temperature HDB is not recommended.

Prior to the determination of an HDS, PR or PC for a temperature above 100°F
(38°C) it should be first determined by contacting the pipe manufacturer that the
pipe material is adequate for the intended application.

There are many PE pipe materials for which an HDB has also been established for
a higher temperature than the base temperature of 73°F (23°C), generally for 140°F
(60°C) and, in a few cases for as high as 180°F (82°C). Information on the elevated
temperature HDB rating that is held by the PE material from which a pipe is
made can be obtained from the pipe supplier. In addition, PPI issues ambient and
elevated temperature HDB recommendations for commercially available PE pipe
materials. These recommendations are listed in PPI Technical Report TR-4, a copy
of which is available via the PPI web site.

The recognized equation for conducting the interpolation is as follows:
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WHERE

F| = Multiplier for the intermediate temperature T,

HDBg = Hydrostatic Design Basis (HDB) for the base temperature (normally, 73°F or 23°C), psi
HDB =Hydrostatic Design Basis (HDB) for the higher temperature, psi

Tg = Temperature at which the HDB has been determined, °Rankin (°F + 460)

T = Temperature at which the HDBy has been determined, °Rankin (°F + 460)

T, = Intermediate temperature, °R (°F + 460)

Examples of the application of this equation are presented at the end of this Section.

3. By regulation. There are certain codes, standards and manuals that cover certain
applications (e.g., AWWA water applications and gas distribution piping) that
either list temperature compensating multipliers for approved products or, which
define rules for their determination. For applications that are regulated by these
documents their particular requirements take precedence. For example, AWWA
standards C 901 and C 906 and manual M 55 which cover PE pressure class (PC)
pipe include an abbreviated table of temperature compensation multipliers that
differ slightly from what is presented here. The multipliers in the AWWA tables
apply to temperature ranges typical for water applications and are rounded to a
single decimal. The interested reader is advised to refer to these documents for
more details.

Examples of the Application of the Interpolation Equation

Example — A PE pipe is made from a PE4710 material that has an established HDB

of 1600psi for 73°F (533°R) and, an HDB of 1,000psi for 140°F (600°R). What is the
temperature compensating multiplier for a sustained operating temperature of 120°F
(580°R)?

For this case, FiooF = 0.73
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ppendix B

Apparent Elastic Modulus

B
S

B

.1 — Apparent Elastic Modulus for the Condition of Either a
ustained Constant Load or a Sustained Constant Deformation

1.1 — Design Values for the Base Temperature of 73°F (23°C)

TABLE B.1.1
Apparent Elastic Modulus for 73°F (23°C)

Duration of Design Values For 73°F (23°C) (23
Sustained
Loading PE 2XXX PE3XXX PE4XXX
psi MPa psi MPa psi MPa
0.5hr 62,000 428 78,000 538 82,000 565
1hr 59,000 407 74,000 510 78,000 538
2hr 57,000 393 71,000 490 74,000 510
10hr 50,000 345 62,000 428 65,000 448
12hr 48,000 331 60,000 414 63,000 434
24hr 46,000 317 57,000 393 60,000 414
100hr 42,000 290 52,000 359 55,000 379
1,000hr 35,000 241 44,000 303 46,000 317
1 year 30,000 207 38,000 262 40,000 276
10 years 26,000 179 32,000 221 34,000 234
50 years 22,000 152 28,000 193 29,000 200
100 years 21,000 145 27,000 186 28,000 193

(

) Although there are various factors that determine the exact apparent modulus response of a PE, a major factor
is its ratio of crystalline to amorphous content — a parameter that is reflected by a PE’s density. Hence, the
major headings PE2XXX, PE3XXX and, PE4XXX, which are based on PE’s Standard Designation Code. The
first numeral of this code denotes the PE’s density category in accordance with ASTM D3350 (An explanation
of this code is presented in Chapter 5).

The values in this table are applicable to both the condition of sustained and constant loading (under which
the resultant strain increases with increased duration of loading) and that of constant strain (under which an
initially generated stress gradually relaxes with increased time).

The design values in this table are based on results obtained under uni-axial loading, such as occurs in a test
bar that is being subjected to a pulling load. When a PE is subjected to multi-axial stressing its strain response
is inhibited, which results in a somewhat higher apparent modulus. For example, the apparent modulus of a PE
pipe that is subjected to internal hydrostatic pressure — a condition that induces bi-axial stressing - is about
25% greater than that reported by this table. Thus, the Uni-axial condition represents a conservative estimate
of the value that is achieved in most applications.

It should also be kept in mind that these values are for the condition of continually sustained loading. If there is
an interruption or a decrease in the loading this, effectively, results in a somewhat larger modulus.

In addition, the values in this table apply to a stress intensity ranging up to about 400psi, a value that is
seldom exceeded under normal service conditions.
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B.1.2 — Values for Other Temperatures

The multipliers listed in Table B.1.2 when applied to the base temperature value
(Table B.1.1) yield the value for another temperature.

TABLE B.1.2

Temperature Compensating Multipliers for Determination of the
Apparent Modulus of Elasticity at Temperatures Other than at 73°F (23°C)
Equally Applicable to All Stress-Rated PE’s

(e.g., All PE2xxx’s, All PE3xxx’s and All PE4xxx’s)

Maximum Susta.ined Temperature Compensating Multiplier
of the Pipe °F (°C)
-20 (-29) 2.54
-10 (-23) 2.36
0(-18) 2.18
10 (-12) 2.00
20 (-7) 1.81
30 (-1) 1.65
40 (4) 1.49
50 (10) 1.32
60 (16) 1.18
73.4 (23) 1.00
80 (27) 0.93
90 (32) 0.82
100 (38) 0.73
110 (43) 0.64
120 (49) 0.58
130 (54) 0.50
140 (60) 0.43
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B.2 — Approximate Values for the Condition of a Rapidly Increasing Stress OR
Strain

B.2.1 — Values for the Base Temperature of 73°F (23°C)

TABLE B.2.1
Approximate Values of Apparent Modulus for 73°F (23°C)
Rate of Increasing For Materials Coded For Materials Coded For Materials Coded
Stress PE2XXX ™ PE3XXX™ PE4AXXX™
psi MPa psi MPa psi MPa
“Short term” (Results

Obtained Under 100,000 690 125,000 862 130,000 896

Tensile Testing)®

“Dynamic” © 150,000psi (1,034MPa), For All Designation Codes

(1) See Chapter 5 for an explanation of the PE Pipe Material Designation Code. The X’s designate any numeral that
is recognized under this code.

Under ASTM D638, “Standard Test Method for Tensile Properties of Plastics”, a dog-bone shaped specimen is

subjected to a constant rate of pull. The “apparent modulus” under this method is the ratio of stress to strain
that is achieved at a certain defined strain. This apparent modulus is of limited value for engineering design.

@

The dynamic modulus is the ratio of stress to strain that occurs under instantaneous rate of increasing stress,
such as can occur in a water-hammer reaction in a pipeline. This modulus is used as a parameter for the
computing of a localized surge pressure that results from a water hammer event.

°

B.2.2 — Values for Other Temperatures

The values for other temperatures may be determined by applying a multiplier, as
follows, to the base temperature value:

e For Short-Term Apparent Modulus — Apply the multipliers in Table B.1.2
e For Dynamic Apparent Modulus — Apply the multipliers in Table B.2.2

TABLE B.2.2
Dynamic Modulus, Temperature Gompensating Multipliers

Temperature , °F (°C) Multiplier
40 (4) 1.78
50 (10) 1.52
60 (16) 1.28
73.4 (23) 1.00
80 (27) 0.86
90 (32) 0.69
100 (38) 0.53
110 (43) 0.40
120 (49) 0.29
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Appendix C

Allowable Compressive Stress

Table C.1 lists allowable compressive stress values for 73°F (23°C). Values for
allowable compressive stress for other temperatures may be determined by
application of the same multipliers that are used for pipe pressure rating (See
Table A.2).

TABLE C.1
Allowable Compressive Stress for 73°F (23°C)
Pe Pipe Material Designation Code
PE 2406 PE3408
PE 3608
PE 3708 PE 4710
PE 2708
PE 3710
PE 4708
psi MPa psi MPa psi MPa
Allowable
Compressive 800 5.52 1000 6.90 1150 7.93
Stress

(1) See Chapter 5 for an explanation of the PE Pipe Material Designation Code.

Appendix D

Poisson’s Ratio

Poisson’s Ratio for ambient temperature for all PE pipe materials is approximately
0.45.

This 0.45 value applies both to the condition of tension and compression. While this
value increases with temperature, and vice versa, the effect is relatively small over the

range of typical working temperatures.
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Appendix E
Thermal Properties

TABLE E.1
Approximate Value of Thermal Property for Temperature Range Between 32 and 120°F (0 and 49°C)

PE Pipe Material Designation Code®
Thermal Property
PE2XXX PE3XXX PE4XXX
Coefficient of Thermal
Expansion/Contraction® 10x 10° 9.0x 10° 8.0x10°
(in/in -°F)
Specific Heat
BTU /LB - °F 0.46
Thermal Conductivity
(BTU - in /hr - sq. ft -°F) 26 3.0 31

(1) See Chapter 5 for an explanation of the PE Pipe Material Designation Code. The X’s designate any numeral
that is recognized under this code.

(2) The thermal expansion coefficients define the approximate value of the longitudinal (axial) expansion/
contraction that occurs in PE pipe. Because of a certain anisotropy that results from the extrusion process the
diametrical expansion is generally lesser, resulting in a diametrical expansion/contraction coefficient that is
about 85 to 90% of the axial value.

Appendix F

Electrical Properties

Table F.1 lists the approximate range of values of electrical properties for ambient
temperatures for all commercially available PE pipe materials. The actual value for
a particular PE piping material may differ somewhat in consequence, mostly, of the
nature and quantity of additives that are included in the formulation. For example,
formulations containing small quantities of carbon black — an electrical conductor —
may exhibit slightly lower values than those shown in this table.

TABLE F.1
Approximate Range of Electrical Property Values for PE Piping Materials
. Range of Property Value
Electrical Property Test Method -
Range Unit
Volume Resistivity - >10"® Ohms-cm
Surface Resistivity - >10"® Ohms
Arc Resistance ASTM D495 200 to 250 Seconds
Dielectric Strength ASTM D149 (1/8 in thick) 450 to 1,000 Volts/mil
Dielectric Constant AS;;’\(;IHZ; 50 2.25t02.35 -
Dissipation Factor ASTM D150 (60Hz) >0.0005 -
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Chapter 4

PE Pipe and Fittings Manufacturing

Introduction

The essential steps of PE pipe and fitting production are to heat,
melt, mix and convey the raw material into a particular shape and
hold that shape during the cooling process. This is necessary to
produce solid wall and profile wall pipe as well as compression and
injection molded fittings.

All diameters of solid wall PE pipe are continuously extruded through
an annular die. Whereas, for large diameter profile wall pipes, the
profile is spirally wound onto a mandrel and heat-fusion sealed along
the seams.

Solid wall PE pipe is currently produced in sizes ranging from 1/2
inch to 63 inches in diameter. Spirally wound profile pipe may be
made up to 10 feet in diameter or more. PE pipe, both the solid wall
type and the profile wall type, are produced in accordance with the
requirements of a variety of industry standards and specifications
such as ASTM and AWWA. Likewise, the PE fittings that are used with
solid wall PE pipe are also produced in accordance with applicable
ASTM standards. Refer to Chapter 5 for a list of the commonly used
PE pipe standards.

Generally, thermoplastic fittings are injection or compression
molded, fabricated using sections of pipe, or machined from molded
plates. Injection molding is used to produce fittings up through 12
inches in diameter, and fittings larger than 12 inches are normally
fabricated from sections of pipe. Refer to Chapter 5 for a list of the
commonly used PE fittings standards.

ASTM F2206 Standard Specification for Fabricated Fittings of Butt-Fused
Polyethylene (PE) Plastic Pipe, Fittings, Sheet Stock, Plate Stock, or
Block Stock.

All of these pipe and fittings standards specify the type and
frequency of quality control tests that are required. There are
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several steps during the manufacturing process that are closely
monitored to ensure that the product complies with these rigorous
standards. Some of these steps are discussed in the section of
this chapter on quality control and assurance.

Pipe Extrusion

The essential aspects of a solid wall PE pipe manufacturing facility are presented

in Figure 1. This section will describe the production of solid wall pipe from raw
material handling, extrusion, sizing, cooling, printing, and cutting, through finished
product handling. Details concerning profile wall pipe are also discussed in the
appropriate sections.

Raw Materials Description

The quality of the starting resin material is closely monitored at the resin
manufacturing site. As discussed in the chapter on test methods and codes in this
handbook, a battery of tests is used to ensure that the resin is of prime quality.

A certification sheet is sent to the pipe and fitting manufacturer documenting
important physical properties such as melt index, density, ESCR (environmental
stress crack resistance), SCG (slow crack growth), stabilizer tests, amongst others.
The resin supplier and pipe manufacturer may agree upon additional tests to be
conducted.

Figure 1 Typical Conventional ExtrusionLine
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Extrusion Line

The raw material, usually referred to as PE compound, is typically supplied to the
pipe producer as non-pigmented pellets. PE pellets are stabilized for both heat and
UV protection. Usually, color pigment is added to the pipe at the producer’s facility.
In North America, the most common colors are black and yellow. The choice of

color will depend upon the intended application and the requirements of the pipe
purchaser. Carbon black is the most common pigment used for water, industrial,
sewer and above-ground uses. Yellow is reserved exclusively for natural gas
applications, although black with yellow stripes is also permitted for this application.
Other colors are used for telecommunications and other specialty markets.

All ASTM and many other industry standards specify that a PPI-listed compound
shall be used to produce pipe and fittings for pressure pipe applications. A
compound is defined as the blend of natural resin and color concentrate and the
ingredients that make up each of those two materials. The pipe producer may

not change any of the ingredients. In a listed compound, such as substituting a
different color concentrate that could affect the long-term strength performance of
the pipe. Any change to a listed formulation has to be pre-approved. These stringent
requirements ensure that only previously tested and approved compounds are
being used.

If the resin is supplied as a natural pellet, the pipe producer will blend a color
concentrate with the resin prior to extrusion. In order to obtain a PPI Listing, each
manufacturer producing pipe in this manner is required to submit data, according
to ASTM 2837, to the PPI Hydrostatic Stress Board. A careful review of the data is
made according to PPI Policy TR-3 © to assess the long-term strength characteristics
of the in-plant blended compound. When those requirements are met, the compound
qualifies for a Dependent listing and is listed as such in the PPI Publication TR-4

©, which lists compounds that have satisfied the requirements of TR-3. Producers

of potable water pipe are usually required to have the approval of the NSF
International or an equivalent laboratory. NSF conducts un-announced visits during
which time they verify that the correct compounds are being used to produce pipe
that bears their seal.

Raw Materials Handling

After the material passes the resin manufacturer’s quality control tests, it is shipped
to the pipe manufacturer’s facility in 180,000~ to 200,000-pound capacity railcars,
40,000-pound bulk trucks, or 1000- to 1400-pound boxes.

Each pipe producing plant establishes quality control procedures for testing
incoming resin against specification requirements. The parameters that are
typically tested include: melt flow rate, density, moisture content and checks for
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contamination. Many resin producers utilize statistical process control (SPC) on
certain key physical properties to ensure consistency of the product.

Resin is pneumatically conveyed from the bulk transporters to silos at the plant

site. The resin is then transferred from the silos to the pipe extruder by a vacuum
transfer system. Pre-colored materials can be moved directly into the hopper above
the extruder. If a natural material is used, it must first be mixed homogeneously with
a color concentrate. The resin may be mixed with the color concentrate in a central
blender remote from the extruder or with an individual blender mounted above the
extruder hopper. The blender’s efficiency is monitored on a regular basis to ensure
that the correct amount of color concentrate is added to the raw material.

Extrusion Basics

The function of the extruder is to heat, melt, mix, and convey the material to the
die, where it is shaped into a pipe®. The extruder screw design is critical to the
performance of the extruder and the quality of the pipe. The mixing sections of the
screw are important for producing a homogeneous mix when extruding blends. A
typical extruder is shown in Figure 2.
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Figure 2 Typical Single-Stage, Single-Screw Extruder (Resin Flow from Right to Left)

There are many different types of screw designs 19, but they all have in common
the features shown in Figure 3. Each screw is designed specifically for the type of
material being extruded.

The extruder screw operates on the stick/slip principle. The polymer needs to stick
to the barrel so that, as the screw rotates, it forces the material in a forward direction.
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In the course of doing this, the polymer is subjected to heat, pressure and shear

(mechanical heating). The extent to which the material is subjected to these three
conditions is the function of the screw speed, the barrel temperature settings and
the screw design. The design of the screw is important for the production of high

quality pipe.

Figure 3 Typical Extrusion Screw

If a natural resin and concentrate blend is used, the screw will also have to
incorporate the colorant into the natural resin. Various mixing devices are used

for this purpose as shown in Figure 4. They include mixing rings or pins, fluted or
cavity transfer mixers, blister rings, and helix shaped mixers, which are an integral
part of the screw.

The pipe extrusion line generally consists of the extruder, die, cooling systems,
puller, printer, saw and take-off equipment. Each of these items will be addressed in
the following section.

Figure 4 Typical Resin Mixing Devices
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Figure 4.1 Mixing Pins

Figure 4.3 Helical Mixer
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Extruders

An extruder is usually described by its bore size and barrel length. Pipe extruders
typically have an inside diameter of 2 to 6 inches with barrel lengths of 20 to 32 times
the bore diameter. The barrel length divided by the inside diameter is referred to

as the L/D ratio. An extruder with an L/D ratio of 24:1 or greater provides adequate
residence time to produce a homogeneous mixture.

The extruder is used to heat the raw material and then force the resulting melted
polymer through the pipe extrusion die. The barrel of the machine has a series of
four to six heater bands. The temperature of each band is individually controlled
by an instrumented thermocouple. During the manufacturing process, the major
portion of the heat supplied to the polymer is the shear energy generated by the
screw and motor drive system. This supply of heat can be further controlled by
applying cooling or heating to the various barrel zones on the extruder by a series
of air or water cooling systems. This is important since the amount of heat that is
absorbed by the polymer needs to be closely monitored. The temperature of the
extruder melted polymer is usually between 390°F and 450°F, and it is also under
high pressure (2000 to 4000 psi).

Breaker Plate/Screen Pack

The molten polymer leaves the extruder in the form of two ribbons. It then goes
through a screen pack which consists of one or more wire mesh screens, positioned
against the breaker plate. The breaker plate is a perforated solid steel plate. Screen
packs prevent foreign contaminants from entering the pipe wall and assist in the
development of a pressure gradient along the screw. This helps to homogenize

the polymer. To assist in the changing of dirty screen packs, many extruders are
equipped with an automatic screen changer device. It removes the old pack while it
inserts the new pack without removing the die head from the extruder.

Die Design

The pipe extrusion die supports and distributes the homogeneous polymer melt
around a solid mandrel, which forms it into an annular shape for solid wall pipe©.
The production of a profile wall pipe involves extruding the molten polymer through
a die which has a certain shaped profile.

The die head is mounted directly behind and downstream of the screen changer
unless the extruder splits and serves two offset dies.

There are two common types of die designs for solid wall pipe; the spider die design
and the basket die design. They are illustrated in Figure 5. These designs refer to the
manner in which the melt is broken and distributed into an annular shape and also
the means by which the mandrel is supported.
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Figure 5 Typical Pipe Dies

Figure 5.1 Pipe Die with Spider Design

Figure 5.2 Pipe Die with Basket Design

In the spider die (Figure 5.1), the melt stream is distributed around the mandrel by
a cone which is supported by a ring of spokes. Since the melt has been split by the
spider legs, the flow must be rejoined.

Flow lines caused by mandrel supports should be avoided. This is done by reducing
the annular area of the flow channel just after the spider legs to cause a buildup in
die pressure and force the melt streams to converge, minimizing weld or spider
lines. After the melt is rejoined, the melt moves into the last section of the die, called
the land.

The land is the part of the die that has a constant cross-sectional area. It reestablishes
a uniform flow and allows the final shaping of the melt and also allows the resin a
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certain amount of relaxation time. The land can adversely affect the surface finish
of the pipe if it is too short in length. Typical land lengths are 15 to 20 times the
annular spacing.

The basket design (Figure 5.2) has an advantage over the spider die concerning melt
convergence. The molten polymer is forced through a perforated sleeve or plate,
which contains hundreds of small holes. Polymer is then rejoined under pressure
as a round profile. The perforated sleeve, which is also called a screen basket,
eliminates spider leg lines.

Pipe Sizing

The dimensions and tolerances of the pipe are determined and set during the sizing
and cooling operation. The sizing operation holds the pipe in its proper dimensions
during the cooling of the molten material. For solid wall pipe, the process is
accomplished by drawing the hot material from the die through a sizing sleeve and
into a cooling tank. Sizing may be accomplished by using either vacuum or pressure
techniques. Vacuum sizing is generally the preferred method.

In the vacuum sizing system, molten extrudate is drawn through a sizing tube

or rings while its surface is cooled enough to maintain proper dimensions and a
circular form. The outside surface of the pipe is held against the sizing sleeve by
vacuum. After the pipe exits the vacuum sizing tank, it is moved through a second
vacuum tank or a series of spray or immersion cooling tanks.

Figure 6 External Sizing Systems
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Pipe wall
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Figure 6.1 Vacuum Tank Sizing®?
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Sizing Tube ¢ Plastic Pipe Finishing Plug

oz

Figure 6.2 Internal (Pressure) Sizing for Small and Medium Pipe Diameters

In the pressure sizing system, a positive pressure is maintained on the inside of the
pipe by the use of a plug attached to the die face by a cable or, on very small bore
pipe, by closing or pinching off the end of the pipe. The pressure on the outside

of the pipe remains at ambient and the melt is forced against the inside of the
calibration sleeve with the same results as in the vacuum system.

The production of very large diameter profile pipe, up to 10 feet in diameter, uses
mandrel sizing. In one form of this process, the extruded profile is wrapped around
a mandrel. As the mandrel rotates, the extruded profile is wrapped such that

each turn overlaps the previous turn. In some other techniques, the turns are not
overlapped. A typical profile wall PE pipe is shown in Figure 7.

Figure 7 Typical PE Profile Wall Pipe from ASTM Standard F894

Figure 7.1 Laying Lengths

Figure 7.2 Typical Profile Wall Section Showing Bell End (right) and Spigot End (left)
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Cooling

For either the vacuum or pressure sizing technique, the pipe must be cool enough so
that it maintains its circularity before it exits the cooling tank. Various methods of
cooling are utilized to remove the residual heat out of the PE pipe. Depending upon
the pipe size, the system may use either total immersion or spray cooling. Spray
cooling is usually applied to large diameter pipe where total immersion would be
inconvenient. Smaller diameter pipe is usually immersed in a water bath. Cooling
water temperatures are typically in the optimum range of 40° to 50°F (4° to 10°C). The
total length of the cooling baths must be adequate to cool the pipe below 160°F (71°C)
in order to withstand subsequent handling operations.

Residual stresses generated by the cooling process within the pipe wall are
minimized by providing annealing zones.”’ These zones are spaces between the
cooling baths which allow the heat contained within the inner pipe wall to radiate
outward and anneal the entire pipe wall. Proper cooling bath spacing is important
in controlling pipe wall stresses. Long-term pipe performance is improved when the
internal pipe wall stresses are minimized.

Pullers

The puller must provide the necessary force to pull the pipe through the entire
cooling operation. It also maintains the proper wall thickness control by providing
a constant pulling rate. The rate at which the pipe is pulled, in combination with the
extruder screw speed, determines the wall thickness of the finished pipe. Increasing
the puller speed at a constant screw speed reduces the wall thickness, while
reducing the puller speed at the same screw speed increases the wall thickness.

Standards of ASTM International and other specifications require that the pipe

be marked at frequent intervals. The markings include nominal pipe size, type of
plastic, SDR and/or pressure rating, and manufacturer’s name or trademark and
manufacturing code. The marking is usually ink, applied to the pipe surface by
an offset roller. Other marking techniques include hot stamp, ink jet and indent
printing. If indent printing is used, the mark should not reduce the wall thickness
to less than the minimum value for the pipe or tubing, and the long-term strength
of the pipe or tubing must not be affected. The mark should also not allow leakage
channels when gasket or compression fittings are used to join the pipe or tubing.

Take-off Equipment

Most pipe four inches or smaller can be coiled for handling and shipping
convenience. Some manufacturers have coiled pipe as large as 6 inch. Equipment
allows the pipe to be coiled in various lengths. Depending upon the pipe
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diameter, lengths of up to 10,000 feet are possible. This is advantageous when long
uninterrupted lengths of pipe are required - for example, when installing gas and
water pipes.

Saw Equipment and Bundling

Pipe four inches or more in diameter is usually cut into specified lengths for storage
and shipping. Typical lengths are 40 to 50 feet, which can be shipped easily by rail or
truck. The pipe is usually bundled before it is placed on the truck or railcar. Bundling
provides ease of handling and safety during loading and unloading.

Fittings Overview

The PE pipe industry has worked diligently to make PE piping systems as
comprehensive as possible. As such, various fittings are produced which increase the
overall use of the PE piping systems. Some typical fittings are shown in Figure 8.

PE fittings may be injection molded, fabricated or thermoformed. The following
section will briefly describe the operations of each technique.

