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ABSTRACT 

Steel pipe for underwater applications may have a 

concrete jacket as ballast to assist in laying the pipe. 

The contribution of the concrete jacket to the flexural 

rigidity of the pipe is analyzed theoretically, and the 

analysis compared with experimental results. The reasons 

for deviation of experimental results from theory are 

considered, and a modified theory suggested. It is 

concluded that the jacket can furnish some additional 

flexural rigidity, provided certain conditions are met. 
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SYMBOLS 
1 

2a Equivalent crack width, in 
p 

A Cross-sectional area, in 

2b Distance between cracks, in 

d Deflection of test member at mid-point, in 

e Strain in tension member, in/in 

E Modulus of elasticity, psi 

h Distance between tension and compression members, in 

I Moment of inertia, in^ 

K Mean curvature of test member, rad/in 

Curvature at a crack, rad/in 

Curvature between cracks, rad/in 

L Length of test member, in 

M Bending moment, in-lb 

p Neutral axis displacement from centerline, in 

P,Q Dimensionless functions of (p/r) 

r^ Inside radius of steel, in 

Outside radius of steel, in 

r^ Inside radius of concrete, in 

r^ Outside radius of concrete, in 

S Radius of curvature, in 

T Load in tension and compression members, lb 

cr Stress, psi 

Subscripts 

c Concrete t Tension 

f Tension member w Reinforcement 

s Steel 
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INTRODUC TION 

The purpose of this investigation is to determine the 

increase in flexural rigidity which results when a steel 

pipe is covered with a concrete jacket. A practical appli¬ 

cation occurs in offshore pipelines, where a concrete 

jacket is applied to steel pipe as ballast. Since the pipe 

is first coated with a thick layer of mastic and the con¬ 

crete generally sustains numerous cracks due to handling, 

it is not immediately obvious whether the concrete can be 

expected to make any contribution to the flexural rigidity 

of the pipe. 

Attempts to describe the situation analytically 

appear useless because assumptions, largely arbitrary, 

must be made which are the governing factors in the solu¬ 

tion. The approach selected, therefore, was an analytical, 

solution based on several simplifying assumptions, with 

experimental, verification of the degree to which the 

assumptions are justified. 



THEORY 

As a first approach to the problem, it may be supposed 

that the steel and concrete react as a unit, with no slip¬ 

page between the two. This will serve as a useful standard 

since it represents the maximum increase in flexural rig¬ 

idity that might be expected from the concrete jacket. 

Any slippage that might occur would tend to reduce the 

coupling between the two. 

In order to be consistent with,the experimental con¬ 

figuration as described below, pure bending is assumed. 

It is also assumed that the concrete sustains no tensile 

stress whatever. 

The compressive stress in the concrete results in a 

shift of the neutral axis by a distance p toward the com¬ 

pression, side of the section (see Figure 1). The contrib¬ 

utions of the steel and the concrete may conveniently be 

considered separately and added to obtain the total bend¬ 

ing moment: 

H s MstMc 
(1) 

where Mg is the bending moment of the steel about the 

neutral axis and M is the bending moment of the concrete 
o 

about the neutral axis. 

Referring to the beam illustrated in Figure 2, it may 

be seen that the unit strain g at a distance y from the 
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Figure 2. 
§ 
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neutral axis is 

S = 
y$e 

for some increment of beam length 6x. Since 

Se - # 

we have 

and 

e- ^(ik) 
- _X 

<3; = E< £ 

3 *=-3 

^ ® R (2) 

The total moment due to this stress in the steel is, from 

Figure 3> 

+r*-p +C-P 

Ms = (3) 

•4-P -rrP 

where y is measured from the neutral axis as shown. From 

equation (2) and 

dA = 2yV*- (3-*-p)2 

the integral becomes 
p r-K-p 

faytk* f ^yV^-Cy4P)2 
-f-p “A-p 

= Mi 
R ‘Kr« 

- Ms 
~ R 

-f-p 

TtEsf 

4-R 
(4pt‘+ V1) (4) 



Figure 4. 
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Equation (3) then may be written 

Ms 

E* 
R [» t s-' 

c i t 

t v(vX'r’-<: * -HV^-GVI 
rFF 

£% 
R LJ‘i 

E*la 
"TC 

VM <;W )] 

(' * •^rS) \ fr+Ct J (5) 

