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Standard Specification for
Manufacture of Reinforced Concrete Sewer, Storm Drain,
and Culvert Pipe for Direct Design [Metric] *

This standard is issued under the fixed designation C 1417M; 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.

1. Scope C 497 Test Methods for Concrete Pipe, Manhole Sections,

1.1 This specification covers the manufacture and accep- ©Of Tile* _
tance of precast concrete pipe designed to conform to the C 595 Specification for Blended Hydraulic Cements (Met-

owner's design requirements and to the ASCE 15-93 or an _i¢)* o _
equivalent design specification. C 618 Specification for Coal Fly Ash and Raw or Calcined

Natural Pozzolan for Use as a Mineral Admixture in
Note 1—The section on evaluation of core test results (14.3.3) and the  pqrtland Cement Concréte
Appendix are currently being reballoted. C 655 Specification for Reinforced Concrete D-Load Cul-
1.2 This specification is the SI companion to Specification  vert, Storm Drain, and Sewer Pibe

C 1417. C 822 Terminology Relating to Concrete Pipe and Related
Producté
2. Referenced Documents 22 Other Standards:
2.1 ASTM Standards: ASCE 15-93 Standard Practice for the Direct Design of
A 82 Specification for Steel Wire, Plain, for Concrete Re-  Buried Precast Reinforced Concrete Pipe Using Standard
inforcement Installations (SIDD)
A 185 Specification for Steel Welded Wire Fabric, Plain, for  AC| 318 Building Code Requirements for Reinforced Con-
Concrete Reinforcemeht creté
A 496 Specification for Steel Wire, Deformed, for Concrete
Reinforcemerft 3. Terminology
A 497 Specification for Steel Welded Wire Fabric, De- 3.1 Definitions:
formed, for Concrete Reinforcemént 3.1.1 For definitions of terms relating to concrete pipe, see
A 615/A 615M  Specification for Deformed and Plain Terminology C 822.
Billet-Steel Bars for Concrete Reinforcement 3.1.2 group of pipe sectiors-each day’s production run of
C 31 Practice for Making and Curing Concrete Test Specipipe sections of a single concrete strength for a specific project.
mens in the Fiel 3.1.3 lot of pipe sections-total of the number of groups of
C 33 Specification for Concrete Aggregétes pipe sections of a single concrete strength produced for a
C 39 Test Method for Compressive Strength of Cylindricalspecific project.
Concrete Specimefs 3.1.4 running average-average concrete compressive
C 76 Specification for Reinforced Concrete Culvert, Stormstrength of all groups of pipe sections of a single concrete
Drain, and Sewer Pife strength produced for a specific project, generally determined
C 150 Specification for Portland Cemént as each group is tested.
C 309 Specification for Liquid Membrane-Forming Com-
pound for Curing Concrete 4. Basis of Acceptance of Design

4.1 Manufacturing Design Data-The manufacturer shall
submit the following manufacturing design data for the con-
1 This specification is under the jurisdiction of ASTM Committee C13 on crete pipe to the owner for approval_
Concrete Pipe and is the direct responsibility of Subcommittee C13.05 on Least
Cost Analysis.
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4.1.1 Pipe wall thickness. 6.2.3.3 Portland pozzolan cement only.
4.1.2 Concrete strength. 6.2.3.4 A combination of portland cement and fly ash or
4.1.3 Reinforcement pozzolan, wherein the proportion of fly ash is between 5 and
4.1.3.1 Specification, 25 % by weight (mass) of total cementitious material (portland
4.1.3.2 Reinforcement Type 1, 2, or 3, where: cement plus fly ash).

Type 1:  Smooth wire or plain bars 6.3 Aggregates—Aggregates shall conform to the require-

Type 2:  Welded smooth wire fabric, 200 mm maximum spacing of ments of Specification C 33, except that the requirement for

longitudinals .
Type 3:  Welded deformed wire fabric, deformed wire, deformed gradatlon S_ha” not app!y' .
bars, or any reinforcement with stirrups, anchored thereto 6.4 Admixtures—Admixtures and blends may be used with

the approval of the owner.
6.5 Steel ReinforcementReinforcement shall consist of
wire conforming to Specification A 82 or A 496, of wire fabric
: conforming to Specification A 185 or A 497, or of bars
jigg g?:s(:sl?s?éctional area conforming to Specification A 615/A 615M.

