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INTERNATIONAL

Standard Guide for
Underground Installation of “Fiberglass” (Glass-
FiberReinforced Thermosetting-Resin) Pipe 1

This standard is issued under the fixed designation D 3839; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

' Note—Table 3 was editorially revised in November 2003.

1. Scope Note 2—A discussion of the importance of deflection and a presenta-
n of a simplified method to approximate field deflections are given in
WA Manual of Practice M45 Fiberglass Pipe Design.

1.1 This practice establishes procedures for the burial o 0
pressure and nonpressure “fiberglass” (glass-fiber-reinforce )
thermosetting-resin) pipe in many typically encountered soil 1-4 This standard does not purport to address all of the
conditions. Included are recommendations for trenching, placs@fety concerns, if any, associated with its use. It is the
ing pipe, joining pipe, placing and compacting backfill, andre$p0nSIblllty of the user of thls standard to e;tab||sh appro-
monitoring deflection levels. Guidance for installation of Priate safety and health practices and determine the applica-
fiberglass pipe in subaqueous conditions is not included.  Pility of regulatory limitations prior to use.

1.2 Product stand.ards for fiberglass pipe encompass a widf Referenced Documents
range of product variables. Diameters range from 1 in. to 12 ft

2.1 ASTM Standards:

(25 mm to 3600 mm) and pipe stiffness range from 9 to over ) , ,

72 psi (60 to 500 kPa) with internal pressure ratings up to D 8 Terminology Relating to Materials for Roads and Pave-
several thousand pound-force per square inch. This standard ments , . : :
does not purport to consider all of the possible combinations of D 853 Terminology Relating to Soil, Rock, and Contained
pipe, soil types, and natural ground conditions that may occur. Fluids® .
The recommendations in this practice may need to be modified P 698 Test Method for Laboratory Compaction Character-
or expanded to meet the needs of some installation conditions. Stics Of Soil Using Standard Effort (12,400 ft-lbf/ft (600
In particular, fiberglass pipe with diameters of a few inches are kN-m/m))® . .

generally so stiff that they are frequently installed in accor- D 883 Terminology Relating to Plasti“cs' . -
dance with different guidelines. Consult with the pipe manu- D 1556 Test Method for Density and Unit Weight of Soil in

facturer for guidance on which practices are applicable to these _Place by the Sand-Cone Mettfod _
particular pipes. D 1557 Test Method for Laboratory Compaction Character-

1.3 The scope of this practice excludes product- istics of Soil Using Modified Effort (56 000 ft-lbf/ft (2 700

performance criteria such as a minimum pipe stiffness, maxi- kN-m/m))* . ) ) .
mum service deflection, or long-term strength. Such param- D 2167 Test Method for Density and Unit Weight of Soil in

eters may be contained in product standards or design _Flace by the Rubber Balloon Method
specifications, or both, for fiberglass pipe. It is incumbent upon P 2216 Test Method for Laboratory Determination of Water
the specified product manufacturer or project engineer to verify _ (Moisture) Content of Soil and Rogk , ,
and ensure that the pipe specified for an intended application, P 2321 Practice for Underground Installation of Flexible
when installed in accordance with procedures outlined in this ~ 1hermoplastic Pipe for Sewers and Other Gravity-Flow
practice, will provide a long-term, satisfactory performance in Applications _ o
accordance with criteria established for that application. D 2487 Classification of Soils for Engineering Purpdses

D 2488 Practice for Description of Soils (Visual-Manual
Note 1—There is no similar or equivalent ISO standard. Procedure)

1 This practice is under the jurisdiction of ASTM Committee D20 on Plasticsand—————
is the direct responsibility of Subcommittee D20.23 on Reinforced Plastic Piping 2 Annual Book of ASTM Standaidéol 04.03.

Systems and Chemical Equipment. 2 Annual Book of ASTM Standardgol 04.08.
Current edition approved Dec. 10, 2002. Published July 2003. Originally *Annual Book of ASTM Standardgol 08.01.
published as D 3839 — 79. Last previous edition D 3839 — 94a. > Annual Book of ASTM Standardgol 08.04.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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D 2922 Test Methods for Density of Soil and Soil- 3.2.3 engineer—the engineer in responsible charge of the
Aggregate in Place by Nuclear Methods (Shallow Debth) work or his duly recognized or authorized representative.

D 3017 Test Method for Moisture Content of Soil and 3.2.4 fiberglass pipe-a tubular product containing glass-
Soil-Aggregate in Place by Nuclear Methods (Shallowfiber reinforcements embedded in or surrounded by cured

Depthy thermosetting resin; the composite structure may contain
D 4253 Test Methods for Maximum Index Density and Unit aggregate, granular, or platelet fillers, thixotropic agents, pig-

Weight of Soils Using a Vibratory Table ments, or dyes; thermoplastic or thermosetting liners or coat-
D 4254 Test Method for Minimum Index Density and Unit ings may be included.

Weight of Soils and Calculation of Relative Density 3.2.5 final backfill—backfill material placed from the top of
D 4318 Test Method for Liquid Limit, Plastic Limit, and the initial backfill to the ground surface.

Plasticity Index of Soil® 3.2.6 fines—soil particles that pass a No. 200 seive.

D 4564 Test Method for Density of Soil in Place by the 3.2.7 foundatior—in situ soil or, in the case of unsuitable
Sleeve Methot| ground conditions compacted backfill material, in the bottom
D 4643 Method for Determination of Water (Moisture) of the trench the supports the bedding and the pipe (see Fig. 1).
Content of Soil by the Microwave Oven Methbd 3.2.8 geotextile—any permeable textile material used with
D 4914 Test Method for Density of Soil and Rock in Placefoundation, soil, earth, rock, or any other geotechnical engi-
by the Sand Replacement Method in a Test Pit neering related material, as an integral part of a man-made

D 4944 Test Method for Field Determination of Water product, structure, or system.
(Moisture) Content of Soil by the Calcium Carbide Gas 3.2.9 haunching—backfill material placed on top of the

Pressure Tester Meth®d bedding and under the springline of the pipe; the term
D 4959 Test Method for Determination of Water (Moisture) haunching only pertains to soil directly beneath the pipe (see
Content of Soil by Direct Heating Methéd Fig. 1).

D 5030 Test Methods for Density and Unit Weight of Soil ~ 3.2.10 initial backfil—backfill material placed at the sides
and Rock in Place by the Water Replacement Method in @f the pipe and up to 6 to 12 in. (150 to 300 mm) over the top

Test Pif of the pipe, including the haunching.
D 5080 Test Method for Rapid Determination of Percent 3.2.11 manufactured aggregatesaggregates that are prod-
Compactiofi ucts or by-products of a manufacturing process, or natural
F 412 Terminology Relating to Plastic Piping Systéms  aggregates that are reduced to their final form by a manufac-
2.2 Other Standards: turing process such as crushing.

