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QHW Designation: C 506 — 00

Standard Specification for
Reinflorced Concrete Arch Culvert, Storm Drain, and Sewer
Pipe

This standard is issued under the fixed designation C 506; 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 497 Test Methods for Concrete Pipe, Manhole Sections,

1.1 This specification covers reinforced arch-shaped con- Of Tile® o _
crete pipe to be used for the conveyance of sewage, industrial C 595 Specification for Blended Hydraulic Ceménts _
wastes, storm water, and for the construction of culverts. C 618 Specification for Coal Fly Ash and Raw or Calcined
1.2 A complete metric companion to Specification C 506  Natural Pozzolan for Use as a Mineral Admixture in

has been developed—C 506M; therefore, no metric equivalents Concreté _ _ _

Product8

Note 1—This specification is a manufacturing and purchase specifica- ¢ 1116 Specification for Fiber-Reinforced Concrete and
tion only, and does not include requirements for bedding, backfill, or the Shotcreté

relationship between field load condition and the strength classification of
pipe. However, experience has shown that the successful performance gf :
this product depends upon the proper selection of the class of pipe, typ% Termm'OI_o'gy o .

of bedding and backfill, and care that the installation conforms to the 3.1 Definitions—For definitions of terms relating to con-

construction specifications. The owner of the reinforced concrete piperete pipe, see Terminology C 822.

specified herein is cautioned that he must correlate the field requirements

with the class of pipe specified and provide inspection at the constructiod. Classification

site. 4.1 Pipe manufactured according to this specification shall
21 ASTM Standards: strength requirements are prescribed in Table 1.

A 82 Specification for Steel Wire, Plain, for Concrete Re-5. Basis of Acceptance
inforcement

A 185 Specification for Steel Welded Wire Fabric, Plain, for
Concrete Reinforcemeht

A 496 Specification for Steel Wire, Deformed, for Concrete
Reinforcemertt

A 497 Specification for Steel Welded Wire Fabric, De-
formed, for Concrete Reinforcemént

A 615/A 615M Specification for Deformed and Plain
Billet-Steel Bars for Concrete Reinforcemént

C 33 Specification for Concrete Aggregates

C 150 Specification for Portland Cemént

C 309 Specification for Liquid Membrane-Forming Com-
pounds for Curing Concrete

5.1 Unless otherwise designated by the owner at the time of,
or before placing an order, two separate and alternative bases
of acceptance are permitted as follows:

5.1.1 Acceptance on Basis of Plant Load Bearing Tests,
Material Tests, and Inspection of the Complete Product
—Acceptability of the pipe in all sizes and classes produced in
accordance with 7.1 or 7.2, shall be determined by the results
of the three-edge-bearing tests for either the load to produce a
0.01-in. crack or, at the option of the owner, the load to produce
the 0.01-in. crack and the ultimate load; by such material tests
as are required in accordance with 6.1, 6.2 and 6.4, by
absorption tests on selected samples from the wall of the pipe;
and by inspection of the finished pipe to determine its
conformance with the design prescribed in this specification
and its freedom from defects.

* This specification is under the jurisdiction of ASTM Committee C13 on 5.1.2 Acceptance on Basis of M.a}te”al TeSt,S ar_‘d Insp_ectlon
Concrete Pipe and is the direct responsibility of Subcommitee C13.02 orof the Complete ProduetAcceptability of the pipe in all sizes
Reigforc'E? ;;\tll\/:r: anrco\ljg/;rﬁ/l F;ipel-o 2000, Publiched Auaust 2006. Oridinall and classes shall _be d_etermined by the_ results of such material
published a5 C 506.63T. Last previos ediion C 50699, 719 Vests as are required in accordance with 6.1, 6.2 and 6.4; by

2 Annual Book of ASTM Standardéol 01.04. crushing tests on concrete cores or cured concrete cylinders; by

3 Annual Book of ASTM Standardggl 04.02.

4 Annual Book of ASTM Standardggl 04.01.
5 Annual Book of ASTM Standardégg! 04.05.
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A

TABLE 1 Strength Requirements for Reinforced Concrete Pipe

Double Line Reinforcement®

1~ B . R

Approx- o o fres MPA Rc_o?tmuous It3§s/|4cD Additional Reinforcement = A,° Single Line

imate Mini-— Mini- eintoreement = As Reinforcement
Equivalent T mAum mum Cl | C O C U v

Round Rise,  Span, ass nner Lage uter Cage (Inner Cage) (Outer Cage)

A in. in.

Size, in. Dimen- Dimen-

A-ll AL AV AL AL AV AL A-lIE ALV sion,  A-ll A-lIL AV sion,  A-Il  A-llL A-IV  A-IL A-lL AV
in. in.

