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PREFACE 

The work described herein forms a part of Item CW 0.12, "Waterproof

ing and Experimental Joint Studies," of the Civil Works Investigations 

Program of the U. S . Army Corps of Engineers, and is supplementary to the 

studies described in Report 1 of this series. 

The tests were conducted at the U. S . Army Engineer Waterways Ex

periment Station under the general direction of Mr. Thomas B. Kennedy and 

Mr. Bryant Mather, by or under the direct supervision of Mr. Leonard 

Pepper, who prepared this report . Mr. B. J . Houston was project leader. 

Director of the Waterways Experiment Station during performance of 

this work was Col. Edmund H. Lang, CE; Technical Director was Mr. J. B. 

Tiffany. 
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SU~Y 

Nineteen nonmetallic waterstop materials, consisting of 10 standard 
or cold-weather polyvinylchlorides, two polyethylenes, and seven natural 
or synthetic rubbers, were subjected to the accelerated extraction and 
effect -of -alkalies tests described in Corps of Engineers Specifications 
for Polyvinylchloride Waterstops ( CRD-C 572- 60A) . 

The results were analyzed and it was found that: 

a. The accelerated extraction test did not affect the tensile 
strength of the standard-grade polyvinylchloride, but did 
affect the tensile strength of all the other materials 
tested. 

b . The accelerated extraction test affected the ultimate 
elongation of all the materials tested. 

c. The changes in weight and hardness in the effect- of 
alkalies test were linear for the two times of observation 
used. The change in thickness was due to experimental 
error only. 

d. All the materials tested met the change - in-hardness require
ment of the effect- of -alkalies test. 

e . Most, if not all, of the rubbers failed to meet the ac 
celerated extraction test requirements and also the change 
in-weight requirement of the effect- of -alkalies test. 

The Corps of Engineers specification limits were examined in the 
light of the test results , and it is recommended- that: 

a . The change - in- thickness portion of the effect - of-alkalies 
test be deleted as one of the requirements of CRD-C 572-60A . 

b. The change- in-weight portion of the effect -of-alkalies test 
be limited to one observation at seven days and that three 
replications be made. 

c . The specification limits for both tensile strength and 
ultimate elongation be rewritten to clarify these limits . 
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INVESTIGATION OF NONMETALLIC WATERSTOPS 

EVALUATION OF THE EFFECT- OF-ALKALIES AND 

ACCELERATED EXTRACTION TESTS 

PART I : INTRODUCTION 

Background 

1. The first report in this series* described tests conducted in 

1957-59 to determine the physical properties and durability under various 

exposure conditions of nonmetallic waterstops . At a conference held at 

the U. S. Army Engineer Waterways Experiment Station in July 1958, attended 

by representatives of the Office, Chief of Engineers, the work accomplished 

on nonmetallic waterstops up to that time was reviewed. The report of this 

conference includes the following statement : 11 Since it was noted that the 

effect -of-alkalies and the accelerated extraction tests had been run (in 

the 1957- 59 tests ) , using specimens and solutions other than as provided 

in the revised specifications, it was agreed that these tests would be re 

peated according to the specifications. 11 Accordingly, requests were made 

to all manufacturers of nonmetallic waterstops for samples of sheet mate 

rial, as called for in the revised specifications, for use in these tests . 

Purpose of the Tests 

2. The effect-of-alkalies and accelerated extraction tests are both 

designed to leach from the waterstop sheet materials ( l / 8 and l/16 in. 

thick) those constituents that are either soluble in or susceptible to at 

tack by the alkali solution that may come i n contact with the waterstop; 

under normal service conditions these alkalies are supplied predominantly 

from the cement constituent of the concrete . The waterstop material may 

gain weight during the leaching process by absorbing water. 

* U. S . Army Engineer Waterways Experiment Station, CE, Investigation of 
Nonmetallic Waterstops; Preliminary Laboratory and Field Exposure Tests, 
Technical Report No . 6- 546) Report l (Vicksburg, Mississippi, May 1960). 
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3· The accelerated extraction test is designed to determine the ef

fect on tensile strength and ultimate elongation of the waterstop of the 

complete leaching out of all the extractable constituents from the water

stop sheet material. The test procedure, therefore, specifies that the 

process be conducted at an elevated temperature (140-150 F), and that the 

solution be changed every 24 hr. The process is continued for at least 

two weeks, or until the specimens have achieved constant weight. 