AASHTO LRFD Bridge Design Specifications, 2nd Edition,  3.2.12 maximum standard Proctor densiythe maximum
American Association of State Highway and Transportadry unit weight of soil compacted at optimum moisture

tion Officials’ content, as obtained by laboratory test in accordance with Test
AAHSTO M145 Classification of Soils and Soil Aggregate Method D 698.
Mixtures’

AWWA C 950 American Water Works Association Standard
Specification for Fiberglass Pressure Pipe e exCAvATED THENGH WIDTH ;
AWWA Manual of Practice M45 Fiberglass Pipe Design
Manuaf T

3. Terminology

3.1 Definitions: ‘

3.1.1 General—Unless otherwise indicated, definitions are
in accordance with Terminologies D 8, D 653, D 883, and
F 412.

3.2 Definitions of Terms Specific to This Standdeascrip-
tions of Terms Specific to This Standard:

3.2.1 bedding—backfill material placed in the bottom of the
trench or on the foundation to provide a uniform material on
which to lay the pipe.

3.2.2 deflectior—any change in the inside diameter of the
pipe resulting from installation or imposed loads, or both;
deflection may be either vertical or horizontal and is usually
reported as a percentage of the nominal inside pipe diameter. ; ’ ! /

BACKFILL

——  FINAL

ZONE —— =

IN SITU SDIL
(NATIVE)
BACKFILL ———-=~

IN SITU SQIL
(NATIVE]

EMBEDMENT
INITIAL BACKFILL

--— PIPE

2
o
N
BEDDING ~—w~ iwa—

(4m-g")

L HAUNCH ZONE —'
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3.2.13 native (in situ) soi—natural soil in which a trench is when used for foundation, embedment, and backfill, should be categorized
excavated for pipe installation or on which a pipe andin accordance with this section and Table 1 in accordance with particle
embankment are placed. size and gradation.

3.2.14 open-graded aggregatean aggregate that has a 5.2 Installation and Use-Table 3 provides recommenda-
particle-size distribution such that, when compacted, the retions on installation and use based on soil-stiffness category
sulting voids between the aggregate particles, expressed asafd location in the trench. Categories SC1 to SC4 should be
percentage of the total space occupied by the material, aigsed as recommended in Table 3. Soil-stiffness Category 5,
relatively large. including clays and silts with liquid limits greater than 50,

3.2.15 optimum moisture contenithe moisture content of organic soils, and frozen soils, shall be excluded from the
soil at which its maximum density is obtained. (See Tespipe-zone embedment.

Method D 698.) _ , 5.2.1 Soil-Stiffness Category 1 (SGEBC1 materials pro-
3.2.16 pipe zone embedmerall backfill around the pipe; \ije maximum stability and pipe support for a given percent
this includes the bedding, haunching, and initial ba_ckﬂll. compaction due to the low content of sand and fines. With
3.2.17 processed aggregatesaggregates which are minimum effort these materials can be installed at relatively
screened or washed or mixed or blended to produce a specifigh_soil stiffnesses over a wide range of moisture contents. In
particle-size distribution. _ addition, the high permeability of SC1 materials may aid in the
3.2.18relative density-a measure of the density of & conirol of water, and these materials are often desirable for
granular soil based on the actual density of the soil "relative’s hegment in rock cuts where water is frequently encountered.

to the soil in its loosest state and the soil in its densest state (S@g,\vever when ground-water flow is anticipated, consider-
Terminology D 653 for a precise definition) as obtained byyiion should be given to the potential for migration of fines
laboratory testing in accordance with Test Methods D 4253 ang,, adjacent materials into the open-graded SC1 materials.

D 4254. (See 5.5))

3.2.19 soil stiffness—a property of soil, generally repre- o .
sented numerically by a modulus of deformation that indicates 5.2.2 Soil-Stifiness Category 2 (SG25C2 materials, when

the relative amount of deformation that will occur under acompacted, provide a relatively high level O.f Pipe support;
given load. however, open-graded groups may allow migration and the

3.2.20 split installation—an installation in which the initial sizes should be checked for compatibility with adjacent mate-

backfill consists of two different materials; the first material rial; see 65 . )
extends from the top of the bedding to a depth of at least 0.6, 2-2-3 Soil-Stiffness Category 3 (SG35C3 materials pro-
times the diameter and the second material extends to the /€ !€ss support for a given density than SC1 or SC2

of the initial backfill. materials. Higher levels of compactive effort are required and
moisture content must be near optimum to minimize compac-
4. Significance and Use tive effort and achieve the required density. These materials

4.1 This practice is for use by designers and specifiersorovide reasonable levels of pipe support once proper density
manufacturers, installation contractors, regulatory agencieds achieved.
owners, and inspection organizations involved in the construc- 5.2.4 Soil-Stiffness Category 4 (SG45C4 materials re-
tion of buried fiberglass pipelines. As with any practice,quire a geotechnical evaluation prior to use. Moisture content
modifications may be required for specific job conditions, ormust be near optimum to minimize compactive effort and
for special local or regional conditions. Recommendations foachieve the required density. Properly placed and compacted,
inclusion of this practice in contract documents for a specificSC4 materials can provide reasonable levels of pipe support;
project are given in Appendix X1. however, these materials may not be suitable under high fills,
surface-applied wheel loads, or under high-energy-level vibra-
tory compactors and tampers. Do not use where water condi-
5.1 Classificatior—Soil types used or encountered in bury- tions in the trench may prevent proper placement and compac-
ing pipes include those classified in Table 1 and naturaltion.
manufactured, and processed aggregates. The soil classifica- o _
tions are grouped into soil-stiffness categories (SC#) in Table 2 n’:';;jg;i tgeg‘mp'zg;‘o:’;Zﬁﬁm'g‘r’]?'th‘é‘tb:;g’g dgg(’;ﬁ%ﬁtgir:toft”g]e
base‘.’ OT‘ the typlca‘.l soil stiffness when (,:0mpaCted,' Categor;??ipe more than permitted by the specifications or the manufacturer.
SC1 indicates a soil that generally provides the highest so
stiffness at any given percentage of maximum Proctor density, 5.2.5 Soil-Stiffness Category 5 (SG5) SC5 materials
and a soil that provides a given soil stiffness with the leasshould be excluded from pipe-zone embedment.
compactive effort. Each higher-number soil-stiffness category 5.3 Moisture Content of Embedment Material§he mois-
provides successively less soil stiffness at a given percentage tofre content of embedment materials must be controlled to
maximum Proctor density and requires greater compactivpermit placement and compaction to required levels. For

5. Materials

effort to provide a given level of soil stiffness. non-free draining soils (that is, SC3 and SC4 and some
Note 3—See Practices D 2487 and D 2488 for laboratory and fieldbordezIIne SC.Z soils), moisture content is normally Con.tm”.ed
visual-manual procedures for identification of soils. to =3 % of optimum (see Test Method D 698). The practicality