Since the concrete is assumed to carry no tensile 

loads, the contribution MQ is due entirely to the com¬ 

pressive stress on the shaded area in Figure 4. This may 

be evaluated in the same way as M , but with the tensile 
s 

stresses omitted. Thus, 
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Replacing ^X-by ccs1X- > let 

where P may be tabulated for computational purposes as a 

function of the dimensionless ratio (p/r). Equation (6) 

then becomes 

Combining (2), (5) and (7), 

The offset of the neutral axis has yet to be deter¬ 

mined. This may be done by equating the tensile and com¬ 

pressive forces in the steel and concrete. The net tensile 

force in the steel is (see Figure 1) 

Ft = °t 

(9) 

The compressive force in the concrete is 

VP A'f 

- j CTfcdl\ (10) 

O 
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■r'i 

p-\p^ -p^f- - ) 
Z* fi 

lifi 
lA7? -(i-* £)] 

For convenience, let 

fis 

2. +■ jTt 
| - -£r — CoS -E- 

vf 3(f) 

Then equation (10) may be written 

F‘ -p - c//) 

Setting FQ = F^., equations (9) and (11) become 

^#^-0 = nr(>^-Q3<) 

(ii) 

or 

b-< ft-fi1 

r Qii fit - Qa'f't 
(12) 

Using tabulated values of Q, equation (12) may be solved 

numerically for p, assuming that the radii and elastic 

moduli are known. 

Equation (8) may be written 

.Hvn 
_ Ealsf i +_^L + H-E-g. / ‘ 

L ' <St? TrE.5 V 

Substituting from equation (12), 

It
 fl ( _ ^1 4. *—y r~r +• 

L cV,,1 cVf,^ 

[| » 4 L l ft 
' "IT ' + cHr,1 (F a, <v -&#i Is 

(13) 
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The quantity in brackets in equation (13) is thus the 

factor by which the flexural rigidity of the steel pipe 

is increased, based on the assumptions that no slippage 

occurs and that the tensile strength of the concrete is 

zero. It remains to determine experimentally whether 

this amount of augmentation actually occurs. 

Values of P and Q are given in Table 1 for (p/r) 

ranging from zero to 0.40. 
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TABLE 1 

p/r p Q p/r P Q 

0.3927 00 
0 

.01 -3795 65.ll 0.21 .1758 1.812 

c 02 .3667 31.78 .22 .1683 1.679 

.03 • 3541 20.68 .23 .1610 1.557 

.04 .3418 15-14 .24 .1540 1.446 

.05 .3299 11.81 • 25 .1472 1.345 

.06 .3182 9.60 .26 .1405 1.252 

.07 .3068 8.023 .27 .1341 1.167 

.08 • 2957 6.842 .28 .1279 1.088 

.09 .2849 5-926 ,29 .1219 1.016 

.10 .2744 5.196 .30 .1164 O.949 

.11 ,2642 4.600 .31 .1105 .887 

.12 ,2542 4.105 .32 .1051 .830 

.13 .2444 3.687 .33 .0999 .776 

.14 .2350 3.331 .34 .0949 .727 

.15 .2258 3.023 .35 .0900 . 680 

.16 .2168 2.756 • 36 .0854 .637 

.17 ,2082 2.513 -37 .0809 • 597 

,18 .1997 2.305 .38 .0765 • 559 

.19 .1915 2.113 .39 ,0724 

CM
 

.20 • 1835 1.962 .40 . C684 .490 
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TEST APPARATUS 

Since determination of the moment-deflection rela¬ 

tion is the fundamental objective of the experiment, 

and is therefore presumably unknown in advance, it is 

essential to apply a uniform bending moment over the 

entire length of the test member in order to avoid any 

possible ambiguity in interpretation of the results. 

This was accomplished by suspending the test member 

vertically to avoid the bending moment due to its own 

weight, and by employing a loading linkage which applies 

a pure torque at both ends of the test member. The 

vertical position has the added advantage that concen¬ 

tricity is more easily maintained while pouring the 

concrete jacket. 

The test apparatus used is illustrated in Figure 

5. The principal elements are the test member in the 

center and the tension and compression members at the 

sides. Loads are applied by means of nuts on the load 

screw, and measured by strain gages mounted on the 

tension member. Test member deflections are measured by 

a low-power microscope on the stationary angle and a 

scale attached to the test member. 