4. The effect-of-alkalies test is designed to determine, indirectly, 

the quantity of extractable constituents that will leach out of the sheet 

material under "normal" conditions, since these constituents may have a 

deleterious effect on the hydration of the cement. This test procedure 

specifies that the process be conducted at room temperature (70- 75 F), 

that the solution be changed every 7 days, and that the test be continued 

for 28 days. The quantity of constituents leached out of the specimen is 

determined in the following ways : 

a . After 7 days, by the change in hardness . 

b . After 28 days, by the change in thickness . 

c . After both 7 and 28 days, by the change in weight . 

Materials Tested 

5. A total of 19 materials , supplied by nine manufacturets, were 

tested in this investigation; they are listed in table 1 . Five of these 

materials were designated by the manufacturers as standard- grade poly

vinylchloride (PVC ), two were identified as arctic or cold-weather PVC, 

and three others as three different grades of PVC with no indication of 

-wlretrrer~ney were standard or cold-weather grades . Two of the materials 

tested were polyethylenes : a standard grade (Pel-1( 2)) and a high 

molecular weight (Pel- 2( 2)). The remaining seven materials were either 

natural ( NR) or synthetic ( service ( SR) , neoprene (Neor), and butyl) 

rubbers . Four of these seven were said to have been compounded to have 

the following tensile strengths : 

Material Tensile Strength, ~si Material Tensile Strength, ~si 

NR- 2A(2 ) , 3500 SR- 2A( 2) 2000 

Neor-2A( 2) 3000 SR- 3A( 2) 3000 



6. Each manufacturer was requested to furnish a minimum of 2 sq ft 

of material, in the form of sheets l / 16 to l / 8 in . thick, that was in all 

respects the same as that used in the manufacture of the finished water

stops and that furnished previously for the tests described in Report 1 . 

After the sheets of waterstop material had arrived at the Waterways Ex

periment Station, test specimens were cut with their long dimensions 

parallel to the "grain" of the sheet when this grain was visible; when 

no grain was visible, all specimens were cut with their long dimensions 

parallel to each other. 

Test Methods 

7 . The test methods used in this investigation were as described 

in paragraphs 7(a ) and (b ) of the Corps of Engineers Specifications for 

Polyvinylchloride Waterstops, CRD-C 572- 60A,* except that the determina

tions of hardness and thickness were made at both 7 and 28 days . The 

above-mentioned paragraphs are quoted below. 

* 

"7. (a) Accelerated Extraction Test.- Five tensile test 
specimens conforming to the shape and dimensions given in CRD-C 
568, using die "III," will be cut from the sheet material sub 
mitted and each weighed to the nearest 0 .001 g . The specimens 
will be placed in a one - liter tall- form beaker with spout . The 
beaker will be filled within 2 in . of the top with a solution 
made by dissolving 5.0 g of chemically pure sodium hydroxide and 
5 .0 g of chemically pure potassium hydroxide in one liter of 
distilled water. The specimens will be completely immersed and 
the top of the beaker covered with a watch glass. The beaker 
will then be placed in a constant temperature bath, and the 
temperature of the solution maintained between 140 and 150 F. 
A l/4- in. -diameter glass tube will be inserted into the spout 
of the beaker to >v:i thin l/2- in. o.f. the_ bottom of the beaker. 
Air will then be gently bubbled through the solution at the 
rate of about one bubble per second . The solution will be 
changed every 24 hr, the new solution being warmed to 150 F 
before replacing the old. Once daily, each ·of the five speci 
mens will be removed from the beaker (preferably at the time 
of renewing the solution) and rinsed lightly with distilled 
water . Each specimen will then be superficially dried with a 
clean cloth . Ten minutes after the specimens have been thus 

U. S. Army Engineer Waterways Experiment Station, CE, Handbook for 
Concrete and Cement (Vicksburg, Mississippi, August 1949). 

3 
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dried the group of five specimens will be weighed and the 
weight recorded. The sequence of testing will be carried out 
continuously for a period of not less than 14 days; after 
which period, provided the specimens have reached constant 
weight (Note), they will be tested for tensile strength and 
elongation. Tensile strength will be calculated from the total 
load at failure, the nominal width, and the thickness as de 
termined prior to exposure to the extraction test. If the 
tests for tensile strength and elongation cannot be made within 
one hour after completion of the weighings that demonstrated 
that constant weight has been achieved, the specimens will be 
stored immersed in fresh alkali solution at room temperature. 
Prior to being tested for tensile strength and elongation, the 
specimens will be removed, rinsed, dried, stored for 10 min, 
and weighed . The tensile strength and elongation will be de
termined not more than 72 hr after the weighings which demon
strated that constant weight had been achieved . 