Note 4—Processed materials produced for highway construction, inOf obtaining and maintaining the required limits on moisture
cluding coarse aggregate, base, subbase, and surface coarse materi@@tent is an important criterion for selecting materials, since
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TABLE 1 Soil Classification Chart (see Classification D 2487)

Criteria for Assigning Group Symbols and Group Names Using Laboratory Tests”

Soil Classification
Group Symbol Group Name®

Coarse-Grained Soils gravels clean gravels Cu=4andl=Cc=3° GW well-graded gravel®
More than 50 % retained more than 50 % of coarse less than 5 % fines®  Cu < 4 and/or 1 > Cc > 3¢ GP poorly graded gravel®
on No. 200 sieve fraction retained on No. 4
sieve
gravels with fines more Fines classify as ML or MH GM silty gravel® "¢
than 12 % fines®
Fines classify as CL or CH GC clayey gravel®F¢
sands clean sands Cu=6andl=Cc=3° Sw well-graded sand"
50 % or more of coarse fraction less than 5 % fines’  Cu < 6 and/or 1 > Cc > 3¢ SP poorly graded sand"
passes No. 4 sieve
sands with fines Fines classify as ML or MH SM silty sand™&*
more than 12 % fines’ Fines classify as CL or CH SC clayey sand”&"
Fine-Grained Soils silts and clays inorganic Pl > 7 and plots on or above “A” line”’ CL lean clay®tM
50 % or more passes liquid limit less than 50 Pl < 4 or plots below “A” line” ML silt’<tM

the No. 200 sieve

Tiquid Timit — oven dried oL organic clay<LMN
Tiquid imit — not dried < ©-7° _g—y_organic SiltEMO
silts and clays Pl plots on or above “A” line CH fat clay®t™
liquid limit 50 or more Pl plots below “A” line MH elastic silt“tM
Tiquid limit — oven dried OH organic clay<-"P
Tiquid Timit — not dried 0.75 organic silt/"t-M-Q
Highly organic soils primarily organic matter, dark in color, and organic odor PT peat

A Based on the material passing the 3-in. (75-mm) sieve.
B f field sample contained cobbles or boulders, or both, add “with cobbles or boulders, or both” to group name.
ceu= _ (Dy)?
U = Dgo/D1g Cc= DX D

D . R 10 60 . . »

If soil contains =15 % sand, add “with sand” to group name.
E Gravels with 5 to 12 % fines require dual symbols:

GW-GM well-graded gravel with silt

GW-GC well-graded gravel with clay

GP-GM poorly graded gravel with silt

GP-GC poorly graded gravel with clay
FIf fines classify as CL-ML, use dual symbol GC-GM, or SC-SM.
@ |f fines are organic, add “with organic fines” to group name.
HIf soil contains =15 % gravel, add “with gravel” to group name.
' Sands with 5 to 12 % fines require dual symbols:

SW-SM well-graded sand with silt

SW-SC well-graded sand with clay

SP-SM poorly graded sand with silt

SP-SC poorly graded sand with clay
JIf Atterberg limits plot in hatched area, soil is a CL-ML, silty clay (see Test Method D 4318).
KIf soil contains 15 to 29 % plus No. 200, add “with sand” or “with gravel,” whichever is predominant.
L If soil contains =30 % plus No. 200, predominantly sand, add “sandy” to group name.
M |f soil contains =30 % plus No. 200, predominantly gravel, add “gravelly” to group name.
NPl = 4 and plots on or above “A” line.
© Pl < 4 or plots below “A” line.
PPl plots on or above “A” line.
© Pl plots below “A” line.

failure to achieve required density, especially in the pipe zongome backfill has already been placed on the pipe.

embedment, may result in excessive deflection. 5.5 Migration—When open-graded material is placed adja-
5.4 Maximum Particle Size-Maximum particle size for cent to a finer material, fines may migrate into the coarser
pipe-zone embedment is limited based on pipe diameter apaterial under the action of hydraulic gradient from ground
listed in Table 4. For final baCkfl”, the maximum particle size water flow. Significant hydrau”c gradients may arise in the
allowed should not exceed 75 % of the lift thickness. Wherbipeiine trench during construction, when water levels are
final backfill contains cobbles, boulders, etc., the initial bEd-being controlled by various pumping or well-pointing methods,
ding should be extended above the top of the pipe at least 1@ after construction, when permeable underdrain or embed-
in. (300 mm). Backfill containing particles larger than 8 in. ment materials act as a “french” drain under high ground water
(200 mm) shall not be dropped on the backfill or rolled downjevels. Field experience shows that migration can result in
a sloping trench wall from a height greater than 6 ft (1.8 m)significant loss of pipe support and increasing deflections that
until the depth of fill over the top of the pipe is greater than 24may eventually exceed design limits. The gradation and
in. (600 mm). relative size of the embedment and adjacent materials must be
Note 6—The limits of 200 mm (8 in.) particles and a drop height of 6 COMpatible in order to minimize migration. In general, where
ft (1.8 m) are somewhat arbirtrary, but serve to establish the principle thagignificant ground water is anticipated, avoid placing coarse,
dropping boulders onto the backfill can damage the pipe even thougbpen-graded materials, such as SC1, above, below, or adjacent
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TABLE 2 Soil-Stiffness Categories such as in 6.5 should be handled and placed in a manner that will

I . . inimize segregation.
Note 1—Soil stiffness categories group types together as a function an greg

the relative level of soil stiffness developed when compacted to a given 5.6 Cementitious Backfill Materiats-Backfill materials
level. At any given level of compaction, SC1 soils provide the highestsupplemented with cement to improve long-term strength
stiffness and SCS soils the lowest. and/or stiffness (soil cement, cement stabilized backfill) or to
Note 2—The soil-stiffness categories are similar but not identical to theimprove flowability (flowable fill, controlled low strength
soil classes in Practice D 2321. . ' . - - -
— material) have been shown to be effective backfill materials in
Soil Group Soll Stifiness terms of ease of placement and quality of support to pipe.

Category . e .
P p— v~ While not specifically addressed by this standard, use of these
rushed rock: . . . .
15 % sand, maximum 25 % passing the % in. materials is beneficial under many circumstances.
sieve and maximum 5 % passing a #200 sieve 6. Trench Excavation
Clean, coarse grained soils: SC2 .
SW, SP, GW, GP or any soil beginning with one 6.1 Excavation—Excavate trenches to ensure that sides will
of these symbols with 12 % or less passing a . L.
#200 sieve be stable under all working conditions. Slope trench walls or
Coarse grained soils with fines: scs provide supports in conformance with all local and national
GM, GC, SM, SC, or any soil beginning with one standards for safety. Place excavated material away from the
of these symbols, containing more than 12 %
passing a #200 sieve; edge o_f the trench: Open on_Iy enough trench that can be safe_ly
Sandy or gravelly fine-grained soils: maintained by available equipment. Place and compact backfill
CL, ML, (or CL-ML, CL/ML. ML/CL) with more H H
than 30.9% retaned on a #300 sieve in trenches as soon as practicable, preferably no later than the
Fine-grained soils: sca end of each working day.
CL, ML, (or CL-ML, CL/ML. ML/CL) with 30 % or 6.2 Water ControlIt is always good practice to remove
less retained on a #200 sieve ter f t h bef I -y 9 d bp Kfilli i Whil
MH, CH, OL, OH, PT scs water from a trench before laying and backfilling pipe. ile
Not for use as circumstances occasionally require pipe installation in standing
embedment or running water conditions, such practice is outside the scope

of this practice. At all times prevent run-off and surface water
from entering the trench.