Injection Molded Fittings

Injection molded PE fittings are manufactured in sizes through 12-inch nominal
diameter. Typical molded fittings are tees, 45° and 90° elbows, reducers, couplings,
caps, flange adapters and stub ends, branch and service saddles, and self-tapping
saddle tees. Very large parts may exceed common injection molding equipment
capacities, so these are usually fabricated.

Equipment to mold fittings consists of a mold and an injection molding press, as
shown in Figure 9. The mold is a split metal block that is machined to form a part-
shaped cavity in the block. Hollows in the part are created by core pins shaped into
the part cavity. The molded part is created by filling the cavity in the mold block
through a filling port, called a gate. The material volume needed to fill the mold
cavity is called a shot.

The injection molding press has two parts; a press to open and close the mold block,
and an injection extruder to inject material into the mold block cavity. The injection
extruder is similar to a conventional extruder except that, in addition to rotating, the
extruder screw also moves lengthwise in the barrel. Injection molding is a cyclical
process. The mold block is closed and the extruder barrel is moved into contact with
the mold gate. The screw is rotated and then drawn back, filling the barrel ahead

of the screw with material. Screw rotation is stopped and the screw is rammed
forward, injecting molten material into the mold cavity under high pressure. The
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part in the mold block is cooled by water circulating through the mold block. When
the part has solidified, the extruder barrel and mold core pins are retracted, the mold
is opened, and the part is ejected.

Typical quality inspections are for knit line strength, voids, dimensions and pressure
tests. A knit line is formed when the molten PE material flows around a core pin and
joins together on the other side. While molding conditions are set to eliminate the
potential for voids, they can occur occasionally in heavier sections due to shrinkage
that takes place during cooling. Voids can be detected nondestructively by using
x-ray scans. If this is not available, samples can be cut into thin sections and
inspected visually.

Figure 8 Typical PE Pipe Fittings
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Figure 8.1 Socket Tee Figure 8.2 Butt Tee

Figure 8.3 90° Socket Elbow Figure 8.4 90° Butt Elbow




Figure 8.5 Saddle FusionFittings
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a. injection stage 1. locking mechanism 7. feed hopper
b. freeze time with follow-up 2. moving mounting plate 8. hydralic motor (screw drive)
pressure 3. mold cavity plate 9. hydralic cylinder of injection unit
c. demoulding of finished article 4. mold core plate 10. pressure gauge
5. stationery mounting plate 11. follw-up pressure limit switch
6. plasticating cylinder 12. screw stroke adjusment
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Figure 9 Construction and Mode of Operation of a Reciprocating Screw Injection Unit
(Courtesy of Hoechst Celanese Corporation)

Fabricated Fittings

Fully pressure-rated, full bore fabricated fittings are available from select fittings
fabricators. Fabricated fittings are constructed by joining sections of pipe,
machined blocks, or molded fittings together to produce the desired configuration.
Components can be joined by butt or socket heat fusion, electrofusion, hot gas
welding or extrusion welding techniques. It is not recommended to use either

hot gas or extrusion welding for pressure service fittings since the resultant joint
strength is significantly less than that of the other heat fusion joining methods.

Fabricated fittings designed for full pressure service are joined by heat fusion and
must be designed with additional material in regions of sharp geometrical changes,
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regions that are subject to high localized stress. The common commercial practice
is to increase wall thickness in high-stress areas by fabricating fittings from heavier
wall pipe sections. The increased wall thickness may be added to the OD, which
provides for a full-flow ID; or it may be added to the ID, which slightly restricts ID
flow. This is similar to molded fittings that are molded with a larger OD, heavier
body wall thickness. If heavy-wall pipe sections are not used, the conventional
practice is to reduce the pressure rating of the fitting. The lowest-pressure-rated
component in a pipeline determines the operating pressure of the piping system.

Various manufacturers address this reduction process in different manners.
Reinforced over-wraps are sometimes used to increase the pressure rating of a
fitting. Encasement in concrete, with steel reinforcement or rebar, is also used for the
same purpose. Contact the fitting manufacturer for specific recommendations.

Very large diameter fittings require special handling during shipping, unloading,
and installation. Precautions should be taken to prevent bending moments that
could stress the fitting during these periods. Consult the fittings manufacturer for
specifics. These fittings are sometimes wrapped with a reinforcement material, such
as fiberglass, for protection.

Thermoformed Fittings

Thermoformed fittings are manufactured by heating a section of pipe and then
using a forming tool to reshape the heated area. Examples are sweep elbows, swaged
reducers, and forged stub ends. The area to be shaped is immersed in a hot liquid
bath and heated to make it pliable. It is removed from the heating bath and reshaped
in the forming tool. Then the new shape must be held until the part has cooled.

Electrofusion Couplings

Electrofusion couplings and fittings are manufactured by either molding in a
similar manner as that previously described for butt and socket fusion fittings or
manufactured from pipe stock. A wide variety of couplings and other associated
fittings are available from %" CTS thru 28” IPS. Fittings are also available for ductile
iron sized PE pipe. These couplings are rated as high as FM 200.

Electrofusion fittings are manufactured with a coil-like integral heating element.
These fittings are installed utilizing a fusion processor, which provides the
proper energy to provide a fusion joint stronger than the joined pipe sections. All
electrofusion fittings are manufactured to meet the requirements of ASTM F-1055.

Injection Molded Couplings

Some mechanical couplings are manufactured by injection molding in a similar
manner as previously described for butt and socket fusion fittings. The external
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Figure 10 Typical Fabricated Fittings
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coupling body is typically injection molded and upon final assembly will include
internal components such as steel stiffeners, o-rings, gripping collets, and other
components depending upon the design. A wide variety of coupling configurations
are available including tees, ells, caps, reducers, and repair couplings. Sizes for
joining PE pipe and tubing are typically from %" CTS through 2” IPS. All injection
molded couplings are manufactured to meet the requirements of ASTM D2513.

Quality Control/Quality Assurance Testing

Quality is engineered into the pipe and fitting product during the entire
manufacturing process. The three phases of quality control for the pipe
manufacturer involve the incoming raw material, the pipe or fitting production
and the finished product. The combination of all three areas ensures that the final
product will fulfill the requirements of the specification to which it was made.

Testing the incoming resin is the first step in the quality control program. It is
usually checked for contamination, melt flow rate and density. Any resin that
does not meet the raw material specification is not used for the production of
specification-grade pipe or fitting.

During the manufacturing step, the pipe or fitting producer routinely performs
quality control tests on samples. This verifies that proper production procedures and
controls were implemented during production.

Once the product has been produced, it undergoes a series of quality assurance tests
to ensure that it meets the minimum specifications as required by the appropriate
standard. (See Handbook Chapter on Test Methods and Codes.)

The manufacturing specifications for piping products list the tests that are required.
There are several quality control tests that are common in most ASTM PE standards.
For gas service piping systems, refer to PPI Technical Report TR-32 ? for a typical
quality control program for gas system piping, or to the AGA Plastic Pipe Manual
for Gas Service ®. The typical QC/QA tests found in most standards are described
below.

Workmanship, Finish, and Appearance

According to ASTM product specifications, the pipe, tubing, and fittings shall

be homogeneous throughout and free of visible cracks, holes, foreign inclusions,
blisters, and dents or other injurious defects. The pipe tubing and fittings shall be
as uniform as commercially practicable in color, opacity, density and other physical
properties.
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Dimensions

Pipe diameter, wall thickness, ovality, and length are measured on a regular basis
to insure compliance with the prevailing specification. All fittings have to comply
with the appropriate specification for proper dimensions and tolerances. All
measurements are made in accordance with ASTM D2122, Standard Test Method of
Determining Dimensions of Thermoplastic Pipe and Fittings ®.

Physical Property Tests

Several tests are conducted to ensure that the final pipe product complies to the
applicable specification. Depending upon the specification, the type and the
frequency of testing will vary. More details about industry standard requirements
can be found in the chapter on specifications, test methods and codes in this
Handbook.

The following tests, with reference to the applicable ASTM standard @, are generally
required in many product specifications such as natural gas service. The following
list of tests was taken from the American Gas Association Manual for Plastic Gas
Pipe® to serve as an example of typical tests for gas piping systems.

ASTM TESTS
Sustained Pressure D1598
Burst Pressure D1599

Apparent Tensile Strength | D2290

Neither the sustained pressure test or the elevated temperature pressure test
are routine quality assurance tests. Rather, they are less frequently applied tests
required by the applicable standards to confirm and assure that the established
process system and materials being used produce quality product meeting the
requirements of the standard.

There are other tests that are used that are not ASTM test methods. They are
accepted by the industry since they further ensure product reliability. One such test,
required by applicable AWWA Standards, is the Bend-Back Test® which is used to
indicate inside surface brittleness under highly strained test conditions. In this test,
aring of the pipe is cut and then subjected to a reverse 180-degree bend. Any signs
of surface embrittlement, such as cracking or crazing, constitute a failure. The
presence of this condition is cause for rejection of the pipe.
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Quality Assurance Summary

Through the constant updating of industry standards, the quality performance of
the PE pipe and fitting industry is continually evolving. Each year, PP and ASTM
work to improve standards on plastic pipe which include the latest test methods and
recommended practices. Resin producers, pipe extruders, and fittings manufacturers
incorporate these revisions into their own QA /QC practices to insure compliance
with these standards. In this way, the exceptional performance and safety record of
the PE pipe industry is sustained.

Summary

This chapter provides an overview of the production methods and quality assurance
procedures used in the manufacture of PE pipe and fittings. The purpose of this
chapter is to create a familiarity with the processes by which these engineered
piping products are made. Through a general understanding of these fundamental
processes, the reader should be able to develop an appreciation for the utility and
integrity of PE piping systems.
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Chapter 5

Standard Specifications, Standard
Test Methods and Codes for
PE (Polyethylene) Piping Systems

Introduction

The specification, design and use of PE piping systems is
addressed by a number of standard specifications, standard test
methods and codes including those issued by ASTM International
(ASTM), American Water Works Association (AWWA), and Canadian
Standards Association (CSA) as well as Technical Reports (TR’s) and
Technical Notes (TN’s) published by the Plastics Pipe Institute (PPI).
A listing of the more frequently referenced standards, reports and
recommendations is presented in the Appendix to this Chapter.

This Chapter covers topics relating to PE pipe of solid wall or of
profile wall construction. These topics include:

1. Material specifications relating to properties and classifications
of PE materials for piping applications.

2. Standard requirements relating to pipe pressure rating,
dimensions, fittings and joints.

3. Codes, standards and recommended practices governing the
application of PE pipe systems in a variety of end uses.

Readers seeking information on PE pipes of corrugated wall
construction are invited to visit PPI's web site at
http://plasticpipe.org /drainage /index.html
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Standard Requirements for PE Piping Materials

As discussed in Chapter 3, polyethylene (PE) is a complex polymer with properties
that can be optimized based on the desired end use. Such modifications are effected by
choice of catalyst system, polymerization conditions and, the use of a small quantity of
co-monomer ( a monomer or monomers other than ethylene). All these changes allow
PE to be tailor made to a wide range of processing and performance requirements.

For classifying this wide array of property variations that find use in piping
applications, ASTM issued standard D 3350, “Standard Specification for Polyethylene
Plastic Pipe and Fittings Materials”. This standard recognizes six properties that are
considered important in the manufacture of PE piping, in the heat fusion joining of
this material and, in defining its long-term performance capabilities. Each property is
assigned into a “Cell” and, each cell consists of a number of “Classes”. A cell number
covers a narrow range of the larger overall range that is covered by a property “cell”.
These D 3350 property cells and classes are identified in Table 1.
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Cell Classification System from ASTM D 3350-06 '

Property

Test
Method

0

2

3

4

7

Density, g/cm3

D 1505

un-
specified

0.925 or
lower

>0.925 -
0.940

>0.940 -
0.947

>0.947 -
0.955

>0.955

specify
value

Melt Index

D 1238

un-
specified

>1.0

1.0t0 0.4

<0.4 to
0.15

<0.15

A

specify
value

Flexural
Modulus,
MPa (psi), 2%
secant

D 790

un-
specified

<138
(<20,000)

138-<276
(20,000 to
<40,000)

276-<552
(40,000 to
<80,000)

552-<758
(80,000 to
<110,000)

758-
<1103
(110,000
to
<160,000)

>1103
(>160,000)

specify
value

Tensile
strength at
yield, MPa
(psi)

D638

un-
specified

<15
(<2000)

15- <18
(2200-
<2600)

18- <21
(2600-
<3000)

21- <24
(3000-
<3500)

24- <28
(3500-
<4000)

>28
(>4000)

specify
value

Slow Crack
Growth
Resistance
I. ESCR

D1693

un-
specified

a. Test condition
b. Test duration, hours

c. Failure, max. %

48
50

24
50

192
20

600
20

specify
value

Slow Crack
Growth
Resistance

Il. PENT
(hours)
Molded
Plaque, 80°C,
2.4MPa,
notch depth
Table 1

F 1473

un-
specified

30

100

500

specify
value

Hydrostatic
Strength
Classification
I. Hydrostatic
design basis,
MPa, (psi),
(23°C)

D2837

NPRE

5.52
(800)

6.89
(1000)

8.62
(1250)

11.03
(1600)

Hydrostatic
Strength
Classification
IIl. Minimum
Required
Strength,
MPa (psi),
(20°C)

ISO
12162

8
(1160)

10
(1450)

Notes to Table 1-A: Refer to 10.1.4.1 (ASTM D 3350) B: NPR = Not Pressure Rated, 1.) D 3350 is subject to
periodic revisions, contact ASTM to obtain the latest version, 2.) The property and density are measured on
the PE base resin; all the other property values are measured on the final compound.

In addition, by means of a Code letter, ASTM D3350 designates whether the material
includes a colorant and also, the nature of the stabilizer that is included for protecting

the material against the potential damaging effects of the ultraviolet (UV) rays in
sunlight. Table 2 lists the Code letters that are used in D 3350 and what they reprsent.
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TABLE 2
Code Letter Representation
Code Letter | Color and UV Stabilizer

A Natural
B Colored
C Black with 2% minimum carbon black
D Natural with UV stabilizer
E Colored with UV stabilizer

For designating a PE material in accordance with ASTM D 3350 the cell number

for each cell property is identified, and this is done in the same order as shown in
Table 1. This is then followed by an appropriate Code letter to indicate color and
stabilization as shown in Table 2. An example of this material designation system is
presented in Table 3 for the case of a PE material having designation code PE445574C.

TABLE 3
Properties of a Cell number PE445574 Material
Class
Number or Corresponding Value of Property
Digit Designating the Applicable Property Cell | Code Letter (from Table1)
1st Digit — Density of PE base resin, gm/cm? 4 >0.947 - 0.955
2nd Digit - Melt Indgx of compound, 4 <0.15
gm/10 minutes
3rd Digit — FIexuraI.Modqus of compound, 5 110,000 - < 160,000 (758 - <1103)
psi (MPa)
4th Digit — Tensile Strength at Yield
of compound, psi (MPa) 5 3,500 - <4,000 (24 - <28)
5th Digit — Resistance to Slow Crack Growth 7 500 minimum based on PENT test
of compound (SCG), hrs.
6th Digit — Hydrostatic Design Basis for water at
73°F(23°C), psi of compound (MPa) 4 1600 (11.03)
Code Letter (¢} Black with 2% minimum carbon black

(1) The density is that of the PE resin. All the other properties are determined on the final compounded material.

A PE material that complies with the Table 3 cell designation i.e. PE445574C would
be a higher density (higher crystallinity), lower melt index (higher molecular weight)
material that exhibits exceptionally high resistance to slow crack growth. In addition,
it offers a hydrostatic design basis (HDB) for water at 73°F (23°C) of 1600 psi (11.03
MPa). Finally, it would be black and contain a minimum of 2% carbon black.

The cell classification system provides the design engineer with a very useful tool in
specifying the requirements of PE materials for piping projects.
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Standard PE Piping Material Designation Code

While all PE piping standards specify minimum material requirements based the
on the cell requirements of ASTM D3350, a simpler, short-hand, ASTM recognized
material designation code is commonly used for quickly identifying the most
significant engineering properties of a PE pipe material. An important feature of
this designation code is that it identifies the maximum recommended hydrostatic
design stress (HDS) for water, at 73°F(23°C). Originally, this designation code was
devised to only apply to materials intended for pressure piping. However, there is

a recognition that even in non-pressure applications stresses are generated which
makes it prudent to use a stress rated material. This has led to the common practice of
using this material designation code for quickly identifying all PE piping materials
intended for pipes of solid wall or, of profile wall construction.

This code is defined in ASTM F412, “Standard Terminology Relating to Plastic Piping
Systems”, under the definition for the term code, thermoplastic pipe materials
designation. It consists of the ASTM approved abbreviation for the pipe material
followed by four digits (e.g., PE4710). The information delivered by this code is as
follows:

¢ The ASTM recognized abbreviation for the piping material. PE, in the case of
polyethylene materials.

e The first digit identifies the density range of the base PE resin, in accordance with
ASTM D3350, that is used in the material. As discussed in Chapter 3, the density
of a PE polymer reflects the polymer’s crystallinity which, in turn, is the principal
determinant of the final material’s strength and stiffness properties.

¢ The second digit identifies the compound’s resistance to slow crack growth (SCG),
also in accordance with ASTM D3350. A material’s resistance to SCG relates very
strongly to its long-term ductility, a property that defines the material’s capacity for
safely resisting the effects of localized stress intensifications.

e The last two numbers identify the compound’s maximum recommended
hydrostatic design stress (HDS) category ® for water, at 73°F(23°C). This
recommendation is established in consideration of various factors but, primarily
the following: The capacity for safely resisting the relatively well distributed
stresses that are generated only by internal pressure, and, the capacity for safely
resisting add-on effects caused by localized stress intensifications.

(1) More discussion on these topics later in this Chapter.

The Standard Designation Codes for materials which are recognized as of this
writing by current ASTM, AWWA, CSA and other standards are listed in Table 4.
This table gives a brief explanation of the significance of the code digits. It should
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be recognized that a new material may be commercialized which qualifies for a code
designation that has not been recognized as of this writing. For a listing of the most
current recognized code designations the reader is invited to consult the periodically
updated PPI publication TR-4. Contact PPI via their website, www.plasticpipe.org

TABLE 4
Standard Designation Codes for Current Commercially Available PE Piping Compositions
What the Digits in the Code Denote
The 1st Digit The 2nd Digit The last two Digits™
Standard Designation Cell Number Based on the | Cell Number Based on the | Recommended Standard
Code Density Cell In accordance | Resistance to SCG Cell Hydrostatic Design Stress
with ASTM D3350 In accordance with ASTM | (HDS) Category, for water,
(See Table 1) D3350 @ (See Table 1) at 73°F (23°C) (psi)
PE2406 Cell number 4 630
Cell number 2
PE2708 Cell number 7 800
PE3408 Cell number 4
PE3608 Cell number 6 800
Cell number 3
PE3708 800
Cell number 7
PE3710 1,000
PE4708 800
Cell number 4 Cell number 7
PE4710 1,000

(1) The last two digits code the Standard HDS Category in units of 100psi. For example, 06 is the code for 630psi
and 10 is the code for 1,000psi.

(2) It should be noted that the lowest Cell number for SCG resistance for pipe is 4. Based on research and
experience a rating of at least 4 has been determined as sufficient for the safe absorption of localized stresses
for properly installed PE pipe.

Standard Equation for Determining the Major Stress Induced in a
Pressurized Pipe

There are two major stresses which are induced in the wall of a closed cylindrical
vessel, such as a pipe, when it is subjected to internal fluid pressure. One runs along
the axis of the vessel, often called the axial (longitudinal) stress, and the other, which
is often called the hoop stress, runs along its circumference. Since the magnitude of
the hoop stress is about twice that of the axial stress the hoop stress is considered as
the significant stress for purposes of pressure pipe design.

The hoop stress is not constant across a pipe’s wall thickness. It tends to be larger on
the inside than on the outside of a pipe. And, this tendency is heightened in the case
of materials having high stiffness and in thicker walled pipes. However, in the case of
pipes made from thermoplastics — materials which are characterized by significantly
lower stiffness than metals — it has long been accepted that the hoop stress is constant
through the pipe’s wall thickness. For such case the so called thin-walled hoop stress
equation is accepted as satisfactory and it has been adopted by standards which
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cover thermoplastics pipe. This equation, which more commonly is identified as the
ISO (International Organization for Standardization) equation because it has been
also adopted for thermoplastic pipes by that organization, is as follows:

5o

WHERE
S = Hoop stress (psi or, MPa)

P = Internal pressure (psi or, MPa)
D,,, = Mean diameter (in or, mm)
t = minimum wall thickness, (in or, mm)

Because PE pipe is made either to controlled outside diameters or in some cases, to
controlled inside diameters the above equation appears in PE pipe standards in one
of the following forms:
When the pipe is made to a controlled outside diameter:

P D,
@ S =Z[P-1]

Where Do is the average outside diameter

When the pipe is made to a controlled inside diameter:
P D,

@ 5 =2[Pe4]

Where Di is the average inside diameter

For purposes of pressure pipe design, the pipe’s pressure rating (PR) is determined
by the hydrostatic design stress (HDS) that is assigned to the material from which the
pipe is made. Therefore, Equation (2) can be re-arranged and written in terms of HDS
and as follows:

(4) PR _ 2 (HDS)
21

Where PR is the pressure rating (psi or, MPa) and HDS is the hydrostatic design stress (psi or, MPa)
And, Equation (3) becomes:

5) PR _ 2 (HDS)
[o=1]
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The term Do/t is referred to as the outside diameter dimension ratio and the term D, /t
as the inside diameter dimension ratio. However, the convention in PE pipe standards is
to limit these ratios to a standard few. The ASTM terms and abbreviations for these
preferences are:

® Standard Dimension Ratio (SDR), for a standard D /t dimension ratio

® Standard Inside Diameter Ratio (SIDR), for a standard D, /t dimension ratio

Standard Diameters

Standard specifications for PE pipe allow the pipe to be made to either controlled
inside diameters or, to controlled outside diameters. The inside diameter system,
applicable to small diameter sizes only, is intended for use with insert type fittings
for which the pipe must have a predicable inside diameter, independent of pipe wall
thickness. And the outside diameter systems are intended for use with fittings that
require a predictable outside diameter, also independent of wall thickness.

There is but one standard inside diameter sizing convention, SIDR , and this system
is based on the inside diameters of the Schedule 40 series of iron pipe sizes (IPS). But
there are four standard outside diameter sizing conventions and these are as follows:

¢ The outside diameters specified for iron pipe sized (IPS) pipe
e The outside diameters specified for ductile iron pipe sizes (DIPS)
e The outside diameters specified for copper tubing sizes (CTS)

e The outside diameters specified by the International Standards Organization
(IsO 161/1)

The scope of a consensus standard usually identifies the sizing convention system
that is covered by that standard.

PE Pipe Standards are Simplified by the Use of Preferred Values

The most widely accepted standards for PE pipes are those that define pipes which
when made to the same Dimension Ratio and from the same kind of material are able
to offer the same pressure rating independent of pipe size (See Equations 4 and 5).
These standards are commonly referred to as Dimension Ratio/Pressure Rated
(DR-PR) so as to distinguish them from other standards, such as those based on
Schedule 40 and 80 dimensioning, in which the Dimension Ratio varies from one size
to the next.

For the purpose of limiting standard pressure ratings (PR) in DR-PR standards to
just those few which adequately satisfy common application requirements these
standards require that the Dimension Ratios be one of certain series of established
preferred numbers. They also require that the pipe’s pressure rating be determined
based on a recognized HDS category that is also expressed in terms of a preferred
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number (See previous discussion on PE pipe material designation code). The
preferred numbers for both are derived from the ANSI Preferred Numbers, Series
10. The Series 10 numbers get that name because ten specified steps are required to
affect a rise from one power of ten to the next one. Each ascending step represents
an increase of about 25% over the previous value. For example, the following are the
ANSI specified steps between 10 and 100: are 10; 12.5; 16.0; 20.0; 25.0; 31.5; 40.0; 50.0;
63.0; 80.0; 100.

A beneficial feature of the use of preferred numbers is that when a preferred number
is multiplied or, is divided by another preferred number the result is always a
preferred number.

The table that follows lists the Standard Dimension Ratios, all based on preferred
numbers, which appear in the various ASTM, AWWA and CSA DR-PR based
standards for PE pipe.

TABLE 5
Standard Dimension Ratios (SDRs)

Based on Mean Diameter (Dp/t)
(Same numerical value as ANSI Based on Qutside Diameter SDR = | Based on Inside Diameter SIDR =
Preferred Number, Series 10) (D,/t (Series 10 Number + 1) (D;/t) (Series 10 Number — 1)
5.0 6.0 4.0
6.3 7.3 5.3
8.0 9.0 7.0
10.0 11.0 9.0
12.5 13.5 11.5
16.0 17.0 15.0
20.0 21.0 19.0
25.0 26.0 24.0
31.5 32.5 30.5
40.0 41.0 39.0
50.0 51.0 49.0
63.0 64.0 62.0

The recognized standard HDS categories for water, at 73°F (23°C), are: 630 psi
(4.34 MPa); 800 psi (5.52 MPa); and 1,000psi (6.90 MPa) (See discussion under the
heading, Standard PE Piping Material Designation Code).