"Note. - Constant weight is assumed to have been 
achieved when the weights of the group of specimens on 
three successive weighings do not differ from each 
other by more than 0.05 per cent of the original 
weight . If constant weight has not been achieved 
after 90 days, the exposure will be terminated, the 
specimen tested for tensile strength and elongation, 
and a note added to the report indicating the weight 
losses between the last three successive weighings and 
the fact that constant weight, as here defined, was 
not achieved . 
11 (b) Effect- of -Alkalies Test .- A specimen weighing about 

75 g will be cut from the sheet material supplied . The specimen 
will be washed in tap water, rinsed with distilled water, wiped 
with a clean cloth, and all owed to dry in laboratory air for ap
proximately one hour . Its thickness to the nearest 0.001 in., 
measured in three places, and weight to the nearest 0 .001 g will 
be recorded . The durometer reading, using the Shore durometer 
(Type A), will be taken in accordance with CRD-C 569 . The 
specimen will be completely immersed in a freshly made solution 
containing 5.0 -g of -chemically pure .sodium hydroxide and 5.0 g 
of chemically pure potassium hydroxide in one liter of distilled 
water, kept at 70 to 75 F. The solution will be replaced by a 
similar fresh solution at a similar temperature every seven days. 
At the end of seven days the specimen will be removed, rinsed 
with distilled water, the surfaces wiped with a clean cloth, and 
allowed to dry in laboratory air for approximately one hour. The 
weight and durometer hardness will be measured and recorded . The 
specimen will be reimmersed for a further period of 21 days, at 
the end of which time the thickness will be measured, and the 
weight will again be measured . After 7 and 28 days, any changes 
in weight, and after 28 days, any changes in thickness will be 
recorded as a percentage of the weight and thickness of the 
or: .&tina atUJOl e A 

11 
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The tests were replicated three times. The purpose of the replications 

and the additional observations was not simply to obtain a better estimate 

of the test results, but to obtain an estimate of the variance of: 

a . The test procedure. 

b . The materials . 

c. The significance of the performance requirements specified 
in the applicable portions of paragraph 6(b ) of CRD-C 
572- 60A . 

Specification Limits 

8 . CRD-C 572- 60A prescribes the following limits for nonmetallic 

waterstop materials after they have been subjected t.o effect -of -alkalies 

and accelerated extraction tests. 

Number of 
Specimens 
Tested 

5 

1 

Requirement 

Accelerated Extraction 

Ultimate elongation, using die 11 III, 11 not less than 

Tensile strength, using die 11 III, 11 not less than 

Effect of Alkalies 

Change in weight after 7 days, between 

Change in Shore durometer reading after 7 days, 
not more than . . . . . . . . . 

Change in weight after 28 days, between 

Change in thickness after 28 days, not more than 

300% 

1500 psi 

-0.10 and 
+0 . 25% 

±5 
-0 . 30 and 
+0 .40% 

.:tl.Oojo 
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PART II: TEST RESULTS 

Accelerated Extraction Tests 

9. An examination of table 1 will reveal that the accelerated ex

traction test had little h any. effect on the tensile strengths of the PVC 

specimens, with the possible exception of PVC-9B(2) and -10; PVC-10 ap

pears to have gained in strength. An effect is evident for one of the Pel 

specimens, the standard-grade Pel-1(2). The tensile strengths of all the 

rubber specimens except Butyl-1A(2) were reduced by approximately 50% or 

more. Similar results are evident from the ultimate-elongation tests; 

that is, the accelerated extraction test had little or no effect on the 

ultimate elongation of the PVC and Pel specimens, but a marked effect on 

the ultimate elongation of the natural and synthetic rubbers with the ex

ception of Butyl-1A(2). 

10. Eight of the 19 as-received specimens did not meet the minimum 

tensile strength requirement (1750 psi) of paragraph 6(b) of CRD-C 572-60A. 