6.2.1 Ground Water—When ground water is present in the
to finer materials, unless methods are employed to impedgork area, dewater to maintain stability of in situ and imported
migration such as the use of an appropriate soil filter or anaterials. Maintain the water level below pipe bedding. Use, as
geote?(tile filter fabric along the boundary of the incompatibleappropriate' sump pumps, well pointS, deep We”S, geotext"eS,
materials. perforated underdrains or stone blankets of sufficient thickness

5.5.1 The following filter gradation criteria may be used toto remove and control water in the trench. When excavating
restrict migration of fines into the voids of coarser materialwhile lowering the ground water level, ensure that the ground

under a hydraulic gradient: water is below the bottom of cut at all times to prevent washout
D,/dgs <5 (1) from behind sheeting or sloughing of exposed trench walls.
Maintain control of water in the trench before, during, and after
where: ] _ _ i pipe installation, and until embedment is installed and suffi-
D,;s = sieve opening size passing 15 % by weight of the gient backfill has been placed to prevent flotation of the pipe.
coarser material, and _ To preclude loss of soil support, employ dewatering methods
dgs = sieve opening size passing 85 % by weight of the 4t minimize removal of fines and the creation of voids in in
finer material. situ materials.
Dsy/dsg < 25 (2) 6.2.2 Running Water—Control running water emanating

from surface drainage or ground water to preclude undermin-
ing of the trench bottom or walls, the foundation, or other
zones of embedment. Provide dams, cutoffs, or other barriers
ds, = sieve opening size passing 50 % by weight of the periodically along the installation to preclude transport of
finer material. This criterion need not apply if the water along the trench bottom. Backfill all trenches as soon as
coarser mate-rial is well-graded (see Classification practical after the pipe is installed to prevent disturbance of
D 2487) pipe and embedment.
5.5.2 If the finer material is a medium to highly plastic clay m6'2'3 Materials for Water Control-Use suitably graded

. . . o aterials in the foundation as drainage blankets for transport of
without sand particles (CL or CH), then the following criterion : : .
may be used instead of 6.5.1: running water to sump pits or other drains. Use properly graded

materials or perforated underdrains, or both, to enhance trans-
D5< 0.02in. (0.5mm) (3)  port of running water. Select the gradation of the drainage
materials to minimize migration of fines from surrounding
materials. (See 5.5.)

6.3 Minimum Trench Width-Where trench walls are stable
or supported, provide a width sufficient, but no greater than
Note 7—Materials selected for use based on filter-gradation criterianecessary, to ensure working room to properly and safely place

D5, = sieve opening size passing 50 % by weight of the
coarser material, and

where:
D,s = sieve-opening size passing 15 % by weight of the
coarser material.
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TABLE 3 Recommendations for Installation and Use of Soils and Aggregates for Foundation and Pipe-Zone Embedment

Soil Stiffness Category”

SC1

SC2

SC3

SC4

General Recommendations
and Restrictions

Foundation

Pipe Zone Embedment

Acceptable and common where Where hydraulic gradient exists Do not use where water

no migration is probable or
when combined with a
geotextile filter media. Suitable
for use as a drainage blanket
and under drain where adjacent
material is suitably graded or
when used with a geotextile
filter fabric (see 6.5).

Suitable as foundation and for
replacing over-excavated and
unstable trench bottom as
restricted above.

Suitable as restricted above.
Work material under pipe to
provide uniform haunch
support.

check gradation to minimize
migration. Clean groups are
suitable for use as a drainage
blanket and underdrain (see
Table 2). Uniform fine sands
(SP) with more than 50 %
passing a #100 sieve (0.006 in.,
0.15 mm) behave like silts and
should be treated as SC3 soils.
Suitable as foundation and for
replacing over-excavated and
unstable trench bottom as
restricted above. Install and
compact in 12 in. (300 mm)
maximum layers

Suitable as restricted above.
Work material under pipe to
provide uniform haunch
support.

conditions in trench prevent
proper placement and
compaction. Not recommended
for use with pipes with stiffness
of 9 psi or less

Suitable for replacing over-
excavated trench bottom as
restricted above. Install and
compact in 6 in. (150 mm)
maximum layers

Suitable as restricted above.
Difficult to place and compact in
the haunch zone.

Difficult to achieve high-soil
stiffness. Do not use where
water conditions in trench
prevent proper placement and
compaction. Not recommended
for use with pipes with stiffness
of 9 psi or less

Not suitable.

Suitable as restricted above.
Difficult to place and compact in
the haunch zone.

Embedment Compaction:
Min Recommended Density,
SPD®

Relative Compactive Effort
Required to Achieve
Minimum Density
Compaction Methods
Required Moisture Control

85 % 90 % 95 %

low moderate high very high

vibration or impact
none

vibration or impact
none

impact
maintain near optimum to
minimize compactive effort

impact
maintain near optimum to
minimize compactive effort

A SC5 materials are unsuitable as embedment. They may be used as final backfill as permitted by the engineer.
B SPD is standard Proctor density as determined by Test Method D 698.
€ Minimum density typically achieved by dumped placement.

TABLE 4 Maximum Particle Size for Pipe Embedment provides an installation consistent with the requirements of this

practice, minimum trench widths may be reduced if approved

Nominal Diameter (D;)) Range, Maximum Particle Size,

in. (mm) in., (mm) by the engineer.
1Dé:<1[‘)3_ :(Dz'Z &55(& D= 600) g-?‘s’v ((119?;) 6.4 Support of Trench WallsWhen supports such as trench
24< D= 36 (600< D= 900) 1.00 (25) sheeting, trench jacks, trench shields, or boxes are used, ensure
36< D;= 48 (900< D;= 1200) 1.25(32) that support of the pipe and the embedment is maintained
48< D;(1200< D)) 1.50 (38)

throughout the installation process. Ensure that sheeting is
sufficiently tight to prevent washing out of the trench wall from
behind the sheeting. Provide tight support of trench walls