And, the standard pressure ratings for water, at 73°F (23°C), which are commonly
recognized by DR-PR standard specifications for PE pipe are as follows: 250; 200; 160;
125; 100; 80; 63; 50; and 40 psig. However, individual standards generally only cover a
selected portion of this broad range.
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The result of the use of these standard preferred number values is that a pipe’s
standard pressure rating (PR) is a consistent result, independent of pipe size, which
simply depends on its standard dimension ratio and the standard HDS of the
material from which the pipe was made. This relationship is shown in Table 6,

as follows.
TABLE 6
Standard Pressure Ratings for Water, at 73°F (23°C), for SDR-PR Pipes, psig ™
Standard Pressure Rating (psig) as a function of a Material’s HDS
Standard Dimension Ratio for Water, at 73°F (23°C), psi
SDR (In the Case SIDR (In the Case
of Pipes Made to of Pipes Made to HDS = 630psi (4.34 HDS = 800psi HDS = 1000psi
Standard OD’s) Standard ID’s) MPa) (5.52 MPa) (6.90 MPa)
32.5 30.5 40 50 63
26.0 24.0 50 63 80
21.0 19.0 63 80 100
17.0 15.0 80 100 125
13.5 1.5 100 125 160
11.0 9.0 125 160 200
9.0 7.0 160 200 250

(1) Note: The Standard Pressure Ratings are the calculated values using equations (4) and (5) but with a slight
rounding-off so that they conform to a preferred number.

Although the adoption of preferred numbers by the ASTM, CSA and AWWA

DR-PR based standards is very widespread, there are a few exceptions. In some
DR-PR standards a non-preferred Diameter Ratio has been included so as to define
pipes which offer a pressure rating that more closely meets a particular application
requirement. In addition, where existing system conditions or special requirements
may be better served by other than standard diameters or Standard Dimension
Ratios many standards allow for the manufacture of custom sized pipe provided all
the performance and quality control requirements of the standard are satisfied and
also, provided the proposed changes are restricted to pipe dimensions and that these
changes are mutually agreed upon by the manufacturer and the purchaser.

Determining a PE’s Appropriate Hydrostatic Design Stress (HDS) Category

As stated earlier, the last two digits of the PE pipe material designation code indicate
the material’s maximum allowable HDS for water, at 73°F (23°C). This value of HDS
is then used for the determining of a pipe’s pressure rating. This practice of using an
allowable stress, instead of basing design on a particular measure of strength that is
reduced by a specified “factor of safety”, is recognized by many standards and codes
that cover other kinds of pipes and materials. One reason for avoiding the specifying
of a factor of safety is that it is misleading because it implies a greater degree of safety
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than actually exists. This is because a particular laboratory measure of strength only
defines a material’s reaction to a certain kind of a major test stress whereas, in an
actual installation a material can also be subjected to other add-on stresses which
can have a significant effect on ultimate performance. To provide a satisfactory
cushion against the effect of these add-on stresses the chosen measure of strength is
reduced by an appropriate strength reduction factor. But, as can be appreciated, the
magnitude of this factor needs to be greater than the resultant true factor of safety.

As discussed in Chapter 3, it is recognized that a very significant strength of PE
pressure pipe is its long-term hoop strength based on which it resists the effects

of sustained internal hydrostatic pressure. The manner by which this long-term
hydrostatic strength (LTHS) is forecast and, the reduction of the resultant LTHS into
one of a limited hydrostatic design basis (HDB) strength categories is also described
in Chapter 3. As implied by its name, the HDB is a design basis the limitations of
which need to be recognized when using it for the establishment of a hydrostatic
design stress (HDS). This is done by the choice of an appropriate strength reduction
factor. This factor has many functions, but one of the more important ones is the
providing of a suitable cushion for the safe absorption of all stresses the pipe may
see in actual service, not just the stresses upon which the material’s HDB has been
determined.

So as not to mistake this strength reduction factor for a true factor of safety it has
been designated as a design factor (DF). Furthermore, this factor is a multiplier,
having a value of less than 1.0, as compared to a factor of safety which normally

is a divisor having a value greater than 1.0. For consistency in design, the DF’s are
also expressed in terms of a preferred number. Therefore, when an HDB — which is
expressed in terms of a preferred number — is reduced by a DF — also, a preferred
number — it yields an HDS that is always a preferred number. The resultant value of
this HDS becomes part of the standard PE material code designation.

Determining the Appropriate Value of HDS

As explained in Chapter 3, HDB of a PE pipe material is determined on the basis of
PE pipe samples that are only subjected to the relatively well distributed stresses

that are generated by internal pressure. This test model does not expose the test

pipe to other stresses, in particular to the very localized stresses that are intensified
by external causes such as by stone impingement or, by scratches and gouges or,

by geometric effects inherent in fittings and joints. Extensive field experience and
studies indicate that in the case of certain older generation PE materials which have
been shown to exhibit low resistance to slow crack growth (SCG) localized stress
intensifications can initiate and then, propagate the growth of slowly growing cracks.
After some time, when these cracks grow to a size where they span through a pipe’s
entire wall thickness the end result is a localized fracture. As is the case for traditional

135
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piping materials, and as it has been demonstrated to be also the case for plastics, the
potential damaging effect of a localized stress intensification depends strongly on
the material’s ability to safely deform locally and thereby, blunt a nascent crack, a
reaction that reduces the magnitude of the localized stress. A feature of modern high
performance PE materials is that they offer this ability to a significantly high degree.

To avoid the chance of a failure by the slow crack mechanism a three-fold approach
has proven to be very successful:

1. PE pipe, and for that matter, pipe made from any material needs to be handled,
joined and installed so as to minimize the development of excessive localized
stress intensifications. Requirements for proper handling, joining and installing
of PE piping — which are not at all onerous — are covered by standards, guides
and manuals issued by ASTM, AWWA and other organizations. They are also
described in this Handbook.

2. PE piping materials need to offer adequate resistance to slow crack growth (SCG).
All Current commercially available materials meet not less than Cell number 4
of the requirement for resistance to SCG Cell that is specified by ASTM D3350.
However, the newer generation of high performance materials have far superior
resistance to slow crack growth and therefore, qualify for the Cell number 7
requirement for this property(See Table 1).

3. The design factor (DF) based on which an HDB (hydrostatic design basis) is
reduced to and HDS (hydrostatic design stress) needs to leave sufficient cushion
for the safe absorption of stresses that are in addition to those upon which the
HDB has been established. While the DF has many roles, this is one of the more
important ones.

Over 40 years of actual experience and many studies regarding the fracture
mechanics behavior of PE pipe materials have shown that when the first two
approaches are in play — a principal objective of standards for PE piping — the
establishment of an HDS by the reduction of an HDB by means of a DF = 0.50
results in a very reliable and very durable field performance. However, more recent
developments in the manufacture of PE resin have resulted in the availability of
higher performance PE’s that offer exceptional resistance to SCG. These materials,
which exceed the requirements for Cell number 7 of the SCG cell in ASTM 3350, have
demonstrated that they have a significantly greater capacity for safely shedding-
off localized stress intensifications. Consequently, the HDS for these materials does
not need to provide the same cushion against localized stress intensifications as
established for the traditional materials. It has been determined that for such high
performance materials a DF of 0.63 is proven to be reliable.
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For a PE pipe material to qualify as a high performance material it must be
experimentally demonstrated that it meets the following three requirements:

1. By means of supplementary elevated temperature stress-rupture testing followed
by a Rate Process Analysis of the test results it must be demonstrated that at 73°F
(23°C) the slope of the stress regression line shall remain linear out to at least 50
years. This means that the failure mode of test samples remains in the ductile
region for at least this same time period. This test protocol is referred to as the
Substantiation requirement (See Chapter 3 for a discussion of Rate Process and
Substantiation methodologies). Such performance at the higher test stresses is an
indicator of a PE’s very high resistance to SCG at the lower operating stresses.

2. The resistance to SCG of the composition must qualify it for Cell number 7 of the
Slow Crack Growth Resistance Cell of ASTM D3350. To qualify, the failure time
must exceed 500 hrs when the material is evaluated in accordance with method
ASTM F1473. This is a fracture mechanics based method (Described in Chapter
3) which yields an index — one that has been calibrated against actual quality
of longer-term field experience — of a PE’s capacity for resisting localized stress
intensifications that are caused by external (i.e., non-pressure) causes.

3. The LCL (lower confidence limit) ratio of the stress rupture data for these high
performance materials has been raised to a minimum of 90 percent. This ratio
represents the amount of scatter in the data; it means that the minimum predicted
value of the LTS (long term strength) based on statistical analysis of the data shall
not be less than 90 percent of it's average predicted value.

A PE material which qualifies for the second of these three requirements is identified
by the number 7 as the second numeral in the PE pipe material designation code
(For example, PE4710 and PE2708).

It should be evident from the above discussion that the HDS of a PE pipe material is
not solely determined by its HDB, a measure of the material’s capacity for resisting
stresses induced by internal hydrostatic pressure. The HDS that is established

needs also to reflect the material’s capacity for safely shedding off add-on stresses.
Thus, even if two PE pipe materials have the same HDB their allowable HDS's can
be different. For this reason PE pipe standards designate a PE by its pipe material
designation code, a code which both identifies the material’s resistance to SCG

and its recommended HDS (See Table 4). The pipe’s pressure rating for the

standard condition of water and 73°F (23°C) is derived from this HDS. Table A.2 in
Chapter 3 (Appendix) lists factors for the determining of a pipe’s pressure rating for
other temperatures.
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As pointed out in Item 3 under this Section’s introductory paragraph, the DF has
other important roles than just that of allowing for the safe absorption of other than
the stresses that are induced by hydrostatic pressure. Included among these roles are
the following;:

¢ The hydrostatic design basis (HDB), upon which a DF is applied, is but a design
basis that has been established based on a forecast of the average value of the
material’s hydrostatic strength at a loading that is continually sustained for
100,000hrs (11.4yrs). The DF must give recognition to the fact that a PE’s minimum
strength is actually somewhat below its predicted average and that the resultant
HDS is intended for a loading duration that shall be substantially longer than
11.4 years.

e The forecasted value of a material’s long-term hydrostatic strength (LTHS) is
established using “perfect” test pipes that have not been subjected to the normal
effects of handling and installation and that include no typical components of a
piping system.

¢ The minimum value of material’s long-term strength may somewhat vary due to
normal variabilities in the processes that are used both in the manufacture of the
pipe material and the pipe.

e The forecasted value of a material’s LTHS has been established under conditions of
constant pressure and temperature whereas in actual service these can vary.

A Widely Recognized Source of HDS Recommendations

Most PE pipe standards that are issued by ASTM establish PE pipe pressure ratings
based on the HDS's that are recommended by the Hydrostatic Stress Board (HSB) of
the Plastics Pipe Institute. This group has been issuing HDS recommendations for
commercial grade materials since the early 1960’s. The membership of the HSB is
constituted of persons who are recognized experts in the technology of thermoplastic
pressure pipe. These experts include representatives from material and pipe
producers, testing laboratories, trade associations, a regulatory agency and private
consultants. And, all major thermoplastic pipe materials are represented, including
polyvinyl chloride (PVC), chlorinated PVC (CPVC), polyethylene (PE), and cross-
linked PE (PEX).

The HDS recommendations that are issued by the HSB are based upon a close review
of detailed longer-term stress rupture data and they take into account the various
factors, as above discussed, that need to be considered when establishing an HDS.
The HSB's policies regarding data requirements are presented in PPI publication
TR-3, “Policies and Procedures for Developing Hydrostatic Design Basis (HDB),
Hydrostatic Design Stresses (HDS), Pressure Design Basis (PDB), Strength Design
Basis, and Minimum Required Strength (MRS) Ratings for Thermoplastic Pipe
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Materials or Pipe”. A listing of HDS recommendations is offered in the periodically
updated publication TR-4, “PPI Listing of Hydrostatic Design Basis (HDB),
Hydrostatic Design Stress (HDS), Strength Design Basis (SDB), Pressure Design Basis
(PDB) and Minimum Required Strength (MRS) Ratings for Thermoplastic Piping
Materials”.

A current edition of both TR-2 and TR-4 can be found at the PPI website www.
plasticpipe.org. Also available at this website are other reports, recommendations,
notes and model specifications intended to assist users and designers in the optimum
use of PE pipe. Each of these publications may be downloaded from this website.

Standard Specifications for Fittings and Joints

One of the best attributes of PE pipe is its ability to be joined by heat fusion (butt,
socket and saddle). Butt fusion is performed by heating the ends of the pipe and/

or fitting with an electrically heated plate at about 400°F until the ends are molten.
The ends are then forced together at a controlled rate and pressure, and held until
cooled. Performed properly, this results in a joint that is integral with the pipe itself,
is totally leak-proof, and is typically stronger than the pipe itself. Heat fusion joining
can also be used for connecting service lines to mains using saddle fittings — even
while the main line is in service. Another type of heat fusion is electrofusion. The
main difference between conventional heat fusion and electrofusion is the method
by which heat is supplied. More complete details of the fusion joining procedure
and other methods of joining PE pipe can be found in Chapter 9, “PE Pipe Joining
Procedures”.

While heat fusion is a good method for joining PE pipe and fittings, mechanical
fittings are another option. Mechanical fittings consist of compression fittings,
flanges, or other types of manufactured transition fittings. There are many types and
styles of fittings available from which the user may choose. Each offers its particular
advantages and limitations for each joining situation the user may encounter.

The chapter on joining polyethylene pipe within this Handbook provides more
detailed information on these procedures. It should be noted that, at this time,
there are no known adhesives or solvent cements that are suitable for joining
polyethylene pipes.

Joining of polyethylene pipe can be done by either mechanical fittings or by heat
fusion. All joints and fittings must be designed at the same high level of performance
and integrity as the rest of the piping system. For gas distribution systems, the
installation of a plastic pipe system must provide that joining techniques comply
with Department of Transportation 49 CFR 192 subpart F-Joining of Materials Other
Than by Welding. The general requirements for this subpart are:
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General

a. The pipeline must be designed and installed so that each joint will sustain the
longitudinal pullout or thrust forces caused by contraction or expansion of the
piping or by anticipated external or internal loading.

b. Each joint must be made in accordance with written procedures that have been
proven by test or experience to produce strong, gas-tight joints.

c. Each joint must be inspected to ensure compliance with this subpart. Within
49 CFR 192 subpart F, 192.281 specifies selected requirements for plastic joints;
192.282 specifies requirements for qualifying joining procedures; 192.285 specifies
qualifying persons to make joints; and 192.287 specifies inspection of joints.

Since PE fittings are also subjected to stresses they must also be produced from
stress rated PE materials. However, since the geometry of the fittings is different
from the pipe, the stress fields induced by internal pressure and by external causes
are more complex. Because of this, there are no simple equations that can be used
for the design of pressure rated fittings. The practice is to establish fitting pressure
ratings by means of testing. Typically, the fitting will be rated to handle the same
pressure as the pipe to which it is designed to be joined. If there is a question about
the pressure rating of the fitting, the reader is advised to contact the manufacturer.

Specifications for socket, butt fusion, and electrofusion fittings that have been

developed and issued by ASTM include:

e D 2683 “Standard Specification for Socket-Type Polyethylene Fittings for Outside
Diameter-Controlled Polyethylene Pipe and Fittings.”

e D 3261 “Standard Specification for Butt Heat Fusion Polyethylene (PE) Plastic
Fittings for Polyethylene Plastic Pipe and Tubing.”

e F 1055 “Electrofusion Type Polyethylene Fittings for Outside Diameter Controlled
Polyethylene Pipe and Tubing.”

e D 2657 “Standard Practice for Heat Fusion Joining of Polyolefin Pipe and Fittings.”

Generic fusion procedures for PE pipe products have also been published by

the Plastic Pipe Institute (PPI). They include, TR 33 “ Generic Butt Fusion Joining
Procedure for Polyethylene Gas Pipe” and TR 41 “Generic Saddle Fusion Joining
Procedure for Polyethylene Gas Pipe.” In addition to these standards and procedures,
each manufacturer will have published joining procedures for their pipe and/or
fittings. Some of the relevant standards that pertain to fitting performance or joining
practices are listed in the Appendix.
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Codes, Standards and Recommended Practices for

PE Piping Systems

There are a large number of codes, standards and practices that apply to the use of
PE piping. These consensus documents cover a broad range of applications for PE
pipe and fittings. Some standards pertain to the product performance requirements
for a specific application, while other standards are guidelines and practices
detailing how a certain type of activity is to be performed. Some are test methods
that define exactly how a particular test is to be run so that a direct comparison can
be made between results. There are several organizations that issue standards, codes
of practice, manuals, guides, and recommendations that deal with the manufacture,
testing, performance, and use of PE pipe and fittings. Some of the major ones are
discussed below. A more inclusive listing can be found in the Appendix of this
chapter.

Plastics Pipe Institute ( PPI)

The Plastics Pipe Institute is a trade association dedicated to promoting the proper
and effective use of plastics piping systems. The assignment of a recommended
hydrostatic design basis for a thermoplastic material falls under the jurisdiction of
the Hydrostatic Stress Board - HSB - of the Plastics Pipe Institute. The Hydrostatic
Stress Board has the responsibility of developing policies and procedures for the
recommendation of the estimated long-term strength for commercial thermoplastic
piping materials. The document most widely used for this is Technical Report-3,
TR-3 “Policies and Procedures for Developing Hydrostatic Design Bases (HDB),
Pressure Design Bases (PDB), Strength Design Bases (SDB), and Minimum Required
Strengths (MRS) for Thermoplastic Piping Materials or Pipe.” The material stress
ratings themselves are published in TR-4, “PPI Listing of Hydrostatic Design Bases
(HDB), Strength Design Bases (SDB), Pressure Design Bases (PDB) and Minimum
Required Strengths (MRS) Ratings for Thermoplastic Piping Materials or Pipe.”
There are many other publications pertaining to various aspects of polyethylene pipe
available from PPI such as: TN’s - Technical Notes, TR’s - Technical Reports, Model
Specifications, and White Papers on specific positions addressed by the industry.
Check the website www.plasticpipe.org for up-to-date publications.

It should be noted that while the Hydrostatic Stress Board (HSB) is a division of

the Plastics Pipe Institute, involved in the development and issuance of policies,
procedures, and listings of stress and pressure ratings for all thermoplastic pipe
materials, PP itself is an industry association focused on the promotion and
effective and proper use of pipe primarily made from polyethylene (PE), cross linked
polyethylene ( PEX), and polyamide (POM) materials.
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ASTM

ASTM International is a consensus standards writing organization, and has
published standards for a multitude of materials, products, practices and
applications. Those pertaining to polyethylene pipe are found in Volume 8.04
“Plastic Pipe and Building Products.” ASTM employees do not write these
standards; rather they are written by interested parties and experts within the
industry who are members of ASTM. Most anyone can be a member of ASTM and
participate in the standard writing process. Other standards, pertaining to plastics
in general are found in other books within Volume 8 - 8.01, 8.02, or 8.03.

ASTM Standards pertaining to PE pipe can be a Standard Specification that defines
the product requirements and performance for a specific application. It can also be
a Standard Practice, which defines how a particular activity is to be performed, or

a Standard Test Method, which defines how a particular test on PE pipe, fittings,

or materials is to be done. While ASTM standards are mainly used in North
America, many are also approved by the American National Standards Institute
(ANSI) for international recognition, or are equivalent to an International Standards
Organization (ISO) standard. When a manufacturer prints the ASTM Standard

on a product, the manufacturer is certifying that the product meets all of the
requirements of that standard.

The typical sections included in an ASTM Product Standard are:
Scope — what products and applications are covered under this standard.

Referenced Documents — what other standards or specifications are referenced in this
standard.

Terminology — lists definitions that are specific to this standard.
Materials — defines material requirements for products that conform to this standard.

Requirements — details the performance requirements that the product must meet.
This section will also contain dimensions.

Test Methods — details how the testing is to be performed to determine conformance
to the performance requirements.

Marking — details the print that must be on the product. Includes the standard
number, manufacturer’s name, size, date of manufacture, and possibly the
application such as “water.” There may be other wording added to the print as the
purchaser requires.

This is only a typical example of sections that may be included. While ASTM has
defined protocol for product standards, each one may contain sections unique to
that standard. Each standard should be reviewed individually for its requirements.
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A listing of major ASTM standards pertaining to PE pipe and fittings is in the
Appendix. Current publications of these standards can be found at the website
www.astm.org.

ISO

The International Organization for Standardization (ISO) is a network of national
standards institutes from 140 countries working in partnership with international
organizations, governments, industry, business and consumer representatives.

The ISO committee having jurisdiction for development of plastics pipe standards is
Technical Committee 138. The committee’s stated scope is: Standardization of pipes,
fittings, valves and auxiliary equipment intended for the transport of fluids and
made from all types of plastic materials, including all types of reinforced plastics.
Metal fittings used with plastics pipes are also included. The main committee has
seven subcommittees devoted to specific issues.

TC 138 has 35 participating countries, including the United States and Canada,

and 27 observer countries. For ISO matters the United States is represented by the
American National Standards Institute (ANSI). Canadian representation is through
the Standards Council of Canada (SCC). The United States representation has been
passed through ANSI who had delegated it down to ASTM and, who in turn, had
delegated it to the Plastics Pipe Institute.

NSF International

NSF International plays a vital role in the use of pipe and fittings for potable water
and plumbing applications. NSF is an independent, not-for-profit organization of
scientists, engineers, educators and analysts. It is a trusted neutral agency, serving
government, industry and consumers in achieving solutions to problems relating to
public health and the environment. NSF has three essential missions, as follows:

1. To issue standards that establish the necessary public health and safety
requirements for thermoplastic piping materials and for piping products intended
for use in the transport of potable water and for drainage and venting systems in
plumbing applications.

2. To establish the appropriate test methods by which these requirements are
evaluated.

3. To offer a certification program which affirms that a particular product which
carries an NSF seal is in compliance with the applicable NSF requirements

NSF standards are developed with the active participation of public health and other
regulatory officials, users and industry. The standards specify the requirements
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for the products, and may include requirements relating to materials, design,
construction, and performance.

There are two NSF Standards that are of particular importance to the polyethylene
pipe and fittings industry: Standard 14, “Plastic Piping components and Related
Materials” and Standard 61, “Drinking Water System Components-Health Effects.”
Standard 14 includes both performance requirements from product standards and
provisions for health effects covered in Standard 61. NSF Standard 14 does not
contain performance requirements itself, but rather NSF will certify that a product
conforms to a certain ASTM, AWWA, etc... product performance standard. In order
to be certified for potable water applications under Standard 14, the product must
also satisfy the toxicological requirements of Standard 61.

For products intended for potable water applications, it is also an option to be
certified under Standard 61 only, without certifying the performance aspects of the
product. In the early 1990’s NSF separated the toxicological sections of Standard 14
into a new Standard 61. This was done for several reasons, but mainly to make it
easier to bring new, innovative products to market without undue expense and time,
while continuing to keep the public safe. This was a great benefit to the industry.
Now manufacturers have a choice of staying with Standard 14 or switching to
Standard 61. Many manufacturers who have in-house quality programs and the
ability to perform the necessary tests switched to this new potable water certification
option.

AWWA

The American Water Works Association (AWWA) is a leader in the development

of water resource technology. These AWWA standards describe minimum
requirements and do not contain all of the engineering and administrative
information normally contained in a specification that is written for a particular
project. AWWA standards usually contain options that must be evaluated by the
user of the standard. Until each optional feature is specified by the user, the product
or service is not fully defined. The use of AWWA standards is entirely voluntary.
They are intended to represent a consensus of the water supply industry that the
product described will provide satisfactory service.

There are currently two AWWA standards that pertain to polyethylene pipe: AWWA
C901, “Polyethylene (PE) Pressure Pipe and Tubing, 1/2 inch through 3 inch, for
Water Service” and AWWA C906, “Polyethylene (PE) Pressure Pipe and Fittings,

4 inch through 63 inches, for Water Distribution.” Standard C901 addresses PE
pressure pipe and tubing for use primarily as potable water service lines in the
construction of underground distribution systems. It includes dimensions for pipe
and tubing made to pressure classes of 80 psi, 100 psi, 125 psi, 160 psi and 250 psi.
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This standard covers PE pipe in nominal sizes from % inch through 3 inch that are
made to controlled outside-diameters based on iron pipe sizes i.e. (OD based IPS
size) and also to controlled inside-diameter based on iron pipe sizes i.e. (ID based
IPS size). It also covers tubing, ranging in size from %2 inch through 2 inch that
conforms to the outside-diameter dimensions of copper tubing sizes (CTS). There are
also sections on materials, testing and marking requirements; inspection and testing
by manufacturer; and in-plant inspection by purchaser.

AWWA Standard C906 addresses larger diameter PE pressure pipe. The pipe is
primarily intended for use in transporting potable water in either buried or above-
ground installations. The standard covers 10 standard dimension ratios (SDR'’s) for
nominal pipe sizes ranging from 4 inch through 63 inch. The available pipe sizes

are limited by a maximum wall thickness of 3 inch. Pipe outside diameters (OD’s)
conform to the outside diameter dimensions of iron pipe sizes (IPS), ductile iron pipe
size (DIPS), or those established by the International Standards Organization (ISO).
Pressure class ratings range from 40 to 250 psig.

AWWA has also published a manual M55, “PE Pipe-Design and Installation”. This
manual is a design and installation guide for the use of polyethylene pipe in potable
water applications. The manual supplements C901 and C906 and provides specific
design recommendations as it relates to the use of PE pipe in potable water systems.

Standard Plumbing Codes

Piping systems used in buildings must meet standards that are recognized by the
plumbing code adopted by the jurisdiction in which the building is to be located.
Within the United States there are several “model” codes, any one of which can

be used as the basis for a local jurisdiction’s code. Most widely used model codes
include the International Plumbing Code (IPC), produced by the International Code
Council (ICC) and the Uniform Plumbing Code (UPC), produced by the International
Association of Plumbing and Mechanical Officials IAPMO). One of the model codes
may be adopted in its entirety or modified by the jurisdiction. Some states adopt a
statewide code which municipalities may or may not be allowed to amend based

on state law. Both designers and contractors need to be familiar with the code that
applies to a particular project with a specific jurisdiction.

