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1. 

1. Introduction 
Tl̂ e calculation of the naagnitude of the pr^s^ure developed in a 

closed water pipeline in which the rate of flow is suddenly restricted 
necessitates a knowledge of the rate at which the material of the pipeline 
distends in a dianaetral direction under the application of internal 
pressure. 

The niaterial from which asbestos cement pipes is niade consists 
of a mixture of mineral asbestos fibre, filler and porti and cement. By 
virtue of the process in which a matrix of the prepared n^aterial in wet 
condition is wrapped on a mandril and is rapidly cured before removal, 
the resulting product is dense, smooth internally, relatiyely light, in 
many ways eminently suitable as a piping ynaterial, 

Pipes pnanufactured fropa this material differ from their counter-
parts made from iron or steel because the material is not fully inotropic. 
Owing to the manner in which the mineral fibres are disposed in the man-
ufacturing process the strength properties are to some extent deper^dent 
on the disposition pf the fibres. Also, because the allowable stress is 
lower than that for iron or steel the pipe walls of asbestos cement pipes 
are thicker fpr a given working head. 

Conventional co-axial tension and compression tests which are 
com^iorjly used for the determination of the properties of structural 
rnaterials are considered unlikely to produce realistic figures for the 
elastic properties of asbestos cement used as a piping material. 

2. Description of Elasticity Tests of Asbestos Cement Pipes 
The series of tests reported in this document were devised to 

overcome the difficulties associated with the application of co-axial 
stress/ strain tests to the calculation of the circumferential elastic 
deformation of asbestos cement pipes. Much of the difficulty is over-
come if the diametral distension is measured on an actual pipe sample 
subjected to hydrostatic pressure. The stresses are then correctly 
aligned with respect to the mineral fibres and the effects of wall thick-
ness are automatically taken into account. 

Tp ascertain directly the distension in the diametral plane of a 
pipe sample the testing apparatus was designed so that the hydrostatic 
load could be applied to a representative length of the pipe with special 
arrangements to relieve thé ends of the pipe of subsidiary strains. The 
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subsidiary s t ra ins could be produced by the effect of the weight of water 
in a long horizontal pipe or by the influence of unsuitable capping a r r ange -
ments to sea l the ends against leakage. 

The apparatus is shown in Drawing No. CE-!^-28.24 attached and 
fur ther i l lustrated in the photographs of the assembled equipment, 
P la tes Nos. 1 and 2. Sealing of the pipe ends was effected with spec -
ially prepared cup lea thers backed by flat r e in forced end pla tes . The 
cup lea thers confined the water under p r e s s u r e but allowed the pipe wall 
to distend f ree ly in the c i rcumferen t ia l d i rect ion ujider t^e influence of 
the appliec^ p r e s s u r e . Short samples of pipe were used measur ing 2 feet 
long. These were tes ted with the axis ve r t i ca l in o.rcjier to remove d i f fe r -
ential effects of the weight of water in the pipe. 

The f r ee d iamet ra l distension occurr ing under the applied hydro-
stat ic load was measured by two gauges each sensit?.ve to one ten thousandth 
par t of an inch. The gauges were mounted in d iamet r ica l ly opposite pos-
itions at prec ise ly the same height above the f loor . The d i f fe rence of the 
readings taken by the gauges was recorded a f te r each load increment as 
the d iamet ra l distension. Load increipaents were applied p rogress ive ly 
in smal l s teps in o rder to check closely the behaviour of the spec imen 
throughout the range of the applied load. The total load applied on each 
specimen was kept within the l imits of the tes t p r e s s u r e s l is ted in the 
Austral ian Standard Specification No.A41-1959 for th^ respec t ive s ize and 
c lass of pipe under tes t . No destruct ion of the spec imens was intended. 