The loading linkages are arranged so that the 

tension and compression members can be interchanged. In 
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Figure 5- 
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this way, the moment can be applied to the test member in 

either direction. Deflections can thus be measured before 

and after cracking of the concrete jacket by repeating the 

complete cycle. Identical tension and compression members 

are not used because the cross-sectional area required for 

the long column with readily available sections results in 

marginal strain gage sensitivity for load measurement. 

The test member used is standard 2 inch, schedule 40 

steel pipe, with r]_ s 1.040 in. and r2 = 1.196 in. De¬ 

flection is measured over a length L of 100.0 in. 

Two heavy coats of asphalt paint were applied to the 

test member prior to pouring the concrete. The purpose of 

the paint was to eliminate any bond between the steel and 

concrete, thereby simulating the mastic used in offshore 

pipeline applications. ‘Hiickness of the asphalt coating 

was approximately 0.01 in. 

The concrete jacket was poured after mounting the 

test apparatus in position. Sections of stove pipe were 

used as forms. The outside radius of the concrete varied 

somewhat due to difficulties in maintaining the forms in . 

the precise shape desired. The average outside radius r^ 

is 1.984 in. Based on asphalt thickness of 0.01 in., the 

inside concrete radius r^ is 1.206 in. 

Due to the small thickness of the concrete, the 

aggregate was restricted to sand only. The cement-sand 
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ratio was 1:2.5 by volume. The water-cement ratio was 6.7 

gallons per sack. 

Chicken wire reinforcement was used to avoid the 

possibility that sections of concrete might fall off of 

the pipe. This was oriented as indicated in Figure 6 in 

order to minimize the longitudinal reinforcement furnished 

by the wire. 
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i 

Figure 6. 
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TEST RESULTS 

It will be convenient to relate the flexural rigidity 

of the test member to the quantities observed in the exper¬ 

iment. This may be done as follows. Prom Figure 7, it may 

be seen that 

or 

c 

approximately. If h is the distance between the tension 

and compression members and T is the force in these members, 

the bending moment developed is 

M = ViT 
= he A* 

where the subscript f refers to the tension member. Then, 

since 

M = Ul 
& 

it follows that 

or 

heE L* 

c_ 

d ' L% E*A* (14) 

Here I without subscript refers to the moment of inertia 

of an equivalent steel beam or, in essence, the flexural 

rigidity of the test member. The other quantities on the 
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Figure 7. 
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right side of equation (14) being constant, the experiment¬ 

ally determined ratio (e/d) is therefore directly propor¬ 

tional to the flexural rigidity. Assuming Es s E^. since 

both members are steel, equation (14) reduces to 
/O 

-,l 
~ = 0.00070 to (15) 

for the uncoated steel pipe. 

The first series of tests was performed on the uncoat¬ 

ed steel pipe. These tests were primarily for the purpose 

of calibrating the equipment. The moment-deflection curve 

is shown in Figure 8, and the individual data points are 

given in Table 2. Moment is represented here by tension 

member strain, e, as discussed above. The uncoated pipe 

was found to have e/d - 0.00066 in""1. Deflections in both 

directions were included. This value differs by approxi¬ 

mately 6% from that given by equation (15). The variation 

is presumably due, for the most part, to differences be¬ 

tween Eg and E^ and to strain gage tolerances and install¬ 

ation techniques. Other sources of possible error, probably 

of smaller magnitude, are non-uniform hole spacing in the 

linkages and inaccuracies in measurement of the pipe di¬ 

mensions . 

The second series of tests was performed on the jack¬ 

eted pipe with the concrete initially intact (uncracked) 

throughout its length. The moment-deflection curve, based 

on several runs on the same specimen, is illustrated in 

Figure 9« The data points are given in Table 3. For the 
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Figure 9• 
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Table 2 

