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Standard Specification for
Reinforced Concrete Elliptical Culvert, Storm Drain, and
Sewer Pipe [Metric] *

This standard is issued under the fixed designation C 507M; 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.

1. Scope C 33 Specification for Concrete Aggregates
1.1 This specification covers reinforced elliptically shaped C 39 Test Method for Compressive Strength of Cylindrical

concrete pipe to be used for the conveyance of sewage, Concrete Specimefs

industrial wastes, storm water, and for the construction of C 150 Specification for Portland Cemént _

culverts. C 309 Specification for Liquid Membrane-Forming Com-
1.2 Pipe designed for placement with the major axis hori- _Pounds for Curing Concrete _

zontal shall be designated as “Horizontal Elliptical Pipe.” Pipe C 497M Test Methods for Concrete Pipe, Manhole Sec-

designed for placement with the major axis vertical shall be _tions, or Tile [MetricP _
designated as “Vertical Elliptical Pipe.” C 595 Specification for Blended Hydraulic Ceménts

1.3 This specification is the metric counterpart of Specifi- C 618 Specification for Coal Fly Ash and Raw or Calcined
cation C 507. Natural Pozzolan for Use as a Mineral Admixture in
. o . 3 Concreté
~Nore 1—This speuflc_atlon isa mgnufacturlng and purchase specmca- C 822 Terminology Relating to Concrete Pipe and Related
tion only, and does not include requirements for bedding, backfill, or the Products

relationship between field load condition and the strength classification of . . .

pipe. However, experience has shown that the successful performance ofC 1116 Specification for Fiber-Reinforced Concrete and
this product depends upon the proper selection of the class of pipe, type Shotcreté

of bedding and backfill, and care that the installation conforms to .

construction specifications. The owner of the reinforced concrete pipd- Terminology

specified herein is cautioned that he must correlate the field requirements 3,1 Definitions—For definitions of terms relating to con-
with the class of pipe specified and provide inspection at the constructiogate pipe, see Terminology C 822.

site.

4. Classification
4.1 Pipe manufactured according to this specification shall

be of five classes each for horizontal elliptical and vertical
elliptical pipe with identification as follows:

2. Referenced Documents

2.1 ASTM Standards:
A 82 Specification for Steel Wire, Plain, for Concrete Re-

inforcement Horizontal Elliptical Pi Vertical Elliptical Pi
s . . . orizontal iptical Pipe ‘ertical iptical Pipe
A 185 Specification for Steel Welded Wire Reinforcement, ¢, e Class VEII
Plain, for Concreté Class HE-I Class VE-II
A 496 Specification for Steel Wire, Deformed, for Concreteg:ass :E::I g:ass xE'\y
. ass - ass -
Reinforcemertt Class HE-IV Class VE-VI

A 497 Specification for Steel Welded Wire Fabric, De- . _ . .
formed, for Concrete Reinforcemént 4.2 The strength requirements for horizontal elliptical pipe

A B15/A 615M Specification for Deformed and Plain ar€ prescribed in Table 1 and for vertical elliptical pipe are
Billet-Steel Bars for Concrete Reinforcement [Metfic] ~ Prescribed in Table 2.

5. Basis of Acceptance

*This specification is under the jurisdiction of ASTM Committee C13 on 5.1 Unless otherwise designated by the owner at the time of,
Concrete Pipe and is the direct responsibility of Subcommittee C13.02 on
Reinforced Sewer and Culvert Pipe. —

Current edition approved July 10, 2002. Published August 2002. Originally *Annual Book of ASTM Standardgol 04.02.
published as C 507M-80. Last previous edition C 507M-00. 4 Annual Book of ASTM Standardgol 04.01.

2 Annual Book of ASTM Standardgol 01.04. S Annual Book of ASTM Standardgol 04.05.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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TABLE 1 Design Requirements for Horizontal Elliptical (HE) Pipe A

Note 1—The test load in kilonewtons per linear metre equals D-lgadside span in millimetres.

Note 2—Single cage reinforcement, providing tension steel at the top, bottom, and springline, shall be permitted instead of double cage reinforcement.
The area of such reinforcement shall be 112 % of the tabulated inner cage area.

Note 3—An inner and outer cage plus quadrant mats shall be permitted instead of double cage reinforcement. The area of such reinforcement shall
be in accordance with Fig. 1.

Note 4—An inner and outer cage plus a middle cage shall be permitted instead of double cage reinforcement. The area of such reinforcement shall
be in accordance with Fig. 2.