. . below viaducts, existing utilities, or other obstructions that
and compact haunching and other embedment materials. Tr?@strict driving of sheeting

space between the pipe and trench wall must be wider than the6.4_1 Support Left in Place-Unless otherwise directed by

compaction equipment used in this region. For a single pipe II?he engineer, sheeting driven below the top of the pipe should

a trench, the minimum trench width should be 1.25 times th%e left in place to preclude loss of support of foundation and
outside diameter of the pipe plus 12 in. (300 mm). For multiple b b bp

dep:[hs greater thgn 121t .(3'5 m), aftdlof the average of the support cutoff sheeting and the trench wall in the vicinity of the
radii thhe two adjacent pipe for.depths less than 12 ft (3.5 m) ipe. Timber sheeting to be left in place is considered a
the distance from the outside pipe to the trench wall WUSt_nogermanent structural member, and should be treated against
be less than if that pipe were installed as a single pipe in @5|qgical degradation (for example, attack by insects or other

trench. If mechanical compaction equipment is used, thgygogical forms), as necessary, and against decay if above
minimum space between pipe and trench wall, or betweeg,ound water.

adjacent pipe shall not be less than the width of the wides

piece of equipment plus 6 in. (150 mm). In addition to safety Note 8—Certain preservative and protective compounds may pose
considerations, trench width in unsupported, unstable soils wilgnvironmental hazards.. Determination of acceptable compounds is outside
depend on the size and stiffiness of the pipe, stiffness of th® SCope of this practice.

embedment and in situ soil, and depth of cover. Specially 6.4.2 Movable Trench-Wall SupporsDo not disturb the
designed equipment may facilitate the satisfactory installatiomstalled pipe and its embedment when using movable trench
and embedment of pipe in trenches narrower than specifiebloxes and shields. Movable supports should not be used below
above. If it is determined that the use of such equipmenthe top of the pipe embedment zone, unless approved methods
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are used for maintaining the integrity of embedment material. Note 9—Installation of pipe in areas where significant settlement may

Before moving supports, place and compact embedment tee e_mticipated,_ such as in backfill _adjacent to building foundat_ions, anq in

sufficient depths to ensure protection of the pipe. As support§an'_tary _Iandfllls, or in _other highly unsta_lble SOII|S, require special

are moved, finish placing and compacting embedment, ang'9"neenna and are outside the scope of this practice.

ensure the direct compaction of embedment materials against 7.2 Foundation/Bedding-Install foundation and bedding as

the undisturbed native soil. required by the engineer in accordance with conditions in the
6.4.3 Removal of Trench-Wall Suppett If the engineer trench-bottom. Provide a firm, stable, and uniform bedding for

permits the use of sheeting or other trench-wall supports thdhe pipe barrel and any protruding features of its joint. Provide
extend below the top of the pipe, ensure that neither pipe2 Minimum of 4 in. (100 mm) of bedding below the barrel and
foundation, nor embedment materials is disturbed by suppor iN- (75 mm) below any other part of the pipe unless otherwise

removal. Fill voids left on removal of supports and compact aliSPecified. _ _ _ _

material to required densities. 7.2.1 Bedding Materia—Often the bedding material will

h need to be an imported material to provide the proper gradation

of 4 in. (100 mm) below the pipe. See Section 7 for guidancé®"d Pipe support. The bedding material should be the same
material as the initial backfill. Native-soil material can be used

on installing foundation and bedding. as a bedding material if it meets the requirements of the initial
6.5.1 When ledge, rock, hardpan or other unyielding matebackfill. This determination must be made as the pipe instal-

rial, cobbles, rubble or debris, boulders, or stones larger thaf?:ltion progresses because native-soil conditions vary widely

1.5in. (38 mm) are encountered in the trench bottom, excavate d h ddenlv al he | h of a pipel .
a minimum depth of 6 in. (150 mm) below the pipe bottom ordnd may change sudaenly along the length of a pipeline. Itis
as directed by the engineer " “"increasingly common to leave the bedding uncompacted for a

652 If th h b . bl h o k,,width of ¥s of the pipe diameter centered directly under the
('15' the trenc ottorg IS #nzt.a € grbs %Ws a quic pipe. This reduces concentrated loads on the invert of the pipe.
tendency, overexcavate to depths directed by the engineer. =5 5 5 oo and Unyielding Materials- When rock or

6.6 Trenching on SlopesThe angle at which slopes can nyielding material is present in the trench bottom, install a

become unstable depends on the quality of the soil. The risk Qf;shion of bedding, 6-in. (150-mm) minimum thickness, below
unstable conditions increases dramatically with slope angle. lfhe pottom of the pipe.

general, pipes should not be installed on slopes greater than 157 5 3 Unstable Trench-Bottor\Where the trench-bottom is
degrees (a slope of 1 to 4) or in areas where slope instability i§yerexcavated because of unstable or “quick” conditions,
suspected, unless supporting conditions have been verified Bysta|| a foundation of SC1, SC2, or larger materials. Complete
a proper geotechnical investigation. Installing pipes abovgne foundation with a suitably graded material where condi-
ground may be a preferred method for steep slopes as aboygns may cause migration of fines and loss of pipe support. For
ground structures such as pipe supports are more easily defingg\ere conditions, the engineer may require a special founda-
and, therefore, the quality of installation is easier to monitokign such as piles or sheeting capped with a concrete mat.
and settlement easier to detect. Pipes may be installed qfontrol of quick and unstable trench-bottom conditions may be
slopes greater than 15 degrees (a slope of 1 to 4) provided th%{écomplished with the use of geotextiles.
6.6.1 Long term stability of the installation can be ensured 7.2 4 Localized Loadings-Minimize localized loadings
with proper geotechnical design. and differential settlement wherever the pipe crosses other
6.6.2 Pipes are backfilled with coarse-grained materialtilities or subsurface structures, or whenever there are special
(SC1) with high shear strength or the shear strength of théoundations such as concrete-capped piles or sheeting. Provide
backfill is assured by other means. The backfill should be 6-in. (150-mm) minimum cushion of bedding between the
compacted to at least 90 % of maximum standard Proctopipe and any such point of localized loading.
density (Test Method D 698). 7.2.5 Over-Excavation-If the trench bottom is over-
6.6.3 Pipes should be installed in straight alignment (plus oexcavated below intended grade, fill the over-excavation with
minus 0.2 degrees) with minimum gap between pipe ends. compatible foundation or bedding material and compact to a
6.6.4 Absolute long term movement of the backfill in the density not less than the minimum densities stated in Table 3.

axial direction of the pipe must be less than 0.75 in. (20 mm) 7.2.6 Sloughing—If trench sidewalls slough off during any

6.5 Trench-Bottom-Excavate trenches to a minimum dept

to avoid joint separation. excavation or installation of pipe-zone embedment, remove all
6.6.5 The installation is properly drained to avoid washoutS!oughed and loose material from the trench.
of materials and ensure adequate soil shear strength. 7.3 Location and Alignmert-Place pipe and fittings in the

trench with the invert conforming to the required elevations,
slopes, and alignment. Provide bell holes in pipe bedding, no
Eallflrger than necessary, in order to ensure uniform pipe support.
ill all voids under the bell by working in bedding material. In
special cases where the pipe is to be installed to a curved
alignment, maintain angular “joint deflection” (axial align-
ment) or pipe-bending radius within acceptable design limits,
7.1 General—Recommendations for use of the various or both. Pipe should be laid on flat uniform material that is at
types of materials classified in Section 5 and Table 1 for thehe appropriate grade. Do not bring pipe to grade by the use of
foundation and pipe zone embedment are given in Table 3. mounds of soil or other material at points along the length of

6.6.6 Stability of individual pipes is monitored throughout
the construction phase and the first stages of operation.

6.6.7 The manufacturer is consulted to determine if a speci
pipe design is required.

7. Installation
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the pipe. When pipe laying is interrupted, secure piping againgest areas may also be useful in determining the size of internal
movement and seal open ends to prevent the entrance of watgibrators required and the appropriate spacing of their insertion
mud, or foreign material. into the soil.