e d e d e d e d 

pin/in in 272 + .41 0 0 284 -.43 

0 0 286 .43 15 -.02 269 .41 

15 + .02 300 .46 30 .04 255 • 39 

25 . 04 299 .44 45 .06 240 • 3 7 

40 .06 286 .42 60 .08 225 .34 

5° .08 2 66 .40 75 .10 210 .32 

60 .09 253 • 37 90 .13 193 .29 

70 .11 232 • 34 105 

1—1 * 177 .27 

80 .13 214 .3! 120 .17 165 .25 

90 •15 196 .29 135 .20 150 .22 

100 .16 178 .26 150 .22 135 .20 

109 .17 159 .23 166 .24 120 .18 

120 .19 139 .20 180 .27 105 .16 

130 .21 121 .18 196 .29 90 .14 

140 .22 104 .15 206 •31 75 .12 

151 .24 90 .12 225 .34 60 .09 

160 .25 80 .11 240 .37 44 • 07 

170 .27 70 .10 256 .40 30 .05 

180 •29 60 .08 270 .42 15 .03 

192 .30 50 .07 290 .43 0 -.01 

200 •32 40 .05 300 -.45 ~ 5 .00 

214 .33 30 .04 

222 .34 20 .02 

232 •36 10 .00 

249 -38 

259 +.39 

3 +.oo 
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e d e 

In/ In in 293 

0 0 285 

17 .00 271 

29 -.02 255 

39 .02 239 

50 .03 222 

60 .03 210 

75 • 05 195 

90 .06 180 

104 .07 165 

120 .09 150 

135 .11 135 

150 .14 119 

165 .16 105 

179 .18 90 

194 .20 75 

205 .22 60 

216 .23 45 

226 .25 30 

240 .27 20 

255 • 29 8 

270 • 31 0 

285 •33 -10 

295 -.35 -15 

e d e d 

0 0 291 + • 36 

10 + .00 284 • 35 

20 .01 270 .34 

30 .02 254 • 33 

44 .04 239 .32 

60 .06 22 5 .30 

75 .08 210 .28 

90 .09 195 .27 

105 .11 180 .26 

120 • 13 165 .25 

135 .15 150 *23 

150 .17 135 .20 

165 .19 121 .19 

181 .21 105 .16 

198 .23 90 .14 

211 .24 75 .12 

225 .26 60 .11 

240 .28 45 .09 

255 .29 30 .08 

275 .32 20 .06 

285 • 33 10 .05 

300 + .36 0 + .03 

Table 

d 

36 

36 

35 

34 

33 

32 

31 

29 

28 

26 

24 

23 

21 

20 

17 

15 

12 

10 

08 

07 

06 

05 

04 

03 
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Table 3 (Cont.) 

e d e d e d e d 

in/ in in 300 + .35 0 0 300 -.34 

0 0 2 75 • 33 25 -.02 273 • 33 

25 + .02 250 .30 50 .05 250 .31 

51 .05 225 .28 75 .08 225 .29 

75 .07 20 0 .26 100 .12 200 .26 

100 .10 175 .23 125 .14 175 .22 

125 .14 150 .20 150 .17 150 •19 

150 . 16 125 .17 175 .20 125 • 15 

175 .19 100 .14 201 .23 100 .11 

200 .22 75 .11 225 .25 75 .08 

225 .25 50 .08 250 .28 50 .04 

251 .27 25 .05 275 .30 30 .02 

275 .30 0 + .01 300 .32 0 -.02 

300 •33 325 -•35 

325 +.36 
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jacketed pipe, e/d = 0.00087 in representing a 32$ in¬ 

crease in flexural rigidity. 

Circumferential cracks were noted on the tension side 

of the concrete during the first loading in each direction. 

The cracks extended approximately 180° around the concrete 

in each case, and were located as illustrated in Figure 10. 

All cracks were narrow, hairline cracks, and closed com¬ 

pletely and invisibly as the moment was removed from the 

test member. 

Test cylinders were poured and tested to determine 

the compressive strength and modulus of elasticity of the 

concrete. The same proportions of cement, sand and water 

were used, with equal mixing times. Both the test member 

jacket and the test cylinders were tested seven days after 

pouring. The cylinders used were 2«,57 in. diameter and 

12.0 in. long. The greater-than-standard length was used 

in an effort to obtain increased accuracy in EQ measure¬ 

ments. These measurements were taken with a dial indicator 

against the head of the testing machine. The stress-strain 

curves for the six cylinders tested are shown in Figure 11. 