Reinforcement, cm?/linear m

Class Class Class Class Class
Designated Di- Minimum HE-A HE-I HE-II HE-lI HE-IV
. Designated Wall
ameter, Equiva- ; ] D-Loads
lent Round Rise, mm X Thick-
Size. mm Span, mm ness, 0.3=30 0.3=40 0.3=50 0.3=65 0.3 =100
’ mm Ult=45 Ult = 60 Ult=75 Ult = 100 Ult = 150
In Out In Out In Out In Out In Out
Cage Cage Cage Cage Cage Cage Cage Cage Cage Cage
450 365 X 575 69 1.7 Ce 2.3 S 3.0 ce 4.0 S 5.7
600 490 X 770 82 2.3 ce 3.2 L 4.0 ce 55 S 8.3
675 550 X 865 88 3.0 Ca 3.8 L 4.9 ca 6.6 S 9.7 Ce
750 610 X 960 94 21 21 2.8 2.8 3.6 3.6 4.9 4.9 7.2 7.2
825 670 X 1055 94 25 25 3.6 3.6 4.4 4.4 5.9 5.9 8.7 8.7
900 730 X 1150 113 2.3 2.3 3.2 3.2 4.0 4.0 5.5 55 8.3 8.3
975 795 X 1250 119 2.8 2.8 3.6 3.6 4.4 4.4 6.1 6.1 9.3 9.3
1050 855 X 1345 125 3.2 3.2 4.2 4.2 5.1 5.1 7.0 7.0 10.6 10.6
1200 975 X 1535 138 3.6 3.6 4.9 4.9 5.9 5.9 8.3 8.3
1350 1095 x 1730 150 4.2 4.2 5.7 5.7 7.2 7.2 9.5 95
1500 1220 x 1920 163 5.1 5.1 6.8 6.8 8.5 8.5 1.2 11.2
1650 1340 x 2110 175 5.7 5.7 7.6 7.6 9.5 9.5 12.9 12.9
1800 1465 X 2305 188 6.6 6.6 8.7 8.7 11.0 11.0 148 14.8
1950 1585 X 2495 200 7.2 7.2 9.5 9.5 11.9 11.9 16.5 16.5
2100 1705 X 2690 213 8.0 8.0 10.6 10.6 13.3 13.3 18.6 18.6
2250 1830 x 2880 225
2400 1950 X 3070 238
2550 2075 X 3265 244
2700 2195 X 3455 250
2850 2315 X 3648 263
3000 2440 X 3840 275
3300 2680 X 4225 300
3600 2925 X 4610 325
Concrete strength®, MPa 27.6 27.6 27.6 [P 27.6
450 to 1650
mm, 27.6
[P
1800 to 2100
mm, 34.5

A Concrete strength for designs with reinforcement tabulated. For modified or special designs, see 7.3.
B For sizes and loads beyond those shown in this table, pipe designs are available that make use of one or a combination of the following: shear steel, multiple cages,
or thicker walls in accordance with the provisions of 7.3.

or before, placing an order, two separate and alternative basdstermined by the results of such material tests as are required
of acceptance shall be permitted as follows: in accordance with 6.1, 6.2, and 6.4 by crushing tests on
5.1.1 Acceptance on Basis of Plant Load Bearing Testsconcrete cores or cured concrete cylinders; by absorption tests
Material Tests, and Inspection of the Complete Producton selected samples from the wall of the pipe; and by
—Acceptability of the pipe in all sizes and classes produced innspection of the finished pipe, including amount and place-
accordance with 7.1 or 7.2 shall be determined by the results ahent of reinforcement, to determine its conformance with the
the three-edge-bearing tests for either the load to produce @esign prescribed in this specification and its freedom from
0.3-mm crack or, at the option of the owner, the load to producelefects.
the 0.3-mm crack and the ultimate load; by such material tests 5.1.3 When agreed upon by the owner and the manufacturer,
as are required in accordance with 6.1, 6.2, and 6.4; bwny portion or any combination of the tests itemized in 5.1.1 or
absorption tests on selected samples from the wall of the pip&;.1.2 may form the basis of acceptance.
and by inspection of the finished pipe to determine its 5.2 Age for Acceptanee-Pipe shall be considered ready for
conformance with the design prescribed in this specificatioracceptance when they conform to the requirements as indicated
and its freedom from defects. by the specified tests.
5.1.2 Acceptance on Basis of Material Tests and Inspection )
of the Complete ProduetAcceptability of the pipe in all sizes 6. Materials
and classes produced in accordance with 7.1 or 7.2 shall be 6.1 Reinforced Concrete-The reinforced concrete shall
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TABLE 2 Design Requirements for Vertical Elliptical Pipe A

Note 1—Test load in kilonewtons per linear metre equals D-lzauhside span in millimetres.