ASME B31.3, Chemical Plant and Petroleum Refinery Piping Code

The proper and safe usage of plastics piping in industrial applications demands that
close attention be paid in the design, selection and installation of such piping. Safe
design rules and guidelines are set forth in the ASME B31.3 Piping Code. In this code
the requirements for plastics piping, including those for PE, are placed in a separate
Chapter V1, titled “Nonmetallic Piping and Piping Lined with Nonmetals”.
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Other Codes and Standards

There are several other codes and standards writing organizations which pertain

to polyethylene pipe. These groups usually have a type of certification program for
products to be used in a certain industry or application, and may or may not write
their own performance standards. If they do not write their own standards, they will
certify products to an existing standard such as ASTM, AWWA, etc. The certification
process will normally consist of an initial application stating what specific products
are requesting certification, an on-site inspection of the production facilities, and
testing of the product to assure performance to the relevant product specification.
This is followed up by annual random inspections and product testing.

The Canadian Standards Association (CSA) provides a good example of the type of
compliance certification program that relates to the use of polyethylene pipe in both
water (CSA B137.1) and gas distribution (C137.4) applications. CSA’s certification of
compliance to the standards to which a particular polyethylene pipe is made allows
the producer of that product to place the CSA mark on the product. The presence

of the mark assures the purchaser that the product has met the requirements of

the CSA certification program and insures that the product meets the appropriate
product specifications as determined by the audits and inspections conducted by the
Canadian Standards Association.

Factory Mutual

Factory Mutual Research (FM), an affiliate of FM Global, is a non-profit organization
that specializes in property loss prevention knowledge. The area that pertains to PE
pipe is the FM Standard “Plastic Pipe and Fittings for Underground Fire Protection
Service.” Certification to this standard may be required by an insurance company
for any PE pipe and fittings being used in a fire water system. FM Global requires an
initial inspection and audit of production facilities to be assured that the facility has
the proper quality systems in place similar to ISO 9000 requirements. Then testing
of the pipe must be witnessed by an FM representative. This testing must pass the
requirements set forth in the FM Standard for PE pipe. After initial certification,
unannounced audits are performed on at least an annual basis. More information
can be found at their website www.fmglobal.com, or by calling at

(401) 275-3000.

Conclusion

PE resins are produced to cover a very broad range of applications. The physical
performance properties of these various formulations of PE vary significantly
making each grade suitable for a specific range of applications. To that end, the PE
pipe industry has worked diligently to establish effective standards and codes which
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will assist the designer in the selection and specification of piping systems produced
from PE materials which lend themselves to the type of service life sought. As such,
the discussion which has been presented here should assist the designer and/or
installer in his understanding of these standards and their significance relative to the
use of these unique plastic piping materials.

Extensive reference has been made throughout the preceding discussion to
standards writing or certifying organizations such as ASTM, AWWA, NS, etc.
The standards setting process is dynamic, as is the research and development that
continues within the PE pipe industry. As such, new standards and revisions of
existing standards are developed on an ongoing basis. For this reason, the reader
is encouraged to obtain copies of the most recent standards available from these
various standards organizations.
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Appendix 1
Major Standards, Codes and Practices
General
ASTM
D 3350 Polyethylene Plastics Pipe and Fittings Materials
D 1598 Time-to-Failure of Plastic Pipe Under Constant Internal Pressure
D 1599 Short-Time Hydraulic Failure Pressure of Plastic Pipe, Tubing and Fittings
D 2122 Determining Dimensions of Thermoplastic Pipe and Fittings
D 2837 Obtaining Hydrostatic Design Basis for Thermoplastic Pipe Materials
D 2488 Description and Identification of Soils (Visual-Manual Procedure)
D 2657 Heat-Joining Polyolefin Pipe and Fittings
D 2683 Socket Type Polyethylene Fittings for Outside Diameter Controlled Polyethylene Pipe and Tubing
F 412 Terminology Relating to Plastic Piping Systems
F 480 Thermoplastic Well Casing Pipe and Couplings Made in Standard Dimension Ratios (SDRs), SCH 40,
and SCH 80
F 948 Time-to-Failure of Plastic Piping Systems and Components Under Constant Internal Pressure With
Flow
F 1055 Electrofusion Type Polyethylene Fittings for Outside Diameter Controlled Polyethylene Pipe and
Tubing
F 1248 Test Method for Determination of Environmental Stress Crack Resistance (ESCR) of Polyethylene
Pipe
F1290 Electrofusion Joining Polyolefin Pipe and Fittings
F 1473 Notch Tensile Test to Measure the Resistance to Slow Crack Growth of Polyethylene Pipes and
Resins
F 1533 Deformed Polyethylene (PE) Liner
F 1901 Polyethylene (PE) Pipe and Fittings for Roof Drain Systems
F 1962 Standard Guide for Use of Maxi-Horizontal Directional Drilling for Placement of Polyethylene Pipe or
Conduit Under Obstacles, Including River Crossing
F 2164 Standard Practice for Field Leak Testing of Polyethylene (PE) Pressure Piping Systems Using
Hydrostatic Pressure
F 2231 Standard Test Method for Charpy Impact Test on Thin Specimens of Polyethylene Used in
Pressurized Pipes
F 2263 Standard Test Method for Evaluating the Oxidative Resistance of Polyethylene (PE) Pipe to
Chlorinated Water
F 2620 Standard Practice for Heat Fusion Joining of Polyethylene Pipe and Fittings
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PPl TECHNICAL REPORTS

TR-3 Policies and Procedures for Developing Hydrostatic Design Bases (HDB), Pressure Design
Bases (PDB), Strength Design Bases (SDB), and Minimum Required Strengths (MRS) Ratings for
Thermoplastic Piping Materials for Pipe

TR-4 PPI Listing of Hydrostatic Design Bases (HDB), Strength Design Bases (SDB), Pressure Design Bases
(PDB) and Minimum Required Strength (MRS) Ratings for Thermoplastic Piping Materials or Pipe

TR-7 Recommended Methods for Calculation of Nominal Weight of Solid Wall Plastic Pipe

TR-9 Recommended Design Factors for Pressure Applications of Thermoplastic Pipe Materials

TR-11 Resistance of Thermoplastic Piping Materials to Micro- and Macro-Biological Attack

TR-14 Water Flow Characteristics of Thermoplastic Pipe

TR-18 Weatherability of Thermoplastic Piping Systems

TR-19 Thermopilastic Piping for the Transport of Chemicals

TR-21 Thermal Expansion and Contraction in Plastics Piping Systems

TR-30 Investigation of Maximum Temperatures Attained by Plastic Fuel Gas Pipe Inside Service Risers

TR-33 Generic Butt Fusion Joining Procedure for Polyethylene Gas Pipe

TR-34 Disinfection of Newly Constructed Polyethylene Water Mains

TR-35 Chemical & Abrasion Resistance of Corrugated Polyethylene Pipe

TR-36 Hydraulic Considerations for Corrugated Polyethylene Pipe

TR-37 CPPA Standard Specification (100-99) for Corrugated Polyethylene (PE) Pipe for Storm Sewer
Applications

TR-38 Structural Design Method for Corrugated Polyethylene Pipe

TR-39 Structural Integrity of Non-Pressure Corrugated Polyethylene Pipe

TR-41 Generic Saddle Fusion Joining Procedure for Polyethylene Gas Piping
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PPI TECHNICAL NOTES

TN-4 Odorants in Plastic Fuel Gas Distribution Systems

TN-5 Equipment used in the Testing of Plastic Piping Components and Materials

TN-6 Polyethylene (PE) Coil Dimensions

TN-7 Nature of Hydrostatic Stress Rupture Curves

TN-11 Suggested Temperature Limits for the Operation and Installation of Thermoplastic Piping in
Non-Pressure Applications

TN-13 General Guidelines for Butt, Saddle and Socket Fusion of Unlike Polyethylene Pipes and Fittings

TN-14 Plastic Pipe in Solar Heating Systems

TN-15 Resistance of Solid Wall Polyethylene Pipe to a Sanitary Sewage Environment

TN-16 Rate Process Method for Projecting Performance of Polyethylene Piping Components

TN-17 Cross-linked Polyethylene (PEX) Tubing

TN-18 Long-Term Strength (LTHS) by Temperature Interpolation.

TN-19 Pipe Stiffness for Buried Gravity Flow Pipes

TN-20 Special Precautions for Fusing Saddle Fittings to Live PE Fuel Gas Mains Pressurized on the
Basis of a 0.40 Design Factor

TN-21 PPI PENT test investigation

TN-22 PPI Guidelines for Qualification Testing of Mechanical Couplings for PE Pipes in Pressurized Water
or Sewer Service

TN-23 Guidelines for Establishing the Pressure Rating for Multilayer and Coextruded Plastic Pipes

TN-35 General Guidelines for Repairing Buried HDPE Potable Water Pressure Pipes

TN-36 General Guidelines for Connecting HDPE Potable Water pressure Pipes to DI and PVC
piping Systems

TN-38 Bolt Torque for Polyethylene Flanged Joints

TN-41 High Performance PE Material for Water Piping Applications

Gas Pipe, Tubing and Fittings

ASTM

D 2513 Thermoplastic Gas Pressure Pipe, Tubing and Fittings

F 689 Determination of the Temperature of Above-Ground Plastic Gas Pressure Pipe Within Metallic
Castings

F 1025 Selection and Use of Full-Encirclement-Type Band Clamps for Reinforcement or Repair of Punctures
or Holes in Polyethylene Gas Pressure Pipe

F 1041 Squeeze-Off of Polyolefin Gas Pressure Pipe and Tubing

F 1563 Tools to Squeeze Off Polyethylene (PE) Gas Pipe or Tubing

F 1734 Practice for Qualification of a Combination of Squeeze Tool, Pipe, and Squeeze-Off Procedure to
Avoid Long-Term Damage in Polyethylene (PE) Gas Pipe

F 1924 Plastic Mechanical Fittings for Use on Outside Diameter Controlled Polyethylene Gas Distribution
Pipe and Tubing

F 1948 Metallic Mechanical Fittings for Use on Outside Diameter Controlled Thermoplastic Gas Distribution
Pipe and Tubing

F 1973 Factory Assembled Anodeless Risers and Transition Fittings in Polyethylene (PE) Fuel Gas
Distribution Systems

F 2138 Standard Specification for Excess Flow Valves for Natural Gas Service
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PPI

TR-22 Polyethylene Plastic Piping Distribution Systems for Components of Liquid Petroleum Gase

MS-2 Model Specification for Polyethylene Plastic Pipe, Tubing and Fittings for Natural Gas Distribution

OTHER STANDARDS FOR GAS PIPING APPLICATIONS

Title 49, | Transportation of Natural Gas and Other Gas by Pipe Line

CFR part

192

AGA AGA Plastic Pipe Manual for Gas Service (American Gas Association)

API API Spec 15LE Specification for Polyethylene Line Pipe (American Petroleum Institute)

Water Pipe, Tubing and Fittings and Relatd Practices
ASTM

D 2104 Polyethylene (PE) Plastic Pipe, Schedule 40

D 2239 Polyethylene (PE) Plastic Pipe (SIDR-PR) Based on Controlled Inside Diameter

D 2447 Polyethylene (PE) Plastic Pipe, Schedules 40 to 80, Based on Outside Diameter

D 2609 Plastic Insert Fittings for Polyethylene (PE) Plastic Pipe

D 2683 Socket-Type Polyethylene Fittings for Outside Diameter-Controlled Polyethylene Pipe and Tubing
D 2737 Polyethylene (PE) Plastic Tubing

D 3035 Polyethylene (PE) Plastic Pipe (SDR-PR) Based on Controlled Outside Diameter

D 3261 Butt Heat Fusion Polyethylene (PE) Plastic Fittings for Polyethylene (PE) Plastic Pipe and Tubing
F 405 Corrugated Polyethylene (PE) Tubing and Fittings

F 667 Large Diameter Corrugated Polyethylene (PE) Tubing and Fittings

F 714 Polyethylene (PE) Plastic Pipe (SIDR-PR) Based on Controlled Outside Diameter

F771 Polyethylene (PE) Thermoplastic High-Pressure Irrigation Pipeline Systems

F 810 Smooth Wall Polyethylene (PE Pipe for Use in Drainage and Waste Disposal Absorption Fields

F 982 Polyethylene (PE) Corrugated Pipe with a Smooth Interior and Fittings

F 894 Polyethylene (PE) Large Diameter Profile Wall Sewer and Drain Pipe

F 905 Qualification of Polyethylene Saddle Fusion Joints

F 1055 Electrofusion Type Polyethylene Fittings for Outside Diameter Controlled Polyethylene Pipe and
Tubing

F 1056 Socket Fusion Tools for Use in Socket Fusion Joining Polyethylene Pipe or Tubing and Fittings

F 1759 Standard Practice for Design of High-Density Polyethylene (HDPE) Manholes for Subsurface
Applications

F 2206 Standard Specification for Fabricated Fittings of Butt-Fused Polyethylene (PE) Plastic Pipe, Fittings,
Sheet Stock, Plate Stock, or Block Stock
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PPI
MS-3 Model Specification for Polyethylene Plastic Pipe, Tubing and Fittings for Water Mains and
Distribution
AWWA
C 901 Polyethylene (PE) Pressure Pipe, Tubing, and Fittings, 1/2 inch through 3 inch for Water Service
C 906 Polyethylene (PE) Pressure Pipe and Fittings, 4 inch through 63 inch for Water Distribution
M 55 AWWA Manual 55: PE Pipe - Design and Installation
CSA
B 137.1 Polyethylene Pipe, Tubing and Fittings for Cold Water Pressure Services
B137.4 Polyethylene Piping Systems for Gas Services (Canadian Standards Association)
Installation
ASTM
D 2321 Underground Installation of Flexible Thermoplastic Sewer Pipe
D 2774 Underground Installation of Thermoplastic Pressure Piping
F 449 Subsurface Installation of Corrugated Thermoplastic Tubing for Agricultural Drainage or Water Table
Control
F 481 Installation of Thermoplastic Pipe and Corrugated Tubing in Septic Tank Leach Fields
F 585 Insertion of Flexible Polyethylene Pipe into Existing Sewers
F 645 Selection, Design and Installation of Thermoplastic Water Pressure Pipe System
F 690 Underground Installation of Thermoplastic Pressure Piping Irrigation Systems
F 1176 Design and Installation of Thermoplastic Irrigation Systems with Maximum Working Pressure of 63 psi
F 1417 Test Method for Installation Acceptance of Plastic Gravity Sewer Lines Using Low-Pressure Air
F 1606 Standard Practice for Rehabilitation of Existing Sewers and Conduits with Deformed Polyethylene
(PE) Liner
F 1668 Guide for Construction Procedures for Buried Plastic Pipe
F 1759 Standard Practice for Design of High-Density Polyethylene (HDPE) Manholes for Subsurface
Applications
F 1743 Qualification of a Combination of Squeeze Tool, Pipe, and Squeeze-Off Procedures to Avoid Long-
Term Damage in Polyethylene (PE) Gas Pipe
F 1804 Determine Allowable Tensile Load For Polyethylene (PE) Gas Pipe During Pull-in Installation
F 1962 Guide for Use of Maxi-Horizontal Directional Drilling for Placement of Polyethylene Pipe of Conduit
Under Obstacles, Including River Crossings
F 2164 Standard Practice for Field Leak Testing of Polyethylene (PE) Pressure Piping Systems Using
Hydrostatic Pressure
CONDUIT
F 2160 Standard Specification for Solid Wall High Density Polyethylene (HDPE) Conduit Based on Controlled
Outside Diameter (OD)
F 2176 Standard Specification for Mechanical Couplings Used on Polyethylene Conduit, Duct, and Innerduct
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Chapter 6

Design of PE Piping Systems

Introduction

Design of a PE piping system is essentially no different than the
design undertaken with any ductile and flexible piping material.

The design equations and relationships are well-established in the
literature, and they can be employed in concert with the distinct
performance properties of this material to create a piping system
which will provide very many years of durable and reliable service for
the intended application.

In the pages which follow, the basic design methods covering the use
of PE pipe in a variety of applications are discussed.
The material is divided into four distinct sections as follows:

Section 1 covers Design based on Working Pressure Requirements.
Procedures are included for dealing with the effects of temperature,
surge pressures, and the nature of the fluid being conveyed, on the
sustained pressure capacity of the PE pipe.

Section 2 deals with the hydraulic design of PE piping. It covers
flow considerations for both pressure and non-pressure pipe.

Section 3 focuses on burial design and flexible pipeline design
theory. From this discussion, the designer will develop a clear
understanding of the nature of pipe/soil interaction and the
relative importance of trench design as it relates to the use of a
flexible piping material.

Finally, Section 4 deals with the response of PE pipe to
temperature change. As with any construction material, PE
expands and contracts in response to changes in temperature.
Specific design methodologies will be presented in this section to
address this very important aspect of pipeline design as it relates
to the use of PE pipe.
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This chapter concludes with a fairly extensive appendix which
details the engineering and physical properties of the PE material
as well as pertinent pipe characteristics such as dimensions

of product produced in accordance with the various industry
standards.
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Section1
Design Based on Required Pressure Capacity

Pressure Rating

The methodology for arriving at the standard pressure rating, PR, for PE pipe is
discussed in detail in Chapter 5. The terms pressure rating (PR), pressure class (PC),
are used in various consensus standards from ASTM, AWWA, CSA and others

to denote the pipe’s capacity for safely resisting sustained pressure, and typically

is inclusive of the capacity to resist momentary pressure increases from pressure
surges such as from sudden changes in water flow velocity. Consensus standards
may treat pressure surge capacity or allowances differently. That treatment may
vary from the information presented in this handbook. The reader is referred to the
standards for that specific information.

Equations 1-1 and 1-2 utilize the Hydrostatic Design Stress, HDS, at 73°F (23°C)

to establish the performance capability of the pipe at that temperature. HDS’s for
various PE pipe materials are published in PPI TR-4, “PPI Listing of Hydrostatic
Design Basis (HDB), Hydrostatic Design Stress (HDS), Strength Design Basis (SDB),
Pressure Design Basis (PDB) and Minimum Required Strength (MRS) Ratings for
Thermoplastic Piping Materials”. Materials that are suitable for use at temperatures
above 100°F (38°C) will also have elevated temperature Hydrostatic Design Basis
ratings that are published in PPI TR-4.

The PR for a particular application can vary from the standard PR for water service.
PR is reduced for pipelines operating above the base design temperatures, for
pipelines transporting fluids that are known to have some adverse effect on PE,

for pipelines operating under Codes or Regulations, or for unusual conditions.

The PR may be reduced by application of a factor to the standard PR. For elevated
temperature applications the PR is multiplied by a temperature factor, Fr. For special
fluids such as hydrocarbons, or regulated natural gas, an environmental application
factor, Ay, is applied. See Tables 1-2 and Appendix, Chapter 3.

The reader is alerted to the fact that the form of the ISO equation presented in
Equations 1-1 and 1-2 has changed from the form of the ISO equation published

in the previous edition of the PPI PE Handbook. The change is to employ HDS

rather than HDB, and is necessitated by the additional ratings available for high
performance materials. In the earlier form of the ISO equation, PR is given as a
function of the HDB, not the HDS as in Equations 1-1 and 1-2. This difference is
significant and can result in considerable error if the reader uses the Environmental
Applications Factors given in Table 1-2 as the “Design Factor” in the HDB form of the
ISO equation.
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(1-1) _ 2 HDS Fr Ag
PR=—bRrR-1)
(1-2) _ 2 HDS Fr Ag
PR=—DR+1)
WHERE

PR = Pressure rating, psi
HDS = Hydrostatic Design Stress, psi (Table 1-1)
Ar = Environmental Application Factor (Table 1-2)

NOTE: The environmental application factors given in Table 1-2 are not to be confused with the Design Factor, DF,

used in previous editions of the PPl Handbook and in older standards.
Fr = Service Temperature Design Factor (See Appendix to Chapter 3)
DR = 0D -Controlled Pipe Dimension Ratio

(1-3) D,

DR=—
t

Do = 0D-Controlled Pipe Outside Diameter, in.
t = Pipe Minimum Wall Thickness, in.
IDR = ID -Controlled Pipe Dimension Ratio

(1-4)
IDR = %

D, = ID-Controlled Pipe Inside Diameter, in.

TABLE 1-1
Hydrostatic Design Stress and Service Temperatures

PE 2708, PE 3608,

Non-Pressure Service

Property Standard PE 2606, PE2706 | PE 3708, PE 4608 | PE 3710, PE 4710
Hydrostatic Design Stress, ASTM D2837 & . . 1000 psi
HDS at 73°F (23°C) PPI TR-3 630 psi (4.6 MPa) | 800 psi (5.5 MPa) (6.9 MPa)
Maximum recommended

operating temperature for - 140°F (60°C) 140°F (60°C) 140°F (60°C)
Pressure Service*

Maximum recommended

operating temperature for - 180°F (82°C) 180°F (82°C) 180°F (82°C)

* Some PE piping materials are stress rated at temperatures as high as 180°F. For more information regarding

these materials and their use, the reader is referred to PPI, TR-4.
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The Hydrostatic Design Stress, HDS, is the safe long-term circumferential stress that
PE pipe can withstand. It is derived by applying an appropriate design factor, DF,

to the Hydrostatic Design Basis, HDB. The method for establishing the Hydrostatic
Design Stress for PE pipe is described in Chapters 3 and 5.

At the time of this printing, AWWA is in the process of revising AWWA C906 to
incorporate PE4710 material and to use the HDS values in Table 1-1. The version in
effect at the time of this printing, AWWA C906-07, limits the maximum Hydrostatic
Design Stress to 800 psi for HDPE and to 630 psi for MDPE. AWWA C901-08 has been
revised to incorporate the materials listed in Table 1-1.

The Environmental Application Factor is used to adjust the pressure rating of

the pipe in environments where specific chemicals are known to have an effect

on PE and therefore require derating as described in Chapter 3. Table 1-2 gives
Environmental Applications Factors, Ag, which should only be applied to pressure
equations (see Equations 1-1 and 1-2) based on the HDS, not the HDB.

TABLE 1-2
PE Pipe Environmental Application Factors (Ap)*

Environmental Application

Pipe Environment
P Factor (Ag) at 73°F (23°C)
Water: Aqueous solutions of salts, acids and bases; Sewage; Wastewater; 10
Alcohols; Glycols (anti-freeze solutions) ’
Nitrogen; Carbon dioxide; Methane; Hydrogen sulfide; Non-Federally regulated 10

applications involving dry natural gas or other non-reactive gases

Fluids such as solvating/permeating chemicals in pipe or soil (typically

hydrocarbons) in 2% or greater concentration, natural or other fuel-gas liquids
condensates, crude oil, fuel oil, gasoline, diesel, kerosene, hydrocarbon fuels, wet 0.5
gas gathering, multiphase oilfield fluids, LVP liquid hydrocarbons, oilfield water

containing >2% hydrocarbons.

*Certain codes and standards include prohibitions and/or strength reduction factors relating to the presence
of certain constituents in the fluid being transported. In a code controlled application the designer
must ensure compliance with all code requirements.

When choosing the environmental applications factor (Ag), consideration must

be given to Codes and Regulations, the fluid being transported, the external
environment, and the uncertainty associated with the design conditions of internal
pressure and external loads.

The pressure rating (PR) for PE pipe in water at 73°F over the range of typical DR’s is
given in Tables 1-3 A and 1-3 B in this chapter.
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Pressure Rating for Fuel Gas Pipe

Compared to other common thermoplastic pipes, PE pipe can be used over a broader
temperature range. For pressure applications, it has been successfully used from -40°F
(-40°C) to 140°F (60°C). In the case of buried non-pressure applications it has been
used for conveying fluids that are at temperatures as high as 180°F (82°C). See Table
1-1. For pressure applications above 80°F (27°C) the Service Temperature Design
Factor is applied to determine the pressure rating. See Table A.2 in the Appendix to
Chapter 3.

The pressure rating for gas distribution and transmission pipe in US federally
regulated applications is determined by Title 49, Transportation, of The Code of
Federal Regulations. Part 192 of this code, which covers the transportation of natural
and other gases, requires that the maximum pressure rating (PR) of a PE pipe be
determined based on an HDS that is equal to the material’s HDB times a DF of 0.32.
(See Chapter 5 for a discussion of the Design Factor, DF.) This is the equivalent of
saying that for high density PE pipe meeting the requirements of ASTM D2513 the
HDS is 500 psi at 73°F and for medium density PE pipe meeting D2513 the HDS is
400 psi at 73°F. There are additional restrictions imposed by this Code, such as the
maximum pressure at which a PE pipe may be operated (which at the time of this
writing is 125 psi for pipe 12-in and smaller and 100 psi for pipe larger than 12-in
through 24-in.) and the acceptable range of operating temperatures. The temperature
design factors for federally regulated pipes are different than those given in Table
A2 in the Appendix to Chapter 3. Consult with the Federal Regulations to obtain the
correct temperature design factor for gas distribution piping.

At the time of this writing, there is an effort underway to amend the US federal

code to reflect changes already incorporated in ASTM F714 and D3035. When
amended, these changes will increase the pressure rating (PR) of pipe made with
high performance PR resins - those that meet the higher performance criteria listed in
Chapter 5 (see “Determining the Appropriate Value of HDS”), to be 25% greater than
pressure ratings of pipe made with “traditional’ resins.