Five of these were polyvinylchlorides (PVC-1(2), -5(2), -10, -9A{3), and 

-9B(2)), one was a polyethylene (Pel-1(2)), and the other two were syn

thetic rubbers (SR-2A(2) and Butyl-1A(2)). On the other hand, only one 

polyvinylchloride (PVC-1(2)) and five specimens in the rubber group 

(NR-2A(2), SR-2A( 2), Neor-1(2) and -2A(2), and Butyl-1A(2)) failed to meet 

the minimum tensile streng~h requirement (1500 psi) after the accelerated 

extraction test. All the PVC and Pel specimens met the minimum per cent 

ultimate-elongation requirements both before and after the accelerated 

extraction test (350 and 300%, respectively). All but two (SR-2A(2) and 

Butyl-1A(2)) in the rubber group met the minimum requirement for ultimate 

elongation before the test, but none of the materials in this group met 

the requirement after the test. 

11. None of the four materials which had been compounded to have 

the tensile strengths listed in paragraph 5 were found to have these 

strengths. The deviations ranged from -77 to -485 psi. Although the 

amount of information available is insufficient to form a definite con

clusion, these four results suggest that the method of test used to de

termine tensile stren~th in this investigation may be negatively biased. 



Table l 

Accelerated Extraction Test Results 

Averages of 15 Specimens 
Tensile Strength, :esi Ultimate Elongation, % 
As After As 

Sample No. Received Extraction Received 

Standard Polyvinylchlorides 

PVC-1(2) 1392* 1391* 418 
PVC-4(2) 2010 1991 410 
PVC-5( 2) l6ol* 1598 440 
PVC-6(2) 2296 2264 380** 
PVC-8B 1908 1889 358 

Cold-Weather and Other Polyvinylchlorides 

PVC-lA(2) 2070 2043 
PVC-10 1685* 1901 
PVC-9(2) 1872 1883 
PVC-9A( 3) 1622* 1670 
PVC-9B(2) 1712* 1646 

Polyethylenes 

Pel-1(2) 1732* 1595 
Pel-2(2) 1952 1873 

Natural and Synthetic Rubbers 

NR-2A(2) 3357 570* 
SR-1(2) 3094 1699 
SR-2A(2) 1519* 741* 
SR-3A(2) 2923 1523 
Neor-1(2) .. 2486t 1045* 
Neor-2A(2) 2868 1169* 
Butyl-lA(2) 870* 915* 

* Does not meet minimum specification requirement. 
** Average of 10 specimens. 

t Avera e of 14 

418 
432 
462 
397 
403 

710 
675 

565 
472 
315* 
473 
359t 
493 
26o* 

After 
Extraction 

428 
422 
427 
380 
350 

405 
382 
388 
372 
347 

692 
675 

250* 
248* 
157* 
183*, ** 
140* 
232* 
227* 
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Effect -of-Alkalies Tests 

12 . Examination of table 2 reveals that the results of the effect

of -alkalies tests were similar to those of the accelerated extraction 

test. Both tests, in general, did not appear to affect the PVC and Pel 

specimens, but did affect the rubber specimens . Of the PVC and Pel speci

mens, only the per cent weight change, at both 7 and 28 days, of PVC-10 

exceeded the maximum permitted by CRD- C 572- 60A . All the rubber specimens 

except Butyl- 1A( 2) exceeded the maximum permitted weight change, and in 

additi on, three materials of this group (SR- 2A( 2) and - 3A( 2) , and 

Neor - 2A( 2)) exceeded the maximum permitted change in thickness at 28 days. 

It should be noted that none of the 19 materials tested exceeded the maxi 

mum permitted change in hardness and all these changes were either zero or 

negative . In addition, all the weight changes, at both ages, were posi 

tive except for four materials (PVC -10, - 9( 2), -9A( 3), and - 9B(2) ) which 

had negative weight changes at both ages . 



I 

Sample No. 

I 

PVC-1(2) 
PVC-4(2) 
PVC-5(2) 
PVC-6(2) 
PVC-8B 

PVC-lA( 2) 
PVC-10 
PVC-9(2) 
PVC-9A( 3) 
PVC-9B( 2) 

Pel-1(2} 
Pel-2(2) 

NR-2A(2) 
SR-l( 2) , 
SR-2A(2} 
SR-3A(2) 
Neor-1(2) 
Neor-2A(2) 
Butyl-lA(2) 

Table 2 

Effect-of-Alkalies Test Results 

Averages of 3 S~ecimens 
Change in Weight Change in Shore 

% Durometer Hardness 
7 Days 28 Days After 7 Days, deg 

Standard Polyvi~ylchlorides 

+0.024 +0.048 -0.4 
+0.105 +0.168 -0.7 
+0.024 +0.007 -1.7 
+0.082 +0.130 -0.6 
+0.098 +0.153 -2.7 