Note 2—An inner and outer cage plus quadrant mats shall be permitted instead of double cage reinforcement. The area of such reinforcement shall
be in accordance with Fig. 3.

Note 3—Single cage reinforcement, providing tension steel at the top, bottom, and spring line shall be permitted instead of double cage reinforcement.
The area of such reinforcement shall be 112 % of the tabulated inner cage area.

Note 4—An inner and outer cage plus a middle cage shall be permitted instead of double cage reinforcement. The area of such reinforcement shall
be in accordance with Fig. 4.

Reinforcement, cm?/linear m

Class Class Class Class Class
Designated Di- _ Minimum VE-II VE-III VE-IV VE-V VE-VI
. Designated Wall
ameter, Equiva- . ; D-Loads
lent Round Rise, mm X Thick-
Size. mm Span, mm ness, 0.3=50 0.3=65 0.3 =100 0.3 =140 0.3=190
’ mm Ult =75 Ult = 100 Ult = 150 Ult =175 Ult = 235
In Out In Out In Out In Out In Out
Cage Cage Cage Cage Cage Cage Cage Cage Cage Cage
900 1150 x 730 113 1.7 1.1 2.3 15 34 2.1 4.9 3.0 6.6 4.0
975 1250 X 795 119 1.9 1.1 25 15 3.8 2.3 55 34 7.4 4.4
1050 1345 X 855 125 2.1 1.3 2.8 1.7 4.2 2.5 6.1 3.6 8.0 4.9
1200 1535 X 975 138 23 15 3.2 1.9 4.7 2.8 7.0 4.2 9.3 55
1350 1730 X 1095 150 2.8 1.7 3.8 2.3 5.7 3.4 8.5 5.1 11.2 5.8
1500 1920 x 1220 163 3.4 21 4.4 2.8 6.6 4.0 9.9 5.9
1650 2110 X 1340 175 3.8 2.3 53 3.2 7.6 4.7 11.6 7.0
1800 2305 X 1465 188 4.4 2.8 5.9 3.6 8.7 5.3
1950 2495 X 1585 200 4.9 3.0 6.6 4.0 9.9 5.9
2100 2690 X 1705 213 55 3.4 7.4 4.4 11.2 6.8
2250 2880 x 1830 225
2400 3070 X 1950 238
2550 3265 X 2075 244
2700 3455 x 2195 250
2850 3648 x 2315 263
3000 3840 X 2440 275
3300 4225 X 2680 300
3600 4610 X 2925 325
Concrete strength®, MPa 27.6 27.6 27.6 345 41.4

A For sizes and loads beyond those shown in this table, pipe designs are available which make use of one or a combination of the following: shear steel, multiple cages,
or thicker walls in accordance with the provisions of 7.3.
B Concrete strength for designs with reinforcement tabulated. For modified or special designs, see 7.3.

consist of cementitious materials, mineral aggregates, andr of wire fabric conforming to Specification A 185 or Speci-
water, in which steel has been embedded in such a manner tHatation A 497, or of bars of Grade 300 steel conforming to
the steel and concrete act together. Specification A 615/A 615M.
6.2 Cementitious Materials 6.6 Synthetic Fibers—Collated fibrillated virgin polypropy-
6.2.1 Cement—Cement shall conform to the requirementslene fibers may be used, at the manufacturer's option, in
for portland cement of Specification C 150, or shall be portlandconcrete pipe as a nonstructural manufacturing material. Only
blast-furnace slag cement or portland-pozzolan cement corype Il synthetic fibers designed and manufactured specifi-
forming to the requirements of Specification C 595, except thatally for use in concrete and conforming to the requirements of
the pozzolan constituent in the Type IP portland pozzolarSpecification C 1116 shall be accepted.
cement shall be fly ash and shall not exceed 25 % by weight. )
6.2.2 Fly Ash—Fly ash shall conform to the requirements of /- Design
Class F or Class C of Specification C 618. 7.1 Size and ShapeThe standard sizes of elliptical pipe
6.2.3 Allowable Combinations of Cementitious Materials  shall be as listed in Table 1 and Table 2. The internal shape for
The combination of cementitious materials used in the concreteach size pipe shall be defined by the internal dimensions

shall be one of the following: shown in Fig. 5, subject to permissible variations.
6.2.3.1 Portland cement only, 7.2 Design Tables-The wall thickness, compressive
6.2.3.2 Portland blast furnace slag cement only, strength of concrete, and the area of circumferential reinforce-
6.2.3.3 Portland pozzolan cement only, ment shall be as prescribed in Table 1 and Table 2, subject to