Because of the possibili ty of the pipe samples having been mishandled 
in t rans i t and cracked, each sample was subjected to a p re l imina ry load up 
to the full Austral ian Standard tes t p r e s s u r e before the s t r a in measurements 
were taken. This was found neces sa ry in o rder tq protect the sensi t ive 
gauges f r o m possible damage, 

3. Reduction of Tes t Results 

The average s t r e s s in pounds per square inch was computed f r o m the 
formula 

^ = f t a 
in which 

p = applied hydrostat ic p r e s s u r e in pounds per squa re inch, 

r = the radius of the internal su r f ace of the pipe in inches, 

t the thickness of the pipe in inches. 
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The a v e r a g e d i a m e t r a l s t r a i n was computed by dividing the o b s e r v e d 
pi^e d i s t ens ion in inches by the m e a n d i a m e t e r of the pipe, a l so in inches , 
i i i e me'ah ( í i améter of the pipe was ca lcu la ted f r o m the following f o r m u l a : 

, i n t e r n a l d i a m e t e r in inches + twice the wal l t h i cknes s in inches ^ — 

The ca lcu la ted va lues of s t r e s s (f ) and s t r a i n (s = x / d ) w e r e plot ted 
as shown in g r a p h s Nos. C E - E 2 6 8 4 A to^ C E - E - 2 6 8 4 Z inc lus ive . 

The d i f f e r e n c e in the d i s t ens ions m e a s u r e d w e r e of the o r d e r of 
f rac t ions of one thousandth of an inch. B e c a u s e of the v e r y low o r d e r of 
magnitude of the s t r a i n s s m a l l m o v e m e n t s caused by the d i s to r t ion in shape 
of the t e s t appa ra tu s as the load was applied w e r e by c o m p a r i s o n s ign i f ican t . 
This n e c e s s i t a t e d independent mount ing of the s t r a i n gauges which w e r e se t 
up on spec i a l t h r e e point s t ands mounted on the sol id c o n c r e t e f loor with 
screw a d j u s t m e n t s f o r level l ing . The s p e c i m e n which was a r r a n g e d v e r t -
ically was mounted on a s p e c i a l t h r e e point suppor t . The t h r e e point sup -
port cons i s ted of t h r e e s t e e l cy l inde r s with conica l points at each end 
mounted v e r t i c a l l y and welded to a s t e e l r ing . Th i s f o r m of mounting was 
found n e c e s s a r y to p reven t f l e x u r a l def lec t ion of the end p la tes caus ing a l -
t e ra t ion of the pos i t ion of the s p e c i m e n . C o - a x i a l s tuds spaced equal ly 
around the s p e c i m e n r e t a i n e d the end p la tes in posi t ion. The s tuds w e r e 
only t ightened nomina l amounts to avoid c o m p r e s s i v e s t r a i n in the m a t -
e r i a l of the s p e c i m e n and to avoid the poss ib i l i ty of end r e s t r a i n t agains t 
the c i r c u m f e r e n t i a l expansion of the pipe o c c u r r i n g through the agency of 
f r ic t ion. 

Notwithstanding the c a r e taken in the mounting of the s p e c i m e n s 
the effect of in i t ia l load f r equen t ly showed on the s t r a i n gauges as an 
adjus tment of the posi t ion of the spec imen . The ef fec t was w o r s e fo r 
spec imens of s m a l l d i a m e t e r than fo r l a r g e ones. Met iculous c a r e in 
p repa ra t ion of the s p e c i m e n ends may have e l imina ted some of th is 
t rouble Also, r e p l a c e m e n t of the s imp le t h r e e point suppor t s tand with 
a t h r e e s c r e w p r e c i s e level l ing s y s t e m cont ro l led through a sens i t i ve 
s t r id ing bubble , to c o r r e c t the pos i t ional movement of the s p e c i m e n , may 
have r e s u l t e d in i m p r o v e m e n t . The scope of the p r e s e n t s e r i e s of t e s t s 
did not allow fo r the des ign or cons t ruc t ion of th is m o r e expens ive f o r m 
of appa ra tus . The t e s t r e s u l t s fo r the pipes of s m a l l e r d i a m e t e r s u f f e r 
in a c c u r a c y f r o m t h e s e c a u s e s . 
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4. Test Results 

The Stress/Strain plots reproduced on Drawings CE-E-2684A 
to CE-E-2684Z inclusive show evidence of the specimen movements. 
Movement of a specimen which apparently occurred at distinct intervals 
had the effect of creating a discontinuity in the stress/ strain plot. This 
occurred two or three times during a single test in the worse cases. 
Other tests particularly of the larger diameter specimens suffered 
little from the effects of specimen movement. Once the readjustment 
of the specimen occurred during the test the strain readings usually 
resumed the apparent linear trend of the preceding points. In general 
the test results for the pipes of 12 inches diameter are most consistent. 