4.1.3.8 Description of longitudinal members, and 7. Joints

4.1.3.9 |If stirrups are used, developable stirrup design
stress, stirrup shape, placement, and anchorage details.

4.1.4 Design factors and the assumed orientation angle.

4.1.5 Pipe laying length and joint information.

4.2 Approval of the manufacturing design data shall b
based on its conformance to the owner’s design requiremengs Manufacture
and to ASCE 15-93 or to an equivalent design specification.

4.1.3.3 Design yield strength,
4.1.3.4 Placement and design concrete cover,
4.1.3.5 Cross-sectional diameters,

7.1 The joints shall be designed and the ends of the concrete
pipe sections shall be formed so that the sections can be laid
together to make a continuous line of pipe, compatible with the

epermissible variations given in Section 15.

8.1 Concrete—The aggregates shall be sized, graded, pro-
5. Basis of Acceptance of Concrete Pipe portioned, and mixed with cementitious material and water and

5.1 Acceptance of pipe shall be on the basis of concret@dmixtures, if any, to produce a concrete mixture of such
compression tests, materials tests, conformance to the manfguality that the pipe will conform to the design requirements of
facturing design data, conformance to this specification, anthis specification. The Water-cemenntlpus mqte_nal ratio of all
inspection of manufactured pipe for defects. concrete shall be 0.53, or less, by weight. Minimum concrete

5.2 When mutually agreed in writing by the owner and theStrength shall be 27.6 MPa. .
manufacturer, a certification may be made the basis of accep- 8.2 Finish—Pipe shall be substantially free of fractures,
tance of the concrete pipe. This certification shall consist of 4arge or deep cracks, and surface roughness. The ends of the
statement by the manufacturer that the concrete pipe conforniéPe shall be normal to walls and center line of the pipe, within
to the manufacturing design data and to this specification, andie limits of variations given in Section 15.
that the concrete and materials have been sampled and tes@d
and conform to this specification. ' } ) ) ) )

5.3 Age for Acceptanee-Pipe shall be considered ready for 9.1 A line of circumferential reinforcement for any given
acceptance when they conform to the requirements of thifotal area may be composed of up to two layers for pipe with

Circumferential Reinforcement

specification. wall thicknesses of less than 180 mm or three layers for pipe
] with wall thickness of 180 mm or greater. The layers shall not
6. Material be separated by more than the thickness of one longitudinal

6.1 Reinforced Concrete-The reinforced concrete shall plus 6 mm. The multiple layers shall be fastened together to
consist of cementitious materials; mineral aggregates; admiX¥orm a single cage. If the multiple layers of a cage contain
tures, if used; and water in which steel has been embedded @ircumferential splices, the individual layers shall be rotated so
such a manner that the steel and concrete act together. that the splices are staggered. All other specification require-

6.2 Cementitious Material ments, such as laps, welds, tolerances of placement in the wall

6.2.1 Cement—Cement shall conform to the requirements of the pipe, and so forth, shall apply to this method of
for portland cement of Specification C 150 or shall be portlandabricating a line of reinforcement. The design shall be based
blast-furnace slag cement or portland-pozzolan cement coren the centroid of the layers.
forming to the requirements of Specification C 595, except that 9.2 Reinforcement placement and concrete cover shall con-
the pozzolan constituent in the Type IP portland-pozzolarform to the approved manufacturing data. The nominal con-
cement shall be fly ash and shall not exceed 25 % by weightrete cover over the circumferential reinforcement shall not be

6.2.2 Fly Ash or Pozzolar-Fly ash or pozzolan shall less than be 25 mm in pipe having a wall thickness of 63 mm
conform to the requirements of Specification C 618, Class F oor greater, and shall not be less than 19 mm in pipe having a
Class C. wall thickness of less than 63 mm. The location of the

6.2.3 Allowable Combinations of Cementitious Materials  reinforcement shall be subject to the permissible variations in
The combination of cementitious materials used in the concretdimensions given in Section 15. Requirements for placement

shall be one of the following: and protective covering of the concrete from the inner or outer
6.2.3.1 Portland cement only. surface of the pipe do not apply to that portion of a cage that
6.2.3.2 Portland blast furnace slag cement only. is flared so as to extend into the bell or reduced in diameter so
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as to extend into the spigot. shall demonstrate a strength of no less than:

