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e The Intemnational Corrosion Forum Sponsored By the National
Association of Corrosion Engineers / April 610, 1981 }
Sherston Centre, Toronto, Ontarlg, Canads.

STRUCTURAL PERFORMANCE OF
ASBESTOS CEMENT PIPE IN
CORROSIVE POTABLE WATER ENVIRONMENT

DANIEL H. HOUCK, P.E.

A/C Pipe Producers Assocjation
Arlington, Virginia

ABSTRACT

e Field esperience with asbestosecement (A/C) water distribution
pipe used in potable water service for conveying corrosive (aggressive)

waters i¢ reported, Forty-five samples of A/C pipe from geographically
diverse areas and of varying ages were analyzed for signs of corrosive
water attack and Joss of structural integrity. A1 but 3 of the samples
tested for crush strength exceeded the requirements for new pipe.
Corrosfon penetration was minimal or sbsent in most cases, particularly
for pipe tonveying low to moderately aggressive water. The long
term parformance of fagtory applied coatings was found to be excallent,
iron based {norganic coatings. apparently from the curvosion of metallic
system components, were deposited in situ on some of the pipe samples
but the protection thereby provided against aggressive attack was
indeterminant. Data from other industry and EPA studies show that metal
salt based corrosion inhibitors added to the water can, under certain
conditions, retard aggressive water attack on A/C pipe provided the
inhibitor {5 added properly and contfnuously ta the water stream.

et Rl ey
S 2
AS X

RS RERE

Composition, manufacture and testing of A/C pipe are also
discussed. Data on the variability of crush and hydrotest results
are presented. Conclusfons regarding the long term performance of A/C
pipe and the efficacy and need for protective coatings are given,
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Introduction and Background ° ‘Z’,’Z
'Aébestos cement (A/C) pipe was first manufactured in Europe %i

at the turn of the century by hand rolling flat asbestos-cement 3

sheet stock into a cylinder while still wet. However, the resulting 3

product had Tittle strength. In the early 1900°s an Italian, Mauza, 7

developed a process for rolling & continuous film of asbestos-cement '+
on & removable cylinder (mandrel) and the modern A/C pipe industry b
was born, e
£

Autoclave cured A/C pipe is formed from a mixture of three (3) g

main ingredients, plus water: : A %z
‘ Percent by weight éé
Asbestos fiber 15-20 A

. o

Silica flour 34-32 )

Portland cement 51-48 5;

The asbestos fiber {s also a blend of various fiber types, typically i%
"white" (chrysotile) and "blue® (crocidolite). Silica flour is produced 4
by grinding quartz sand in a ball mill until a fine powder is produced. ;%
The’ manufacture of A/C pipe, shown in Figure 1, begins with C I
automated-opening of plastic.sealed bags of fiber, followed by =
mechani¢3l processing of the asbestos to "debundle" the asbestos into ¥
the individual fibers which give the pipe its characteristic high %
strength, The opened fiber {s then mixed with the other materials, 4
slurried, and the pipe s formed under high pressure on a continuous 2
pipe making machine. After initial cure, the mandral is remved and %

the pipe goes to the final curing process, autoclaving. This high ,
temperature (171-1859 C) (340-3650 f) high pressure (689-1034 kPa)

2 k%
Y

K

(100-150 psi) steam curing, causes the free lime byproduct of the S
cement hydration to be 99% reacted with the finely ground silica 3
flour, inparting superior strength and corrosion resistance over i
water or air cured A/C pipe. i
Following autoclaving each pipe is machined, fitted with a 7

push on type coupling and subjected to quality control tests, #
Machining assures a close tolerance Tit of pipe couplings and ¥

appurtenances, an important factor in the low water loss experienced
with installed A/C pipe systems.

A g,

Tasting A/C Pipe

- ™

New A/C pipe is subjected to physical inspection followed
by strength and composition testing to control the finished quality.
Four tests are principally used:
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Hydrostatic tests

Flexure test

N
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Crushing test

Uncombined calcium hydroxide (free lime) tests

: Three types of hydrostatic tests are used on A/C pipa, The
first, “proof" testing checks the burst resistance of each pipe up
to 3.5 times its rated pressure. In addition, a test to 4 times
rated pressure s conducted on one pipe of each Jot, usually one out
of 300 pieces. For research purposes, samples of the pipe my be
tested to burst to determibe ultimate strength. The latter

test was used to develop the burst data presented Jater herein.