If the average slopes of the stress/ strain diagrams are measured 
without regard to the apparent specimen movements, gross errors are 
possible in finding a line of best fit. If the stress/ strain graphs are 
first examined for consistency in slope, sets of points with similar 
slope will be found. The slopes so found indicate that the material be-
haves elastically generally over the range of the test loa.ds. 

The values of stress divided by strain obtained by the process of 
grouping the points with one or two exceptions tend to a single value 
within the limits of experimental accuracy corresponding to the pressure 
readings and strain measurements. 

The drawings of the Stress/ Strain graphs have accordingly been ad-
justed on the assumption that the discontinuities appearing thereon are 
due to uncontrolled specimen movements. The lines of mean slope 
have been shown and the corresponding value of the appa^^ent elastic 
constant (E) has been shown. 

The values of E have been tabulated in Table I pn which the values 
of the arithmetic mean values of 'E' for each group of specimens is also 
shown, together with the arithmetic mean of all specimens tested, the 
Standard Deviation and the Standard Error of the Mean. 

5. Accuracy of Measurement 
Pressure readings were taken on Bourdon Type Gauges selected 

to give midscale to extreme scale readings over the range of the tests. 
The gauges were calibrated by comparison with a Standard Dead Weight 
Pressure Gauge Testing apparatus. The accuracy of the gauges as 
read is estimated to be of the order of 5 per cent of the scale reading. 
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Measurements of strain reckoned in accordance with the mag-
nitude of the distensions recorded and the scale accuracy of the gauges 
is estimated in accordance with the following table:-

12 inch pipes , + 1 

10 " M + 4 

8 " I I + 
5 

6 " I I + 5 

4 " I I + 8 

The above table takes no account of the effects of the adjustment 
of the position of the specimen. 

Errors in the measurement of the pipe dimensions are negligible 
by comparison with the strain and pressure measuring errors. 

The order of accuracy of the calculated values of stress/ strain 
therefore varies from about t 6 per cent for the 12 inch pipe samples up 
to ± 1 3 per cent for the 4 inch pipes, allowing for an assumption that 
positive and negative errors are equally likely in the measurements. 

6. Conclusions 

The computed Standard Error of the Arithmetic Mean value for 
the stress/strain constant for all samples tested corresponds to about 
five per cent and is slightly less than the estimated error of measure-
ment not allowing for the effects of specimen movement. This suggests 
that the procedure adopted for allowing for specimen movement does not 
entail significant error. 

The values of the stress/ strain relationship obtained in the tests 
indicate that within the range of test the material of the pipes behaves 
elastic ally and the mean value of the Apparent Elastic Constant for the 
material is 3. 9 million pounds per square inch. 
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TABLE I. 

spec imen 

lA 
2A 
2B 
3A 
4A 
4B 
5A 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

In ternal 
D iamete r 
of Pipe in 
Inches 

12 
12 
12 
12 
12 
12 
12 
10 

10 
10 
10 
10 
8 
8 
8 
8 
8 

6 
6 
6 
6 
6 
4 
4 
4 
4 
4 

Aust. Stan. 
Spec. C la s s 

C 
C 
c 
c 
c 
c 
c 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
P 
D 
D 
D 
D 
D 
D 
D 

Apparent Elas t ic 
Constant x 10~® 

3. 9 
3. 8 
3. 3 
2, 7 
3. 5 
5, 2 
3. 7 
3 ,9 
4. 5 
6 . 5 
3, 4 
5. 0 

Arithmetic 
Mean 3. 7 

Arithmetic 
Mean 4. 6 

3. 7 
3. 4 

- X 
4. 4 
3. 5 Arithmetic 
„ _ Mean 3. 8 0 .0 
3. 5 
3. 5 
3, 5 

"xArithmetic 
„ _ Mean 3. 5 
0. 0 
4. 2 
3, 0 

- X 
1. 9 Arithmetic 

Mean 3. 2 
Ar i thmet ic Mean of all Samples 3. 85 x 10 pounds 
Standard Deviation of Mean 0. 91 x 10^ pounds p e r 
Standard E r r o r of the Mean 0. 18 " " 

per square inch, 
s q u a r e inch. 

Specimens c racked dur ing t e s t . 
Specimens IB and 3B found damaged b e f o r e t e s t , 
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