15 2%, 11 18 4 4 4 0.08 0.12 0.17

18 2%>  13% 22 4 4 4 0.11 0.14 0.26

21 2% 15% 26 4 4 4 0.13 0.17 0.29

24 3 18 28Y> 4 4 4 .. 016 0.22 0.32

30 3% 22 36Ya 4 4 4 0.09 0.12 0.18 0.07 0.09 0.14 26 0.09 0.12 018 29 0.07 0.09 0.13 0.18 0.24 0.36

36 4 26%s 43%s 4 4 4 0.11 0.15 0.22 0.09 0.12 0.17 30 0.11 0.15 0.22 34 0.09 0.12 0.16 0.22 0.30 0.44
42 4Y>  31%se 51Ys 4 4 4 013 0.18 0.27 0.10 0.14 0.21 34 0.13 0.18 0.2 39 0.10 0.14 0.22 0.26 0.36 0.54
48 5 36 58%2 4 4 0.15 0.22 .. 0.12 0.17 .. 42 0.15 0.22 43 0.12 0.17 .. 030 0.44

54 5%, 40 65 4 4 0.18 0.24 .. 0.14 0.19 .. 48 0.18 0.24 .. 49 0.14 0.19 ... 036 0.48

60 6 45 73 4 4 0.21 028 .. 017 022 .. 52 0.21 0.28 .. 55 0.17 022 .. 042 0.56

72 7 54 88 4 5 0.26 0.36 .. 0.20 0.28 .. 60 0.26 0.36 .. 67 0.20 0.28 .. 052 0.72

84 8 62 102 4 5 0.32 044 .. 0.24 034 .. 68 032 044 .. 77 024 034 .. 0.64 0.88

90 8%, 72 115

96 9 77Y> 122

108 10 87%s 138

120 11 967 154

132 10 106%. 168%

Uppar-Half Double-Line D-Loads for 3-Edge-Bearing Method
Reinforcemant

Outer Cage

Class 0.01-in. Ultimate
Crack

Migale Cage

==

Lower-Half Single
Lne Reinforcement Span

. | / 1] 1350 2000
[+—Laying Length — Doubls Line Singte Line \—/
~Reinforcement Reinforcement —_———
v 2000 3000

Typical Lc_)ngitudinal ) . - ) Note—Test load in pounds per linear foot
Section Sections Triple Line Reinforcement equals D-load X inside span in feet.

Il 1000 1500

A For modified or special designs, see 7.3.

B f'c, ksi = minimum compressive strength of concrete in thousands of pounds-force per square inch.

€ As an alternative to designs requiring double line reinforcement, the reinforcement may be positioned and proportioned so that the total reinforcement of the inner cage
plus the middle cage shall not be less than that specified for the inner cage continuous basic reinforcement, and the additional reinforcement “U” and the total
reinforcement of the outer cage plus the middle cage shall not be less than that specified for the outer cage continuous basic reinforcement and the additional reinforcement
o

b A, = circumferential steel area in square inches per longitudinal foot of pipe barrel in each continuous basic cage and additional cages in area denoted “U” and “V.”
Dimensions “U” and “V” are measured on the center line of the culvert wall.

absorption tests on selected samples from the wall of the pip@equirements of this specification. In no case, however, shall
and by inspection of the finished pipe, including amount andhe proportion of portland cement, blended hydraulic cement,
placement of reinforcement, to determine its conformance wittor a combination of portland cement and supplementary
the design prescribed in this specification and its freedom fronsementing materials be less than 470 Ibfyd
defects. 6.2 Cementitious Materials
5.1.3 When agreed upon by the owner and the manufacturer, 6.2.1 Cement—Cement shall conform to the requirements
any portion or any combination of the tests itemized in 5.1.1 offor portland cement of Specification C 150, or shall be portland
5.1.2 may form the basis of acceptance. blast-furnace slag cement or portland-pozzolan cement con-
5.2 Age for Acceptance-Pipe shall be considered ready for forming to the requirements of Specification C 595, except that
acceptance when they conform to the requirements as indicatélde pozzolan constituent in the Type IP portland-pozzolan

by the specified tests. cement shall be fly ash.
_ 6.2.2 Fly Ash—Fly ash shall conform to the requirements of
6. Materials Class F or Class C of Specification C 618.