6.2.3.4 A combination of portland cement and fly ash. the provisions of 7.3, 11.4, and Section 12.

6.3 Aggregates—Aggregates shall conform to Specification 7.2.1 Footnotes to the tables herein are intended to be
C 33 except that the requirement for gradation shall not applyamplications of the tabulated requirements and are to be

6.4 Admixtures and BlendsAdmixtures and blends may be considered applicable and binding as if they were contained in
used with the approval of the owner. the body of the specification.

6.5 Steel ReinforcementReinforcement shall consist of 7.3 Modified and Special Designs
wire conforming to Specification A 82 or Specification A 496, 7.3.1 If permitted by the owner, the manufacturer may
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Note 1—The total reinforcement area (@) of the inner cage plus the quadrant mat in Quadrants 1 and 2 shall not be less than that specified for the
inner cage in Table 1.

Note 2—The total reinforcement area (Aso) of the outer cage plus the quadrant mat in Quadrants 3 and 4 shall not be less than that specified for the

outer cage in Table 1.

1

Note 4—The reinforcement area (80) of the outer cage in Quadrants 1 and 2 shall be not less than 25 % of that specified for the outer cage in Table
1.

FIG. 1 Quadrant Reinforcement, Horizontal Elliptical Pipe

QOuter Cage
Middle Cage

Inner Cage

Note 1—The total reinforcement area of the inner cage plus the middle cage shall not be less than that specified for the inner cage in Table 1.
Note 2—The total reinforcement area of the outer cage plus the middle cage shall not be less than that specified for the outer cage in Table 1.
FIG. 2 Horizontal Elliptical Pipe

request approval by the owner of modified designs which diffeedge-bearing tests already made, which are acceptable to the
from the designs in this section; or special designs for sizes analwner or, if such three-edge-bearing tests are not available or
loads beyond those shown in Table 1 and Table 2; or speciacceptable, the manufacturer may be required to perform proof
designs for pipe sizes that do not have steel reinforcement aretests on sizes and classes selected by the owner to demonstrate
shown in Table 1 and Table 2. to the correctness and adequacy of the proposed design.
7.3.2 Such modified and special designs shall be based on7.3.4 Such pipe shall meet all of the test and performance
rational or empirical evaluations of the ultimate strength andequirements specified by the owner in accordance with
cracking behavior of pipe and shall fully describe to the ownerSection 5.
any deviations from the requirements of this section. The 7.4 Area—In this specification, when the word area is not
descriptions of modified or special designs shall include thalescribed by adjectives, such as cross-section or single wire, it
wall thickness, the concrete strength, and the area, typeshall be understood to be the cross-sectional area of reinforce-

placement, number of layers, and strength of the steel reirment per unit lengths of pipe.
forcement.

7.3.3 The manufacturer shall submit to the owner proof of8- Reinforcement
the adequacy of the proposed modified and special design. 8.1 Circumferential ReinforcementA line of circumferen-
Such proof may comprise the submission of certified threetial reinforcement for any given total area may be composed of

Note 3—The reinforcement area (Asi) of the inner cage in Quadrants 3 and 4 shall be not less than 25 % of that specified for the inner cage in Table
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Note 1—The total reinforcement area (Asi) of the inner cage plus the quadrant mat in Quadrants 1 and 2 shall not be less than that specified for the
inner cage in Table 2.

Note 2—The total reinforcement area (Aso) of the outer cage plus the quadrant mat in Quadrants 3 and 4 shall not be less than that specified for the
outer cage in Table 2.

Note 3—The reinforcement area (i) of the inner cage in Quadrants 3 and 4 shall be not less than 25 % of that specified for the inner cage in Table
2.

Note 4—The reinforcement area (#0) of the outer cage in Quadrants 1 and 2 shall be not less than 25 % of that specified for the outer cage in Table
2.