7.4 Jointing—Comply with manufacturer's recommenda- 7.5.3 Compaction of Soils Containing Few Fines (Soil
tions for assembly of joint components, lubrication, andStiffness Categories SC1 and SC2 with Less Than 5%
making of joints. Fines)—If compaction is required, use surface plate vibrators,

7.4.1 Elastomeric Seal JointsMark, or verify that pipe vibratory rollers, or internal vibrators. The compacted lift
ends are marked, to indicate insertion stop position, and thdhickness should not exceed 12 in. (300 mm) when compacted
pipe is inserted into pipe or fitting bells to this mark. Pushwith surface plate vibrators or vibratory rollers and should not
spigot into bell using methods recommended by the manufaexceed the length of the internal vibrator. Density determina-
turer, keeping pipe true to line and grade. Protect the end of thigon should normally be in accordance with Test Methods
pipe during assembly and do not use excessive force that mdy 4253 and D 4254 (relative density). In some cases, the
result in over-assembled joints or dislodged gaskets. If fulldensity of SW or SP soils may be determined by Test Method
entry is not achieved, disassemble and clean joint and rea® 698 (standard proctor) if the test results in a clearly defined
semble. Use only lubricant supplied or recommended for useompaction curve.
by the manufacturer. Do not exceed the manufacturer’s recom- 7.5.4 Compaction of Soils Containing Some Fines (Soil
mendations for angular “deflection” (axial alignment). Stiffness Category SC2 with 5 to 12 % Finegjhese soils

7.4.2 Adhesive-Bonded or Wrapped Joints, or BetWhen  may behave as a soil containing few fines (see 7.5.3) or as a
making adhesive-bonded or wrapped joints, or both, followsoil containing a significant amount of fines (see 7.5.5). The
recommendations of the pipe manufacturer. Allow freshlymethods of compaction and density determination should be
made joints to set for the recommended time before movingthose methods (7.5.3 or 7.5.5) that result in the higher in-place
burying, or otherwise disturbing the pipe. density.

Note 10—Axial restraint of the joined sections may be required during _/-2-5 Compaction of Soils Containing a Significant Amount
curing to prevent thermal expansion or contraction which could caus®f Fines (Soil Stiffness Categories SC3, SC4, and SC5 (CH and
damage to the joint. MH)—These soils should be compacted with impact tampers
or with sheepsfoot rollers. Density determination should be in

ccordance with Test Method D 698 (standard Proctor). The

aximum density occurs at the optimum moisture content.
Less effort is required to reach a given density when the
fnoisture content is within two percentage points of the
. . , . optimum moisture. A rapid method of determining the percent
7.5 Placing and Compacting Backfill MateriaisPlace em- ;54 ction and moisture variation is described in Test Method

bedment materials by methods which will not disturb orp 5480 For compaction levels of 90 % standard Proctor and
damage the pipe. Work in and compact the haunching materiggner the compacted lift thickness should not exceed 6 in.
in the area between the bedding and the underside of the plp(e%o mm).

before placing and compacting the remainder of the pipe-zon S . .
embedment. Follow recommendations for compaction given iri]p E)IISafel?jztr?sriT);noa;t:nny?rf] tsr:; ?[E:ngntr)ﬁ;;'& ?jfetse?rfi-r?ee din
Table 3 and this section. Do not permit compaction equipment _ .

to contact and damage the pipe. Use compaction equipme%fcordance with Test Method D 1556, D 2167, D 2922,

7.4.3 Angularly Deflected JointsLarge radius bends in
pipelines may be accomplished by rotating the alignment o
adjacent lengths of pipe (that is, “angularly deflecting” the
joint). The amount of angular deflection should not exceed th
manufacturer’'s recommendations.

and techniques that are compatible with materials used an 4564, D 4914, or D 5030. The applicable test method wil

location in the trench. See 8.6 for requirements for minimum epgnd on the.type'of soil, m0|§ture content of th‘? soil, and the
cover. maximum particle size present in the soil. The moisture content

751 Mini Densitv—Th - bed td of the soil may be determined in accordance with Test Method
oL viimmum Density=1he minimum embedment den- 5516 3017, D 4643, D 4944, or D 4959. When using
sity should be established by the engineer based on

) o . " . clear density-moisture gages (Test Methods D 2922 and
evaluation of specific project conditions. Table 3 gives recom- 3017), the gage should be site-calibrated in the proximity of
mendation for minimum densities that are applicable to mos '

typical projects. Higher densities than those recommended i h;gg;ﬁ;ﬁ;gﬂis xcavation unless otherwise indicated by the
Table 3 may be appropriate and occasionally lower densitie . ) . .
than those E/ecomrﬁgndped in Table 3 may beyacceptable. 76 _Backﬂll Around Angularly Deflected Rlpe Jom%SNh_en
pipe joints are angularly rotated to accomplish large radii bends
Note 11—The traditional measure of soil stiffness has been thein pipelines that will operate at internal pressures of 15 psig
moduIL_ls of soil reaction, E’, that is commonly usgd to predict flexible pipe(loo kPa) or greater, the backfill surrounding the joint should
deflection. Recently AASHTO has changed this parameter to the cofye compacted to at least 90 % of maximum standard Proctor
strained soil modulus, M See Appendix X2 for additional details. density (or appropriate alternate standard for soils with few
7.5.2 Densification with Water-Densification of cohesion- fines) for SC1 and SC2 materials, and 95 % of maximum
less material with water (jetting or saturation with vibration) standard Proctor density for SC3 and SC4 materials. Consult
should only be used under controlled conditions when apthe manufacturer for minimum depths of burial and additional
proved by the engineer. Achieving a suitable water content imestraint that may be required when the angular deflection is
the soil is crucial and is best determined by trial test areas. Trialertical.
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7.7 Minimum CoverTo preclude damage to the pipe and direct transfer of thrust due to surface loads and settlement, and
disturbance to pipe embedment, a minimum depth of backfilensure adequate support at points of connection to main lines.
above the pipe should be maintained before allowing vehicles 7.9 Exposing Pipe for Making Service-Line Connectiens
or heavy construction equipment to traverse the pipe trenchivhen excavating for a service-line connection, excavate ma-
The minimum depth of cover for surface loads, should beerial from above the top of the existing pipe before removing
established by the engineer based on an evaluation of specificaterial from the sides of the pipe. Materials and density of
project conditions, including the pipe-zone embedment mateservice-line embedment should conform to the specifications
rial and density, the native-soil characteristics, pipe stiffnessfor the existing line, or with this practice, whichever is more
pipe diameter, surface pavement, surface loads, and finatringent.
backfill compaction. In the absence of an engineering evalua- 7.10 Pipe Caps and Plugs-Secure caps and plugs to the
tion, the following minimum cover requirements should bepipe to prevent movement and resulting leakage under test and
used. service pressures.