9.3 Where the wall reinforcement does not extend into the P, = L1A, f, @
joint area, the maximum longitudinal distance to the last
circumferential from the inside shoulder of the bell or the
shoulder of the spigot shall be 75 mm, except that if this Py =05A 1 2
distance exceeds one half of the wall thickness, the pipe wall whichever is greater.
shall contain at least a total reinforcement area of the minimum 10 4 Lapped Splices of Circumferential Reinforcement

specified area per linear metre times the laying length of the 194 1 Where lapped circumferentials are spliced by weld-

pipe section. The minimum cover on the last circumferentiaﬁng they shall be lapped no less than 50 mm. Pull tests of

near the spigot shoulder shall be 13 mm. , representative specimens shall develop no less than 0.9 times
9.4 Where reinforcement is in the bell or spigot, thedesign yield strength of the circumferential.
minimum end-cover on the last circumferential shall be 13 mm 10.4.2 At the option of the manufacturer, a more detailed

in the bell or 6 mm in the spigot. o _ analysis may be made and the requirements of 10.4.2 and
9.5 The continuity of the circumferential reinforcing steel 1 43 ysed instead of 10.4.1. Where lapped circumferentials
shall be maintained during the manufacture of the pipe, excepf.o spliced by welding, they shall be lapped no less than 50

when, as agreed upon by the owner, lift eyes or holes arg,, py|i testsp, of representative specimens shall develop no
provided in each pipe or the pipe is converted into a manhole, s than:

tee.

or no less than:

Pt = FW Awr fy (3)
or not less than the strength required by Eq 2, whichever is
the greater.
10.1 General _10.4.3 The embedded weld factét,,, relates the pull test
10.1.1 When pipe are not marked to show a specifiGyrength of the non-embedded splice specimens to the strength

orientation in the ground, any weld to, or splice of, a circum-uf the splice embedded in the concrete of the pipe wall.
ferential shall be considered to be at the point of the maximum 14 4 3 1 |fthe pull test break is in the wil,, shall be taken

flexural stress. as 0.90.

10.1.2 When pipe are marked to show a specific orientation 14 4 3 2 |f the pull test break is in the weld,, shall be
in the ground, any weld to, or splice of, a circumferential shall,;, o as 0.70 v
be considered to be at a distance determined by the orientation o

angle closer to the point of maximum flexural stress than th%leformed bars #19 or less are not welded, they shall be lapped

marking indicates. .
10.1.3 Splices of smooth and deformed wire shall be Weldecrilot less tharlq, where:

10. Welds, Splices, and Development of Circumferential
Reinforcement

10.4.4 If lapped splices of circumferentials consisting of

and shall meet the requirements of 10.3 and 10.4. __ G Aw
i Lg , 4)
10.2 Notation 274/ A,
or not less than:
A,a = actual steel area of the individual circumferential 4 = f, ®)
wire, mnt. ® 5.48\/f,
A,, = steelarearequired for the individual circumferential

whichever is greater. Splices of larger than #19 bars shall
meet the requirements of ACI 318-95.
10.4.5 If lapped splices of circumferentials consisting of

wire for flexure, mm?, either at the splice, for
splices, or at the point of maximum moment, for
quadrant mat reinforcement.

d = diameter of reinforcing wire or bar, mm. welded smooth wire fabric or welded deformed wire fabric are
ch = design compressive strength of concrete, MPa. not welded, the overlap measured between the outermost
f, = design yield strength of reinforcement, MPa. longitudinals on each side of the splice shall be no less than the
F, = embedded weld factor (see 10.4.3). spacing of the longitudinals plus 25 mm, log, where:
L4y = development length of reinforcing wire or bar, mm. A, f
P, = pull test strength of wire or bar at break, N. Ly =325 \/ﬁ (6)
S = spacing of wire to be developed or spliced, mm. s c

10.3 Welds whichever is greater.

10.3.1 For butt splices of circumferentials or where welds 10.4.6 At the option of the manufacturer, a more detailed
are made to circumferentials, pull tests of representativ@nalysis may be made and the following exception to the
specimens of the circumferential across the finished weld shatequirements of 10.4.5 may be applied. If the area of circum-
demonstrate a strength of no less than 1.1 times the desigarential reinforcement is at least twice that required for
yield strength of the circumferential except as provided in 10.4flexure, the first requirement of 10.4.5 shall not apply. The