FIG. 3 Quadrant Reinforcement, Vertical Elliptical Pipe

Quter Cage
Middle Cage

inner Cage

Note 1—The total reinforcement area of the inner cage plus the middle cage shall not be less than that specified for the inner cage in Table 2.
Note 2—The total reinforcement area of the outer cage plus the middle cage shall not be less than that specified for the outer cage in Table 2.
FIG. 4 Vertical Elliptical Pipe

two layers for pipe with wall thicknesses of less than 180 mmcover of the concrete over the circumferential reinforcement in
or three layers for pipe with wall thicknesses of 180 mm orthe wall of the pipe shall be 18 mm.
greater. The layers shall not be separated by more than the8.1.2 Where two lines of reinforcement of elliptical shape
thickness of one longitudinal plus 6 mm. The multiple layerscorresponding to the contour of the pipe are used, each line
shall be fastened together to form a single cage. All otheshall be so placed that the covering of concrete over the
specification requirements such as laps, welds, and tolerancesinforcement is 25 mm.
of placement in the wall of the pipe, etc., shall apply to this 8.1.3 The location of the reinforcement shall be subject to
method of fabricating a line of reinforcement. the permissible variations in dimensions given in 11.5. Re-
8.1.1 Where one line of reinforcement is used, it shall bequirements for placement and protective covering of the
placed so that the cover of the concrete over the circumferentiaioncrete from the inner or outer surface of the pipe do not
reinforcement at the vertical and horizontal diameters of thepply to that portion of a cage which is flared so as to extend
pipe is 25 mm from the inside and outside surfaces of the pipento the bell or reduced in diameter so as to extend into the
except for wall thicknesses less than 62 mm, the protectivepigot.
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SPAN

w
2
o«
1
SYMMETRICAL ABOUT AXES
e oy
; Water Area, Rise, mm Span, mm A, mm B, mm Ry, mm Ry, mm v degrees
Round Size, m2
mm
450 0.170 360 580 135 325 155 505 22.6
600 0.305 490 770 176 420 210 665 22.6
675 0.383 550 865 198 475 235 750 22.6
750 0.474 610 960 220 530 260 835 22.6
825 0.588 680 1065 243 580 290 920 22.6
900 0.684 730 1155 263 635 315 1000 22.6
975 0.816 800 1255 283 685 345 1085 22.6
1050 0.948 865 1355 308 733 370 1165 22.6
1200 1.20 970 1520 345 825 415 1310 22.6
1350 1.55 1105 1725 388 933 475 1485 22.6
1500 1.90 1225 1920 435 1143 525 1655 22.6
1650 2.30 1345 2110 475 1143 580 1815 22.6
1800 2.73 1470 2300 520 1245 630 1980 22.6
1950 3.21 1595 2490 560 1348 685 2145 22.6
2100 3.73 1715 2680 605 1448 735 2305 22.6
2250 4.28 1840 2870 645 1550 790 2470 22.6
2400 4.87 1960 3065 688 1655 845 2635 22.6
2550 5.49 2085 3250 730 1753 895 2795 22.6
2700 6.17 2210 3440 770 1850 950 2955 22.6
2850 6.87 2330 3635 813 1950 1005 3115 22.6
3000 7.63 2455 3825 858 2053 1055 3280 22.7
3300 9.22 2700 4205 938 2255 1165 3605 22.6
3600 11.0 2950 4590 1025 2460 1270 3935 22.6

Note 1—Rise, span, and radii are fixed; other dimensions and angles are calculated.
FIG. 5 Shape of Elliptical Pipe

8.1.4 The spacing center to center of circumferential reinspecimens shall develop at least 50 % of the minimum speci-
forcement in a cage shall not exceed 100 mm for pipe up to anfied strength of the steel and there shall be a minimum lap of
including pipe having a 100-mm wall thickness nor exceed thé&sO mm. For butt-welded splices in bars or wire, permitted only
wall thickness for larger pipe, and shall in no case exceed 15®@ith helically wound cages, pull tests of representative speci-
mm. mens shall develop at least 75 % of the minimum specified

8.1.5 The continuity of the circumferential reinforcing steel strength of the steel.
shall not be destroyed during the manufacture of the pipe, 8.2 Longitudinal ReinforcementEach line of circumferen-
except that when agreed upon by the owner, lift eyes or holegal reinforcement shall be assembled into a cage that shall
may be provided in each pipe for the purpose of handling. contain sufficient longitudinal bars or members to maintain the

