ASTM C76 reinforcement
design changes
and related research

Major changes in the ASTM specifica-
tions for reinforced concrete pipe were
made last vear. Provisions were added in
ASTM C76-70 which provide for (1) posi-
tioning and proportioning of reinforce-
ment ot a “'guadrant design*’ basis, and
(2) increased usage of the positioning and
proportioning of reinforcement using an
inner circular cage in conjunction with
an elliptical cage. (Note: The manner in
which these new provisions are included
in ASTM C76-70 are given in Appendix A,
Fig. Al. Proposed revisions to Fig. AT,

being considered by ASTM Committee
C13, are shown in Fig. A2.

Significant as these changes are, an
event of greater long-term impact for the
concrete pipe industry was the issuance
of the acceptance type specification:
ASTM C655-70 *“Reinforced Concrete D-
Load Culvert, Storm Drain, and Sewer
Pipe.” Purchasers, engineers, and concrete
pipe producers will have to evaluate the
changes and determine their usage. This
article will aid that evaluation.

ln 1967, member companies of

the Ohio Concrete Pipe Manu-

facturers Association (OCPMA)
were given the opportunity to
submit to the Ohio State Highway

Department pipe designs for sizes

114 to 144-inch diameter, in

Classes 11 to V. It was also neces-

sary to develop a test program to

substantiate the designs. In pre-
paring designs, however, recog-
nition would have to be made of
the need to fully utilize any re-
inforcement placed in the pipe.
After extensive analysis, utiliz-
ing all available pipe structural
data, and aided by electronic
computers, the designs were
formulated. The designs as sub-

mitted are shown in Tables 2

through 5.

A test program, as submitted, is
outlined as follows:

— Pipe of four diameters would
be tested: 114 inches, 120
inches, 132 inches, and 144
inches.

— Eight pipe of each size would
be tested: two for each of the

ASTM C76 strength classes —

(5, 11, 1V, and V.

— The minimum number of pipe
to be tested was set at 32.

— All pipe were to be tested in
three-edge bearing to forma-
tion of a 0.07-inch crack and
ultimate load.

— All pipe were to be cored, and
the core tested for concrete
compressive strength.

-~-No one manufacturer was to
mzake both pipe of a given
strength class. Personnel at the
Ohio State Highway Depart-
ment, (OSHD) Materials Test-
ing Laboratory were to inspect
all  fabricated reinforcement
cages prior to casting of een-
crete. They were also to attend
all three-edge bearing tests to
ohserve procedures and record
results.

Upon successful completion of
the test program, it was antici-
pated that the tested designs
would be incorporated in the
OSHD Construction and Material
Specifications. The test program

started in 1967 and was completed
in 1968.

A feature of the test program
was the inclusion of “quadrant”
reinforcement design. Proof of this

concept would permit greater
utilization of the reinforcement
used in the pipe. Prior to under-
taking the test program, the pipe
wall stresses resulting from load-
ings and the alternate means of
pasitioning and propoertioning re-
inforcement, were reviewed by
the OCPMA and OSHD.

A brief presentation of this re-
view is shown in Fig. 1 with an
accompanying discussion. To aid
evaluation and refative usage of
reinforcing resulting from many
alternate methods of positioning
and proportioning reinforcement,
an ASTM C76-70 design for an 84-
inch, Class Ill, wall B pipe is pre-
sented in Fig. 2 and Table 7.
Highlights of the test program
with a discussion are presented in
Tables 2 through 5 and Graphs 1
through 4. All D-loads indicated
as pounds are pounds per linear
foot per foot of inside diameter.

Upon completion of this test
program, the designs given in
Appendix B were incorporated in
the January 1, 1969 edition of the
State of Ohio Department of High-
ways Construction and Material
Specifications. Fig. B1. and B2,
illustrated in Appendix B, indicate
the type of stirrup used and the
manner in which provision was
made for “guadrant” reinforce-
ment. The two methods of pro-
portioning quadrant reinforce-
ments, as illustrated in Appendix
A and Fig. B2, should be consid-
ered equal alternatives.



a. Depicts three-edge bearing test
Pipe has tendency to tzke oval shape
{dotted lines} under loads. Tension
stresses (T) are developed in the wall
on the inside at the crown and invert
and on the outside at the springiine.
Compressive stresses (C) are devel-
oped in the wall on the inside at
the springline and on the outside at
the crown and invert.

b. Depicts the zones within the con-
crete pipe wall where tension and
compression  stresses exist under
three-edge bearing load.