10.3.2 At the option of the manufacturer, a more detailedoverlap measured between the outermost longitudinals on each
analysis may be made and the requirements of this section usstile of the splice shall be no less than that required by Eq 6, or
instead of 10.3.1. For butt splices of circumferentials or where25 mm, whichever is greater.
welds are made to circumferentials, pull tefs,of represen- 10.4.7 Alternative splice designs that differ from 10.4 may
tative specimens of the circumferential across the finished welde submitted to the owner for approval.
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10.5 Development of Quadrant Mat Reinforcement they are anchored either at every or every other inside face

10.5.1 Circumferential quadrant mat reinforcement shaltension circumferential. Such spacing shall not exceed 150
consist of welded wire fabric with 200-mm maximum cross mm.
wire spacing. When quadrant mat reinforcement is used, the 11.4 Stirrups intended to resist forces in the invert and
area of the main cage shall be no less than 25 % of the areaown regions shall be anchored around the inside circumfer-
required at the point of maximum moment. The quadrant matentials and anchored sufficiently in the concrete compression
shall extend at least 45° each side of the point of maximunzone on the opposite side of the pipe wall to develop the design
moment. strength of the stirrup.

10.5.2 At the option of the manufacturer, a more detailed 11.5 Anchorage of both ends of the stirrup shall be sufficient
analysis may be made and the requirements of 10.5.3 or 10.5td develop the factored stress in the stirrup. The maximum
used instead of 10.5.1. factored tensile stress in the stirrup shall be the yield stress or

10.5.3 When circumferential quadrant mat reinforcementhe stress that can be developed by anchorage, whichever is
consists of welded smooth wire fabric or welded deformedess.
wire fabric, the following requirements shall apply: o .

10.5.3.1 The outermost longitudinals on each end of thé-2- Longitudinal Reinforcement
circumferentials shall be embedded in accordance with the 12.1 Circumferential reinforcement shall be assembled into
following requirements(1) past the point where the quadrant a cage containing sufficient longitudinal members to maintain
reinforcement is no longer required by the orientation anglghe circumferential reinforcement in correct position within the
plus the greater of twelve circumferential wire diameters oipipe.
three quarters of the wall thickness of the pipe, &)¢ast the , )
point of maximum flexural stress by the orientation angle plustS: Joint Reinforcement
the development lengtt,,, required by Eq 6. 13.1 Genera—The length of the joint as used in this

10.5.3.2 The mat shall contain no less than two longitudi-specification means the inside length of the bell or the outside
nals at a distance 25 mm greater than that determined by tHength of the spigot from the shoulder to the end of the pipe
orientation angle from either side of the point requiring thesection. The end distances or cover on the end circumferential
maximum flexural reinforcement. shall apply to any point on the circumference of the pipe or

10.5.3.3 The point of embedment of the outermost longitujoint. When convoluted reinforcement is used, these distances
dinals of the mat shall be at least a distance determined by tr&nd reinforcement areas shall be taken from the points on the
orientation angle past the point where the continuing reinforceconvolutions closest to the end of the pipe section. The
ment is no less than double the area required for flexure.  following requirements for joint reinforcement shall apply.

10.5.4 When circumferential quadrant mat reinforcement 13.2 Non-Rubber Gasket Joints
consists of #19 or less deformed bars, the following require- 13.2.1 For pipe less than 900 mm in diameter, neither the
ments shall apply: bell or spigot require circumferential reinforcement.

10.5.4.1 Circumferentials shall extend past the point where 13.2.2 For pipe 900 mm and larger in diameter, either the
they are no longer required by the orientation angle plus th&ell or spigot shall contain circumferential reinforcement. This
greater of twelve wire diameters or three quarters of the walfeinforcement shall be an extension of a wall cage or may be
thickness of the pipe. a separate cage of at least the area per linear metre of that

10.5.4.2 Circumferentials shall extend either side of thespecified for the outer cage or one half of that specified for
point of maximum flexural stress not less than the orientatiorsingle cage wall reinforcement, whichever is less.
angle plus the development length, required by Eq 4. 13.2.3 Where bells or spigots require reinforcement, the

10.5.4.3 Circumferentials shall extend at least a distanceyaximum end cover on the last circumferential shall be
determined by the orientation angle past the point where thene-half the length of the joint or 75 mm, whichever is less.
continuing reinforcement is no less than double the area 13.3 Rubber Gasket Joints

required for flexure. 13.3.1 For pipe 300 mm and larger in diameter, the bell ends
10.5.4.4 Development of larger than #19 bars shall meet thehall contain circumferential reinforcement. This reinforce-
requirements of ACl 318-95. ment shall be an extension of the outer cage or a single wall
. ) cage, whichever is less, or it may be a separate cage of at least
11. Stirrup Reinforcement the same area per linear metre with longitudinals as required in