8.1.6 If splices are not welded, the reinforcement shall beeinforcement in shape and in position within the form to
lapped not less than 20 diameters for deformed bars ancomply with permissible variations in 8.1. The exposure of the
deformed cold-worked wire, and 40 diameters for plain barsends of longitudinals, stirrups, or spacers that have been used
and cold-drawn wire. In addition, where lapped cages oto position the cages during the placement of the concrete shall
welded-wire fabric are used without welding, the lap shallnot be a cause for rejection.
contain a longitudinal wire. 8.3 Joint Reinforcementin all pipe 900 mm or larger in

8.1.6.1 When splices are welded and are not lapped to thdiameter, either the bell or the spigot of the joint shall contain
minimum requirements above, pull tests of representativeircumferential reinforcement.
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8.3.1 For single-cage pipe, joint reinforcement shall be atjuired for the tests shall be furnished without charge by the
least equal in area to that required for an equivalent length afhanufacturer, shall be selected at random by the owner, and
pipe wall. shall be pipe that would not otherwise be rejected under this

8.3.2 For double-cage and triple-cage pipe, joint reinforcespecification. The selection shall be made at the point or points
ment shall be at least equal in area to that required for adesignated by the owner when placing the order.
equivalent length of the outer circular cage if placed in the bell, 11.2 Number and Type of Test Required for Various Delivery
or at least equal in area to that required for an equivalent lengtBchedules
of the inner circular cage if placed in the spigot. 11.2.1 Preliminary Tests for Extended Delivery
9. Joints Schedules-An owner of pipe, whose needs require shipments
- . at intervals over extended periods of time, shall be entitled to
9.1 The joints shall be of such design and the ends of th. uch tests, preliminary to delivery of pipe, as are required by

concrete pipe sections so formed that the pipe can be lai e type of basis of acceptance specified by the owner in

together_ to mak_e a cont|_nuou_s line O.f pipe compatible with theSection 5, of not more than three sections of pipe covering each
permissible variations given in Section 12. size in which he is interested

10. Manufacture 11.2.2 Additional Tests for Extended Delivery Schedwes

10.1 Mixture—The aggregates shall be sized, graded, proAfter the preliminary tests described in 11.2.1, an owner shall
portioned, and mixed with such proportions of cementitiousde entitled to additional tests at such times as the owner may
materials and water as will produce a homogeneous concrefieem necessary, provided that the total number of pipe tested
mixture of such quality that the pipe will conform to the test (including preliminary tests) shall not exceed one pipe or 1 %,
and design requirements of this specification. All concrete shalvhichever is the greater, of each size of pipe delivered.
have a water-cementitious materials ratio not exceeding 0.53 11.3 External Load Crushing Strength
by weight. Cementitious materials shall be as specified in 6.2 11.3.1 The load required to produce a 0.3-mm crack or the
and shall be added to the mix in a proportion not less thai 28qultimate load as determined by the three-edge-bearing method
kg/m unless mix designs with a lower cementitious materialglescribed in Test Methods C 497M shall not be less than that
content demonstrate that the quality and performance of therescribed in Table 1 and Table 2 for each respective class of
pipe meet the requirements of this specification. pipe. Pipe that have been tested only to the formation of a

10.2 Curing—Pipe shall be subjected to any one of the0.3-mm crack and that meet the 0.3-mm crack load require-
methods of curing described in 10.2.1 to 10.2.4, or to any othements shall be accepted for use.
m_ethc.)d orcqmbination of methods appro"ed by the owner, that Note 2—As used in this specification, the 0.3-mm crack is a test
will give satisfactory results. The pipe shall be cured for agiterion for pipe under load in a three-edge bearing test and is not
sufficient length of time so that the specified D-load is obtainedntended as an indication of overstressed or failed pipe under installed
when acceptance is based on 5.1.1 or so that the concrete wilinditions.
develop the specified compressive strength at 28 days or less

. 11.3.2 Retests of Pipe not Meeting the External Load
when acceptance is based on 5.1.2. P g

. ) . . Crushing Strength Requirement®ipe shall be considered as
10.2.1 Steam Curing-Pipe may be placed in a curing meeting the strength requirements when all test specimens

chamber, free .ffor.“ outside (_jr_afts_ and cured in a MOISE 4 htorm to the strength requirements. Should any of the test
atmosphere maintained by the injection of steam for such UMEpecimens fail to meet the strength requirements, the manufac-

and such temperature as may be needed to enable the p'petﬁ?er shall be allowed a retest on two additional specimens for

meet the strength requirements. The curing chamber shall be 2Qch specimen that failed, and the pipe shall be acceptable only

constructed as to allow full circulation of steam around thewhen all of the retest specimens meet the strength require-
entire pipe. ments
10.2.2 Water Curing—Concrete pipe may be water-cured '

by covering with water-saturated material or by a system of CONCRETE TESTING
perforated pipes, mechanical sprinklers, porous hose, or by any
other approved method that will keep the pipe moist during the
specified curing period.