The average modulus of elasticity was 721,000 psi, with 

extreme values of 600,000 and 865,000 psi. The ultimate 

compressive strength was 1,155 psi average, with extreme 

values of 1,002 and 1,2^3 psi. 
c 

Using the above value of Ec and assuming Eg s 29x10 psi, 

equation (12) may be solved by trial and error for p, This 
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f “1 

100 IN. 

H IN. 

figure 10 
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Compression Tests 

Concrete Test Specimens 

2.57" dia. x 12.0" long 

7 days, uncured 

0005 .0010 .0015 

Strain, in/in 

.0020 .0025 

Figure 11. 
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is possible because the radii are known and and Q,^ are 

functions of (p/r^) and (p/r^) respectively which may be 

obtained from Table 1. The solution gives p = 0.086 in, 

Q3 = 7-83, = 14.04, P3 = O.305 and P^ = O.338. Sub¬ 

stituting in equation (13), 

This value is substantially lower than the factor of I.32 

observed in the tests. Since any longitudinal slippage be¬ 

tween the steel and concrete would result in a discrepancy 

in the opposite direction (test result smaller than theo¬ 

retical prediction), it was concluded that the original 

assumption that concrete withstands no tensile stresses 

whatever was incorrect. 

In view of the substantial spacing between visible 

cracks (about 10.5 in. average), the possibility of some 

tensile contribution by the concrete exists. The modulus 

of elasticity of concrete is essentially the same in ten¬ 

sion and compression (ref. 1). The neutral axis then re¬ 

mains on the centerline and equation (1) becomes 

M = U7a (16) 

or, for the present case, 

(17) 

Due to the presence of the asphalt between the steel 
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and concrete, as well as the complex stress distribution 

involved, the full effect suggested by equation (17) may 

not be coupled between the steel and concrete for the en¬ 

tire distance between cracks. This would result in an in¬ 

crease in flexural rigidity somewhere between the values 

given by equations (16) and (1?). An exact analysis of this 

situation has not been attempted due to the many complex¬ 

ities involved. Instead, the simplified model described 

below has been considered as an equivalent system which 

may be used to describe partial coupling. 

Assume that the zero-tension theory developed at the 

beginning of this paper applies for some equivalent length, 

a, on each side of the crack. In the remaining length be¬ 

tween cracks, assume that the concrete supports tensile as 

well as compressive stresses and that the steel and con¬ 

crete are fully coupled. Referring to Figure 12, if 2b is 

the distance between cracks, then a/b represents that por¬ 

tion of the pipe length in which the support is equivalent 

to the zero-tension theory, and (1-a/b) the portion effect¬ 

ively supported by tensile concrete stress as well. 

The ratio a/b may be evaluated by considering the 

change of slope of the pipe centerline between x - 0 and 

x = b in Figure 12. For 0 =£ x ^ a, 

u M 
H,I, 

(18) 

where E^^I^ represents the equivalent El obtained by the 

zero-tension theory (equation (16)). 'When a $ x ^ b, 

✓/ 

y* (19) 
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M 

Figure 12. 
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where E£*2 ls the equivalent El resulting from tensile con 

Crete stress, as in equation (17). For convenience, let 

y _ M Y M - 
E,I, > ^ ' E,I* 

Integrating equations (18) and (19), 

y! = -<,*■* c, 
^ 

By symmetry, taking x = 0 and x = 2b as stationary refer¬ 

ence points, 

^L-O when % » 

giving 

C* * K2b 
As the second condition, 

/ / 
i/i "7* when = a 

from which 

-K,a. +C| = 

u, 

The slope at x : 0 is then 
/ 

S/i = 

— ^ 1^2 ^ 

a. + K2.J0 

-Ms) +C, 

CL( ^,-^2) + ^2 ^ (20) 

The experimental results may be incorporated by con¬ 

sidering the mean curvature of the test member 

The angular deflection of the pipe from x = 0 to x = b is 

the same as that of each succeeding section of the same 

length. Therefore the mean curvature of this section is 
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the same as that of the entire member. 

Referring again to Figure 12, it may be seen that 

= Kb 
Since the slope at x » 0 is small, 

' 04. 

= Kk 
Substituting in equation (20), 

Kb = a.(K,-Kt) +Kls.b 

b ^| - Kz 
(21) 

Before evaluating equation (21), the reinforcement 

should be considered. Its effect is small but by no means 

negligible. The reinforcement was located ab a radius of 

1.6 in., with 12 wires of 0.039 in. diameter at any cross- 

section. The wires made an angle of 38°401 with the long¬ 

itudinal axis of the pipe (see Figure 7). 