In Canada gas distribution pipe is regulated per CSA Z662-07. CSA allows a design
factor of 0.4 to be applied to the HDB to obtain the HDS for gas distribution pipe.

PE pipe meeting the requirements of ASTM D2513 may be used for the regulated
distribution and transmission of liquefied petroleum gas (LPG). NFPA/ANSI 58
recommends a maximum operating pressure of 30 psig for LPG gas applications
involving polyethylene pipe. This design limit is established in recognition of the
higher condensation temperature for LPG as compared to that of natural gas and,
thus, the maximum operating pressure is recommended to ensure that plastic pipe
is not subjected to excessive exposure to LPG condensates. The Environmental
Application Factor for LP Gas Vapors (propane, propylene, and butane) is 0.8 with
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a maximum HDS of 800 psi at 73°F for HDPE and 630 psi for MDPE. For further
information the reader is referred to PPI's TR-22, Polyethylene Piping Distribution
Systems for Components of Liquid Petroleum Gases.

The pressure rating for PE gas gathering lines in the US may differ depending upon
the class location (population density) of the gathering line. Gas gathering lines

in Class 2, 3 and 4 locations are regulated applications and subject to US federal
codes the same as gas distribution and transmission lines. Gas gathering lines in
Class 1 locations are not regulated in accordance with US federal codes, and may
be operated at service pressures determined using Equation 1-1. Non-regulated gas
gathering lines may use PE pipe meeting ASTM F2619 or API 15LE, and may be
larger than 24” diameter. PE pipe meeting ASTM D2513 is not required for non-
regulated gas gathering lines.

In Canada, PE gas gathering lines are regulated in accordance with CSA Z662 Clause
13.3 and are required to meet API 15LE. PE gas gathering lines may be operated at
service pressures equivalent to those determined using Equation 1-1.

Pressure Rating for Liquid Flow Surge Pressure

Surge pressure events, which give rise to a rapid and temporary increase in

pressure in excess of the steady state condition, are the result of a very rapid

change in velocity of a flowing liquid. Generally, it is the fast closing of valves and
uncontrolled pump shutdowns that cause the most severe changes and oscillations
in fluid velocity and, consequently in temporary major pressure oscillations.

Sudden changes in demand can also lead to lesser but more frequent pressure
oscillations. For many pipe materials repeated and frequent pressure oscillations
can cause gradual and cumulative fatigue damage which necessitate specifying
higher pressure class pipes than determined solely based on sustained pressure
requirements. And, for those pipe materials a higher pressure class may also be
required for avoiding pipe rupture under the effect of occasional but more severe
high-pressure peaks. Two properties distinguish PE pipes from these other kinds

of pipes. The first is that because of their lower stiffness the peak value of a surge
pressures that is generated by a sudden change in velocity is significantly lower than
for higher stiffness pipes such as metallic pipes. And, the second is that a higher
pressure rating (PR), or pressure class (PC), is generally not required to cope with the
effects of pressure surges. Research, backed by extensive actual experience, indicates
that PE pipes can safely tolerate the commonly observed maximum peak temporary
surge pressure of twice the steady state condition. Furthermore, the long-term
strength of PE pipes is not adversely affected by repeated cyclic loading — that is, PE
pipes are very fatigue resistant.
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In the design of PE pipe, pressure surges are generally classified as Occasional
pressure surges, Recurring pressure surges, and Negative pressures.

¢ Occasional surge pressures are caused by emergency operations such as fire flow or
as a result of a malfunction, such as a power failure or system component failure,
which includes pump seize-up, valve stem failure and pressure relief valve failure.

¢ Recurring surge pressures are inherent to the design and operation of a system.
Recurring surge pressures can be caused by normal pump start up or shut down,
normal valve opening and closing, and/or “background” pressure fluctuations
associated with normal pipe operation.

¢ Negative pressure may be created by a surge event and cause a localized collapse
by buckling. (Negative pressure may also occur inside flowing pipelines due to
improper hydraulic design.)

In recognition of the performance behavior of PE pipes the following design

principles have been adopted by AWWA for all PE pressure class (PC) rated pipes.

These design principles, which are as follows, are also applicable to PE water pipes

that are pressure rated (PR) in accordance with ASTM and CSA standards:

1. Resistance to Occasional Pressure Surges:

e The resultant total pressure — sustained plus surge — must not exceed 2.0 times the
pipe’s temperature compensated pressure rating (PR). See Tables 1-3 A and 1-3 B
for standard surge allowances when the pipe is operated at its full rated pressure.

e In the rare case where the resultant total pressure exceeds 2.0 times the pipe’s
temperature adjusted PR, the pipe must be operated at a reduced pressure so that
the above criterion is satisfied. In this event the pipe’s reduced pressure rating is
sometimes referred to as the pipe’s “working pressure rating” (WPR), meaning
that for a specific set of operating conditions (temperature, velocity, and surge)
this is the pipe’s pressure rating. AWWA uses the term WPR not just for a reduced
pressure rating but for any pressure rating based on application specific conditions.
Where the total pressure during surge does not exceed the standard allowance of
2.0 (occasional) and 1.5 (recurring) the WPR equals the temperature adjusted PR.

¢ The maximum sustained pressure must never exceed the pipe’s temperature
adjusted pressure rating (PR).

Example:

A PE pipe has a DR = 17 and is made from a PE4710 material. Accordingly, its
standard pressure rating (PR) for water, at 73°F is 125 psi (See Table A.1 in Appendix
to Chapter 3). The maximum sustained water temperature shall remain below 73°F.
Accordingly, no temperature compensation is required and therefore, the pipe’s
initial WPR is equal to its standard PR or, 125 psi.
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Let us first assume that the maximum occasional surge pressure shall never exceed
120 psi. Since a WPR of 125 psi plus a surge of 120 psi is less than 2 times 125 psi the
pipe’s initial WPR of 125 psi remains at that value.

Now let us assume a second case in which the maximum occasional surge pressure
can be as high as 150 psi. This pressure plus the pipe’s initial WPR of 125 psi result in
a total momentary pressure of 275 psi, which is 25 psi above the limit of 2 x 125 psi =
250 psi. To accommodate this 25 psi excess it is necessary to reduce the pipe’s initial
WPR of 125 to a final WPR of 100 psi.

2. Resistance to Recurring Pressure Surges:

e The resultant total momentary pressure — sustained plus surge — must not exceed
1.5 times the pipe’s temperature adjusted pressure rating (PR). See Tables 1-3 A
and 1-3 B for standard surge allowance when the pipe is operated at its full rated
pressure.

e In the rare case where the resultant total pressure exceeds 1.5 times the pipe’s
temperature adjusted PR the pressure rating must be reduced to the pipe’s WPR so
that the above criterion is satisfied.

¢ The maximum sustained pressure must never exceed the pipe’s temperature
adjusted PR.

3. Resistance to Localized Buckling When Subjected to a Negative Pressure Generated
by a Surge Event

A buried pipe’s resistance to localized buckling while under the combined effect of
external pressure and a very temporary full vacuum should provide an adequate
margin of safety. The design for achieving this objective is discussed in a later
section of this chapter. It has been shown that a DR21 pipe can withstand a recurring
negative pressure surge equal to a full vacuum at 73°F. Higher DR pipes may also

be able to withstand a recurring negative surge equal to full vacuum if they are
properly installed and have soil support. Their resistance may be calculated using
Luscher’s Equation presented later in this chapter.

Estimating the Magnitude of Pressure Surges

Regardless of the type of pipe being used surge or water hammer problems can

be complex especially in interconnected water networks and they are best evaluated
by conducting a formal surge analysis (See References 25 and 32). For all water
networks, rising mains, trunk mains and special pump/valve circumstances a
detailed surge analysis provides the best way of anticipating and designing for
surge.
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Absent a formal surge analysis, an estimate of the magnitude of a surge pressure can
be made by evaluating the surge pressure that results from an anticipated sudden
change in velocity in the water flowing inside a PE pipe.

An abrupt change in the velocity of a flowing liquid in a pipe generates a pressure
wave. The velocity of the wave may be determined using Equation 1-5.

(1-5) 4660
a

K
1+—§%5(DR—2)

d

WHERE
a = Wave velocity (celerity), ft/sec

KguLk = Bulk modulus of fluid at working temperature (typically 300,000 psi for water at 73°F)

E4 = Dynamic instantaneous effective modulus of pipe material
(typically 150,000 psi for all PE pipe at 73°F (23°C)); see Appendix to Chapter 3

DR = Pipe dimension ratio

The resultant transient surge pressure, Ps, may be calculated from the wave velocity,
a, and the sudden change in fluid velocity, AV.

(1-6)
- AV
2.31g
WHERE

Ps = Transient surge pressure, psig

a = Wave velocity (celerity), ft/sec

AV = Sudden velocity change, ft/sec

g = Constant of gravitational acceleration, 32.2 ft/sec?

Figure 1-1 represents the pressure surge curves for all PE pipes as calculated using
Equations 1-5 and 1-6 for Standard Dimension Ratios (SDR’s).
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Pressure Surge, psig

Sudden Changes in Flow Rate, fps
* A value of 150,000 psi and 300,000 psi were used for E, and K, respectively.

**Calculated surge pressure values applicable to water at temperatures not exceeding 80°F (27°C).

Figure 1-1 Sudden Velocity Change vs. Pressure Surge for All PE Pipes

The surge pressure values in Figure 1-1 are based on a sudden change in velocity,
which may more often be the case for events like a sudden pump shut-down or a
rapid valve closure. A sudden shut-down or a rapid closure occurs faster than the
“critical time” (the time it takes a pressure wave initiated at the beginning of a valve
closing to return again to the valve). Under ordinary operations, during which

valve closings and pump shut-downs are slower than the “critical time”, the actual
pressure surge is smaller than that in Figure 1-1. The “critical time” is determined by

means of the following relationship:

a-n Teg = 2L/a

WHERE
Tcr = critical time, seconds

L = distance within the pipeline that the pressure wave moves before it is reflected back by a boundary
condition, ft
a = wave velocity (celerity) of pressure wave for the particular pipe, ft/s. (See Equation 1-5)

Generally, PE pipe’s capacity for safely tolerating occasional and frequently occurring
surges is such that seldom are surge pressures large enough to require a de-rating of

the pipe’s static pressure rating. Tables 1-3 A and 1-3 B show the maximum allowable
sudden changes in water flow velocity (AV) that are safely tolerated without the need
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to de-rate the pressure rating (PR) or, the pressure class (PC), of a PE pipe. If sudden
changes in velocity are expected to be greater than the values shown in these Tables,
they then must be accommodated by lowering the pipe’s static pressure rating. As
previously discussed, the new rating is called the working pressure rating (WPR).The
procedure for establishing a WPR has been discussed earlier in this Section.

TABLE 1-3A

Allowances for Momentary Surge Pressures Above PR or PG for Pipes Made From PE4710 and PE3710 Materials'.

Standard Allowance for Momentary Surge Pressure Above the
Standard Static IO T
Pressure Rating Allowance for Recurring Surge Allowance for Occasional Surge
(PR) or, Standard Resultant Resultant
Pipe Standard | Pressure Class Allowable Allowable
Diameter Ratio | (PC) for water @ | Allowable Surge | Sudden Change | Allowable Surge | Sudden Change
(SDR) 73°F, psig Pressure, psig in Velocity, fps Pressure, psig in Velocity, fps
32.5 63 32 4.0 63 8.0
26 80 40 45 80 9.0
21 100 50 5.0 100 10.0
17 125 63 5.6 125 11.2
135 160 80 6.2 160 12.4
11 200 100 7.0 200 14.0
9 250 125 7.7 250 15.4
7.3 320 160 8.7 320 17.4

1. AWWA C906-07 limits the maximum Pressure Class of PE pipe to the values shown in Table B. At the time of
this printing C906 is being revised to allow PC values in Table A to be used for PE3710 and PE4710 materials.
Check the latest version of C906

TABLE 1-3 B

Allowances for Momentary Surge Pressures Above PR or PC for Pipes Made from PE 2708, PE3408, PE3608,
PE3708 and PE4708 Materials.

Standard Allowance for Momentary Surge Pressure Above the
i Pipe’s PR or PC
Standard Static
Pressure Rating Allowance for Recurring Surge Allowance for Occasional Surge
(PR) or, Standard Resultant Resultant
Pipe Standard | Pressure Class Allowable Allowable
Diameter Ratio | (PC), for Water @ | Allowable Surge | Sudden Change | Allowable Surge | Sudden Change
(SDR) 73°F, psig Pressure, psig in Velocity, fps Pressure, psig in Velocity, fps
32,5 50 25 3.1 50 6.2
26 63 32 3.6 63 7.2
21 80 40 4.0 80 8.0
17 100 50 4.4 100 8.8
13.5 125 63 4.9 125 9.8
11 160 80 5.6 160 11.2
9 200 100 6.2 200 12.4
7.3 250 125 6.8 250 13.6
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The surge pressure allowance in Table 1-3 A and 1-3 B are not the maximum surge
limits that the pipe can safely withstand. Higher surge pressures can be tolerated in
pipe where the working pressure rating (WPR) of the pipe is limited to a pressure
less than the pressure rating (PR). This works because the combined total pressure for
surge and for pumping pressure is limited to 1.5 times the PR (or PC) for recurring
surge and 2.0 times the PR (or PC) for occasional surge. If the pumping pressure is
less than the PR (or PC) then a higher surge than the standard allowance given in
Table A and B is permitted. The maximum permitted surge pressure is equal to 1.5 x
PR — WP for recurring surge and 2.0 x PR — WP for occasional surge, where WP is the
pumping or working pressure of the pipeline. For example a DR21 PE4710 pipe with
an operating pressure of 80 psi can tolerate a recurring surge pressure of 1.5 x 100 psi
— 80 psi = 70 psi. Note that in all cases WP must be equal or less than PR.

Controlling Surge Pressure Reactions

Reducing the rate at which a change in flow velocity occurs is the major means by
which surge pressure rises can be minimized. Although PE pipe is very tolerant

of such rises, other non-PE components may not be as surge tolerant; therefore,

the prudent approach is to minimize the magnitude of surge pressures by taking
reasonable precautions to minimize shock. Hydrants, large valves, pumps, and all
other hydraulic appurtenances that may suddenly change the velocity of a column of
water should be operated slowly, particularly during the portion of travel near valve
closing which has the larger effect on rate of flow. If the cause of a major surge can be
attributable to pump performance — especially, in the case of an emergency stoppage
— then, proper pressure relief mechanisms should be included. These can include
traditional solutions such as by providing flywheels or by allowing the pumps to run
backwards.

In hilly regions, a liquid flow may separate at high points and cause surge pressures
when the flow is suddenly rejoined. In such cases measures should be taken to keep
the pipeline full at all times. These can consist of the reducing of the flow rate, of the
use at high points of vacuum breakers or, of air relief valve.

Also, potential surge pressure problems should be investigated in the design of
pumping station piping, force mains, and long transmission lines. Proven and
suitable means should be provided to reduce the effect of surges to a minimum

that is practicable and economical. Although PE pipe is much more tolerant of the
effect of sudden pressure increases traditional measures should be employed for the
minimizing of the occurrence of such increases.

167



168

Chapter 6
Design of PE Piping Systems

Section 2
Hydraulic Design of PE Pipe

This section provides design information for determining the required flow diameter
for PE pipe. It also covers the following topics: general fluid flows in pipe and
fittings, liquid (water and water slurry) flow under pressure, non-pressure(gravity)
liquid flow, and compressible gas flow under pressure. Network flow analysis and
design is not addressed. 2

The procedure for piping system design is frequently an iterative process. For
pressure liquid flows, initial choice of pipe flow diameter and resultant combinations
of sustained internal pressure, surge pressure, and head loss pressure can affect pipe
selection. For non-pressure systems, piping design typically requires selecting a pipe
size that provides adequate reserve flow capacity and a wall thickness or profile
design that sufficiently resists anticipated static and dynamic earthloads. This trial
pipe is evaluated to determine if it is appropriate for the design requirements of the
application. Evaluation may show that a different size or external load capacity may
be required and, if so, a different pipe is selected then reevaluated. The Appendix to
Chapter 3 provides engineering data for PE pipes made to industry standards that are
discussed in this chapter and throughout this handbook.

Pipe ID for Flow Calculations

Thermoplastic pipes are generally produced in accordance with a dimension ratio
(DR) system. The dimension ratio, DR or IDR, is the ratio of the pipe diameter to the
respective minimum wall thickness, either OD or ID, respectively. As the diameter
changes, the pressure rating remains constant for the same material, dimension ratio
and application. The exception to this practice is production of thermoplastic pipe in
accordance with the industry established SCH 40 and SCH 80 dimensions such as
referenced in ASTM D 2447.

Flow Diameter for Qutside Diameter Controlled Pipe

OD-controlled pipe is dimensioned by outside diameter and wall thickness. Several
sizing systems are used including IPS, which specifies the same OD’s as iron pipe
sized (IPS) pipe: DIPS pipe which specifies the same OD’s as ductile iron pipe; and
CTS, which specifies the same OD’s as copper tubing sizes. For flow calculations,
inside diameter is calculated by deducting twice the average wall thickness from
the specified outside diameter. OD-controlled pipe standards include ASTM D2513,
ASTM D2737, ASTM D2447, ASTM D3035, ASTM F714, AWWA C901, AWWA C906
and API 15LE. 645678210 The Appendix to this chapter provides specific dimensional
information for outside diameter controlled PE pipe and tubing that is made to
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dimension ratio (DR) requirements in accordance with a number of different ASTM,
AWWA, CSA and API standards.

The average inside diameter for such pipes has been calculated using Equation 2-1.
Typically, wall thickness is specified as a minimum dimension, and a plus 12%
tolerance is applied. In this equation, the average ID is determined by deducting
twice the average wall thickness (minimum wall thickness plus a tolerance of 6%)
from the average outside diameter.

D

(2-1)
D, =D, —2.12 =%
DR

WHERE
D, = pipe average inside diameter, in

Do = specified average value of pipe outside diameter, in
DR = dimension ratio

ot

t = pipe minimum wall thickness, in

(2-2) D
DR S

Pipe Diameter for ID Controlled Pipe

Standards for inside diameter controlled pipes provide average dimensions for
the pipe inside diameter that are used for flow calculations. ID-controlled pipe
standards include ASTM D2104, ASTM D2239, ASTM F894 and AWWA C901. (11213

The terms “DR” and “IDR” identify the diameter to wall thickness dimension ratios
for outside diameter controlled and inside diameter controlled pipe, respectively.
When those ratios comply with standard values they are called “standard dimension
ratios”, that is SDR or SIDR. A discussion of standard dimension ratios is included in
Chapter 5.

Fluid Flow in PE Piping

Head Loss in Pipes — Darcy-Weisbach/Colebrook/Moody

Viscous shear stresses within the liquid and friction along the pipe walls create
resistance to flow within a pipe. This resistance results in a pressure drop, or loss of
head in the piping system.

The Darcy-Weisbach formula, Equation 2-3., and the Colebrook formula, Equation
2-6, are generally accepted methods for calculating friction losses due to liquids
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flowing in full pipes.®>® These formulas recognize dependence on pipe bore and
pipe surface characteristics, liquid viscosity and flow velocity.

The Darcy-Weisbach formula is:
(2-3) LV 2
f
d'2g

WHERE
h¢ = friction (head) loss, ft. of liquid

L = pipeline length, ft.

d’ = pipe inside diameter, ft.
V = flow velocity, ft/sec.
f = friction factor (dimensionless, but dependent upon pipe surface roughness and Reynolds number)

g = constant of gravitational acceleration (32.2ft/sec?)

The flow velocity may be computed by means of the following equation
(2-4) 0.4085 Q
v <
D,

WHERE
Q = flow rate, gpm

D, = pipe inside diameter, in

Liquid flow in pipes will assume one of three flow regimes. The flow regime may be laminar,
turbulent or in transition between laminar and turbulent. In laminar flow (Reynolds number, Re,
below 2000), the pipe’s surface roughness has no effect and is considered negligible. As such, the
friction factor, f, is calculated using Equation 2-5.

(2-5) . 64
" Re

WHERE
Re = Reynolds number, dimensionless = < 2000 for laminar flow, see Equation 2-7

> 4000 for turbulent flow, see Figure 2-1

For turbulent flow (Reynolds number, Re, above 4000), the friction factor, f, is
dependent on two factors, the Reynolds number and pipe surface roughness. The
resultant friction factor may be determined from Figure 2-1, the Moody Diagram.
This factor applies to all kinds of PE’s and to all pipe sizes”. In the Moody Diagram,
relative roughness, €/d (see Table 2-1 for €) is used which is the ratio of absolute
roughness to the pipe inside diameter. The friction factor may also be determined
using the Colebrook formula. The friction factor can also be read from the Moody
diagram with enough accuracy for calculation.
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The Colebrook formula is:

(2-6) e 2.51

\/T =-2log,, 3.7d‘+ Re\/T

For Formulas 2-5 and 2-6, terms are as previously defined, and:

€ = absolute roughness, ft. (see Table 2-1)
Re = Reynolds number, dimensionless (see Equation 2-5)

Liquid flow in a pipe occurs in one of three flow regimes. It can be laminar, turbulent
or in transition between laminar and turbulent. The nature of the flow depends on
the pipe diameter, the density and viscosity of the flowing fluid, and the velocity

of flow. The numerical value of a dimensionless combination of these parameters is
known as the Reynolds number and the resultant value of this number is a predictor
of the nature of the flow. One form of the equation for the computing of this number
is as follows:

2-7)
Re :3160_Q
k Di

WHERE
Q = rate of flow, gallons per minute

k = kinematic viscosity, in centistokes (See Table 2-3 for values for water)
Di = internal diameter of pipe, in

When the friction loss through one size pipe is known, the friction loss through
another pipe of different size may be found by:
(2-3) 3

d|
hf2: hf1 d_,l
2

The subscripts 1 and 2 refer to the known and unknown pipes. Both pipes must have
the same surface roughness, and the fluid must be the same viscosity and have the
same flow rate.
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TABLE 2-1

Surface Roughness for Various New Pipes

‘€’ Absolute Roughness of Surface, ft

Values for New

Values for New Pipe and Recommended Design

Type of Pipe ' Values Reported by Reference
Pipe Reported by
Reference Mean Value Reco.mmended
Design Value
Riveted steel 0.03 - 0.003 - -
Concrete 0.01 -0.001 - -
Wood stave 0.0003 - 0.0006 - -
Cast Iron — Uncoated 0.00085 0.00074 0.00083
Cast Iron - Coated - 0.00033 0.00042
Galvanized Iron 0.00050 0.00033 0.00042
Cast Iron — Asphalt Dipped 0.0004 - -
Commercial Steel or Wrought Iron 0.00015 - -
Drawn Tubing 0.0005)05 corres:po’rjds _ _
to “smooth pipe
Uncoated Stee - 0.00009 0.00013
Coated Steel - 0.00018 0.00018
Uncoated Asbestos — Cement -
Cement Mortar Relined Pipes _ 0.00167 0.00167
(Tate Process)
Smooth Pipes “smooth pipe” “smooth pipe”
(PE and other thermoplastics, - (0.000005 feet) (0.000005)
Brass, Glass and Lead) (See Note) (See Note)

Note: Pipes that have absolute roughness equal to or less than 0.000005 feet are considered to exhibit

“smooth pipe” characteristics.

Pipe Deflection Effects

Pipe flow formulas generally assume round pipe. Because of its flexibility, buried
PE pipe will deform slightly under earth and other loads to assume somewhat of an
elliptical shape having a slightly increased lateral diameter and a correspondingly
reduced vertical diameter. Elliptical deformation slightly reduces the pipe’s flow
area. Practically speaking, this phenomenon can be considered negligible as it
relates to pipe flow capacity. Calculations reveal that an elliptical deformation
which reduces the pipe’s vertical diameter by 7% results in a flow reduction of

approximately 1%.
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Note for the Moody Diagram: D = pipe inside diameter, ft

Figure 2-1 The Moody Diagram

Head Loss in Fittings

Fluids flowing through a fitting or valve will experience a friction loss that can
be directly expressed using a resistance coefficient, K, which represents the loss
in terms of an equivalent length of pipe of the same diameter.?” As shown in the
discussion that follows, this allows the loss through a fitting to be conveniently
added into the system flow calculations. Table 2-2 presents K’ factors for various
fittings.

Where a pipeline contains a large number of fittings in close proximity to each
other, this simplified method of predicting flow loss may not be adequate due to the
cumulative systems effect. Where this is a design consideration, the designer should
consider an additional frictional loss allowance, or a more thorough treatment of the
fluid mechanics.

The equivalent length of pipe to be used to estimate the friction loss due to fittings
may be obtained by Eq. 2-9 where L = Effective Pipeline length, ft; D is pipe bore
diameter in ft.; and K’ is obtained from Table 2-2.

(-9 Lgpr=KD

173



174

Chapter 6
Design of PE Piping Systems

TABLE 2-2
Representative Fittings Factor, K’, To Determine Equivalent Length of Pipe

Piping Component K

90° Molded Elbow 40
45° Molded elbow 21

15° Molded Elbow 6

90° Fabricated Elbow (3 or more miters) 24
90° Fabricated Elbow (2 miters) 30
90° Fabricated Elbow (1 miters) 60
60° Fabricated Elbow (2 or more miters) 25
60° Fabricated Elbow (1 miters) 16
45° Fabricated Elbow (2 or more miters) 15
45° Fabricated Elbow (1 miters) 12
30° Fabricated Elbow (2 or more miters) 8

30° Fabricated Elbow (1 miters) 8

15° Fabricated Elbow (1 miters) 6

Equal Outlet Tee, Run/Branch 60
Equal Outlet Tee, Run/Run 20
Globe Valve, Conventional, Fully Open 340
Angle Valve, Conventional, Fully Open 145
Butterfly Valve, >8”, Fully Open 40
Check Valve, Conventional Swing 135

- K values are based on Crane Technical Paper No 410-C
- K value for Molded Elbows is based on a radius that is 1.5 times the diameter.