The hydrostatic and flaxure tests are conductad on all A/C
pipe to 200 mm {8 in) in diameter, with larger sizes subjected to
hydrostatic testing only. In the flexure test, the pipe is subjected
to a point Joad applied at the_center with the ends supported on rigid
blocks. This test verifies the resistance of the pipe to bending
loads. Crush and free 1ime tests are conducted on each pipe lot.
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Detailed tast procedures for A/C pipe are set forth by two
e nationally recognized standards setting organizations:

American Water Works I\ssociatlc:m:2

AWMA C€400-80
AWA C402-77 . .

T e e S X %)

e A Tns

Amarican Society for Testing and Mat,erials::i

ASTM C€236-78 ‘
: ASTM C500-77 :

ASTM €500-79a

ASTM C668-79

For purposes of the work reported herein, crush, flexure, and hydrostatic
tests were usad to evaluate the pipe samples. Tests were run oOn

305 mm (12 in) long pipe samples to compare structural integrity

to standard specifications. Figure 2 shows a photograph of the standard
3 edge erushing test; Figure 3 depicts the hydrostatic test equipment.
Table | provides AWWA standard crush and hydrotest strength requirements
for A/C water distribution pipe.
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Variability of Crush and Hydrotest Results

As part of an overall evsluation of test procedures, more
than 7500 pieces of Class 150 A/C pipe, ranging in diameter from
100-600 mm {4-24 in) were tested.* The results are plotted on the
frequency distribution plot shown in Figure 4. The left hand scale
and dashed Yine drawing provide the results of a 1965 study of
412 samples, a1l Class 150, The right band scale and solid line
drawing provides the results of an earlier study of 7100 samples,
The results areexpressed in terms of the generalized modulus of
rupture (MR} which can be relat.gg to the crush loading for & 305 mm
(12 in) Yong sample as follows: ’

wR = Grush x (ID pipe ¥ WT)
{(WT)2
where:
MR - modulus of rupture, kPa
ID - interior diameter of pipe, m
WT - wall thickness of pipe, m
Crush - crush load, N/m
For 200 mm (8 in) Class 150 pipe, of 18 mm (0.71 {n) wall thickness,
the frequency distribution indicates thst crush tests varied from
55.6 kN/m (3810 1bs/ft) to 106.2 kN/m (7279 1bs/ft).
Hydrotest data exhibited similar varfation. A test of

27 piaces of pipe produced the results shown in ngures- 5. Hydrostatic
00 xPa (3200-4B00 psi).

modulus of rupture (MR) varfed from 22.1 to 33.2 x 1
For thick walled pipe, MR is related to burst $trength as follows:6

2
MRyyq = Burst Pressure x L(g._g. ‘:' ;g:))

where:
0D - outside diameter

ID - inside diameter

For 150 mm (6 in) Class 15Q pipe, the mean burst pressure was 5861 kPa
(850 psi) and the standard deviation was 517 kPa (75 psi). Thus, all

samples could be expected to test above the AWWA C400-80 standard of
440 kPa {632 psi). .
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These data for new pipe provide a basis for understanding the
varfation in crush and hydrotest data shown by the samples from the
Field surveys d¥scussed below. A/C pipe is designed and manufactured
s6 that a1l pieces will meet or exceed standard $trength requirements.
As a result, most pipe lengths are substantially stronger than J
standards require. Nevertheless, substantial variation in test
resylts even on the same Class and size of pipe can be expected,

R
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Agaressive Water Index

The Aggressive Index (Al) in AWWA C300-80 as given {5 one
of several indices used to characterize the corrosive tendancies of
potable water and was used to characterize the waters in this test
program discussed below, It is not a direct measure of corrosivity, :
rather, the Af indicates the calcium carbonate (LaC03) stability 2
of the water, 1.e. whether or not CaC03 {s deposited on the pipe walls é
creating & surface coating which protects against corrosion, The 3
Al is calculated from the following formula:

AL = pH + Tog (AH) .. - {

*

where:
Al - Aggressive inde;c- .
pH - power of H*.. standard pH units
A - Total alkalinity, mg/1 as CaC03
H - Calcium hardness, mg/1 as CaC03

The deposition of a CaC03 coating 1s dependent on pH, alkatinity,
hardness {calcium + magnesiua concentration), total dissolved solids
(TDS) and water temperature. Given all thesg varisbles, the Al does
not always correctly predict corrusivity. Ffor example, low
alkalinity waters &ro generally corrosive even though the Al might
indicate otherwise, because the low concentration of (aC03 prevents
the formation of a protective coating. A corresion expression which
reflects these conditions in predicting corrosive attack on A/C pipe
is presented in Refarence 8.