Cold-Weather and Other Polyvinylchlorides 

+0.171 +0.289 0 
-0.140* -0.577* -0.6 
-0.040 -0.176 -0.3 
-0.015 -0.043 -2.0 
-0.042 -0.087 -1.7 

Polyethylenes 

+0.022 +0.046 -1.0 
+0.042 +0.042 -0.6 

Natural and Synthetic Rubbers 

+1.148* +2.868* -2.3 
+0.806* +1.813* -0.6 
+0.512* +1.667* -1.4 
+0.754* +1.791* -1.0 
+0.789* +2.096* -1.0 
+0.872* +2.242* -l. 3 
+0.053 +0.153 0 

Change in 
Thickness After 

28 Days, % 

+0.17 
+0.13 
+0.09 
-0.16 
+0.50 

+0.29 
+0.13 
+0.32 

0 
+0.18 

+0.09 
0 

-0.54 
0 

+l. 30* 
-1.56* 
+0.49 
+1.07* 
+0.28 
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PART III: STATISTICAL STUDIES OF THE TEST RESULTS 

Accelerated Extraction Tests 

Tensile strength data 

13. The between-samples (within replicates) variances were calcu

lated for both the as-received and after-extraction specimens and are 

shown in table 3. For 15 of the 19 materials the as-received variance 

was the gre~ter, and for 6 out of those 15 materials the as-received 

variance was significantly greater at either the 5 or 1% level. These six 

materials are PVC-8B and -10, NR-2A(2), SR-2A(2), Neor-1(2), and Butyl-

1A(2). The significant difference between the two variances prevents the 

calculation of the analysis of variance for these materials. The signif

icant difference may have been due to the dependence of the variance on 

the magnitude of the mean, to the method in which the individual samples 

were obtained, or to the effect of the leaching process on the material. 

However, the evidence available is not sufficient to substantiate any of 

these reasons. 

14. Analyses of variance. The two variances were pooled for the 

remaining 13 materials, and an analysis of variance was calculated for 

each material. The results of the analyses essentially substantiate the 

conclusions previously reached (see paragraph 9). The extraction test was 

found to be significant, at the 1% level, for PVC-9B(2), Pel-1(2), SR-1(2) 

and -3A(2), and Neor-2A(2); the process was not significant for there-

maining mat-erial-s. The -diff-erence be-tween replicat-es was found to be 

significant at either the 5 or 1% level for all the materials except 

PVC-9A(3), Pel-1(2), and Neor-2A(2). 

15. Experimental variances. The conclusions reached in the above 

analyses of variance were based on experimental variances having 24 

degrees of freedom. Even greater reliance could be placed on the con

clusions if all the experimental variances could be pooled and the number 

of degrees of freedom thereby increased. If it is assumed that all 19 

materials were treated in the same way, and there is no reason to assume 

that they were not, then similar materials would have the same experi

mental variance. The residual variances, calculated for the analyses of 



Table 3 

Wi thin-Replicate Variances, Accelerated Extraction Test 

Degrees of Freedom - 12 

Tensile Strength (psi)
2 

Ultimate Elongation (%) 2 

As After As 
Sample No. Received Extraction Received 

Standard Polyvi~ylchlorides 

PVC-1(2) 1,735.67 1, 511.23 604 .17 
PVC-4(2) 5,886.33 2,601.83 875.00 
PVC-5(2) 1,932.83 1,716.73 1187 . 50 
PVC-6(2) 1,313 .93 1,792.57 1187.50* 
PVC-8B 9,782.23 1,357.47 812.50 

Cold-Weather and Other Polyvinylchlorides 

PVC-1A(2) 8,778.77 6, 160.03 895 .83 
PVC-10 37,195 .03 . 8, 636.43 4062.50 
PVC-9(2) 6,190 .10 2,769.90 1000 .00 
PVC-9A( 3) 23,683 .10 13,417 . 33 3729.17 
PVC-9B(2) 1,653·50 3,183.83 854.17 

Polyethylenes 

Pel-1(2) 6,913.93 2,594.33 8583.33 
Pel-2(2) 5,403.10 12,394 . 67 1375.00 

Natural and Synthetic Rubbers 

NR-2A(2) 42,178 .73 11,816.53 1270 .83 
SR-1(2) 8, 151.53 18,413 .13 625 .00 
SR-2A(2) 11,440 .43 3, 953 ·90 375.00 
SR- 3A(2) 20,072 .76 8,156.83 541 . 67 
Neor-1(2) 45, 746.43** 7,335·76 1042 .73** 
Neor-2A(2) 11,254 . 36 8,4~.6CY rro8~ 33 
Butyl -1A(2) 43,841.83 5,467 .13 2020.83 

