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QHIp Designation: F 1176 — 01 An American National Standard

Standard Practice for
Design and Installation of Underground Thermoplastic
Irrigation Systems With Maximum Working Pressure of 125

psit

This standard is issued under the fixed designation F 1176; 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 epsilone} indicates an editorial change since the last revision or reapproval.

1. Scope tic Pressure Piping Irrigation Systefns

1.1 This practice establishes procedures for the design and F 714 Specification for Polyethylene (PE) Plastic Pipe
installation of thermoplastic flexible piping systems, for under- (SDR-PR) Based on Outside Diaméter _
ground irrigation systems. Because there is considerable vari- F 771 Specification for Polyethylene (PE) Thermoplastic
ability in end-use requirements, soil conditions, and thermo- _High-Pressure Irrigation Pipeline Systeins o
plastic piping characteristics, the intent of this practice is to F 1290 Practice for Electrofusion Joining Polyolefin Pipe
outline general objectives and basics of systems design, proper and Fitting$
installation procedures, and to provide pertinent references. 3

1.2 The values stated in inch-pound units are to be regarded ) ) , L
as the standard. The values given in parentheses are mathematj3-1 The terminology used in this practice is in accordance

cal conversions to Sl units which are for information only andWith Terminology F 412, Terminology D 1600, and Symbols D
are not considered standard. 2749, unless otherwise specified.

1.3 This standard does not purport to address all of the4_ Summary of Practice

safety concerns, if any, associated with its use. It is the . , . , L
responsibility of the user of this standard to establish appro- 4.1 This practice gives standardized criteria and procedures

priate safety and health practices and determine the applicaf—o_r un_derground installation of thermoplastic pipe in pressure
irrigation systems.

bility of regulatory limitations prior to use. . _ i .
4.2 Thermoplastic pipe used in this practice is made of

Terminology

2. Referenced Documents poly(vinyl chloride) (PVC) or polyethylene (PE) and shall be
2.1 ASTM Standards: assembled to withstand the design working pressure for the
D 1600 Terminology for Abbreviated Terms Relating to PiPeline without leakage, internal restriction, or obstruction

Plasticg that could reduce line capacity below design requirements.
D 2241 Specification for Poly(Vinyl Chloride) (PvC) 43 Joining materials shall be of composition that will not
Pressure-Rated Pipe (SDR Serfes) damage the pipe and shall be recommended for use at the
D 2487 Practice for Classifications of Soils for Engineeringd€sign pressure for the pipeline. Consult the manufacturer for
Purposes (Unified Soil Classification Systém) design and installation recommendations. _ _
D 2488 Practice for Description and Identification of Soils 44 When materials subject to corrosion are used in the line,
(Visual-Manual Proceduré) they shall be adequately protected by wrapping or coating with
D 2657 Practice for Heat-Joining Polyolefin Pipe and Fit-Ngh-quality corrosion preventatives. Wrappings or coatings
tings® applied to metallic surfaces should not be applied on plastic

D 2749 Symbols for Dimensions of Plastic Pipe Fittifigs pipe or fittings unless it is first established by consulting the
F 402 Practice for Safe Handling of Solvent CementsP!PINg manufacturer so that they have no detrimental effect on
Primers, and Cleaners Used for Joining Thermoplastic Pip€ Plastic.
and Fitting$
F 412 Terminology Relating to Plastic Piping Systéms
F 690 Practice for Underground Installation of Thermoplas-

5. Requirements

5.1 Working Pressure-The pipe line shall have a pressure
rating (see Table 1 and Annex Al) greater than the static
pressure or working pressure plus the surge pressure, at any

_ 1‘This practice is ynder the jurisdiction _qf ASTM Comm_ittee F17 on Plastic Ipoint in the system. Surge and working pressures shall not
Piping Systems and is the direct responsibility of Subcommittee F17.61 on Water,

Current edition approved Aug. 10, 2001. Published October 2001. OriginallyeXCeed the_ pipe's pressure CIQSS' . .
published as F 1176 — 88. Last previous edition F 1176 — 93. 5.2 Service Factor-Determine all pressure ratings in a

2 Annual Book of ASTM Standardéol 08.01. water environment of 73.4- 3.6°F (23 = 2°C). As the

2 Annual Book of ASTM Standardgol 08.04. : PO :
4 Annual Book of ASTM Standarddol 0408, temperature of the environment or fluid increases, the pipe
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TABLE 1 Pressure Ratings for Poly(Vinyl Chloride) (PVC) and . 0.027X LX V
Polyethylene (PE) Time, s= ~P-p
SDR PVC 12454 PE 2406 and PE 3406 PE 3408
sohd ” where:
93,5 43 L = length of the pipe before the valve, ft,
81 50 V = velocity of flow, ft/s,
64 63 P = pressure in the pipe, Ib/ffwhere there is no flow),
51 80 and
41 100 40 (276) 31 (214) . .
325 125 51 (352) 40 (276) p = pressure in the pipe at full flow.
26 64 (441) 50 (345)
21 80 (552) 63 (435)
17 78 (538 78 (538 .
155 86 E593§ 86 5593; 5.8 Pressure-Relief Valvesinstall these between the pump
135 100 (689) 100 (689) discharge and the pipeline when excessive pressures can
1 125 (862) 125 (862)

develop by operating with all valves closed. Install pressure-
relief valves or surge chambers on the discharge side of the
t9(1‘;1eck valve where back flow may occur, and at the end of the
1@peline when needed to relieve the surge.