The reinforcement may be approximated by an annular 

section of equal radius and equivalent area. ¥hen rein¬ 

forcing rods are not parallel to the tensile force, it is 

usually assumed that the effective area of the rod is the 

normal cross-sectional area multiplied by the cosine of the 

angle between the axis of the rod and the tensile force 

(ref. 3)* The area required is then 

= l2-* (O.OS^)2 cos 32 V 

= 0.0113 
and the width of the annulus is 

o.o\\t 
A ^ = 

= o.ooWW V) 
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Then, neglecting the offset of the neutral axis, 

I* = *)' - *'] 

= -J[£rV 4-v*&f+ + 4w&f)3 + (l±*)* - v^] 

» ij: (4-\r3 Zvr) 

= ir (\.G)S^ o„0011 \<4- 

= 0.01434- m* 

and 

SWIIL - za>*\&** 0.014-34- 
EsXs ' 24 y|04 x O.<0%1 

» O.OEI 

The factors given in equations (16) and (17) should there- 

fore be increased by 0.021 to account for the reinforce¬ 

ment. This correction does not, of course, apply to the 

experimental results. The neutral axis offset Increases 

4 Iw a maximum of 0.00008 in at the cracks, and less at 

other points. It is therefore negligible. 

Prom equation (16), 

M  _ 
= EalTJunS 4- 0.02.7) 

= 

Prom equation (17), 
  
= E6It£l.3S0 +0.02/) 

= 

Experimentally, 

|.32 £SIS 

= o-m 
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Then equation (21) gives 

_£L _ 
b 0.S34- - <5.714- 

= Ot 37 

The experimental results can thus be accounted for 

by assuming that 31% of the test member behaves according 

to the zero-tension concept, while 63$ is supported by 

equal tensile and compressive stresses. It must be noted 

that this ratio applies to one specific test and should 

not be taken as indicative of the general case. 

This analysis does not attempt to take into account 

the variables introduced by the intermediate coating (as¬ 

phalt in this case) between the steel and concrete, such 

as temperature, viscosity, coating thickness and loading 

rate. These may be expected to have a considerable effect 

on the coupling necessary for any tensile contribution 

from the concrete. 

The compressive contribution predicted by the zero- 

tension theory, on the other hand, will be essentially 

unaffected by these factors, provided that no gross long¬ 

itudinal slippage occurs between the steel and concrete. 

No such slippage was observed in the test member. 

It has been assumed that the concrete is capable of 

withstanding the tensile stresses involved. The maximum 

tw u 
LIS4- *1 o’ e 

stress is 
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or, for the maximum strain used in the test of 325 pdn/in, 

crfc 5 ps» 

Since a significant tensile contribution was not originally 

anticipated, tensile test specimens were not made, and the 

actual tensile strength of the concrete is therefore not 

known. The above figure is roughly twice the tensile 

strength that might be expected based on tensile tests at 

seven days of various mortars of comparable composition 

(ref. 4, page 6-218). Thus, it appears that the model used 

to obtain equation (21) is not entirely realistic. 

However, the distance between cracks is not large com¬ 

pared to the diameter of the concrete jacket. It is poss¬ 

ible, therefore, that the stress distribution midway be¬ 

tween cracks is influenced by the anomalous distribution 

at the cracks, and hence that the tensile stress normally 

expected between cracks is not fully developed. 
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CONCLUSION 

Since neither the spacing between cracks nor the ten¬ 

sile strength of concrete is reliably predictable, tensile 

augmentation should not be considered in design. 

The compressive contribution becomes unreliable if 

longitudinal slippage is allowed to occur. Such slippage 

could be prevented by end plates in contact with the con¬ 

crete and fixed to the pipe, or by various other standard 

techniques. Due to the high viscosity of the mastic layer, 

this problem should be less important during the laying 

operations than after the pipe is in place, when creep 

could occur over a period of time if the pipe should span 

irregularities in the ocean floor. 

Joints must also be considered. The pipe sections 

must be connected on the lay barge, and the joints cannot 

practicably be concrete coated prior to laying and cured 

long enough to be of any help. If any benefit, in the form 

of thinner pipe walls, is to be derived from the concrete, 

the pipe must be sufficiently heavier at all uncoated points 

to achieve the same total rigidity as the thinner, coated 

pipe. 

The nature of the cracking under field conditions 

could also cause difficulty. The laboratory test involved 

pure bending, slowly applied. If handling should cause 

small amounts of concrete to be lost from the cracks, the 
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theory of course would no longer apply. 

It is believed that the original analysis, based on 

no tensile contribution, is basically correct in the pre~ 

sence of numerous cracks and would be satisfactory for 

design purposes provided the limitations outlined above 

are considered. 
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