* Eight degrees of freedom. 
** El e1ren decrrees of frssdgw 

After 
Extraction 

875.00 
1458.33 

687.50 
583 . 33 
333·33 

1270.83 
1166.67 

625.00 
1916.67 

625.00 

5229.17 
1750.00 

437.50 
375.00 
833 · 33 
125 .00* 
250.00 
145.8j 
791.67 
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variance, were examined in several logical sequences. Unfortunately the 

variance of these residuals proved to be too great to permit them to be 

pooled.* However, the data in table 3 suggest that those variances may 

be pooled if they are properly grouped. 

16. The after-extraction variances were first examined, since 

they were smaller in magnitude, and it was found that these variances 

can be pooled in two groups. The first, or low-variance, group had a 

pooled variance of 2190.00 (psi) 2 with 96 degrees of freedom and con

sisted of the standard-grade Pel and all the PVC materials except the 

cold-weather grade and PVC-9A(3). The high-variance group consisted of 

the high-molecular-weight Pel, all the rubbers, the two cold-weather 

grade PVC's, and PVC-9A(3). This second group had a pooled variance of 

9477.39 (psi) 2 with 132 degrees of freedom. The as-received variances 

were examined in the same manner, and three groups were found necessary 

in order to pool these variances. The low-variance group consisted of 

PVC-1(2), -5(2), -6(2), and -9B(2), and Pel-2(2), and had a pooled 

variance of 2407.81 (psi) 2 with 60 degrees of freedom. The medium

variance group had a pooled variance of 7617.15 (psi) 2 with 72 degrees 

of freedom and consisted of PVC-4(2), -8B, -9(2), and -1A(2), SR-1(2), 

and Pel-1(2). Pel-2(2) may be included in this latter group, and if it 

is, the resultant variances would be somewhat reduced. The high-variance 

group consisted of all the rubbers except SR-1(2), the one cold-weather 

grade PVC-10, and PVC-9A(3). The pooled variance of this group is 

29,254.80 (psi) 2 with 95 degrees of freedom. It was also found that the 
~ 

two low-variance groups (i.e. the after-extraction and as-received 

low-variance groups) may be further combined to produce a pooled variance 

for the standard-grade PVC's equal to 2274.38 (psi)
2 

with 156 degrees of 

freedom. This last pooled variance does not alter the conclusions previ

ously reached for the standard-grade PVC's and indicates that only the 

standard-grade PVC's were unaltered with regard to tensile strength by 

the extraction process. The tensile strengths of the rubbers and the 

* Bartlett, Proc. of Royal Soc. A: 160, 268-282 (1937), as quoted by 
W. S. Youden, Statistical Methods for Chemists (John Wiley and Sons, 

1 Inc., New York, N. Y., 1951), p 21. 
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cold-weather grade PVC ' s were changed by the extraction process . The data 

on the Pel specimens were inconclusive . 

17 . Confidence limits . The pooled variances may be used to calcu

late the applicable confidence limits due to random errors only . The 95% 

confidence limits to be used with the average tensile strengths given in 

table 1 are : 

Group 

Low variance 

Medium variance, as - received specimens 

High variance, as - received specimens 

High variance, after - extraction specimens 

95% Limits 
psi 

+24 . 6 

±45 . 2 

+88 .4 

±50 . 3 

All the materials, except PVC -10 and Pel-1( 2), that failed to meet the 

minimum tensile strength requirement will not meet that requirement at the 

95% level, or even at the 99% level . Both PVC-10 and Pel-1( 2) will meet 

the minimum strength requirement within the 95% confidence interval . Of 

the four rubbers that were compounded to have specified strengths, only 

SR-3A(2) was found to have that strength at the 95% level . 

18 . Confidence limits for normal testing . The 95% limits for 

normal testing, which are based on the average of 5 rather than 15 speci -

mens, are : 

Group 

Low variance 

Medium variance, as-- r -ec-eived sp-e-ctlllens

High variance, as - received specimens 

High variance, after - extraction specimens 

95% Limits 
psi 

±42. 7 

.±J&.o 
±152.6 

±87 .1 

These limits may be used to determine whether a material will meet the 

minimum specification requirement for tensile strength upon retest . 