11.1 The number of lines of stirrups shall be sufficient toSection 12. If a separate cage is used, the cage shall extend into
include the distance determined by calculation whéres less  the pipe with the last circumferential wire at least 25 mm past
thanV, plus the distanck as determined in Section 12.6.4.1 of the inside shoulder where the pipe barrel meets the bell of the
ASCE 15-93 or as determined by the requirements of afoint.
equivalent design specification. The required number of lines 13.3.2 When bells require reinforcement, the maximum end
of stirrups shall be equally distributed on each side of the pointover on the last circumferential shall be 38 mm.
of maximum moment. ) .

11.2 Stirrups used to resist radial tension shall be anchorel- Physical Requirements
around each circumferential of the inside cage. 14.1 Concrete Compressive Strength Testing, Type of

11.3 When stirrups are not required for radial tension butSpecimea-Compression tests for determining concrete com-
required for shear, their longitudinal spacing shall be such thgtressive strength may be made on either concrete cylinders or
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on cores drilled from the pipe. the manufacturer, each pipe section of the remainder of the
14.2 Acceptance by Cylinder Tests group shall be cored and accepted individually, and any of the
14.2.1 Cylinders shall be prepared in accordance wittpipe sections that have a core with less than the design concrete
Section 11 of Test Methods C 497. compressive strength shall be rejected.

14.2.2 Number of Cylinders-Prepare not less than five test  14.3.4 Plugging Core Holes-Core holes shall be plugged
cylinders from a group (one day’s production) of pipe sectionsand sealed by the manufacturer in a manner approved by the

14.2.3 Evaluation of Test Results owner. Pipe sections so plugged and sealed shall be considered

14.2.3.1 When the compressive strengths of all cylinder@cceptable for use. _
tested for a group are equal to or greater than the design 14-4 Test Equipmert The manufacturer shall furnish all
concrete strength, the compressive strength of concrete in tigcilities and personnel necessary to carry out the tests re-
group of pipe sections shall be acceptable. quired.

14.2.3.2 When the running average compressive strength gf . i
all cylinders tested in a lot is equal to or greater than the desig%s' Pern‘nSSlbI.e Variations ) ) o
concrete strength, not more than 10 % of the cylinders tested 15.1 Pipe Diameter— The internal diameter permissible
have a compressive strength less than the design concret@riations utilizing Sl units are as prescribed in Table 1.
strength, and no cylinder tested has a compressive strength lesst>.2 Reinforcement Area-Reinforcement will be consid-
than 80 % of the design concrete strength, then the compre§red as meeting the design requirements if the area, computed
sive strength of the concrete in the lot of pipe sections shall b&n the basis of nominal area of the wire or bars used, equals or
acceptable. exceeds the design requirements. Actual area of the reinforce-

14.2.3.3 If the concrete strength for a group does not medhent used may vary from the nominal area in accordance with
the required concrete strength because of faulty cylinders d€rmissible variations of the standard specifications for the
faulty production, the manufacturer may cull that group fromreinforcement. _ o
the lot and running average. A group culled because of faulty 19-3 Reinforcement PlacemeriThe maximum variation in
cylinders may be accepted in accordance with the provisions df'€ nominal location of the reinforcement shall 4.0 % of
14.2.3.4. the wall thickness. In no case, however, shall the cover over the

14.2.3.4 When the concrete compressive strength of theircumferential reinforcement be less than 16 mm.
cylinders tested for a group or for a lot does not conform to the 194 Length of Two Opposite Sides/ariations in the lay-
acceptance criteria in 14.2.3.1 or 14.2.3.2, the acceptability df'9 1éngth of two opposite sides of pipe shall not be more than

the group or lot shall be determined by additional tests on core® MM for all sizes through 300-mm internal diameter, and not
in accordance with the provisions of 14.3. more than 10 mm/m of internal diameter for all larger sizes,

with a maximum of 16 mm in any pipe through 2100-mm

14.3 A t by Core Test
ceeptance by Lore 1ests internal diameter, and a maximum of 19 mm for 2250-mm

14.3.1 Obtaining Cores— Cores shall be obtained in accor-
dance with Test Methods C 497.

14.3.2 Number of Cores- One core shall be taken from a TABLE 1 Permissible Variations in Internal Diameter
pipe section selected at random from each day’s production run . Permissible Variation, Internal Diameter of Pipe,
of a single concrete strength for a specific project. DeS'g“i‘,ﬁ;‘é Dn'f;‘e‘e’ of mm