A/C Pipa Field Study

As part of ongoing quality assurance programs, a field study 7
on 45 field fnstallations of A/C water distribution pipe was conducted.
Emohasis was on older {nstallations in geographically diverse areas
handl ing waters ranging from non-aggressive to highly aggressive,

Field technicians obtained and verified the history of A/C pipe saaples
provided by cooperating water utilities and testing was carried out
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in the Jaboratory on 305 mm {12 in)* long samples per the test
methods previously discussed. In addition, a depth of penetration
study was performed on a coupon from each sample by scraping

away any soft material} from the inside surface and measuring the
remaining wall thickness with a micrometer. |

A sumrary of the overall field survey results are shown in
Table 2. Of the 25 samples that could be crush tested, only thres,
Nos. 17, 33 and 4] failed to exceed the requirements of AWWA C400~80.
The remaining 20 samples could not be tasted because of insdequate
sample strength or damage. Two samples were hydrotestad, Ro, 40 and 42.
Both tested over 6205 kPa (900 psi) exceeding the AWWA C400-80
specification of 440 kPa (632 psi) by nearly 50%.

As shown in Table 3 the degres of interior corrosion is
apparently a function of the aggressivity of the water and is
pssentially independent of service 14fe. A tabulation of the samples
exposed to the most aggressive waters, shown in Table 4, reveals that
only one of the samples, No. 33 failed to meet AWWA crush test standards.
This sample was not the most severely attacked of the group and its Tow
crush strength was probably not indicative of the general condition
of the system from which it was taken. The data also show that thin
protective coatings of the asphaltic type are apparently quite -effective.
Table 5 lists the coated samples, only one of which showed any evidance
of even siight corrosion. This particular sample was of an older
type of pipe, differing markedly in composition and curing process
than the other samples. It was also observed in some of the samples
that upstream corrosion of metallic pipe components caused the
deposition of an {ron based reddish coating on the A/C pipe. This did
not seem to confer any additional corrosion resistance to the pipe, as
examination of Table 2 will show.

In earlier work, two full length samples of 20.3 cm {8 {n)
diameter Class 150 pipe were removed from the Cleveland, Ohig water
system and tested for flexure, crush and hydrayiic strength.?

The pipe had been in service: for 28 years handling water of an average
aggressive index of 11,2, The results of the analysis are shown in
Table 6. All tests were run by an independent laboratory in accordance
with AWWA Staridard test procedures.

Finished Water Additives

Substantial research into the use of metallic fon based water
additives for corrosion protection of A/C pipe has also been carried
out. Extensive work by Buelow, et al, of the U.S. Environmental Protection
Agency found that zinc chloride {Zn Clp) added to aggressive waters
would protect A/C pipe from corrosion, as long as addition to the
finished water was continuous and pH was 8.2 or higher.10 In 1978, the

* A few samples were less than 305 mm (12 in) Jong; data was extrapolated
in these cases. ’
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A/C pipe manufacturing industry through the Assoctation of Asbestos
Cement Pipe Producers (AACPP) set up a Task Force on Aggressive

Waters to carry out cooperative research on A/C pipe corrosion.

A number of aggressive water research projects have been cavried out
on 1a situ pipe protection -using water stream additives. One study
verified the results of the EPA study and went on to show that the
protective effect of ZnClz additive was predicated on continved addition
to the water stream. M Other research indicated some protection
against corrosion from ferric chloride additives, again requiring
continuous addition to maintain protection.12 Companion work to the
A/C pipe field study supparted indications that 2nCl, additives could
reduce corrosive attack on A/C pipe, but the degree of protection
conferred by 2 0.5 - 1.0 mg/? ZnClz concentration was indeterminant, 13

Based on this extensive work, plus other studies and field
experjence, neutralization of aggressive waters by pH adjustment
and/or 1ime (calcium carbonate) addition is the preferred approach.
This process is well established in drinking water treatment technology
and, most importantly, it can protect all components of the distribution
system, metallic and non-metallic alike, from interior corrosion.