- K value for Fabricated Elbows is based on a radius that is approximately 3 times the diameter.

Head Loss Due to Elevation Change

Line pressure may be lost or gained from a change in elevation. For liquids, the
pressure for a given elevation change is given by:

(2-10) hE = hz - hl

WHERE
he = Elevation head, ft of liquid

hy = Pipeline elevation at point 1, ft

hy = Pipeline elevation at point 2, ft

If a pipeline is subject to a uniform elevation rise or fall along its length, the two
points would be the elevations at each end of the line. However, some pipelines

may have several elevation changes as they traverse rolling or mountainous terrain.
These pipelines may be evaluated by choosing appropriate points where the pipeline
slope changes, then summing the individual elevation heads for an overall pipeline
elevation head.
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In a pipeline conveying liquids and running full, pressure in the pipe due to
elevation exists whether or not liquid is flowing. At any low point in the line,
internal pressure will be equal to the height of the liquid above the point multiplied
by the specific weight of the liquid. If liquid is flowing in the line, elevation head and
head loss due to liquid flow in the pipe are added to determine the pressure in the
pipe at a given point in the pipeline.

Pressure Flow of Water - Hazen-Williams Equation

The Darcy-Weisbach method of flow resistance calculation may be applied to liquid
and gases, but its solution can be complex. For many applications, empirical formulas
are available and, when used within their limitations, reliable results are obtained
with greater convenience. For example, Hazen and Williams developed an empirical
formula for the flow of water in pipes at 60° F.

The Hazen-Williams formula for water at 60° F (16°C) can be applied to water
and other liquids having the same kinematic viscosity of 1.130 centistokes which
equals 0.00001211 ft*/sec or 31.5 SSU (Saybolt Second Universal). The viscosity of
water varies with temperature, so some error can occur at temperatures other
than 60°F (16°C).

Hazen-Williams formula for friction (head) loss in feet of water head:

@11 o _ 0:002083L (100Q 1
f DI4.8655 C

Hazen-Williams formula for friction (head) loss in psi:

@1 0.0009015L (100Q)"™
f = DI4.8655 C

Terms are as previously defined, and:
h¢ = friction (head) loss, ft. of water.
p; = friction (head) loss, psi
D, = pipe inside diameter, in

C = Hazen-Williams Friction Factor, dimensionless ¢ = 150-155 for PE , (not related to Darcy-Weisbach
friction factor, f)

Q =flow rate, gpm

The Hazen-Williams Friction Factor, C, for PE pipe was determined in a hydraulics
laboratory using heat fusion joined lengths of pipe with the inner bead present.
Other forms of these equations are prevalent throughout the literature.?” The reader
is referred to the references at the end of this chapter.
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TABLE 2-3
Properties of Water
Temperature, °F/°C Specific Weight, Ib/ft3 Kme(r:r; ?:tl:glvol :gsny,

32/0 62.41 1.79
60/15.6 62.37 1.13
75/23.9 62.27 0.90
100/37.8 62.00 0.69
120/ 48.9 61.71 0.57
140/60 61.38 0.47

Water flow through pipes having different Hazen-Williams factors and different
flow diameters may be determined using the following equations:

2.63
% flow = 100 [B—'&j (%)
1

(2-13)

Where the subscripts 1 and 2 refer to the designated properties for two separate pipe
profiles, in this case, the pipe inside diameter (D, in inches) of the one pipe (1) versus
that of the second pipe (2) and the Hazen-Williams factor for each respective profile.

Pipe Flow Design Example

A PE pipeline conveying water at 60°F is 15,000 feet long and is laid on a uniform
grade that rises 150 feet. What is the friction head loss in 4” IPS DR 17 PE 3408 pipe
for a 50 gpm flow? What is the elevation head? What is the internal pressure at the
bottom of the pipe when water is flowing uphill? When flowing downhill? When full
but not flowing?

Using equation 2-12 and C = 150

1.85
_ 0.0009015(15000) (100(50) Z11.3 psi
3.9384%0% 150

f

To determine the elevation head, assume point 1 is at the bottom of the elevation,
and point 2 is at the top. Using Equation 2-10,

hg =150—-0 =150 ftof water

The specific weight of water at 60°F is 62.37 Ib/ft* (see Table 2-3), which, for each foot
of head exerts a pressure of 62.37 Ib over a 1 ft square area, or a pressure of 62.37/144
=0.43 Ib/in% Therefore, for a 150 ft. head,

he = (150 -0)0.43 = 64.5 psig
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When water is flowing, elevation head and the friction head are added. The
maximum friction head acts at the source point, and the maximum elevation head
at the lowest point. Therefore, when flowing uphill, the pressure, F, at the bottom is
elevation head plus the friction head because the flow is from the bottom to the top.

P=h. +p, =64.5+11.3="75.8psig

When flowing downbhill, water flows from the top to the bottom. Friction head
applies from the source point at the top, so the pressure developed from the
downbhill flow is applied in the opposite direction as the elevation head. Therefore,

P=h.-p;, =64.5-11.3=53.2psig

When the pipe is full, but water is not flowing, no friction head develops.

P=h. +p, =64.5+0=64.5psig

Pressure Flow of Liquid Slurries

Liquid slurry piping systems transport solid particles entrained in a liquid carrier.
Water is typically used as a liquid carrier, and solid particles are commonly granular
materials such as sand, fly-ash or coal. Key design considerations involve the nature
of the solid material, it’s particle size and the carrier liquid.

Turbulent flow is preferred to ensure that particles are suspended in the liquid.
Turbulent flow also reduces pipeline wear because particles suspended in the carrier
liquid will bounce off the pipe inside surface. PE pipe has viscoelastic properties
that combine with high molecular weight toughness to provide service life that can
significantly exceed many metal piping materials. Flow velocity that is too low to
maintain fully turbulent flow for a given particle size can allow solids to drift to the
bottom of the pipe and slide along the surface. However, compared to metals, PE is a
softer material. Under sliding bed and direct impingement conditions, PE may wear
appreciably. PE directional fittings are generally unsuitable for slurry applications
because the change of flow direction in the fitting results in direct impingement.
Directional fittings in liquid slurry applications should employ hard materials that
are resistant to wear from direct impingement.

Particle Size

As a general recommendation, particle size should not exceed about 0.2 in (5 mm),
but larger particles are occasionally acceptable if they are a small percentage of

the solids in the slurry. With larger particle slurries such as fine sand and coarser
particles, the viscosity of the slurry mixture will be approximately that of the
carrying liquid. However, if particle size is very small, about 15 microns or less, the
slurry viscosity will increase above that of the carrying liquid alone. The rheology
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of fine particle slurries should be analyzed for viscosity and specific gravity before
determining flow friction losses. Inaccurate assumptions of a fluid’s rheological
properties can lead to significant errors in flow resistance analysis. Examples of fine
particle slurries are water slurries of fine silt, clay and kaolin clay.

Slurries frequently do not have uniform particle size, and some particle size non-
uniformity can aid in transporting larger particles. In slurries having a large
proportion of smaller particles, the fine particle mixture acts as a more viscous
carrying fluid that helps suspend larger particles. Flow analysis of non-uniform
particle size slurries should include a rheological characterization of the fine particle
mixture.

Solids Concentration and Specific Gravity

Equations 2-14 through 2-17 are useful in determining solids concentrations and
mixture specific gravity. Tables 2-4, 2-5, and 2-6 provide information about specific
gravity and particle size of some slurries.

(2-14) c S, - S,

' Ss _SL
(2-15) _ CvSs
W SM

(2-17) . SL
8 I_CW (Ss _SL]
Ss
WHERE

Sy = carrier liquid specific gravity

Sg = solids specific gravity

S = slurry mixture specific gravity

Cy = percent solids concentration by volume
Cyy = percent solids concentration by weight

Critical Velocity

As pointed out above, turbulent flow is preferred to maintain particle suspension.
A turbulent flow regime avoids the formation of a sliding bed of solids, excessive
pipeline wear and possible clogging. Reynolds numbers above 4000 will generally
insure turbulent flow.
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Maintaining the flow velocity of a slurry at about 30% above the critical settlement
velocity is a good practice. This insures that the particles will remain in suspension
thereby avoiding the potential for excessive pipeline wear. For horizontal pipes,
critical velocity may be estimated using Equation 2-18.

Individual experience with this equation varies. Other relationships are offered in
the literature. See Thompson and Aude®. A test section may be installed to verify
applicability of this equation for specific projects.

V. = F\290" (5, -1

Where terms are previously defined and

V¢ = critical settlement velocity, ft/sec

F| = velocity coefficient (Tables 2-7 and 2-8)

d’ = pipe inside diameter, ft

An approximate minimum velocity for fine particle slurries (below 50 microns,

0.05 mm) is 4 to 7 ft/sec, provided turbulent flow is maintained. A guideline
minimum velocity for larger particle slurries (over 150 microns, 0.15 mm) is provided
by Equation 2-19.

Gy —144d

WHERE
Vmin = approximate minimum velocity, ft/sec

Critical settlement velocity and minimum velocity for turbulent flow increases with
increasing pipe bore. The relationship in Equation 2-20 is derived from the Darcy-
Weisbach equation. (Equation 2-3)

(2-20) / d'
V, 2V

N

The subscripts 1 and 2 are for the two pipe diameters.
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TABLE 2-4
Scale of Particle Sizes
Tyler Screen Mesh | U.S. Standard Mesh Inches Microns Class
- - 1.3-2.5 33,000 - 63,500 Very coarse gravel
- - 0.6-1.3 15,200 - 32,000 Coarse gravel
2.5 - 0.321 8,000 Medium gravel
5 5 0.157 4,000 Fine gravel
9 10 0.079 2,000 Very fine gravel
16 18 0.039 1,000 Very coarse sand
32 35 0.0197 500 Coarse sand
60 60 0.0098 250 Medium sand
115 120 0.0049 125 Fine sand
250 230 0.0024 62 Very fine sand
400 - 0.0015 37 Coarse silt
- - 0.0006 - 0.0012 16 - 31 Medium silt
- - - 8-13 Fine silt
- - - 4-8 Very fine silt
- - - 2-4 Coarse clay
- - - 1-2 Medium clay
- - - 0.5-1 Fine clay
TABLE 2-5

Typical Specific Gravity and Slurry Solids Concentration (Water Slurries)

Typical Solids Concentration
Material Specific Gravity
% by Weight % by Volume

Gilsonite 1.05 40 -45 39-44
Coal 1.40 45 - 55 37 -47
Sand 2.65 43 -43 23-30
Limestone 2.70 60 - 65 36 - 41
Copper Concentrate 4.30 60 - 65 26 - 30

Iron Ore 4.90 - -

Iron Sands 1.90 - =
Magnetite 4.90 60 - 65 23 -27
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Water-Base Slurry Specific Gravities
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Concentration by Solid Specific Gravity, Ss
Weight Percent, |44 T 18 [ 22 | 26 | 30 | 34 | 38 | 42 | 46 | 50
Cw
5 1.01 1.02 1.03 1.03 1.03 1.04 1.04 1.04 1.04 1.04
10 1.03 1.05 1.06 1.07 1.07 1.08 1.08 1.08 1.08 1.09
15 1.04 1.07 1.09 1.10 1.11 1.12 1.12 1.13 1.13 1.14
20 1.05 1.10 1.12 1.14 1.15 1.16 1.17 1.18 1.19 1.19
25 1.08 1.13 1.16 1.18 1.20 1.21 1.23 1.24 1.24 1.25
30 1.09 1.15 1.20 1.23 1.25 1.27 1.28 1.30 1.31 1.32
35 1.11 1.18 1.24 1.27 1.30 1.33 1.35 1.36 1.38 1.39
40 1.13 1.22 1.28 1.33 1.36 1.39 1.42 1.44 1.46 1.47
45 1.15 1.25 1.33 1.38 1.43 1.47 1.50 1.52 1.54 1.56
50 1.17 1.29 1.38 1.44 1.50 1.55 1.58 1.62 1.64 1.67
55 1.19 1.32 1.43 1.51 1.58 1.63 1.69 1.72 1.76 1.79
60 1.21 1.36 1.49 1.59 1.67 1.73 1.79 1.84 1.89 1.92
65 1.23 1.41 1.55 1.67 1.76 1.85 1.92 1.98 2.04 2.08
70 1.25 1.45 1.62 1.76 1.88 1.98 2.07 2.14 2.21 227
TABLE 2-7
Velocity Coefficient, F_ (Uniform Particle Size)
Particle Size, Velocity Coefficient, F.
mm Cv=2% Cv=5% Cv=10% Cv=15%
0.1 .76 0.92 0.94 0.96
0.2 0.94 1.08 1.20 1.28
0.4 1.08 1.26 1.41 1.46
0.6 1.15 1.35 1.46 1.50
0.8 1.21 1.39 1.45 1.48
1.0 1.24 1.04 1.42 1.44
1.2 1.27 1.38 1.40 1.40
1.4 1.29 1.36 1.67 1.37
1.6 1.30 1.35 1.35 135
1.8 1.32 1.34 1.34 1.34
2.0 1.33 1.34 1.34 1.34
2.2 1.34 1.34 1.34 1.34
2.4 1.34 1.34 1.34 1.34
2.6 1.35 1.35 1.35 1.35
2.8 1.36 1.36 1.36 1.36
>3.0 1.36 1.36 1.36 1.36
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TABLE 2-8
Velocity Coefficient, F (50% Passing Particle Size)
Particle Size, Velocity Coefficient, F.

mm Cyv=5% Cy =10% Cy =20% Cy = 30%
0.01 0.48 0.48 0.48 0.48
0.02 0.58 0.59 0.60 0.61
0.04 0.70 0.72 0.74 0.76
0.06 0.77 0.79 0.81 0.83
0.08 0.83 0.86 0.86 0.91
0.10 0.85 0.88 0.92 0.95
0.20 0.97 1.00 1.05 1.08
0.40 1.09 1.13 1.18 1.23
0.60 1.15 1.21 1.26 1.30
0.80 1.21 1.25 1.31 1.33
1.0 1.24 1.29 1.33 1.35
2.0 1.33 1.36 1.38 1.40
3.0 1.36 1.38 1.39 1.40

Equation 2-3, Darcy-Weisbach, and Equations 2-11 and 2-12, Hazen-Williams, may be
used to determine friction head loss for pressure slurry flows provided the viscosity
limitations of the equations are taken into account. Elevation head loss is increased
by the specific gravity of the slurry mixture.

@20 hE = SM (hz _hl )

Compressible Gas Flow
Flow equations for smooth pipe may be used to estimate compressible gas flow
through PE pipe.

Empirical Equations for High Pressure Gas Flow

Equations 2-22 through 2-25 are empirical equations used in industry for pressure
greater than 1 psig. Calculated results may vary due to the assumptions inherent in
the derivation of the equation.

Mueller Equation

(2-22) 0.575
~ 2826 D|2.725 p12 _ p22
Qh - S 0.425 L
[¢]
Weymouth Equation
(2-23) 0.5

Q _ 2034 DI2.667 p12 . p22
h S 0.5 L

g
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IGT Distribution Equation
2-24 0.555
(2-24) 2679 DI2.667 p|2 B p22

Qh = S 0.444 L

[¢]
Spitzglass Equation
(2-25) 0.5
0.5
0 - 3410 ( p,” - p,’ D,’
h — 0.5
S, L 1+ 3D'6 +0.03D,

WHERE
(Equations 2-22 through 2-25)

Qp = flow, standard ft3/hour

Sg = gas specific gravity

Py = inlet pressure, Ib/inZ absolute
P, = outlet pressure, Ib/in? absolute
L = length, ft

D, = pipe inside diameter, in

Empirical Equations for Low Pressure Gas Flow

For applications where internal pressures are less than 1 psig, such as landfill gas
gathering or wastewater odor control, Equations 2-26 or 2-27 may be used.

Mueller Equation

(2-26) 2971 DI 2725 h1 _ h2 0.575
Q, = S g 0.425 L
Spitzglass Equation
(2-27) 0.5
o, - 3% [hl —h, j‘” D,’
h — 0.5
S, L 1+ 3D'6 1+0.03D,

Where terms are previously defined, and
h; = inlet pressure, in H,0
h, = outlet pressure, in H,0
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Gas Permeation

Long distance pipelines carrying compressed gasses may deliver slightly less gas
due to gas permeation through the pipe wall. Permeation losses are small, but it
may be necessary to distinguish between permeation losses and possible leakage.
Equation 2-28 may be used to determine the volume of a gas that will permeate
through PE pipe of a given wall thickness:

(2-28) Ky AOP,
=T

WHERE
gp = volume of gas permeated, cm3 (gas at standard temperature and pressure)
Cm® mil
100 in? atm day
A = pipe outside wall area in units of 100 square inches

Kp = permeability constant (Table 2-9); units:

Pa = pipe internal pressure, atmospheres (1 atmosphere = 14.7 Ib/in2)
© = elapsed time, days

t” = wall thickness, mils

TABLE 2-9
Permeability Constants ?®
Gas Kp
Methane 85
Carbon Monoxide 80
Hydrogen 425
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TABLE 2-10
Physical Properties of Gases (Approx. Values at 14.7 psi & 68°F)
Ges Formu | Molecuarweight | 1€ | e to A
Acetylene (ethylene) CoHy 26.0 0.0682 0.907
Air - 29.0 0.0752 1.000
Ammonia NH3 17.0 0.0448 0.596
Argon A 39.9 0.1037 1.379
Butane C4H1o 58.1 0.1554 2.067
Carbon Dioxide CO, 44.0 0.1150 1.529
Carbon Monoxide CO 28.0 0.0727 0.967
Ethane CoHe 30.0 0.0789 1.049
Ethylene CoHg 28.0 0.0733 0.975
Helium He 4.0 0.0104 0.138
Hydrogen Chloride HCI 36.5 0.0954 1.286
Hydrogen H 2.0 0.0052 0.070
Hydrogen Sulphide H.S 34.1 0.0895 1.190
Methane CHgy 16.0 0.0417 0.554
Methyl Chloride CH3Cl 50.5 0.1342 1.785
Natural Gas - 19.5 0.0502 0.667
Nitric Oxide NO 30.0 0.0708 1.037
Nitrogen N2 28.0 0.0727 0.967
Nitrous Oxide N2O 44.0 0.1151 1.530
Oxygen (o7 32.0 0.0831 1.105
Propane CgHs 441 0.1175 1.562
Propene (Propylene) C3He 421 0.1091 1.451
Sulfur Dioxide SO, 64.1 0.1703 2.264
Landfill Gas (approx. value) - - - 1.00
Carbureted Water Gas - - - 0.63
Coal Gas - - - 0.42
Coke-Oven Gas - - - 0.44
Refinery Oil Gas - - - 0.99
Oil Gas (Pacific Coast) - - - 0.47
“Wet” Gas (approximate value) - - - 0.75

Gravity Flow of Liquids

In a pressure pipeline, a pump of some sort, generally provides the energy required

to move the fluid through the pipeline. Such pipelines can transport fluids across a

level surface, uphill or downhill. Gravity flow lines, on the other hand, utilize the

energy associated with the placement of the pipeline discharge below the inlet.

Like pressure flow pipelines, friction loss in a gravity flow pipeline depends on

viscous shear stresses within the liquid and friction along the wetted surface of the

pipe bore.
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Some gravity flow piping systems may become very complex, especially if the
pipeline grade varies, because friction loss will vary along with the varying grade.
Sections of the pipeline may develop internal pressure, or vacuum, and may have
varying liquid levels in the pipe bore.

Manning Flow Equation
For open channel water flow under conditions of constant grade, and uniform
channel cross section, the Manning equation may be used.®*® Open channel flow
exists in a pipe when it runs partially full. Like the Hazen-Williams formula,
the Manning equation is applicable to water or liquids with a kinematic viscosity
equal to water.
Manning Equation
(229 1.486
\V =
n

2/3 a1/2
r,™ S,

WHERE
V = flow velocity, ft/sec

N = roughness coefficient, dimensionless
I'y = hydraulic radius, ft
S = hydraulic slope, ft/ft

(2-30) A
I

Ac = cross-sectional area of flow bore, ft2
Pyy = perimeter wetted by flow, ft

@3 h, —h,

hy = upstream pipe elevation, ft

hp = downstream pipe elevation, ft

h¢ = friction (head) loss, ft of liquid

L = length, ft

It is convenient to combine the Manning equation with

232 Q=AV

To obtain

(2-33) o 1.48n6AC er/s SHuz
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Where terms are as defined above, and
Q = flow, ft3/sec

When a circular pipe is running full or half-full,
(2-34) 3 d' 3 DI
hy=—=——-—
4 48

WHERE
d’ = pipe inside diameter, ft

D, = pipe inside diameter, in

Full pipe flow in ft3 per second may be estimated using:

(2-35) 8/3 1/2
Qups = (6.136x10‘4)D'%

Full pipe flow in gallons per minute may be estimated using:
(2-36) 8/3¢ 1/2
D,*’s,,

Q'=0275—2 21
n

Nearly full circular pipes will carry more liquid than a completely full pipe. When
slightly less than full, the perimeter wetted by flow is reduced, but the actual flow
area is only slightly lessened. This results in a larger hydraulic radius than when
the pipe is running full. Maximum flow is achieved at about 93% of full pipe flow,
and maximum velocity at about 78% of full pipe flow. Manning’s n is often assumed
to be constant with flow depth. Actually, n has been found to be slightly larger in
non-full flow.

TABLE 2-11
Values of n for Use with Manning Equation
Surface n, typical design
PE pipe 0.009
Uncoated cast or ductile iron pipe 0.013
Corrugated steel pipe 0.024
Concrete pipe 0.018
Vitrified clay pipe 0.013
Brick and cement mortar sewers 0.015
Wood stave 0.011
Rubble masonry 0.021

Note: The n-value of 0.009 for PE pipe is for clear water applications.
An n-value of 0.010 is typically utilized for applications such as sanitary sewer, etc.
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Comparative Flows for Slipliners

Deteriorated gravity flow pipes may be rehabilitated by sliplining with PE pipe. This
process involves the installation of a PE liner inside of the deteriorated original pipe
as described in subsequent chapters within this manual. For conventional sliplining,
clearance between the liner outside diameter and the existing pipe bore is required
to install the liner; thus after rehabilitation, the flow channel is smaller than that of
the original pipe. However, it is often possible to rehabilitate with a PE slipliner, and
regain all or most of the original flow capacity due to the extremely smooth inside
surface of the PE pipe and its resistance to deposition or build-up. Because PE pipe
is mostly joined by means of butt-fusion, this results in no effective reduction of
flow diameter at joint locations Comparative flow capacities of circular pipes may be
determined by the following:

(2-37) D|18/3
n
% flow=100&=100#
Q, D|2
n2

Table 2-12 was developed using Equation 2-36 where D1 = the inside diameter (ID)
of the liner, and Dj; = the original inside diameter of the deteriorated host pipe.
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TABLE 2-12
Comparative Flows for Slipliners
Liner DR 32.5 Liner DR 26 Liner DR 21 Liner DR 17

E;:Nt':f L(')'};’r Liner 10, | * 7O | o, fiow (viner ,| % "% | 9% flow |Liner 1D, * 1" | o flow |Liner 1o, | %MW | o, fiow
ID, in in., int concrete vs. clay int concrete vs. clay int concrete vs. clay int concrete vs. clay
4 3500 | 3.272 | 97.5% | 84.5% | 3.215 | 93.0% | 80.6% | 3.147 | 87.9% | 76.2% | 3.064 | 81.8% | 70.9%
6 4500 | 4.206 | 64.6% | 56.0% | 4.133 | 61.7% | 53.5% | 4.046 | 58.3% | 50.5% | 3.939 | 54.3% | 47.0%
6 5.375 | 5.024 |103.8% | 90.0% | 4.937 | 99.1% | 85.9% | 4.832 | 93.6% | 81.1% | 4.705 | 87.1% | 75.5%
8 6.625 | 6.193 | 84.2% | 73.0% | 6.085 | 80.3% | 69.6% | 5.956 | 75.9% | 65.8% | 5.799 | 70.7% | 61.2%
8 7.125 | 6.660 |102.2% | 88.6% | 6.544 | 97.5% | 84.5% | 6.406 | 92.1% | 79.9% | 6.236 | 85.8% | 74.4%
10 8.625 | 8.062 | 93.8% | 81.3% | 7.922 | 89.5% | 77.6% | 7.754 | 84.6% | 73.3% | 7.549 | 78.8% | 68.3%
12 10.750 | 10.049 [103.8% | 90.0% | 9.873 | 99.1% | 85.9% | 9.665 | 93.6% | 81.1% | 9.409 | 87.1% | 75.5%
15 12.750 | 11.918 | 90.3% | 78.2% | 11.710 | 86.1% | 74.6% | 11.463 | 81.4% | 70.5% | 11.160 | 75.7% | 65.6%
15 13.375 | 12.503 [102.5% | 88.9% | 12.284 | 97.8% | 84.8% | 12.025 | 92.4% | 80.1% | 11.707 | 86.1% | 74.6%
16 14.000 | 13.087 | 97.5% | 84.5% | 2.858 | 93.0% | 80.6% | 12.587 | 87.9% | 76.2% | 12.254 | 81.8% | 70.9%
18 16.000 | 14.956 [101.7% | 88.1% | 14.695 | 97.0% | 84.1% | 14.385 | 91.7% | 79.4% | 14.005 | 85.3% | 74.0%
21 18.000 | 16.826 | 92.3% | 80.0% | 16.532 | 88.1% | 76.3% | 16.183 | 83.2% | 72.1% | 15.755 | 77.5% | 67.1%
24 20.000 | 18.695 | 85.6% | 74.2% | 18.369 | 81.7% | 70.8% | 17.981 | 77.2% | 66.9% | 17.506 | 71.9% | 62.3%
24 22.000 | 20.565 [110.4% | 95.7% | 20.206 [105.3% | 91.3% | 19.779 | 99.5% | 86.2% | 19.256 | 92.6% | 80.3%
27 24.000 | 22.434 |101.7% | 88.1% | 22.043 | 97.0% | 84.1% |[21.577 | 91.7% | 79.4% | 21.007 | 85.3% | 74.0%
30 28.000 | 26.174 [115.8% |100.4% | 25.717 [110.5% | 95.8% | 25.173 [104.4% | 90.5% | 24.508 | 97.2% | 84.2%
33 30.000 | 28.043 |108.0% | 93.6% | 27.554 [103.0% | 89.3% | 26.971 | 97.3% | 84.3% | 26.259 | 90.6% | 78.5%
36 32.000 | 29.913 |101.7% | 88.1% | 29.391 | 97.0% | 84.1% | 28.770 | 91.7% | 79.4% | 28.009 | 85.3% | 74.0%
36 34.000 | 31.782 |119.5% [103.6% | 31.228 [114.1% | 98.9% | 30.568 |107.7% | 93.4% | 29.760 |100.3% | 86.9%
42 36.000 | 33.652 | 92.3% | 80.0% | 33.065 | 88.1% | 76.3% |32.366 | 83.2% | 72.1% |31.511 | 77.5% | 67.1%
48 42.000 | 39.260 | 97.5% | 84.5% | 38.575 | 93.0% | 80.6% |37.760 | 87.9% | 76.2% | 36.762 | 81.8% | 70.9%
54 48.000 | 44.869 [101.7% | 88.1% | 44.086 | 97.0% | 84.1% |43.154 | 91.7% | 79.4% |42.014 | 85.3% | 74.0%
60 54.000 | 50.478 [105.1% | 91.1% | 49.597 [100.3% | 86.9% | 48.549 | 94.8% | 82.1% |47.266 | 88.2% | 76.5%

t Liner ID calculated per Equation 2-1.