7.7.1 For embedment materials installed to the minimum 7.11 Parallel Piping Systems-Compact the soil between
densities given in Table 3, provide cover (that is, depth ofthe pipes in the same manner as the soil between the pipe and
backfill above top of pipe) of at least 24 in. (0.6 m) for sc1 the trench wall, taking special care to compact the soil in the
embedment and a cover of at least 36 in. (0.9 m) for SC2, scHaunch zone.
or SC4 embedment, before allowing vehicles or construction
equipment to traffic the trench surface. Provide at least 48 in8. Monitoring, Inspecting, and Testing
(1.2 m) of cover before using a hydrohammer for compaction 8.1 Field Monitoring—Compliance with pipe installation
unless approved by the engineer. Where construction loadgquirements, including trench depth, grade, water conditions,
may be excessive (for example, cranes, earth-moving equigeundation, embedment and backfill materials, joints, density
ment, or other vehicles where wheel loads exceed thef materials in place, and safety should be monitored to assure
AASHTO HS-20 loading) minimum cover shall be increasedconformance with accordance with contract documents.
as determined by the engineer. A minimum of one pipe 8.2 Deflection—Monitor the deflection level in the pipe
diameter of cover is suggested to prevent flotation of an emptshroughout the installation process for conformance to the
pipe when full soil saturation to the surface exists. requirements of the contract specifications and the manufac-

7.8 Connections and Appurtenant Structures turer's recommendations. Conduct deflection measurements

7.8.1 Connections to Manholes and Rigid Structues early in a project to verify that construction procedures are
When differential settlement can be expected, such as at irpdequate. The deflection at the time of installation will be less
ends of casing pipe, when the pipe enters a manhole or élpan the long-term deflection dug to time-dependent Io_ad
anchor block, provide a flexible system capable of accommolncrease. If necessary, a}lso conadey the effects of vertical
dating the anticipated settlement. This may be accomplished K¥@lling during compaction. Deflection testing should be
placing a joint as close as practically possible to the face of thE°MPpleted prior to undertaking pressure tests.
structure and a second joint within one to two pipe diameters 8-3 Pressure Testing-Most pressure pipelines are tested
from the face of the structure. The short length of pipe, calledftér installation to detect leaks, installation flaws, damaged
a rocker pipe shall be installed in a straight alignment with the?iP€S or other deficiencies (see Appendix X1). As a general
short pipe section coming out of the rigid structure. Multiple 'U/€, such tests should not be conducted using air pressure,

rocker pipes should not be used. Alternatively, attach the pipgnless special precautions, not within the scope of this practice,

to the rigid structure with a flexible boot capable of accommo-2re used. Additional recommendations for conducting pressure

dating the anticipated differential movement. Extra care and€Sts include: _ _

caution must be taken to replace and properly compact backiill 8-3-1 Required thrust restraints are properly installed (and
adjacent to any rigid structure. Construction of concretesufficiently cured if applicable). .
structures will frequently require over-excavation for form- 8-3.2 Backfilling should be completed. Some sections of the
work, etc. This extra-excavated material must be restored to ' may be left uncovered provided suitable lateral and
density level compatible with surroundings to prevent excestongditudinal restraint is provided.

deformation and or joint rotation adjacent the structure. In 8-3-3 Pumps and valves are anchored. _

these areas, compact backfill to achieve the same soil density8-3-4 Assure test caps and endplugs are properly installed
as specified for all pipe backfill, but not less than that requirednd restrained as necessary.

to achieve a soil constrained modulus jMf at least 1000 psi ~ 8:3.5 Vent the pipeline while filling to allow all air to
(6.9 MPa). Other methods of accommodating the differentiafScape. _ _ _
settlements may be acceptable if approved in advance. 8.3.6 Pressurize the line slowly to avoid pressure surges.

8.3.7 In determining the test pressure remember that the
Note 12—The use of cement stabilized or flowable backfills adjacenowest point on the line will have the highest pressure. If the
to large _structures h_as been found to be effective in preventlng excesagt pressure gage is not installed at this location, then the
deformation where diameters are larger than about 60 in. (1,500 mm). pressure should be determined by calculation.
7.8.2 Vertical Risers—Provide support for vertical risers as  8.3.8 Assure that the test fluid temperature is stable during
commonly found at service connections, cleanouts, and droghe test period (to avoid pressure changes due to thermal
manholes to preclude vertical or lateral movement. Prevent thexpansion or contraction that may be misinterpreted as leaks).
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9. Inspection, Handling, and Storage 10. Keywords

9.1 Inspectior—Upon receipt, inspect each shipment of 10.1 backfill; bedding; fiberglass pipe; haunching; soil stiff-
pipe and fittings for conformance to product specifications anghess: underground installation

contract documents, and check for damage. Reject or repair
nonconforming or damaged pipe. Remove rejected pipe from
the jobsite.

9.2 Handling and Storage-Proper handling and storage of
the pipe is important to achieve a successful installation.
Consult the manufacturer for recommendations and appropri-
ate procedures.

APPENDIXES
(Nonmandatory Information)

X1. RECOMMENDATION FOR INCORPORATION IN CONTRACT DOCUMENTS

This practice may be incorporated by referral in contract X1.7 Paragraph 6.4—Restrictions or details for support of
documents for a specific project, to cover requirements fotrench walls.
installation. Applications to a particular project should be made o -
by means of a list of supplemental requirements. Suggested X1.8 _Paragraph 7.5-Specific restrictions on methods of
modifications to specific section numbers are listed as foIIows?ompaCt'on'
(The list is keyed to applicable section numbers of the X1.9 Paragraph 7.5.1 and Table-3Minimum embedment
practice): density if different from these recommendations; specific
density requirements for backfill (for example, for pavement
X1.1 Paragraph 5.4-Maximum particle size if different subgrade).
from this section. . . .
X1.10 Paragraph 7.6—Minimum cover requirements if
X1.2 Sections 5 and 7 and Table-&urther restrictions on  different from this paragraph.

use of categories of embedment and backfill materials. X1.11 Paragraph 7.7.2-Detailed requirements for man-

- . hole connections.
X1.3 Paragraph 5.5-Specific gradations of embedment

materials for resistance to migration_ X1.12 Paragraph 7.7.2-Detailed requirementS for Support
of vertical risers, standpipes, and stacks to accommodate
X1.4 Paragraph 6.1.1-State specific restrictions on leav- anticipated relative movements between pipe and such appur-
ing trenches open. tenances. Detailing to accommodate thermal movements, par-
ticularly at risers.
X1.5 Paragraph 6.2—Restrictions on mode of dewatering;

design of underdrains. X1.13 Paragraph 8.13-Requirements on methods of test-

ing compaction and leakage.