10.2.3 The manufacturer may at his option combine th
methods described in 10.2.1 to 10.2.4, providing the require
concrete compressive strength is attained. ine

10.2.4 A sealing membrane conforming to the requirementg Fil.s c ion Testi f Cvlind
of Specification C 309 may be applied and should be leftintact 7~ ompression Testing of Lylinders

: ; . 11.5.1 Cylinder Productior—Cylinders shall be prepared in
until the required strength requirements are met. The concrete X .
) e I accordance with Section 11 of Test Methods C 497.
at the time of application shall be within 6°C of the atmosphere 11,52 Number of Cylinders-Prepare no fewer than five

temperature. All surfaces shall be kept moist prior to the . ) . .
application of the compounds and shall be damp when thIeeSt cylinders from a group (one day's production) of pipe

; : Sections.
compound is applied. 11.5.3 Acceptability on the Basis of Cylinder Test Results

11. Physical Requirements 11.5.3.1 When the compressive strengths of all cylinders
11.1 Test SpecimensThe specified number of pipe re- tested for a group are equal to or greater than the required

11.4 Type of SpecimerCompression tests determining
concrete compressive strength may be made on either standard
dded concrete cylinders or concrete cylinders compacted and

ured in like manner as the pipe, or on cores drilled from the
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concrete strength, the compressive strength of concrete in tleample from the same pipe and the results of the retest shall be
group of pipe sections shall be accepted. substituted for the original test results.
11.5.3.2 When the average compressive strength of all 11.10 Retests of Pipe-When not more than 20 % of the
cylinders tested is equal to or greater than the required concret®ncrete specimens fail to pass the requirements of this
strength, and not more than 10 % of the cylinder tested have specification, the manufacturer may cull the project stock and
compressive strength less than the required concrete strengthay eliminate whatever quantity of pipe desired and shall mark
and no cylinder tested has a compressive strength less thémose pipe so that they will not be shipped. The required tests
80 % of the required concrete strength, then the group shall b&hall be made on the balance of the order and the pipe shall be
accepted. accepted if they conform to the requirements of this specifica-
11.5.3.3 When the compressive strength of the cylindergon.
tested does not conform to the acceptance criteria stated in11.11 Test Equipmenrt Every manufacturer furnishing pipe
11.5.3.1 or 11.5.3.2, the acceptability of the group shall beinder this specification shall furnish all facilities and personnel
determined in accordance with the provisions of 11.6. necessary to carry out the tests described in Test Methods
11.6 Compression Testing of Cores C 497M.
11.6.1 Obtaining Cores—Cores shall be obtained and pre-
pared in accordance with Section 6 of Test Methods C 497. 12. Permissible Variations
11.6.2 Number of Cores-One core shall be taken from a  12.1 Internal Dimensions-The internal dimensions of the
pipe section selected at random from each day’s production ruglliptical pipe shall not vary more thah 2 % from the internal
of a single concrete strength. dimensions shown in Fig. 5. The variation shall normally be
11.7 Acceptability on the Basis of Core Test Results: determined by measuring the major and minor axes of the pipe.
11.7.1 When the compressive strength of a core tested for Where measurements at other points are necessary, the lengths
group of pipe sections is equal to or greater than the require8o measured shall not depart from those shown in Fig. 5 by
concrete strength, the compressive strength of the concrete fgrore than+ 2 %.
the group is acceptable. 12.2 Wall Thickness-The wall thickness shall not vary
11.7.2 If the compressive strength of the core tested is les®ore than shown in the design or specified wall by more than
than the required concrete strength, the pipe sections fromr5 % or 5 mm, whichever is greater. A specified wall thickness
which that core was taken may be recored. If the compressivéhat is more than required in the design is not cause for
strength of the recore is equal to or greater than the requiregjection. Pipe having localized variations in wall thickness
concrete compressive strength, the compressive strength of te¥ceeding those specified above shall be accepted if the
concrete for the group is acceptable. three-edge-bearing strength and minimum steel cover require-
11.7.3 If the compressive strength of the recore is less thafients are met.
the required concrete strength, the pipe section from which the 12.3 Length of Two Opposite Sides/ariations in the lay-
core was taken shall be rejected. Two pipe sections from th#@g length of two opposite sides of the pipe shall not be more