Flow Velocity

Acceptable flow velocities in PE pipe depend on the specific details of the system.
For water systems operating at rated pressures, velocities may be limited by surge
allowance requirements. See Tables 1-3A and 1-3B. Where surge effects are reduced,
higher velocities are acceptable, and if surge is not possible, such as in many gravity
flow systems, water flow velocities exceeding 25 feet per second may be acceptable.

Liquid flow velocity may be limited by the capabilities of pumps or elevation head
to overcome friction (head) loss and deliver the flow and pressure required for
the application. PE pipe is not eroded by water flow. Liquid slurry pipelines may

be subject to critical minimum velocities that ensure turbulent flow and maintain

particle suspension in the slurry.

Gravity liquid flows of 2 fps (0.6 m/s) and higher can help prevent or reduce solids
deposition in sewer lines. When running full, gravity flow pipelines are subject to

the same velocity considerations as pressure pipelines.
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Flow velocity in compressible gas lines tends to be self-limiting. Compressible

gas flows in PE pipes are typically laminar or transitional. Fully turbulent flows
are possible in short pipelines, but difficult to achieve in longer transmission and
distribution lines because the pressure ratings for PE pipe automatically limit flow
capacity and, therefore, flow velocity.

Pipe Surface Condition, Aging

Aging acts to increase pipe surface roughness in most piping systems. This in

turn increases flow resistance. PE pipe resists typical aging effects because PE

does not rust, rot, corrode, tuberculate, or support biological growth, and it resists
the adherence of scale and deposits. In some cases, moderate flow velocities are
sufficient to prevent deposition, and where low velocities predominate, occasional
high velocity flows will help to remove sediment and deposits. As a result, the
initial design capabilities for pressure and gravity flow pipelines are retained as the
pipeline ages.

Where cleaning is needed to remove depositions in low flow rate gravity flow
pipelines, water-jet cleaning or forcing a “soft” (plastic foam) pig through the
pipeline are effective cleaning methods. Bucket, wire and scraper-type cleaning
methods will damage PE pipe and must not be used.
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Section 3
Buried PE Pipe Design

Introduction

This section covers basic engineering information for calculating earth and live-load
pressures on PE pipe, for finding the pipe’s response to these pressures taking into
account the interaction between the pipe and its surrounding soil, and for judging

that an adequate safety factor exists for a given application.

Soil pressure results from the combination of soil weight and surface loads. As
backfill is placed around and over a PE pipe, the soil pressure increases and the
pipe deflects vertically and expands laterally into the surrounding soil. The lateral
expansion mobilizes passive resistance in the soil which, in combination with the
pipe’s inherent stiffness, resists further lateral expansion and consequently further

vertical deflection.

During backfilling, ring (or hoop) stress develops within the pipe wall. Ring
bending stresses (tensile and compressive) occur as a consequence of deflection,

and ring compressive stress occurs as a consequence of the compressive thrust
created by soil compression around the pipe’s circumference. Except for shallow pipe
subject to live load, the combined ring stress from bending and compression results

in a net compressive stress.

The magnitude of the deflection and the stress depends not only on the pipe’s
properties but also on the properties of the surrounding soil. The magnitude of
deflection and stress must be kept safely within PE pipe’s performance limits.
Excessive deflection may cause loss of stability and flow restriction, while excessive
compressive stress may cause wall crushing or ring buckling. Performance limits for
PE pipe are given in Watkins, Szpak, and Allman® and illustrated in

Figure 3-1.

The design and construction requirements can vary somewhat, depending on
whether the installation is for pressure or non-pressure service. These differences
will be addressed later in this chapter and in Chapter 7, “Underground Installation
of PE Pipe.”
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Calculations

Section 3 describes how to calculate the soil pressure acting on PE pipe due to soil
weight and surface loads, how to determine the resulting deflection based on pipe
and soil properties, and how to calculate the allowable (safe) soil pressure for wall
compression (crushing) and ring buckling for PE pipe.

Detailed calculations are not always necessary to determine the suitability of a
particular PE pipe for an application. Pressure pipes that fall within the Design
Window given in AWWA M-55 “PE Pipe — Design and Installation” regarding
pipe DR, installation, and burial depth meet specified deflection limits for PE pipe,
have a safety factor of at least 2 against buckling, and do not exceed the allowable
material compressive stress for PE. Thus, the designer need not perform extensive
calculations for pipes that are sized and installed in accordance with the Design
Window.

AWWA M-55 Design Window

AWWA M-55, “PE Pipe — Design and Installation”, describes a Design Window.
Applications that fall within this window require no calculations other than
constrained buckling per Equation 3-15. It turns out that if pipe is limited to DR 21
or lower as in Table 3-1, the constrained buckling calculation has a safety factor of at
least 2, and no calculations are required.

The design protocol under these circumstances (those that fall within the AWWA
Design Window) is thereby greatly simplified. The designer may choose to proceed
with detailed analysis of the burial design and utilize the AWWA Design Window
guidelines as a means of validation for his design calculations and commensurate
safety factors. Alternatively, he may proceed with confidence that the burial design
for these circumstances (those outlined within the AWWA Design Window) has
already been analyzed in accordance with the guidelines presented in this chapter.

The Design Window specifications are:

* Pipe made from stress-rated PE material.

e Essentially no dead surface load imposed over the pipe, no ground water above
the surface, and provisions for preventing flotation of shallow cover pipe have
been provided.

e The embedment materials are coarse-grained, compacted to at least 85% Standard
Proctor Density and have an E’ of at least 1000 psi. The native soil must be stable;
in other words the native soil must have an E’ of at least 1000 psi. See Table 3-7.

e The unit weight of the native soil does not exceed 120 pcf.

e The pipe is installed in accordance with manufacturer’s recommendations for
controlling shear and bending loads and minimum bending radius, and installed
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in accordance with ASTM D2774 for pressure pipes or ASTM D2321 for non-
pressure pipes.

e Minimum depth of cover is 2 ft (0.61 m); except when subject to AASHTO H20
truck loadings, in which case the minimum depth of cover is the greater of 3 ft

(0.9 m) or one pipe diameter.

e Maximum depth of cover is 25 ft (7.62 m).

TABLE 3-1
AWWA M-55 Design Window Maximum and Minimum Depth of
Cover Requiring No Calculations

Min. Depth of Min. Depth of Maximum
DR Cover With H20 | Cover Without Depth of Cover
Load H20 Load

7.3 3 ft 2 ft 25 ft

9 3ft 2 ft 25 ft

11 3 ft 2 ft 25 ft
13.5 3ft 2 ft 25 ft

17 3 ft 2 ft 25 ft

21 3 ft 2 ft 25 ft

* Limiting depths where no calculations are required. Pipes are suitable for deeper depth provided
a sufficient E’ (1,000 psi or more) is accomplished during installations. Calculations would be required
for depth greater than 25 ft.

Installation Categories

For the purpose of calculation, buried installations of PE pipe can be separated

into four categories depending on the depth of cover, surface loading, groundwater
level and pipe diameter. Each category involves slightly different equations for
determining the load on the pipe and the pipe’s response to the load. The boundaries
between the categories are not definite, and engineering judgment is required to
select the most appropriate category for a specific installation. The categories are:

1. Standard Installation-Trench or Embankment installation with a maximum
cover of 50 ft with or without traffic, rail, or surcharge loading. To be in this
category, where live loads are present the pipe must have a minimum cover of
at least one diameter or 18” whichever is greater. Earth pressure applied to the
pipe is found using the prism load (geostatic soil stress). The Modified Iowa
Formula is used for calculating deflection. Crush and buckling are performance
limits as well. The Standard Installation section also presents the AWWA “Design
Window.”

2. Shallow Cover Vehicular Loading Installation applies to pipes buried at a
depth of at least 18” but less than one pipe diameter. This installation category
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uses the same equations as the Standard Installation but with an additional
equation relating wheel load to the pipe’s bending resistance and the soil’s
supporting strength.

3. Deep Fill Installation applies to embankments with depths exceeding 50 ft.
The soil pressure calculation may be used for profile pipe in trenches less
than 50 ft. The Deep Fill Installation equations differ from the Standard
Installation equations by considering soil pressure based on armored, calculating
deflection from the Watkins-Gaube Graph, and calculating buckling with the
Moore-Selig Equation.

4. Shallow Cover Flotation Effects applies to applications where insufficient
cover is available to either prevent flotation or hydrostatic collapse. Hydrostatic
buckling is introduced in this chapter because of its use in subsurface design.

Section 3 of the Design Chapter is limited to the design of PE pipes buried in
trenches or embankments. The load and pipe reaction calculations presented may
not apply to pipes installed using trenchless technologies such as pipe bursting

and directional drilling. These pipes may not develop the same soil support as

pipe installed in a trench. The purveyor of the trenchless technology should be
consulted for piping design information. See the Chapter on “PE Pipe for Horizontal
Directional Drilling” and ASTM F1962, Use of Maxi-Horizontal Directional Drilling
(HDD) for Placement of Polyethylene Pipe or Conduit Under Obstacles, Including River
Crossings for additional information on design of piping installed using directional

o
O W

FIG. 1A FIG. 1B FIG. 1C
RING DEFLECTION RING COMPRESSION RING BUCKLING

drilling.

Figure 3-1 Performance Limits for Buried PE Pipe

Design Process

The interaction between pipe and soil, the variety of field-site soil conditions, and
the range of available pipe Dimension Ratios make the design of buried pipe seem
challenging. This section of the Design Chapter has been written with the intent
of easing the designer’s task. While some very sophisticated design approaches for
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buried pipe systems may be justified in certain applications, the simpler, empirical
methodologies presented herein have been proven by experience to provide reliable
results for virtually all PE pipe installations.

The design process consists of the following steps:

1. Determine the vertical soil pressure acting at the crown of the pipe due to earth,
live, and surcharge loads.

2. Select a trial pipe, which means selecting a trial dimension ratio (DR) or, in the
case of profile pipe, a trial profile.

3. Select an embedment material and degree of compaction. As will be described
later, soil type and compaction are relatable to a specific modulus of soil reaction
value (E’) (Table 3-8). (As deflection is proportional to the combination of pipe
and soil stiffness, pipe properties and embedment stiffness can be traded off to
obtain an optimum design.)

4. For the trial pipe and trial modulus of soil reaction, calculate the deflection due
to the vertical soil pressure. Compare the pipe deflection to the deflection limit. If
deflection exceeds the limit, it is generally best to look at increasing the modulus
of soil reaction rather than reducing the DR or changing to a heavier profile.
Repeat step 4 for the new E’ and/or new trial pipe.

5. For the trial pipe and trial modulus of soil reaction, calculate the allowable soil
pressure for wall crushing and for wall buckling. Compare the allowable soil
pressure to the applied vertical pressure. If the allowable pressure is equal to or
higher than the applied vertical pressure, the design is complete. If not, select a
different pipe DR or heavier profile or different E’, and repeat step 5.

Since design begins with calculating vertical soil pressure, it seems appropriate to
discuss the different methods for finding the vertical soil pressure on a buried pipe
before discussing the pipe’s response to load within the four installation categories.

Earth, Live, and Surcharge Loads on Buried Pipe

Vertical Soil Pressure

The weight of the earth, as well as surface loads above the pipe, produce soil
pressure on the pipe. The weight of the earth or “earth load” is often considered

to be a “dead-load” whereas surface loads are referred to as “surcharge loads” and
may be temporary or permanent. When surcharge loads are of short duration they
are usually referred to as “live loads.” The most common live load is vehicular load.
Other common surcharge loads include light structures, equipment, and piles of
stored materials or debris. This section gives formulas for calculating the vertical
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soil pressure due to both earth and surcharge loads. The soil pressures are normally
calculated at the depth of the pipe crown. The soil pressures for earth load and each
surcharge load are added together to obtain the total vertical soil pressure which is
then used for calculating deflection and for comparison with wall crush and wall
buckling performance limits.

Earth Load

In a uniform, homogeneous soil mass, the soil load acting on a horizontal plane
within the mass is equal to the weight of the soil directly above the plane. If the
mass contains areas of varying stiffness, the weight of the mass will redistribute
itself toward the stiffer areas due to internal shear resistance, and arching will
occur. Arching results in a reduction in load on the less stiff areas. Flexible pipes
including PE pipes are normally not as stiff as the surrounding soil, so the resulting
earth pressure acting on PE pipe is reduced by arching and is less than the weight
of soil above the pipe. (One minor exception to this is shallow cover pipe under
dynamic loads.) For simplicity, engineers often ignore arching and assume that the
earth load on the pipe is equal to the weight of soil above the pipe, which is referred
to as the “prism load” or “geostatic stress.” Practically speaking, the prism load is

a conservative loading for PE pipes. It may be safely used in virtually all designs.
Equation 3-1 gives the vertical soil pressure due to the prism load. The depth of cover
is the depth from the ground surface to the pipe crown.

61 Pg = wH

WHERE
Pg = vertical soil pressure due to earth load, psf

W = unit weight of soil, pcf
H = depth of cover, ft

UNITS CONVENTION: To facilitate calculations for PE pipes, the convention used with
rigid pipes for taking the load on the pipe as a line load along the longitudinal axis in
units of Ibs/lineal-ft of pipe length is not used here. Rather, the load is treated as a soil
pressure acting on a horizontal plane at the pipe crown and is given in units of lbs/ft?
or psf.

Soil weight can vary substantially from site to site and within a site depending

on composition, density and load history. Soil weights are often found in the
construction site geotechnical report. The saturated unit weight of the soil is used
when the pipe is below the groundwater level. For design purposes, the unit

weight of dry soil is commonly assumed to be 120 pcf, when site-specific information
is not available.
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Generally, the soil pressure on profile pipe and on DR pipe in deep fills is
significantly less than the prism load due to arching. For these applications, soil
pressure is best calculated using the calculations that account for arching in the
“Deep Fill Installation” section.

Wp + Wf + Wd

LEVEL OF
H * SATURATION

|

Figure 3-2 Prism Load

Live Load

Even though wheel loadings from cars and other light vehicles may be frequent,
these loads generally have little impact on subsurface piping compared to the less
frequent but significantly heavier loads from trucks, trains, or other heavy vehicles.
For design of pipes under streets and highways, only the loadings from these heavier
vehicles are considered. The pressure transmitted to a pipe by a vehicle depends

on the pipe’s depth, the vehicle’s weight, the tire pressure and size, vehicle speed,
surface smoothness, the amount and type of paving, the soil, and the distance from
the pipe to the point of loading. For the more common cases, such as AASHTO, H20
HS20 truck traffic on paved roads and E-80 rail loading, this information has been
simplified and put into Table 3-3, 3-4, and 3-5 to aid the designer. For special cases,
such as mine trucks, cranes, or off-road vehicles, Equations 3-2 and 3-4 may be used.

The maximum load under a wheel occurs at the surface and diminishes with depth.
PE pipes should be installed a minimum of one diameter or 18”, whichever is greater,
beneath the road surface. At this depth, the pipe is far enough below the wheel load
to significantly reduce soil pressure and the pipe can fully utilize the embedment
soil for load resistance. Where design considerations do not permit installation with
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at least one diameter of cover, additional calculations are required and are given

in the section discussing “Shallow Cover Vehicular Loading Installation.” State
highway departments often regulate minimum cover depth and may require 2.5 ft to
5 ft of cover depending on the particular roadway.

During construction, both permanent and temporary underground pipelines may
be subjected to heavy vehicle loading from construction equipment. It may be
advisable to provide a designated vehicle crossing with special measures such as
temporary pavement or concrete encasement, as well as vehicle speed controls to
limit impact loads.

The following information on AASHTO Loading and Impact Factor is not needed
to use Tables 3-3 and 3-4. It is included to give the designer an understanding of the
surface loads encountered and typical impact factors. If the designer decides to use
Equations 3-2 or 3-4 rather than the tables, the information will be useful.

AASHTO Vehicular Loading

Vehicular loads are typically based on The American Association of State Highway
and Transportation Officials (AASHTO) standard truck loadings. For calculating the
soil pressure on flexible pipe, the loading is normally assumed to be an H20 (HS20)
truck. A standard H20 truck has a total weight of 40,000 Ibs (20 tons). The weight is
distributed with 8,000 1bs on the front axle and 32,000 Ibs on the rear axle. The HS20
truck is a tractor and trailer unit having the same axle loadings as the H20 truck but
with two rear axles. See Figure 3-3. For these trucks, the maximum wheel load is
found at the rear axle(s) and equals 40 percent of the total weight of the truck.

The maximum wheel load may be used to represent the static load applied by either
a single axle or tandem axles. Some states permit heavier loads. The heaviest tandem
axle loads normally encountered on highways are around 40,000 Ibs (20,000 Ibs per
wheel). Occasionally, vehicles may be permitted with loads up to 50 percent higher.
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H20-44 BO0O Ibs.
H15-44 BOOO Ibs

0IW |

AASHTO H20 Wheel Load

32,000 Ibs
24,000 Ibs

AW | .

ey

W = Combined weight of first two axles

AASHTO HS20 Wheel Load

W = Combined weight of first two axles

Figure 3-3 AASHTO H20 and HS20 Vehicle Loads

Impact Factor

Road surfaces are rarely smooth or perfectly even. When vehicles strike bumps in
the road, the impact causes an instantaneous increase in wheel loading. Impact load
may be found by multiplying the static wheel load by an impact factor. The factor
varies with depth. Table 3-2 gives impact factors for vehicles on paved roads. For
unpaved roads, impact factors of 2.0 or higher may occur, depending on the road

surface.
TABLE 3-2
Typical Impact Factors for Paved Roads
Cover Depth, ft | Impact Factor, I
1 1.35
2 1.30
3 1.25
4 1.20
6 1.10
8 1.00

Derived from lllinois DOT dynamic load formula (1996).

Vehicle Loading through Highway Pavement (Rigid)
Pavement reduces the live load pressure reaching a pipe. A stiff, rigid pavement
spreads load out over a large subgrade area thus significantly reducing the vertical
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soil pressure. Table 3-3 gives the vertical soil pressure underneath an H20 (HS20)
truck traveling on a paved highway (12-inch thick concrete). An impact factor is
incorporated. For use with heavier trucks, the pressures in Table 3-3 can be adjusted
proportionally to the increased weight as long as the truck has the same tire area as
an HS20 truck.

TABLE 3-3
Soil Pressure under H20 Load (12” Thick Pavement)
Depth of cover, ft. Soil Pressure, Ib/ft2
1 1800
1.5 1400
2 800
3 600
4 400
5 250
6 200
7 175
8 100
Over 8 Neglect

Note: For reference see ASTM F7906. Based on axle load equally distributed
over two 18 by 20 inch areas, spaced 72 inches apart. Impact factor included.

Vehicle Loading through Flexible Pavement or Unpaved Surface

Flexible pavements (or unpaved surfaces) do not have the bridging ability of rigid
pavement and thus transmit more pressure through the soil to the pipe than given
by Table 3-3. In many cases, the wheel loads from two vehicles passing combine

to create a higher soil pressure than a single dual-tire wheel load. The maximum
pressure may occur directly under the wheels of one vehicle or somewhere in
between the wheels of the two vehicles depending on the cover depth. Table

3-4 gives the largest of the maximum pressure for two passing H20 trucks on

an unpaved surface. No impact factor is included. The loading in Table 3-3 is
conservative and about 10% higher than loads found by the method given in
AASHTO Section 3, LRFD Bridge Specifications Manual based on assuming a
single dual-tire contact area of 20 x 10 inches and using the equivalent area method
of load distribution.
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TABLE 3-4
Soil Pressure Under H20 Load (Unpaved or Flexible Pavement)
Depth of cover, ft. Soil Pressure, Ib/ft2
1.5 2000
2.0 1340
25 1000
3.0 710
35 560
4.0 500
6.0 310
8.0 200
10.0 140

Note: Based on integrating the Boussinesq equation for two H20 loads spaced 4 feet apart
or one H20 load centered over pipe. No pavement effects or impact factor included.

Off-Highway Vehicles

Off-highway vehicles such as mine trucks and construction equipment may be
considerably heavier than H20 trucks. These vehicles frequently operate on unpaved
construction or mine roads which may have very uneven surfaces. Thus, except

for slow traffic, an impact factor of 2.0 to 3.0 should be considered. For off-highway
vehicles, it is generally necessary to calculate live load pressure from information
supplied by the vehicle manufacturer regarding the vehicle weight or wheel load,
tire footprint (contact area) and wheel spacing.

The location of the vehicle’s wheels relative to the pipe is also an important factor in
determining how much load is transmitted to the pipe. Soil pressure under a point
load at the surface is dispersed through the soil in both depth and expanse. Wheel
loads not located directly above a pipe may apply pressure to the pipe, and this
pressure can be significant. The load from two wheels straddling a pipe may produce
a higher pressure on a pipe than from a single wheel directly above it.

For pipe installed within a few feet of the surface, the maximum soil pressure

will occur when a single wheel (single or dual tire) is directly over the pipe. For
deeper pipes, the maximum case often occurs when vehicles traveling above the
pipe pass within a few feet of each other while straddling the pipe, or in the case
of off-highway vehicles when they have closely space axles. The minimum spacing
between the centerlines of the wheel loads of passing vehicles is assumed to be
four feet. At this spacing for H20 loading, the pressure on a pipe centered midway
between the two passing vehicles is greater than a single wheel load on a pipe at or
below a depth of about four feet.

For design, the soil pressure on the pipe is calculated based on the vehicle location
(wheel load locations) relative to the pipe that produces the maximum pressure. This



202

Chapter 6
Design of PE Piping Systems

generally involves comparing the pressure under a single wheel with that occurring
with two wheels straddling the pipe. The Timoshenko Equation can be used to find
the pressure directly under a single wheel load, whereas the Boussinesq Equation
can be used to find the pressure from wheels not directly above the pipe.

Timoshenko’s Equation
The Timoshenko Equation gives the soil pressure at a point directly under a
distributed surface load, neglecting any pavement.

PL_lfww(l_ H
ac U (r*+H?)"

-2

WHERE
P\ = vertical soil pressure due to live load, Ib/ft2

It = impact factor

W,y = wheel load, Ib

ac = contact area, ft2

I't = equivalent radius, ft
H = depth of cover, ft

The equivalent radius is given by:

(3-3) _ag

rr—a—
T

For standard H20 and HS20 highway vehicle loading, the contact area is normally
taken for dual wheels, that is, 16,000 1b over a 10 in. by 20 in. area.

Timoshenko Example Calculation

Find the vertical pressure on a 24” PE pipe buried 3 ft beneath an unpaved road
when an R-50 off-road truck is over the pipe. The manufacturer lists the truck with
a gross weight of 183,540 Ibs on 21X35 E3 tires, each having a 30,590 Ib load over an
imprint area of 370 in”.

SOLUTION: Use Equations 3-2 and 3-3. Since the vehicle is operating on an unpaved
road, an impact factor of 2.0 is appropriate.

370/ 144 (2.0)(30,590)( 3° )
= === =0.90ft = 1-
VT T R W T

144

pP,_=2890Ib/ ft?
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Boussinesq Equation

The Boussinesq Equation gives the pressure at any point in a soil mass under a
concentrated surface load. The Boussinesq Equation may be used to find the pressure
transmitted from a wheel load to a point that is not along the line of action of the
load. Pavement effects are neglected.