Conclusion

Photographs of some of the actual samples studied in the field
survey, providing many years of service in water ranging from moderataely
to highly aggressive, are shown in Figure §. They graphically
1Tlustrate the high resistance to internal corrosion of A/C pipe and
fts excellent Tong term strength ratention, The datz substantiate
the ability of asbestos-cement water distribution pipe tq convey
moderately to highly aggressive potable waters over a long period
of time with only minimal corrosion and 1ittle or no apparent loss
of strength. The degree of corrosive attack corralatad with the
measured aggressive index of the conveyed water, but even where
corrosion occurred the structural integrity was maintained. Those
sarples which had interior asphaltic coatings showed essentially no
signs of corros{ve attack even when conveying highly aggressive waters.
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TABLE §
AWWA Crush and Hydrotest Standards for A/C Pipe

Class 100 Class 150 Class 200
Nominal Pipe [nternal External Intemal External Internal Externa)
Size Pressure Load Pressure Load Pressure Load

{in} {m)‘ pel XPa ib/lin £t KN/m pai kPa lb/lin ft kN/m pat kP2 Ib/Llin ft K/m
4 100 417 2900 4100 60 616 4200 5400 79 809 5800 5700 127
6 150 441 3000 4000 58 632 4400 5800 79 815 5600 9000 136
8 200 472 3300 4000 58 653 4500 5500 &0 824 5700 9300 136
10 250 490 3400 4400 64 650 4500 7000 102 826 5700 11000 161
12 300 450 3400 5200 78 658 4500 7600 111 830 5700 11800 172
14 350 500 3400 5200 76 650 4500 B60G 126 826 5700 13500 197
16 400 500 3400 6800 85 654 4500 9200 134 825} 5700 15400 225

*1t s necessary to aEp'ly 2 Yoad factor (see AWWA C401) to the three-edge bearing loads

obtained 1n the crus
then to the field loads,
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TABLE 2

Field Survey Results
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4 Corrosion gf A/C Pipe Compared to Aqgregsive tndex
Avg. Depth of Avg.
Pipe Total Avg. Penetration Avg,  Remaining Wl
Intertop AL, Sasples AL (] (et} Yesry {Percyot)

Flain Below 10.0 L 8.9 1.85¢ 0.073 25
Platn 10.9 - 10.9 | 3 10.3  0.864 0.0 kA
Platn 11.0 - 11.9 [ 1 it.6  0.X6 0.014 25
Main 2.0 + - 12.3  0.046 0,016 u
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TABLE 4

Corrosion of A/

¢ Pipe

£xposed to Stroncly Acgressive Moters

Depth of

Penetra
Sample AL Years  (mm)

tion

{in)

Solid Wall
Remainin
{Percent

¢ 8.5 25 2,083

5§ 5.2 32 0.660
no 82 I LI
2 s 43 1.016
2 %0 7 1.092
23 9.0 ERE
13 9.8 19 1.499
B 9.3 39 2.388

¢.082
0.026
4.054
0.040
0.043
0.084
0.059
0.094

Source: Reference 7
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¥ TABLE §
Cleveland, Ohio A/C Pipe Test Data

Sample gxura] Load’ CrushYTesiz Hydro TeSts
: vat  kN/m _tho/lin rt kPa rat

1 558 8100 ~--- - 5445 790
2 644 ¢ 9360 124.0 8500 w— o

NOTES: 1. AWWA Standard 52.4 x 105Pa (7600 psi)
2. -AWWA Standard 80.3 kN/m (5500 psi)
3. AWWA Standard 3620 kPa (525 psi)

Source: Reference 9
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' TABLE 6
Performace of Asphaltic Coated A/C Pipe
Solid Wanl
somple AL Years  (mmpooind  _loeemind
9 9.2 38 0.102 0.004 100
17 o 37 D.254 0.010 99 .
R 24 8.3 19 0.051 0.002 100
9 . 27 11.6 20 0.076 0.0n3 100
32 9.3 38 0.051 0.002 100
-39 9.0 30 0.051 0.002 100
45 7.6 13 . 0.102 0.004 100
C a Source: Reference 7
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Figure 1 A/C Pipe Manufacturing Process
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Figure ¢ Crush Test Apparstuy
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figure 3  Hydrotest Apparatus
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Reference 4