5.8.1 Low-Pressure SystemsPressure-relief valves may be
sed as alternatives to serve pressure-relief functions of vents
pd stands open to the atmosphere. They do not function as air
lelease valves and should not be substituted for such valves
where release of entrapped air is required.

5.8.1.1 Pressure-relief valves shall be large enough to pass
the full pump discharge with a pipeline pressure no greater than

becomes more ductile. Therefore, the pressure rating must
decreased for use at higher temperatures to allow for sa
operation of the pipe. The service factors for PVC and PE are
shown in Table 2. For PE pipe having improved strengthu
retention with an increase in temperature and PE pipe used
temperatures exceeding 100°F (38°C), consult the manufa
turer for recommended service factors.

5.3 System Capacity-The design capacity of the pipe line

shall be sufficient to provide an adequate flow of water for al o i )
methods of irrigationpplanned. a 50 % above the permissible working head of the pipe.

5.4 Friction Losses—For design purposes, friction head ©:8:1.2 Mark pressure-relief valves with the pressure at

losses shall be no less than those computed by the HazeWhich the valve starts to open. Install adjustable valves in such
Williams equation using a flow coefficien€) equal to 150. a manner to prevent changing of the adjustment marked on the

5.5 Flow Velocity—The designed water velocity in a pipe- Valve: _ . .
line when operating at system capacity should not exceed 5 ft/s 9-8-2 High-Pressure SystemsThe ratio of nominal size
(1.5 m/s), unless special considerations are given to the contrBfessure-relief valves to plpellne diameter shall be no less than
of surge or water hammer. Adequate protection from thes8-25- Set the pressure-relief valves to open at a pressure no
pressures is provided (see 5.1 and Table 3). Use adequaﬁéeater than 5 psi (34.5 kPa) at_)ove the pressure rating of the
pressure- or air-relief valves, or both, with all velocities. ~ PIP€, Or the lowest pressure-ratio component in the system.

5.6 Outlets—Outlets shall have adequate capacity at the -9 Air-Release and Vacuum-Relief Valemstall air-
pipeline working pressure to deliver the designed flow to the€léase and vacuum-relief valves, at all summits, at the ends,
distribution system at the designed operating pressure of trgnd at the entrance of pipelines to provide for air escape and air
respective system, that is, sprinklers, surface pipe, emitter§ntrance. Comb|n§1t|on air- and vacuum-release valves, which
tricklers, and so forth. provide both functions, may be used.

5.7 Check Valves-Install a check valve between the pump ~5-9-1 Air Flow Capacity—Valves having large orifices to
discharge and the pipeline where detrimental back flow magxhaust large quantities of air from the pipelines when filling
occur. The check valve shall be designed to close withound to allow air to enter to prevent a vacuum when draining are
slamming shut at the point of zero velocity before damaging€duired at the end and entrance of all pipelines. Valves
reversal flow can occur. intended to release only entrapped air may have smaller

5.7.1 The time that should be taken to close a valve in ordeffifices and are required at all summits.
that the pressure shall not exceed the normal pressure at no®-9.2 Low-Pressure Systems (Not Open to the Atmosphere)

flow may be determined from the following equation: 5.9.2.1 Provide air-release and vacuum-relief, or combina-
tion air- and vacuum-release, valves at the downstream end of
TABLE 2 Pressure Rating Service Factors for Temperatures each lateral, at all summits of the line, at points where there are
from 73.4 to 140°F (23 to 60°C) for PVC and PE Pipes changes in grade of more than 10° (18 %) in a downward
Temperature, PVC Factor PE Factor direction of flow, and immediately below any stand if the
oF c downward velocity in the stand exceeds 2 ft/s (0.6 m/s).
73.4 23 1.00 1.00 5.9.2.2 Air vacuum release valve outlets shall have a 2-in.
80 26.7 0.88 0.92 minimum diameter. The valves shall be sized as shown in Table
90 32.2 0.75 0.81 3.
100 37.8 0.62 0.70
110 43.3 0.50 S i
120 48.9 0.40 6. Trench Preparation
= e 0% 6.1 Trench Depth—In stabl lar soils that tend to b
140 0.0 0.22 .1 Trench Depth—In stable, granular soils that tend to be

relatively smooth and free of rocks and debris larger #sain.
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TABLE 3 Design Criteria for Vacuum Release Valve Outlets TABLE 5 Pipe Stiffness Ranges for PE Materials and DR’s psi
Pipe Diameter, in. (mm) Minimum Air-Relief Vacuum DR 41 325 26 21 17 11
Release Valve Outlet Diameter, in.
(mm) Modulus,
Cell Classification