69 31,W, H?

L
2rr®

WHERE
P\ = vertical soil pressure due to live load Ib/ft2

Wy = wheel load, Ib

H = vertical depth to pipe crown, ft

If = impact factor

I = distance from the point of load application to pipe crown, ft

@5 = /X2+H2

oPOINT 1 POINT 2
POINT 3
————PPE————
CASE | CASE Il
LOAD ALONG PIPE LENGTH LOAD AT HORIZONTAL DISTANCE FROM PIPE

Figure 3-4 lllustration of Boussinesq Point Loading

Example Using Boussinesq Point Loading Technique

Determine the vertical soil pressure applied to a 12 pipe located 4 ft deep under a
dirt road when two vehicles traveling over the pipe and in opposite lanes pass each
other. Assume center lines of wheel loads are at a distance of 4 feet. Assume a wheel
load of 16,000 Ib.
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SOLUTION: Use Equation 3-4, and since the wheels are traveling, a 2.0 impact
factor is applied. The maximum load will be at the center between the two wheels,
so X = 2.0 ft. Determine r from Equation 3-5.

r=44%+20>=447ft

Then solve Equation 3-4 for PL, the load due to a single wheel.

_ 3(2:0)(16,000)(4 )’
27(4.47 Y

L

p.=5481b/ ft°

The load on the pipe crown is from both wheels, so

2P, =2(548)=1096Ib / ft*

The load calculated in this example is higher than that given in Table 3-4 for a
comparable depth even after correcting for the impact factor. Both the Timoshenko
and Boussinesq Equations give the pressure applied at a point in the soil. In solving
for pipe reactions it is assumed that this point pressure is applied across the entire
surface of a unit length of pipe, whereas the actual applied pressure decreases away
from the line of action of the wheel load. Methods that integrate this pressure over
the pipe surface such as used in deriving Table 3-4 gives more accurate loading
values. However, the error in the point pressure equations is slight and conservative,
so they are still effective equations for design.

Railroad Loads

The live loading configuration used for pipes under railroads is the Cooper E-80
loading, which is an 80,000 1b load that is uniformly applied over three 2 ft by 8 ft
areas on 5 ft centers. The area represents the 8 ft width of standard railroad ties and
the standard spacing between locomotive drive wheels. Live loads are based on

the axle weight exerted on the track by two locomotives and their tenders coupled
together in doubleheader fashion. See Table 3-5. Commercial railroads frequently
require casings for pressure pipes if they are within 25 feet of the tracks, primarily
for safety reasons in the event of a washout. Based upon design and permitting
requirements, the designer should determine whether or not a casing is required.
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TABLE 3-5
Live Load Pressure for E-80 Railroad Loading
Depth of cover, ft. Soil Pressure*, Ib/ft?
2.0 3800
5.0 2400
8.0 1600
10.0 1100
12.0 800
15.0 600
20.0 300
30.0 100
Over 30.0 Neglect

For referecne see ASTM A796. *The values shown for soil pressure include impact.

Surcharge Load

Surcharge loads may be distributed loads, such as a footing, foundation, or an ash
pile, or may be concentrated loads, such as vehicle wheels. The load will be dispersed
through the soil such that there is a reduction in pressure with an increase in depth
or horizontal distance from the surcharged area. Surcharge loads not directly over
the pipe may exert pressure on the pipe as well. The pressure at a point beneath a
surcharge load depends on the load magnitude and the surface area over which

the surcharge is applied. Methods for calculating vertical pressure on a pipe either
located directly beneath a surcharge or located near a surcharge are given below.

Pipe Directly Beneath a Surcharge Load

This design method is for finding the vertical soil pressure under a rectangular area
with a uniformly distributed surcharge load. This may be used in place of Tables
3-3 to 3-5 and Equations 3-3 and 3-5 to calculate vertical soil pressure due to wheel
loads. This requires knowledge of the tire imprint area and impact factor.

The point pressure on the pipe at depth, H, is found by dividing the rectangular
surcharge area (ABCD) into four sub-area rectangles (a, b, ¢, and d) which have a
common corner, E, in the surcharge area, and over the pipe. The surcharge pressure,
P, at a point directly under E is the sum of the pressure due to each of the four
sub-area loads. Refer to Figure 3-5 A.

The pressure due to each sub-area is calculated by multiplying the surcharge
pressure at the surface by an Influence Value, I, Influence Values are proportionality
constants that measure what portion of a surface load reaches the subsurface point in
question. They were derived using the Boussinesq Equation and are given in

Table 3-6.

(3-6) PL: pa+ pb + pc+ pd
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WHERE
P\ = vertical soil pressure due to surcharge pressure, Ib/ft2

pa = pressure due to sub-area a, Ib/ft2
py, = pressure due to sub-area b, Ib/ft2
p¢ = pressure due to sub-area c, Ib/ft2
pg = pressure due to sub-area d, Ib/ft2

Pressure due to the surcharge applied to the i-th sub-area equals:

G pi= 1y ws

WHERE
Iy = Influence Value from Table 3-6

Ws = distributed pressure of surcharge load at ground surface, Ib/ft2

If the four sub-areas are equivalent, then Equation 3-7 may be simplified to:
®8 p =41, ws

The influence value is dependent upon the dimensions of the rectangular area and
upon the depth to the pipe crown, H. Table 3-6 Influence Value terms depicted in
Figure 3-6, are defined as:

H = depth of cover, ft
M = horizontal distance, normal to the pipe centerline, from the center of the load to the load edge, ft
N = horizontal distance, parallel to the pipe centerline, from the center of the load to the load edge, ft

Interpolation may be used to find values not given in Table 3-6. The influence value
gives the portion (or influence) of the load that reaches a given depth beneath the
corner of the loaded area.

Figure 3-5 lllustration of Distributed Loads
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TABLE 3-6
Influence Values, ly for Distributed Loads*

N/H

M/H | 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.2 15 2.0 e
0. |0.005|0.009 [0.013 |0.017 |0.020 | 0.022 | 0.024 |0.026 |0.027 |0.028 | 0.029 |0.030 | 0.031 | 0.032
0.2 |0.009 |0.018 |0.026 |0.033 | 0.039 |0.043 |0.047 |0.050 |0.053 | 0.055 |0.057 | 0.060 |0.061 |0.062
0.3 |0.013 |0.026 |0.037 | 0.047 | 0.056 | 0.063 | 0.069 |0.073 |0.077 |0.079 |0.083 |0.086 | 0.089 |0.090
0.4 |0.017 |0.033 |0.047 | 0.060 |0.071 | 0.080 | 0.087 |0.093 |0.098 |0.101 |0.106 |0.110 | 0.113 | 0.115
0.5 |0.020 |0.039 | 0.056 | 0.071 | 0.084 |0.095 [0.103 |0.110 | 0.116 | 0.120 | 0.126 | 0.131 | 0.135 | 0.137
0.6 |0.022|0.043 |0.063 | 0.080 |0.095 | 0.107 |0.117 |0.125 | 0.131 | 0.136 | 0.143 | 0.149 | 0.153 | 0.156
0.7 |0.024 |0.047 [0.069 | 0.087 [0.103 | 0.117 | 0.128 |0.137 | 0.144 |0.149 | 0.157 | 0.164 | 0.169 | 0.172
0.8 |0.026 |0.050 |0.073 |0.093 |[0.110 | 0.125 | 0.137 | 0.146 | 0.154 | 0.160 | 0.168 |0.176 | 0.181 | 0.185
0.9 [0.027 |0.053 [0.077 |0.098 [0.116 | 0.131 | 0.144 |0.154 | 0.162 |0.168 | 0.178 | 0.186 | 0.192 | 0.196
1.0 |0.028 |0.055 |0.079 |0.101 [ 0.120 | 0.136 | 0.149 | 0.160 | 0.168 |0.175 | 0.185 | 0.194 | 0.200 | 0.205
1.2 |0.029 |0.057 [0.083 |0.106 | 0.126 | 0.143 | 0.157 |0.168 | 0.178 | 0.185 | 0.196 |0.205 | 0.209 | 0.212
1.5 |0.030 |0.060 |0.086 |0.110 | 0.131 | 0.149 | 0.164 |0.176 | 0.186 | 0.194 | 0.205 | 0.211 | 0.216 | 0.223
2.0 |0.031|0.061 [0.088 |0.113 [ 0.135 | 0.153 | 0.169 |0.181 | 0.192 | 0.200 | 0.209 |0.216 | 0.232 | 0.240
w |0.032|0.062 [0.089 |0.116 [0.137 | 0.156 | 0.172 | 0.185 | 0.196 | 0.205 | 0.212 | 0.223 | 0.240 | 0.250

*H, M, and N are per Figure 3-5.

Vertical Surcharge Example # 1
Find the vertical surcharge load for the 4’ x 6, 2000 Ib/ft2 footing shown below.
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SOLUTION: Use equations 3-6 and 3-7, Table 3-6, and Figure 3-5. The 4 ft x 6 ft
footing is divided into four sub-areas, such that the common corner of the sub-areas
is directly over the pipe. Since the pipe is not centered under the load, sub-areas a
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and b have dimensions of 3 ft x 2.5 ft, and sub-areas c and d have dimensions of
3 ftx 1.5 ft.

Determine sub-area dimensions for M, N, and H, then calculate M/H and N/H. Find
the Influence Value from Table 3-6, then solve for each sub area, pa, pb, pc, pd, and

sum for Pr.
Sub-area
a b c d
M 2.5 2.5 1.5 1.5
N 3.0 3.0 3.0 3.0
M/H 0.5 0.5 0.3 0.3
N/H 0.6 0.6 0.6 0.6
ly 0.095 0.095 0.063 0.063
pi 190 190 126 126

Therefore: P_ = 632 lbs/ft2

Pipe Adjacent to, but Not Directly Beneath, a Surcharge Load

This design method may be used to find the surcharge load on buried pipes near, but
not directly below, uniformly distributed loads such as concrete slabs, footings and
floors, or other rectangular area loads, including wheel loads that are not directly
over the pipe.

The vertical pressure is found by first adding an imaginary loaded area that covers
the pipe, then determining the surcharge pressure due to the overall load (actual and
imaginary) based on the previous section, and finally by deducting the pressure due
to the imaginary load from that due to the overall load.

Refer to Figure 3-5 B. Since there is no surcharge directly above the pipe centerline,
an imaginary surcharge load, having the same pressure per unit area as the actual
load, is applied to sub-areas c and d. The surcharge pressure for sub-areas a+d and
b+c are determined, then the surcharge loads from the imaginary areas c and d are
deducted to determine the surcharge pressure on the pipe.

39 PL= pa+d + pb+c_ pd - pc

Where terms are as previously defined above, and
Pa-+d = surcharge load of combined sub-areas a and d, Ib/ft2
Pp+c = surcharge load of combined sub-areas b and c, Ib/ft2
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Vertical Surcharge Example # 2
Find the vertical surcharge pressure for the 6" x 10, 2000 1b/ft? slab shown below.

2000 ib/aq ft
|
1
A 7 7 e
BTt T ] ST
- o i e =
ot T o e
iQ Tt %* < = =T = K= - = ’ .
e e pd v 0
B - e N
s e e a e d o, |
e e yd s e I
ya y s e s \, | o
L — — =7 | — Lft
- 7 - \ | TN -
7 > ¢ o e - [P X
- o ft <74 ft - \ }’\/ S
[ )
e e N . Yi
P 10 Tt . éﬁf{ﬁlﬁjﬁ
s > X
NNty 7 V2
AR
NN o
N
PN\
NN
- NN
s RN
L s S
NS %
7 X e
/ N7
N
\ e
e 1
7\ '
AN

SOLUTION: Use Equations 3-7 and 3-9, Table 3-6, and Figure 3-5 B. The surcharge
area is divided into two sub-areas, a and b. The area between the surcharge and the
line of the pipe crown is divided into two sub-areas, c and d, as well. The imaginary
load is applied to sub-areas ¢ and d. Next, the four sub-areas are treated as a single
surcharge area. Unlike the previous example, the pipe is located under the edge

of the surcharge area rather than the center. So, the surcharge pressures for the
combined sub-areas a+d and b+c are determined, and then for the sub-areas c and
d. The surcharge pressure is the sum of the surcharge pressure due to the surcharge
acting on sub-areas a+d and b+c, less the imaginary pressure due to the imaginary
surcharge acting on sub-areas c and d.

Sub-area
a+d b+c

M 10 10 4 4

N 5 5 5 5
M/H 2.0 2.0 0.8 0.8
N/H 1.0 1.0 1.0 1.0

ly 0.200 0.200 0.160 0.160

pi 400 400 (320) (320)

Therefore PL = 160 Ib/ft2
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Installation Category 1: Standard Installation - Trench or
Embankment

Pipe Reaction to Earth, Live, and Surcharge Loads

Now might be a good time to review the “Design Process” that appeared earlier in
Section 3. After calculating the vertical pressure applied to the pipe the next design
step is to choose a trial pipe (DR or profile). Then, based on the Installation Category
and the selected embedment and compaction, calculate the anticipated deflection
and resistance to crush and buckling.

The Standard Installation category applies to pipes that are installed between 18
inches and 50 feet of cover. Where surcharge, traffic, or rail load may occur, the

pipe must have at least one full diameter of cover. If such cover is not available,

then the application design must also consider limitations under the Shallow Cover
Vehicular Loading Installation category. Where the cover depth exceeds 50 ft an
alternate treatment for dead loads is given under the Deep Fill Installation category.
Where ground water occurs above the pipe’s invert and the pipe has less than two
diameters of cover, the potential for the occurrence of flotation or upward movement
of the pipe may exist. See Shallow Cover Flotation Effects.

While the Standard Installation is suitable for up to 50 feet of cover, it may be used
for more cover. The 50 feet limit is based on A. Howard’s ©® recommended limit

for use of E’ values. Above 50 feet, the E’ values given in Table B.1.1 in Chapter 3
Appendix are generally thought to be overly conservative as they are not corrected
for the increase in embedment stiffness that occurs with depth as a result of the
higher confinement pressure within the soil mass. In addition, significant arching
occurs at depths greater than 50 feet.

The Standard Installation, as well as the other design categories for buried PE pipe,
looks at a ring or circumferential cross-section of pipe and neglects longitudinal
loading, which is normally insignificant. They also ignore the re-rounding effect of
internal pressurization. Since re-rounding reduces deflection and stress in the pipe,
ignoring it is conservative.

Ring Deflection

Ring deflection is the normal response of flexible pipes to soil pressure. It is also

a beneficial response in that it leads to the redistribution of soil stress and the
initiation of arching. Ring deflection can be controlled within acceptable limits by
the selection of appropriate pipe embedment materials, compaction levels, trench
width and, in some cases, the pipe itself.

The magnitude of ring deflection is inversely proportional to the combined stiffness
of the pipe and the embedment soil. M. Spangler ® characterized this relationship
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in the Iowa Formula in 1941. R. Watkins ® modified this equation to allow a simpler
approach for soil characterization, thus developing the Modified Iowa Formula. In
1964, Burns and Richards © published a closed-form solution for ring deflection and
pipe stress based on classical linear elasticity. In 1976 M. Katona et. al. @ developed a
finite element program called CANDE (Culvert Analysis and Design) which is now
available in a PC version and can be used to predict pipe deflection and stresses.

The more recent solutions may make better predictions than the Iowa Formula,

but they require detailed information on soil and pipe properties, e.g. more soil lab
testing. Often the improvement in precision is all but lost in construction variability.
Therefore, the Modified Iowa Formula remains the most frequently used method of
determining ring deflection.

Spangler’s Modified Iowa Formula can be written for use with solid wall PE pipe as:

(3-10)

Ax 1 KBED I‘DL PE +KBEDPL

~144 3
Dw ZE(lj +0.061F, E’
3D

and for use with ASTM F894 profile wall pipe as:

(3-11)
AX P ( K aep Log
D, 144(1.24(RSC)+0.061F e
Dw °
WHERE

AX = Horizontal deflection, in

Kgep = Bedding factor, typically 0.1

LpL = Deflection lag factor

Pg = Vertical soil pressure due to earth load, psf
P\ = Vertical soil pressure due to live load, psf
E = Apparent modulus of elasticity of pipe material, Ib/in2
E’ =Modulus of Soil reaction, psi

Fs = Soil Support Factor

RSC = Ring Stiffness Constant, Ib/ft

DR = Dimension Ratio, 0D/t

Dy = Mean diameter (D1+2z or Do-t), in

Z = Centroid of wall section, in

t = Minimum wall thickness, in

D, = pipe inside diameter, in

Do = pipe outside diameter, in

211
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Deflection is reported as a percent of the diameter which can be found by
multiplying 100 times AX/Dm or AX/D1. (When using RSC, the units of conversion
are accounted for in Equation 3-11.)

Apparent Modulus of Elasticity for Pipe Material, E

The apparent modulus of PE is dependent on load-rate or, duration of laoding and
temperature. Apparent elastic modulus values for high and medium density PE

may be found in Table B.1.1 in Chapter 3 Appendix. These values can be used in
Spangler’s Iowa Formula. It has long been an industry practice to use the short-term
modulus in the Iowa Formula for thermoplastic pipe. This is based on the idea that,
in granular embedment soil, deformation is a series of instantaneous deformations
consisting of rearrangement and fracturing of grains while the bending stress in
the pipe wall is decreasing due to stress relaxation. Use of the short-term modulus
has proven effective and reliable for corrugated and profile wall pipes. These pipes
typically have pipe stiffness values of 46 psi or less when measured per ASTM
D2412. Conventional DR pipes starting with DR17 or lower have significantly higher
stiffness and therefore they may carry a greater proportion of the earth and live load
than corrugated or profile pipe; so it is conservative to use the 50-year modulus for
DR pipes that have low DR values when determining deflection due to earth load.

Vehicle loads are generally met with a higher modulus than earth loads, as load
duration may be nearly instantaneous for moving vehicles. The deflection due

to a combination of vehicle or temporary loads and earth load may be found by
separately calculating the deflection due to each load using the modulus appropriate
for the expected load duration, then adding the resulting deflections together to get
the total deflection. When doing the deflection calculation for vehicle load, the Lag
Factor will be one. An alternate, but conservative, method for finding deflection for
combined vehicle and earth load is to do one calculation using the 50-year modulus,
but separate the vertical soil pressure into an earth load component and a live load
component and apply the Lag Factor only to the earth load component.

Ring Stiffness Constant, RSC

Profile wall pipes manufactured to ASTM F894, “Standard Specification for
Polyethylene (PE) Large Diameter Profile Wall Sewer and Drain Pipe,” are classified
on the basis of their Ring Stiffness Constant (RSC). Equation 3-12 gives the RSC.

3-12
@12 oo _ 6.442EI
DM
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WHERE
E = Apparent modulus of elasticity of pipe material @73°F (See Chapter 3 Appendix)

| = Pipe wall moment of inertia, in4/in (t3/12, if solid wall construction)
Z = Pipe wall centroid in

DI = Pipe inside diameter in

Dp = Mean diameter (DI + 2z or Do-t), in

{ = Minimum wall thickness, in

Modulus of Soil Reaction, E’

The soil reaction modulus is proportional to the embedment soil’s resistance

to the lateral expansion of the pipe. There are no convenient laboratory tests to
determine the soil reaction modulus for a given soil. A. Howard ® determined E’
values empirically from numerous field deflection measurements by substituting
site parameters (i.e. depth of cover, soil weight) into Spangler’s equation and “back-
calculating” E’. Howard developed a table for the Bureau of Reclamation relating
E’ values to soil types and compaction efforts. See Table 3-7. In back-calculating

E’, Howard assumed the prism load was applied to the pipe. Therefore, Table 3-7

E’ values indirectly include load reduction due to arching and are suitable for use
only with the prism load. In 2006, Howard published a paper reviewing his original
1977 publication from which Table 3-7 is taken. For the most part the recent work
indicates that the E’ values in Table 3-7 are conservative.

Due to differences in construction procedures, soil texture and density, pipe
placement, and insitu soil characteristics, pipe deflection varies along the length of a
pipeline. Petroff ®has shown that deflection measurements along a pipeline typically
fit the Normal Distribution curve. To determine the anticipated maximum deflection
using Eq. 3-10 or 3-11, variability may be accommodated by reducing the Table 3-7 E’
value by 25%, or by adding to the calculated deflection percentage the correction for
‘accuracy’ percentage given in Table 3-7.

In shallow installations, the full value of the E’ given in Table 3-7 may not develop.
This is due to the lack of “soil confining pressure” to hold individual soil grains
tightly together and stiffen the embedment. Increased weight or equivalently,
depth, increases the confining pressure and, thus, the E’. J. Hartley and J. Duncan @
published recommended E’ values based on depth of cover. See Table 3-8. These are
particularly useful for shallow installations.

Chapter 7, “Underground Installation of PE Pipe” covers soil classification for pipe
embedment materials and preferred methods of compaction and installation for
selected embedment materials. Some of the materials shown in Table 3-7 may not be
appropriate for all pipe installation. One example would be fine-grained soils in wet
ground, which would not be appropriate embedment, under most circumstances,
for either profile pipe or pipes with high DR’s. Such limitations are discussed in
Chapter 7.
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TABLE 3-7

Values of E’ for Pipe Embedment (See Howard ©®)

(Unified Classification System)!

E’ for Degree of Embedment Compaction, Ib/in2

Moderate,

Relative Density

Slight, High
85%-95% o Do
Dumped| <85% Proctor, Proctor >95% Proctor,
; ) X )
Soil Type-pipe Embedment Material <40% Relative 40%-70% >70% Relative
Density Density

Fine-grained Soils (LL > 50)2 Soils with
medium to high plasticity; CH, MH, CH-MH

No data available: consult a competent soils engineer,
otherwise, use E’ = 0.

Fine-grained Soils (LL < 50) Soils with
medium to no plasticity, CL, ML, ML-
CL, with less than 25% coarse grained
particles.

50

200

400

1000

Fine-grained Soils (LL < 50) Soils with
medium to no plasticity, CL, ML, ML-CL,
with more than 25% coarse grained
particles; Coarse-grained Soils with Fines,
GM, GC, SM, SC3 containing more than
12% fines.

100

400

1000

2000

Coarse-grained soils with Little or No Fines
GW, GP, SW, SP? containing less than 12%
fines

200

1000

2000

3000

Crushed Rock

1000

3000

3000

3000

Accuracy in Terms of Percentage

Deflection4

+2%

+2%

+1%

+0.5%

1 ASTM D-2487, USBR Designation E-3
2L = Liquid Limit

3 Or any borderline soil beginning with one of these symbols (i.e., GM-GC, GC-SC).
4 For £1% accuracy and predicted deflection of 3%, actual deflection would be between 2% and 4%.

Note: Values applicable only for fills less than 50 ft (15 m). Table does not include any safety factor. For use in
predicting initial deflections only; appropriate Deflection Lag Factor must be applied for long-term deflections.
If embedment falls on the borderline between two compaction categories, select lower E’ value, or average the
two values. Percentage Proctor based on laboratory maximum dry density from test standards using 12,500
ft-Ib/cu ft (598,000 J/m2) (ASTM D-698, AASHTO T-99, USBR Designation E-11). 1 psi = 6.9 KPa.
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TABLE 3-8

Values of E’ for Pipe Embedment (See Duncan and Hartley('?)
Depth of E’ for Standard AASHTO Relative Compaction, Ib/in?
Type of Soil Cover, ft 85% 90% 95% 100%
0-5 500 700 1000 1500
Fine-grained soils with less than 5-10 600 1000 1400 2000
25% sand content (CL, ML, CL-ML) 10-15 700 1200 1600 2300
15-20 800 1300 1800 2600
0-5 600 1000 1200 1900
Coarse-grained soils with fines 5-10 900 1400 1800 2700
(SM, SC) 10-15 1000 1500 2100 3200
15-20 1100 1600 2400 3700
0-5 700 1000 1600 2500
Coarse-grained soils with little or no 5-10 1000 1500 2200 3300
fines (SP, SW, GP, GW) 10-15 1050 1600 2400 3600
15-20 1100 1700 2500 3800

Soil Support Factor, Fs

Ring deflection and the accompanying horizontal diameter expansion create lateral
earth pressure which is transmitted through the embedment soil and into the
trench sidewall. This may cause the sidewall soil to compress. If the compression

is significant, the embedment can move laterally, resulting in an increase in pipe
deflection. Sidewall soil compression is of particular concern when the insitu soil

is loose, soft, or highly compressible, such as marsh clay, peat, saturated organic
soil, etc. The net effect of sidewall compressibility is a reduction in the soil-pipe
system’s stiffness. The reverse case may occur as well if the insitu soil is stiffer than
the embedment soil; e.g. the insitu soil may enhance the embedment giving it more
resistance to deflection. The Soil Support Factor, F,, is a factor that may be applied to
E’ to correct for the difference in stiffness between the insitu and embedment soils.
Where the insitu soil is less stiff than the embedment, F, is a reduction factor. Where
it is stiffer, F,isan enhancement factor, i.e. greater than one.

The Soil Support Factor, Fs, may be obtained from Tables 3-9 and 3-10 as follows:
e Determine the ratio B4/Do, where Bq equals the trench width at the pipe
springline (inches), and Do equals the pipe outside diameter (inches).

¢ Based on the native insitu soil properties, find the soil reaction modulus for the
insitu soil, E'N in Table 3-9.

e Determine the ratio E'N/FE”.
e Enter Table 3-10 with the ratios B4/Do and E'N/E’ and find Fs.
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