Similarly, the group variance may be used to determine if the test is in 

control . The significance of these limits and the group variance may be 

seen by examination of the mean tensile strength that a material must have 

in order to be certain, at the 95% level, of its meeting the minimum 

specification requirement . These means are: 
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Group 

Low 

Medium 

High 

Variance (psi )2 

As Received After Extr action 

2,274 . 38 

7,617 .15 

29,254 .80 

2274 . 38 

9477 . 39 

Ultimate- elongation data 

Mean Tensile 
Strength for Acceptance 

at 95% Level, psi 
As Received After Extraction 

1536 

1573 

19 . Analyses of variance . For 14 of the 19 materials tested, the 

between- samples variance was gr eater for the as - received samples than for 

the samples tested after 'ext ract ion . For 5 of those 14 materials, the 

as - received variance was significantl y greater at either the 5 or 1% 

level . The five materials were PVC-10, NR- 2A(2), SR- 3A( 2), and Neor -1( 2) 

and - 2A(2). Three of these five materials also attained significant 

variances in the tensile strength test . In order to calculate the anal

ysis of var iance, the two variances were pooled for the 14 materials for 

which a significant differ ence was not found between the two variances . 

The extraction process was found to have a significant effect on ultimate 

elongation, all at the 1% level, for PVC-9( 2) and - 9B( 2) , and SR-1( 2) and 

-2A(2) , and at the 5% level for Butyl- 1A( 2). For seven materials 

(PVC - 5(2) , - 8B, -1A(2) , and -9B ( 2), Pel-1( 2), SR- 2A(2), and Butyl-1A(2)) 

the differences between replicates were found to be significant, all at 

the 1% level. Evidently the variation between sheets of material has less 

influence on ultimate elongation t han it does on tensile strength . 

20 . Experimental variances . The variances in table 3, for the 

ultimate- elongation test, were examined in the manner previously described 

for the tensile strength data . The following pooled variances were 

calculated: 

Gr oup 

Low variance, 
as received 

All r ubbers 
Pel- 2( 2) 

Mater ial s 

PVC-1(2), -4( 2) , - 5(2), -6( 2), 
- 8B , -1A( 2), -9(2), - 9B (2) 

(Continued) 

Variance 

(%)2 

1019 .89 

Degrees 
of Freedom 



Group 

Low variance, 
after extraction 

High variance, 
as received 

High variance, 
after extraction 

Materials 

All rubbers 
PVC -1( 2) , - 5( 2) , - 6( 2) , -8B, 

-9( 2) , -9B( 2) 

Pel -1(2) 
PVC -10, -9A(3 ) 

Pel-1( 2) , -2(2 ) 
PVC -4( 2) , -1A( 2) , -10, - 9A( 3) 

Variance 

(% )2 

524 . 67 

2131 .94 

15 

Degrees 
of Freedom 

152 

72 

Since neither the two low-variance groups nor the two high- variance groups 

can be pooled, it may be concluded that all the materials were altered by 

the extraction process with regard to ultimate elongation . It should be 

noted that the rubbers are, in contrast to the tensile strength test re 

sults, in the low-variance group along with the standard- grade PVC mate 

rials. Also, the high-variance group consists of mainly the Pel materials 

and the cold-weather grade PVC ' s . 

21 . Confidence limits. The 95% confidence limits to be used with 

the average ultimate elongations given in table l are: 

Group 

Low variance, as received 

Low variance, after extraction 

High variance, as received 

High variance, after extraction 

95% Limits 
% 

+16.2 

+11.6 

±37 .4 

±23 .4 

Those materials noted in table l as not meeting the minimum specification 

requirement will not meet the requirement at the 95% level or even at the 

99% level. The confidence limits for normal testing can be obtained by 

multiplying the above values by 1 .73 . The mean per cent elongation that a 

material must have in order to be certain, at the 95% level, of its meet 

ing the minimum specification requirement is as follows : 

Group 

Low variance 

High variance 

Mean Ultimate Elongation for 
Acceptance at the 95% Level, % 
As Received After Extraction 

373 

404 

317 

334 
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Effect-of-Alkalies Tests 

Method of analysis 

22. The analysis of the results of the effect-of-alkalies test is 

somewhat different than the analyses of the accelerated extraction test 

results. The difference is due to the three observations that were made 

(before extraction, and after 7 and 28 days extraction) in the effect-of

alkalies test rather than the two that were made in the accelerated ex

traction test. Analysis of these data may be somewhat misleading if just 

the effect of the extraction is determined without consideration of the 

relation between the effect and time. Therefore, it is desirable for this 

type of analysis that the observations be made at equal time increments 

or at times that produce equal effects . In this investigation it is as 

sumed that the latter is true. 