X1.6 Paragraph 6.3—Requirements on minimum trench  X1.14 Paragraph 8.12-Requirements on deflection and
width. deflection measurements, including method and time of testing.

X2. SOIL STIFFNESS

X2.1 In 2000, AASHTO adopted new values for soil sented in Table X2.1. The table shows that Ms increases with
stiffness for backfill materials used for thermoplastic pipe. Thedepth of fill which reflects the increased confining pressure.
modifications include changing the soil design parameter fronThis is a well-known soil behavior. At moderate depths of fill
the modulus of soil reaction, E’, to the constrained soilthe values of Ms are close to the E’ values proposed by Howard
modulus, Ms. This change is based on the work of McGrati{1977, 1996)}:>** In design for deflection control, Ms may be
(1998)? Design values of the constrained modulus are pre-

19Howard, A. K., “Modulus of Soil Reaction Values for Buried Flexible Pipe,”
Journal of Geotechnical EngineerindSCE, Vol 103, No. GT1, New York, NY,
9McGrath, T. J., “Replacing E’ with the Constrained Modulus in Flexible Pipe 1977.
Design,”Proceedings of the Conference Pipelines in the Constructed Environment ** Howard, A. K., Pipeline Installation Relativity Publishing, Lakewood, CO,
ASCE, 1998. 1996.
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TABLE X2.1 Constrained Soil Modulus, M, Based on Soil Type X2.2 Example: Determine the constrained soil modulus at
and Compaction Condition, Stifiness Category and a depth of 10 ft for an SW soil with a unit weight of 120 pcf.
Vertical Stress ** . ical lied
Vertical Stress SC2-100 SC2-95 SC2-90 SC2-85 X2_21 Determine V_ertlca app I_e Stl’eS.S.
Level® (psi) (psi) (psi) (psi) (psi) p = 10 ft (120 pcf) = 1200 psf = 8.3 psi. _
1 2350 2.000 1.275 0,470 X2.2.2 Determine constrained soil modulus for SW soil,
5 3,450 2,600 1,500 0,520 which is soil type SC2-100 from Table X2.1, note c:
10 4,200 3,000 1,625 0,570 for p = 5 psi, M= 3,450 psi;
20 5,500 3,450 1,800 0,650 f =10 i M= 4.200 .
40 7.500 4.250 2.100 0.825 orp = 10psi, Ms= 4, psl. _
60 9,300 5,000 2,500 1,000 X2.2.3 Interpolating fop = 8.3 psi, M, = 3450 + (4200 -
Vertical Stress SC3-95  SC3-90 SC3-85 3450) {(8.3 = 5)/(10 - 5)} = 3945 psi.
Level® (psi) (psi) (psi) (psi)
1 1,415 670 360
5 1,670 740 390 TABLE X2.2 Equivalent AWWA, ASTM, and AASHTO
10 1,770 750 400 Soil Classifications
20 1,880 790 430 - —
40 2,090 900 510 Soil Type ASTM D 2487 AASHTO M 145
60 2,380 1,120 700 sc1” Crushed rock:
Vertical Stress SC4-95 SC4-90 SC4-85 éSO/% sanq, mNaxinz"l(L)Jcr)n 25 % passing the ¥s in. sieve and maximum
Level® (psi si si si 6 passing No. seive
(psD) (psh (psh (psh SC2¢ Clean, coarse grained soils: Al, A3
1 530 255 130 (Gravelly SW, SP, GW, GP or any soil beginning with
5 625 320 175 sand, SW) one of these symbols, with 12 % or
10 690 355 200 less passing No. 200 seive
20 740 395 230 Slex Coarse grained soils with fines: A-2-4, A-2-5, A-2-6;
40 815 460 285 (Sandy  GM, GC, SM, SC, or any soil beginning with or A-4 or A-6 soils with
60 895 525 345 silt, ML)  one of these symbols, containing 12 % or 30 % or more retained
“ The soil types are defined by a stiffness category (SC) to indicate the general more passing No. ?OO SEIVE, . on aNo. 200 sieve
soil classification (See AWWA Manual M45). Specific soil groups that fall into these Sandy or gravelly fine-grained soils:
categories, based on Classification D 2487 and AASHTO M 145, are listed in Table C!" ML, (or CL-ML, CL,/ML' ML/CL) )
X2.2. with 30 % or more retained on a #200 sieve
c : 4 o .
B The numerical suffix to the soil type indicates the compaction level of the soil SC4 Fine-grained soils: A-2-T, L
as a percentage of maximum dry density determined in accordance with Test (Silty C!-' ML,O(or CL-ML, C!‘/ML' ML/CL) or ’i"4 or A-6 SO"_S with
Method D 698 or AASHTO T-99. clay, CL) with 30 % or less retained 30 % or less reﬁalned
CFor design, dumped SC1 soils may use the modulus values of SC2-90 and on a #200 sieve on a No. 200 sieve
compacted SC1 soils may use the values of SC2-100. o AThe soil classification listed in parentheses is the type that was tested to
P Vertical stress level is the vertical effective soil stress at the springline develop the constrained soil modulus values in Table X2.1. The correlations to
elevation of the pipe. It is normally computed as the design soil density times the other soil types are approximate.
depth of fill to the springline. Buoyant soil density should be used below the BSC1 soils include crushed rock and gravels with limited sand content. For
groundwater level. design, dumped SC1 soils may use the modulus values of SC2-90 and compacted

SC1 soils may use the modulus values of SC2-100.

. . . € Uniform fine sands (SP) with more than 50 % passing a No. 100 sieve (0.006
SUbStltu_tEd dlreCtIy f(_)r E "? t_he lowa fprmula. Use of the in., 0.15 mm) shall not be used as backfill for fiberglass pipe unless specifically
constrained modulus in predicting deflection may be completedliowed in the contract documents and special precautions are taken to control
by making a direct substitution of Ms for E’ in the lowa Moisture content and monitor compaction levels.
formula. The lowa formula is presented in many publications, Nore—Soil type SC5, including MH, CH, and organic soils are not

in particular, AWWA Manual M45, Fiberglass Pipe Design. recommended for use as pipe backfill under any conditions.
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