The reinforcing of a concrete pipe
basically consists of the placement
of steel reinforcement in those zones
of the pipe wall where tension
stresses exist. Reinforcement in the
pipe wall zones where compression
stresses exist is not required. There
are several ways of positioning and
proportioning the reinforcement to
attain the desired placement.

c. Two full circular cages (inner and
outer). Reinforcement is placed in
tension zones of wall. Much rein-
forcement is placded in compression
zones where it is not needed.

d. Use of elliptical cage where re-
inforcement is positioned to be in
tension zones of wall where needed.
Utilizes reinforcement in economical
manner.

e. Use of elliptical cage plus full
inner circular. Modification of use of
elliptical cage alone. Used in larger
pipe where full inner circular cage
is positioned to resist tension stresses
on the inside wall due to pipe weight
where pipe may be oriented in any
direction prior to final installation.
Utilizes reinforcement in economical
manner. :
f.ldealized positioning and propor-
tioning of reinforcement. Unlikely to
be attained with existing methods of
pipe manufacture. Positive position-
ing of reinforcement hard to secure,
Would utilize reinforcement in eco-
nomical manner.

8. Madification of idealized method
of reinforcing. Known as “‘quadrant
design”. Uses full circular inner and
outer cages to which reinforcement
mats are secured in the tension zones
of the pipe wall. Utilizes reinforce-
ment in economical manner.

h. Use of stirrups at crown and invert
with “guadrant design” reinforce-
ment,
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This figure provides data to aid in
the evaluation of relative reinforce-
ment usage resulting from the choice
of reinforcement positioning and
proportioning used. For purposes of
comparison an 84-inch, Class |11, wall
“B"”, pipe is used.

a. Required inner and outer full cir-
cular cage reinforcement areas as
specified in Table 1[I in ASTM C76-70.
b. Required elliptical cage reinforce-
ment area as specified in Table Il in
ASTM C76-70.

c. One of the means of providing
the “quadrant design” reinforcement
areas permitted under the provisions
of the “gquadrant design” note be-
neath Table [Il in ASTM C76-70 and
the provisions of Figure 1 in ASTM
C76-70, .
d. Required elliptical and full inner
circular cage reinforcement areas re-
quired to satisfy the provisions of
the “elliptical plus inner circular
cage” note beneath Table Il in ASTM
C76-70.

e. An alternate method of providing
reinforcement areas that meet the
provisions of the “quadrant design”
note beneath Table Il in ASTM
C76-70 and the provisions of Figure
Tin ASTM C76-70.

f. Another alternate method of pro-
viding reinforcement areas that meet
the provisions of the “gquadrant de-
sign’’ note beneath Table 111 in ASTM
C76-70 and the provisions of Figure 1
in ASTM C76-70.

TABLE 1

A quantitative comparison of the
reinforcement usage by weight of the
reinforcement resulting from each of
the methods of positioning and pro-
portioning as given in Figure 2 (a)
to 2 (f) is presented in Table 1. The
reinforcement usage resulting from
the use of full inner and outer cir-
cular cages as shown in Figure 2 (a)
was chosen as the base and requires
the maximum amount of reinforce-
ment. All other methods of reinforc-
ing the pipe require the use of less
reinforcement by weight, The relative
amount required is given in Table 1.
(Example: The amount of reinforce-
ment required in Figure 2 (¢} is 62.5
percent of that required in Figure
2 (a).



Reinforcement designs as originally
proposed for Class [l pipe are given
in Table 2. Reinforcement areas as
provided in the test pipe in the form
of circular cages and quadrant mats
are also given, Total reinfercement
areas shown are equal to the sum of
circular cages plus quadrant mats at
the inside crown and invert, and the
outside springline. The calculated
three-edge bearing tests are shown
for both the 0.01-inch crack and
ultimate test loadings. No stirrups
were used in Class [} test pipe.

At the conclusion of the test pro-
gram, results on the eight Class 1l
test pipe were reviewed. An out-
standing feature of the test results
was the consistently high test results;
in fact, each of the seven pipe tested
in proper orientation exceeded the
D-load requirements for Class Il
pipe. An analysis of the test results
indicated that a 17 percent reduction
in the originally proposed designs
could be made. The OSHD con-
sented based on further testing of
pipe with the lesser reinforcement,

Reinforcement designs as modified
for Class Il pipe are given in Table
2(A). Reinforcement areas as provided
in the test pipe and the calculated
three-edge bearing test D-loads are
also shown. At the conclusion of this
phase of the test program the test
results were reviewed. Once more
the results were found to be con:
sistently high with only one pipe not
meeting the test requirements for
Class 111 pipe.