14.3.3 Evaluation of Test Results ’ Minimum Maximum

14.3.3.1 When the compressive strength of cores tested for 300 300 310
a group of pipe sections is equal to or greater than the design i;g i;g igg
concrete strength, the compressive strength of the concrete for 525 525 545
the group is acceptable. 600 600 620

14.3.3.2 If the compressive strength of a core tested is less o o o
than the design concrete strength, the pipe section from which 825 825 850
that core was taken may be re-cored. If the compressive 900 900 925
strength of the re-core is equal to or greater than the design o o fpond
concrete compressive strength, the compressive strength of the 1350 1350 1385
concrete for the group is acceptable. 1500 1500 1540

: . 1650 1650 1695

14.3.3.3 If_ the compressive strength _of the re-core is Ie_ss 1800 1800 1850
than the design concrete strength, the pipe section from which 1950 1950 2000
the core was taken shall be rejected. Two pipe sections from the 228 ggg gig
remainder of the group shall bg selectgd at random, and one 2400 2400 2485
core shall be taken from each pipe section. When the compres- 2550 2550 2620
sive strength of both cores is equal to or greater than the design g;gg g;gg g;;g
concrete compressive strength, the concrete compressive 3000 3000 3080
strength of the remainder to the group shall be acceptable. If 3150 3150 3235
the compressive strength of either of the two cores tested is less gigg gigg ggig
than the design concrete compressive strength, then the re- 3600 3600 3695

mainder of the group shall be either rejected or, at the option of
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internal diameter, or larger, except where beveled-end pipe fazenterline of the pipe, within the limits of variations given in
laying on curves is specified by the owner. 15.4 and 15.5.

15.5 Length of Pipe— The underrun in length of a section of ~ 16.2.2 The exposure of ends of longitudinals, stirrups, or
pipe shall not be more than 10 mm/m with a maximum of 13spacers that have been used to position the cages during the
mm in any length of pipe. placement of the concrete is not cause for rejection.

15.6 Wall Thickness- The wall thickness shall be not less  16.3 Repairs—Pipe may be repaired, if necessary, because
than the nominal specified in the design by more than 5 % oof imperfections in manufacture or damage during handling or
5 mm, whichever is greater. A wall thickness more than thaif it has been cored for testing, and it will be acceptable if the
required in the design is not cause for rejection. repairs are sound and the repaired pipe conforms to the

. requirements of this specification.
16. Inspection

16.1 The quality of materials, process of manufacture, and7. Marking
the finished pipe shall be subject to inspection by the owner. 17 1 The following information shall be legibly marked on

16.2 Rejection each pipe section with waterproof paint or indented:

16.2.1 Pipe shall be subject to rejection for failure 10 177 1 The pipe designation shall be indicated as follows:
conform to any of the requirements of this specification. D. T H

Individual sections of pipe may be rejected because of any of

the following: where:
16.2.1.1 Fractures or cracks passing through the wall, exD;

cept for a single end crack that does not exceed the depth of thé installation type, and

joint. H minimum - maximum fill height, m,
16.2.1.2 Defects that indicate proportioning, mixing and 17.1.2 Date of manufacture.

molding not in compliance with 6.1, or surface defects indi- 17.1.3 Name or trademark of the manufacturer.

cating honeycombed or open texture that would adversely 17.1.4 Plant identification.

designated pipe internal diameter, mm,

affect the function of the pipe. 17.1.5 One end of each section of pipe reinforced with
16.2.1.3 Damaged ends when such damage would prevealliptical cages, quadrant mats, or stirrups and designed to be
making a satisfactory joint. installed with a particular axis of orientation shall be legibly

16.2.1.4 Any continuous crack having a surface width of 0.3marked during the process of manufacturing, or immediately
mm or more and extending for a length of 300 mm or morethereafter, on the inside crown and outside top of pipe or shall
regardless of position in the wall of the pipe. have the orientation identified by the location of one or more
16.2.1.5 The ends of the pipe are not normal to the walls antift holes.