6 (152) 2 (51) 3 2-6 6-11  11-23 22-45 71-87 179-358
7 to 10 (178 to 254) 3 (76) 4 6-8 11-16 23-31 45-61 87-120 358-492
12 or larger (305 or larger) 4 (102) 5 8-11 16-23 31-46 61-89 120-175 492-716

(13 mm) in size, excavation may proceed directly to final 6.6.1 For installations exposed to normal farm vehicle
grade. Where rocks or other protrusions are encountered whighaffic, the minimum total cover shall not be less than 30 in.
may cause point loading on the pipe, re-excavate the trencty50 mm).
bottom to permit installation of proper bedding (see 6.5). 6.6.2 Install the pipe line at sufficient depths to provide
6.2 Trench Width—Establish the width of the trench at the protection from traffic crossing, farm operations, and soil
top of the pipe with attention given to these considerations: cracking. Load-bearing capabilities of installed pipe vary with
6.2.1 The wider the trench at the top of the pipe the greatethe type of pipe, type of backfill, soil conditions, and installa-
the earth load on the pipe until the prism load has beefion procedures. Consult the manufacturer for information on
achieved. product response to expected maximum earth-load or live-load,
6.2.2 Trench width should allow sufficient assembly of or both.
joints. Generally, a trench width at the top of the pipe of a 6.6.3 The trench depth shall be sufficient to ensure place-
minimum of 18 in. wider than the pipe diameter is adequate. linent of the top of the pipe at least 10 in. (250 mm) below the
a wider trench becomes necessary, restrict the enlargement jasown frost line. When conditions and design requirements
much as possible to only that section above the top of the pipgyrevent satisfaction of this requirement, system design and
6.2.3 Trench width should allow adequate room for snakingnstallation must ensure proper drainage in the portions of the
when recommended by the manufacturer or as may be requirgghe without sufficient cover.
to accommodate thermal expansion or contraction. .
6.2.4 Narrow trench widths may be utilized by joining the 7- Other Requirements
pipe above ground and lowering it into the trench, provided 7.1 Preparation of Joints-Joint assembly shall be done in
enough room is available in the trench for proper haunchingaccordance with specifications listed under 2.1.
Precautions outlined in 6.2.2 shall be followed. 7.2 If the pipe is to be assembled above ground, lower it into
6.3 Trench Depth-Establish the trench depth with consid- the trench, taking care not to drop it or damage it against the
eration given to requirements imposed by foundation, bedtrench walls or to subject the pipe or its joints to treatment,
dings, pipe size, and cover. such as dragging or excessive bending, which could be
6.4 Foundatior—An adequate and stable foundation shouldinjurious to the piping. With elastomeric seal joints, take care
be present, or provided, for proper support of the total load. to avoid joint displacement and pull-out. Allow heat-fused
6.4.1 Foundation preparation is not necessary when smootfuints to cool or solvent-cement joints to cure for the minimum
stable trench bottoms are encountered. prescribed time before moving the pipe. Take care to avoid
6.4.2 Foundation preparation is necessary when unstabkxcessive stressing at the joints.
trench bottom conditions are encountered. The designer should7.3 Changes in grade or line of direction of the pipe shall be
specify the stabilizing method and materials which will satis-limited and shall be gradual enough so that the bending of the
factorily stabilize the encountered condition and provide adpipe will develop neither excessive diametrical expansion, nor
equate and permanent support. excessive bending stresses. At no time should the pipe be
6.5 Bedding—The bedding material should consist of blocked or braced to hold a bend. Excess curvature can create
gravel, sand, silty sand, silty gravel, or clayey sand in granulastresses which could induce pipe failing under pressure.
form and have a maximum particle size%fin. (19 mm). Consult the pipe manufacturer for the recommended minimum
6.5.1 Provide bedding whenever rocks, hard pan, bouldergipe-bending radius.
or other materials that might damage pipe are encountered in 7.4 When installing pipe with elastomeric seal, flanged
the trench bottom at the established grade. joints, or with any connector which protrudes beyond the pipe
6.5.2 When bedding is used, keep it as uniform in depth agliameter bell, excavate holes in the bedding material or trench
possible to minimize differential settlement (see Fig. 1). bottom to permit the pipe to be continuously supported. After
6.6 Minimum Earth-CoverProtection from traffic loading pipe assembly and placement in the trench, fill each bell hole
or frost protection, or both, should be considered wherwith bedding material and compact as necessary to attain the
establishing minimum earth cover requirements. same general density as to the rest of the bedding.
7.5 It is advisable to permit newly installed pipe to cool to

TABLE 4 Pipe stiffness of PVC approximately ground temperature prior to backfilling. This

SDR PS will minimize the development of contraction stressed on the
64 7 joints and in the case of solvent-cemented connections, it will
f’& ;g prevent the possibility of joint separation due to contraction
325 57 forces acting on the incompletely cured bond. Typically, pipe

will cool adequately soon after being placed in a shaded trench
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