Reinforcement designs as proposed
for Class Il pipe and the reinforce-
ment areas provided are given in
Table 3. Two of the eight pipe tested
were not reinforced on a quadrant
design basis {120-3A and 144-3B).
Eleven lines of stirrups were used
at the crown and invert in all Class
I test pipe. {For details of the type
of stirrup used see Fig. B1.)

A review of the test results of Class
Il pipe showed excellent results with
all test pipe passing the Class 11l D-
load requirements. An analysis of the
test results for Class Il and Class I
pipe indicated that no stirrups were
required. Note was made that the
designs, as originally proposed and
tested for Class 1l pipe (Table 2}, all
passed the Class I test requirements
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even though they had less reinforce-
ment than the Class Il designs and
used no stirrups. The designs, as pro-
posed and tested, were accepted with
a modification that only five lines of
stirrups would be required.

Reinforcement designs as proposed
for Class 1V pipe and the reinforce-
ment areas provided are given in
Table 4. The first eight pipe presented
in Table 4 constitutes the test pro-
gram as originally proposed with
three of them not reinforced on a
quadrant design basis (120-4A, 120-
4B, and 144-4A). Eieven lines of stir-
rups were used at the crown and
invert in all Class IV test pipe.

All test pipe passed the Class IV
D-load requirements. However, the
ultimate D-load test results for test
pipe 120-4A and 132-4A were such
that it was decided to make and test
additional pipe in the 120 inch and
132 inch sizes. Test pipe 120-4C, 120-
4D, and 132-4C were then made and
tested. The test results of the three
additional pipe exceeded the Class
IV test requirements, and served to
supplement acceptance of the pro-
posed designs.

Reinforcement designs as proposed
for Class V pipe and the reinforce-
ment areas provided, are given in
Table 5. The first eight pipe presented
in Table 5 constitutes the test program
as originaily proposed, with two of
them not reinforced on the quadrant
design basis (120-5A and 144-5A).
Eleven lines of stirrups were used at
the crown and invert in all Class V
test pipe.

A review of test results for Class
V pipe shows that the first failures
were experienced. Test pipe 114-5B
failed to meet the 0.07-inch crack D-
load requirement. At the completion
of the test it was found that the top
test beam was tipped, indicating faulty
application of load to pipe. The bot-
tom of the pipe was found to be
1¥s-inch off center on the bottom
beam. Test pipe 132-5A attained only
97 percent of the required ultimate
D-load. It was decided to test two
additional pipe in each of the 114
inch and 132 inch sizes. Test pipe
114-5C, 114-5D, 132-5C, and 132-5D
were then manufactured and tested.
The four supplemental test pipe
passed.
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0.29 | 0220118 0.303| 0.116 |0.11E 1350 | 2000 | 2963 | 3630

029 | c22|0oné 0.303| 0.118 [0, 1350 | 2000 | 1667 | 2638

0.37 | 0.187 0.495] 0.187 | 0. 2000 | 3000 | 4444 | 4556
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following manners: An inner circular cags plus an elliptical cage such that the are A
outer cage in the table and the total area of the inner cireular cage plus the elliptical cage shall not be less than that specified for the inner cage in the
table, or an inner and outer cage plus quadrant mats in accordance with Fig. 1.
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As an alternative to designs requiring both inner and outer cireular cages the reinforcement may be positioned and proportioned in elther of the %
a of the elliptical cage shall not be less than that specified for the

Quadront 2 A-1

Vertical Axs qv Top Midpoint Note 1— The total reinforcement area of
.. the inner cage plus the quadrant mat in Quad-
= = i rants 1 and 2 shall not be less than that speci-

= fied for the inner cage in Tables | to V.

Note 2 — The total reinforcement area of
the outer cage plus the quadrant mat in Quad-
rants 3 and 4 shall not be less than that speci-

‘ e ” fied for the outer cage in Tables | to V.
. —
.

Quadrant 3
Quadrant 4

A-2
Note 1 — The total reinforcement area (Asi)
of the inner cage pius the Quadrant mat in
Quadront | Guadrants 1 and #2 shall be not less than
Fig. Al that specified for the inner cage in Tables |
to V.

Vertical Axis Note 2—The total reinforcement area
(Asoc) cf the outer cage plus the Quadrant
mat in Quadrants %3 and =4 shall bg not less
than that specified for the outer cage in
Tables | to V.

Note 3 — The reinforcement area {A’si) of
the inner cage in Quadranis =3 and =4 shall
ke not less than 25% of that specified for the
cuter cage in tables 1 to V.

Guadrant 3

Note 4 — The reinforcement area (A’so) of
the outer cage in Quadrants =1 and =2 shall
ke not less than 25% of that specified for the
outer cage in Tables | to V.