Crush Tests Data Frequency Distribution

5.2 sfo &8 A8 l.ll 4.12 l.lo ).ll LE 14 T 0
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Figure §  Hydrotest Data Frequency Distribution
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PHYSICAL PROPERTIES OF ASBESTOS-CEMENT PIPE

% aydl‘DSlﬁtlc Average Modulus of Rupture - Full OD - All Pressure Pipes
Strength Sizes 4" - 127 3700 pounds per square
i inch (psl)

%! Sizes 14" ~ 367 4000 psi

7 Crush Average Modulus of Rupture - Full OD

3 Strengtn? Pressure pipes (all sizes) 7000 psi

o Sewer pipe (4" -5 3200-4500 psi
9 Sewer pipe (6" ~ 36" 5900 psl

£ Ducts and conduits (all sizes) 3200-4500 psi
R Flexural Modulus of Rupture (minimum for test use)

i Strengthd Class pressure pipe (all sizes) 3700 psi

i Transmission pipe (all sizes) 3500 psi
Sewer pipe  (4"-57 1900~3000 psi
B . (8" - 38" 3500 psi
g * Ducts and conduits (all sizes) 1900-3000 psi
¢ >,;

+% @ Modulus of Elasticity 2.5 - 3.5 x 108 psi

; b
4259
A o -3

K

;
3

Density

Thermal Conductivity

Thermal Coelficient of Expansion
Bpecific Heat

Moisture Coefficient of Expansion

Hazen~Williams' Coefficlent
Manning's Coefficient

Axlal Compressive Stress
Axial Tensile Stress

Shear Stress

Permeability

Poisson's Ratio
Dielectric Constant

Hardness {(Rockwell M)

Water Absorption (24 hour Immersion)

100-115 1b/fe3

K=5.5 BTU/Hr/OF./1t/In,
4 -5x%107% in./in./°F,
0.27 BTU/Ib/°F at 212°F,

1,5 - 2,0 x 10°9 in./in./%moisture
content

C =140

n = 0,010

8000 psi (full pipe cross section)
500 - 3000 psi (depending on blend)

Laminars 1000 psi
Across pipe axis: 4000 psi

0.3-0)5 grain.s/hr/ftz/ in. Hg/in,
thickness

0.2

drys 20 wets 100

15-20% (depending on blend)
ID=87 OD=60
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Formula for Hydrostatie Modulus of Rupture

MR=P oD?+1p?
oD% - 1p?

Formula for Crush Modulus of Rupture (one foot length)

MR = 0,159 W {OD + ID)
(oD - 1D)2

3 Formula for Flexural Modulus of Rupture (mid point load)

MR = PL 3
gs  (Where §=section modulus in.”)
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©

Study
Smith, et al (1880)

U.S, National Institute of
Environmental Health
Sciences (1881-19832)

Hilding, et al (1981)

Bolton, Davis et al(1982)

Pigott (manuseript In

preparation)

Sigurdson, et al (1981)

Toft, et al (1981)

Polissar, et al (1982)

Polissar, et a] (1983)

U,5. Environmental
Protection Agency
(meanuseript in preparation)

RECENT STUDIES ON ASBESTOS IN,

DRINKING WATER Y

A

Type -~ Fiber Levels

Animal feeding (Lfetime)
1,3 billion fibers/liter

Animal feeding (lifetime)
Asbestos 1% of dist

Animal feeding (lifetime)
78 billlon [ibers/liter

Animal feeding (25 mos.)
Asbestos 0.27% of diet

Animal feeding (lifetime)

Epidemiologlc {ecologic)
1 to 64 million fibers/liter

Epidemlologic (écologlc)
Varlous levels

Epidemiologic (eensus
traat)
206 million fibers/liter

Epidemiologic (case
eontrol)
206 million fibers/liter

Epidemiologlc (census
tract)
QOver 10 million fibers/liter

Conelusions

No incidence of disease
attributable to asbestos

Hamsters-no earelnogenie
effect.

Rats-no careinogenic
effect, inflammation,
diverticulitis or ulcerations

No carcinogenic effect

No excess of malignant
tumor; no mucosal
abnormalities

No carcinogenic effect

No link between ingested
asbestos and cencer

No tncrease in mortality
rates for any cancer

No increased death or
disease in exposed
populations

No increased risk of cancer
in exposed populations

No statistically significant
differences between
exposed and unexposed
populations
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