APPENDIX
(Nonmandatory Information)

X1. EXPLANATORY INFORMATION

X1.1 Scope (see Sectidj—The concrete pipe manufactur- stress. The assumed stress at the splice location must account
ing requirements in this standard are similar to the requirefor misplacement (rotation) of the pipe during installation of at
ments given in Specifications C 76 and C 655. The requireleast the orientation angle in the direction of increasing stress.
ments are modified to be Compatible with ASCE 15-93, which X1.2.2 Welds (Seao_3_|mproper We|d|ng procedures can

specifies direct design procedures for buried concrete pipgamage circumferential wires or not develop adequate
instead of indirect procedures based on the three-edge beariggength. The manufacturer will perform pull tests on represen-
test. This specification contains manufacturing requirementsative specimens of circumferentials with welds to substantiate
detailing requirements for reinforcement, acceptance of desigfne adequacy of the circumferentials after welding.

and acceptance of concrete pipe based on materials tests anq(l_z_3 Lapped Splices of Circumferential Reinforcement

visual inspection. (seel0.9— The specified minimum pull test strength of the
welded lap splice of 0.9 times design yield strength is less than
l1.0 times design yield strength. This is because pull tests on
wire with lapped welded splices embedded in concrete have

X1.2.1 General (seel0.)—Weld and splice strength re- shown that the actual strength of the spliced wire when
quirements are based on the assumption that the weld or splieenbedded in concrete is substantially higher than when the
will occur at the location of maximum flexural stress. When thespliced wire is not embedded in concrete. This is due to the
pipe is to be installed with a specific orientation that is markecelimination of the eccentricity inherent in a lapped welded
on the pipe, the manufacturer may elect to determine thsplice in the standard pull test and the beneficial effect of bond
factored stress at a splice location and design the splice for th&t the strength of the splice embedded in concrete.

X1.2 Welds, Splices, and Development of Circumferentia
Reinforcement
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X1.2.4 Tests on welded lapped splices embedded in coranalysis of mat reinforcement cutoff points is performed by the
crete show that the strength of the wire is more important thamanufacturer (see 10.5.2-10.5.4).
the strength of the weld. Overheating of the wire while welding
may help make a strong weld but it also tends to weaken the X1.3 Stirrup Reinforcement (see Sectibf)—To be effec-
wire. The effect of bond is also important to the strength of theiive, stirrups must have sufficient anchorage at each end to
embedded splice. The results of pull tests on splices nadevelop their design tensile strength. At the inside of the pipe
embedded in concrete do not reflect these factors. The embedall, stirrups should be anchored around the inside circumfer-
ded weld factor corrects for the embedded strength of a weldeential reinforcement. This gives positive anchorage to resist
lapped splice measured in a non-embedded condition (semy radial tension stresses. Because of fabrication requirements
10.4.3). of concrete pipe, it is usually not practical to anchor the outside
X1.2.5 The minimum overlap lengths for lapped splices thaiend of stirrups to the outside circumferential reinforcement.
are not welded is based on ACI 318-95 with modificationsSeveral proprietary stirrup configurations have been developed
appropriate for reinforced concrete pipe (see 10.4.4-10.4.6). and tested for adequate anchorage, both in the tension zone of
X1.2.6 Development of Quadrant Mat Reinforcement the pipe wall on the inside of the pipe and in the opposite side
X1.2.6.1 Design studies have demonstrated that if the arear compression side near the outside of the pipe.
of welded wire fabric quadrant mat reinforcing does not exceed
75 % of the total required reinforcement at the point of X1.4 Longitudinal Reinforcement (see Sectid)—Except
maximum moment, no special analysis for the location of mafor special cases, such as where pipe is supported on piers,
cut off points need be performed if the mat reinforcementhere are no specific requirements for a minimum amount of
extends at least 45° beyond each side of the point of maximurongitudinal reinforcement. Long-standing successful practice
moment. No additional extension for orientation angle isin the concrete pipe industry has shown that this is practical
required if the specified orientation angle is equal to or lesslue to the limited length of typical precast concrete pipe
than 10° (see 10.5.1). sections.
X1.2.6.2 The requirements for determining cutoff points for
mat reinforcement that are given in these sections are based onX1.5 Joint Reinforcement (see SectibB—Requirements
criteria given in ACI 318. They are to be used when a detailedor joint reinforcement are the same as Specification C 76.
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