remainder of the group shall be selected at random and oriBan 6 mm for all sizes through 600-mm internal equivalent
core shall be taken from each pipe section. If the compressivéiameter, and not more than 10 mm/m of internal equivalent
strength of both cores is equal to or greater than the requirediameter for all sizes larger with a maximum of 16 mm in any
concrete compressive strength, the concrete compressivength of pipe through 2100-mm internal equivalent diameter,
strength of the remainder of the group shall be acceptable. And a maximum of 19 mm for 2250-mm internal equivalent
the compressive strength of either of the two cores tested is leséameter or larger, except where beveled-end pipe for laying on
than the required concrete compressive strength, then tH#irves is specified by the owner.
remainder of the group shall be either rejected or, at the option 12.4 Length of Pipe-The underrun in length of a section of
of the manufacturer, each pipe section of the remainder shall igipe shall be not more than 10 mm/m with a maximum of 13
cored and accepted individually, and any of the pipe sectiongim in any length of pipe.
that have a core with less than the required concrete compres-12.5 Position or Area of Reinforcement
sive strength shall be rejected. 12.5.1 Position—The maximum variation in the position of
11.8 Plugging Core Holes-Core holes shall be plugged the reinforcement shall be-10 % of the wall or=13 mm,
and sealed by the manufacturer in a manner such that the pipehichever is the greater. Pipe having variations in the position
section will meet all of the requirements of this specification.of reinforcement exceeding those specified above shall be
Pipe sections so plugged and sealed shall be consideredcepted if the three-edge-bearing strength requirements ob-
satisfactory for use. tained on a representative specimen are met. In no case,
11.9 Absorption—The absorption of a sample from the wall however, shall the cover over the circumferential reinforce-
of the pipe, as determined in accordance with Test Methodgent be less than 13 mm. The preceding minimum cover
C 497, shall not exceed 9 % of the dry mass for Method A odimitation does not apply to the mating surfaces of the joint.
8.5 % for Method B. Each Method A sample shall have a 12.5.2 Area of ReinforcementReinforcement will be con-
minimum mass of 1.0 kg, shall be free of visible cracks, andsidered as meeting the design requirements if the area, com-
shall represent the full wall thickness of the pipe. When theputed on the basis of nominal area of the wire or bars used,
initial absorption sample from a pipe fails to conform to this equals or exceeds the requirements of 7.2 or 7.3. Actual area of
specification, the absorption test shall be made on anothéhe reinforcing used may vary from the nominal area according
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to permissible variations of the standard specifications for the 15.1.3 The ends of the pipe are not normal to the walls and
reinforcing. center line of the pipe within the limits of variations given in
. 12.3 and 12.4,

13. Repairs 15.1.4 Damaged or cracked ends, where such damage

13.1 Pipe may be repaired, if necessary, because of impefould prevent making a satisfactory joint, and
fections in manufacture or damage during handling and will be 15.1.5 Any continuous crack having a surface width of 0.3
acceptable if, in the opinion of the owner, the repaired pipeénm or more and extending for a length of 300 mm or more,
conforms to the requirements of this specification. regardless of position in the wall of the pipe. See Note 2.

14. Inspection 16. Product Marking

14.1 The quality of materials, the process of manufacture, L : .
and the finished pipe shall be subject to inspection and 16.1 The following information shall be legibly marked on

each section of pipe:
approval by the owner. 16.1.1 Pipe class and specification designation,

15. Rejection 16.1.2 Date of manufacture,

15.1 Pipe shall be subject to rejection on account of failure 16.1.3 Name or trademark of the manufacturer, and
to conform to any of the specification requirements. Individual 16.1.4 Identification of plant. _
sections of pipe may be rejected because of the following:  16.2 Pipe with quadrant reinforcement shall be marked with

15.1.1 Fractures or cracks passing through the wall, excepbe letter “Q.”

for a single end crack that does not exceed the depth of the 16.3 Markings shall be indented on the pipe section or
joint, painted thereon with waterproof paint.

15.1.2 Defects that indicate mixing and molding, not in
compliance with 10.1, or surface defects indicating honey17- Keywords
combed or open texture, that would adversely affect the 17.1 culvert; D-load; elliptical pipe; reinforced concrete;
function of the pipe, sewer pipe; storm drain
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