6.1 The aggregate shall be so sized, graded, proportioned, 6.2.3 Allowable Combinations of Cementitious Materiais
and mixed with such proportions of portland cement, blended he combination of cementitious materials used in the concrete
hydraulic cement, or portland cement and supplementarghall be one of the following:
cementing materials, or admixtures, or a combination thereof, 6.2.3.1 Portland cement only,
if used, and water to produce a homogeneous concrete mixture6.2.3.2 Portland blast furnace slag cement only,
of such quality that the pipe will conform to the test and design 6.2.3.3 Portland pozzolan cement only, or
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6.2.3.4 A combination of portland cement and fly ash. considered applicable and binding as if they were contained in
6.3 Aggregates-Aggregates shall conform to Specification the body of the specification.
C 33 except that the requirement for gradation shall not apply. 7 3 Mmodified and Special Designs
6.4 Admixtures and BlendsAdmixtures and blends may be
used with the approval of the owner.
6.5 Steel ReinforcementReinforcement shall consist of

7.3.1 If permitted by the owner, the manufacturer may
request approval by the owner of modified designs that differ

wire conforming to Specification A 82, or Specification A 496, from the designs in this Sectior_1 7 or special desi_gns fo_r sizes
or of wire fabric conforming to Specification A 185, or and loads beyond those shown in Table 1, or special designs for

Specification A 497, or of bars of Grade 40 steel conforming tdPipe sizes that do not have steel reinforcement areas shown in
Specification A 615/A 615M. Table 1.

6.6 Synthetic Fibers-Collated fibrillated virgin polypropy- 7.3.2 Such modified or special designs shall be based on
lene fibers may be used, at the manufacturer’s option, imational or empirical evaluations of the ultimate strength and
concrete pipe as a nonstructural manufacturing material. Onlgracking behavior of pipe and shall fully describe to the owner
Type Il synthetic fibers designed and manufactured specifiany deviations from the requirements of this Section 7. The
cally for use in concrete and conforming to the requirements oflescriptions of modified or special designs shall include the

Specification C 1116 shall be accepted. wall thickness, the concrete strength, and the area, type,
: placement, number of layers, and strength of the steel rein-
7. Design
forcement.

7.1 Size and DimensiorsThe standard sizes of arch pipe
are listed in Table 1. The internal dimensions for each standar
size shall be as defined in Fig. 1, subject to the permissibl
variations of Section 12.

7.3.3 The manufacturer shall submit to the owner proof of
e adequacy of the proposed modified or special design. Such
proof may comprise the submission of certified three-edge-
7.2 Design Tables-The wall thickness, compressive bearing tests already made, which are acceptable to the owner
strength of concrete, and the area of circumferential reinforce2” iIf such three-edge-bearing tests are not available or accept-
ment shall be as prescribed in Table 1, subject to the provisiorP!€, the manufacturer may be required to perform proof tests
of 7.3 and Sections 11 and 12. on sizes and classes selected by the owner to demonstrate the
7.2.1 Footnotes to the tables herein are intended to b@dequacy of the proposed design.
amplifications of the tabulated requirements and are to be 7.3.4 Such pipe must meet all of the test and performance

A=Rise - R,

e RISE———»y

Span
== ;
Approximate
E(gl(l)\f:]lsnt A\:Zzt’efrtZ Rise, in. Span, in. A, in. B, in. C, in. Ry, in. R,, in. Rs, in.
Size, in.

15 11 11 18 s 41Y6 43Y32 2278 10%s 4Y32
18 1.65 13%2 22 ~Ya 6 5% 27Y>2 13% 5Ya
21 2.2 15%> 26 Ya 6Ya EZ 35% 14%4 5Ya
24 2.8 18 28Y> 3% 5232 92Y/3; 4016 14%s 4193
30 4.4 22Y> 36Ya 3% %6 12%32 51 18%a 6Y32
36 6.4 26%s 43%a 4%y 8%s6 15%- 62 22Y> 6%s
42 8.8 31%s 51Ys 5%16 10%6 18 73 26Y4 7%6
48 114 36 58Y2 6 111932 20Y2 84 30 8%
54 14.3 40 65 6% 13 2216 92Y> 33% 91316
60 17.7 45 73 7Y2 141%16 25%32 105 37Y2 11732
72 25.6 54 88 9 17 31%se 126 45 12%s
84 34.6 62 102 10 182Y32 37Va2 162Y> 52 133Y352
90 44.5 72 115 13 231316 38732 183 59 19%:
96 51.7 77Ya 122 15Y4 2413, 401%16 218 62 20%16

108 66.0 87Ys 138 17Ys 262732 46% 269 70 22%s

120 81.8 9675 154 18%s 29732 53 301%s 78 24

132 99.1 106Y2 168%4 207 321%16 57% 329 85%s 2678

FIG. 1 Cross-Sectional Shape of Arch Pipe
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