Weight change 

23 . Experimental variance . Far less data were available for this 

analysis than for those previously discussed . Only one weight determina

tion was made on each replicate at each age . Four degrees of freedom 

were, therefore, available for the residual variance . However, since one 

of the factors in the analysis is quantitative ( time ), the residual is 

divided between two interactions , each having two degrees of freedom . The 

interactions are : b etween replicates and the linear component of time, 

and between replicates and the quadratic component of time . The latter 

-trrt-eractton -ts -not -t=A"':pect-ed to diff'er from :the experimental error, and is 

so used . The former interaction may be pooled with the latter if it is 

not significantly different at the 95% level. Unfortunately, significant 

differences were found, all at the 99% level, for seven of the materials 

tested: PVC-5( 2) , - 8B, and - 9A( 3) , Pel-1 ( 2) , SR-1( 2) , and Neor -1 ( 2) and 

- 2A( 2) . 

24 . Pooling of variances . The resulting residual variances, having 

either two or four degrees of freedom, were examined for the purpose of 

pooling . Two groupings were found to be necessary . The high-variance 

group, as shown in table 4, consisted of PVC -4(2 ) , - lA(2 ) , and -10, 

NR -2A(2 ) , and SR - 2A( 2) and - 3A(2) , and had a variance of 0.01266 g2 with 

• 24 degrees gf f ; eed0m. The Jow-yariapce groMR . which contained all the 



Table 4 

Relation Between Weight Change and Time 

in Effect -of-Alkalies Test 

Mean Weight Change 
Sample No. g Slope Curvature 

Low-Variance Group 

PVC-1(2 ) 0.019 0.0187 0 

PVC - 5( 2) 0.009 0.0032 -0 .0159 

PVC - 6(2 ) 0.057 0 .0520 -0.0136 

PVC -8B 0.062 0.0573 -0.0167 

PVC - 9( 2) -0 .055 -0 .0660 -0 .0352 

PVC - 9A( 3) -0.015 -0 .0165 -0.0048 

PVC - 9B( 2) -0 .032 -0 .0323 -0.0007 

Pel-1( 2) 0 .017 0.0168 0.0001 

Pel- 2( 2) 0.021 0 .0158 -0.0158 

SR-1( 2) 0 . 624 0 . 6475 0.0711 

Neor -1( 2) 0 .740 0 . 8058 0 .1988 

Neor- 2A( 2) 0.797 0 .8603 0 .1910 

Butyl-1A( 2) 0 .054 0 .0600 0 .0177 

Standard error 0 .0054 0 .0034 0 .0020 

High-Variance Gr oup 

PVC-4( 2) 0 .057 0 .0518 -0 .0132 

PVC-1A( 2) 0 .110 0. 1043 -0 .0193 

PVC-10 -0 .192 -0 . 2318 -0 .1188 

NR- 2A( 2) 0 .992 1. 0622 0.2115 

SR- 2A( 2) 0 . 578 0 . 6638 0.2562 

SR- 3A( 2) 0.667 0 .7037 0 .1113 

Standard error 0 .0750 0.0460 0 .0265 
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remaining materials, had a variance of 0.00007 g
2 

with 38 degrees of free 

dom. This grouping separated the cold-weather grade PVC from all but one 

of the other PVC materials . Also, the synthetic rubbers appearing in the 

high-variance group were those, with the exception of Butyl -1A(2) , for 

which no significant difference was found between the two interactions. 

It is possible that the six materials in the high-variance group have in

teractions, which are being used as residual variances, that are signif 

icantly different from the experimental error . 

25. Analyses of variance . The following results were obtained 

using the above pooled variances in the analysis of variance: 

a . The difference between replicates was significant at the 
1% level for all the materials tested. 

b . The linear component of the time factor, for all but three 
materials, was significant at the 1% level. The linear 
component was significant at the 5% level for PVC -1A( 2) , 
and no significance was found for PVC - 4(2 ) and - 5( 2). 

c. The quadratic component of the time factor was significant 
at the 1% level for seven materials (PVC - 8B and -9(2 ) , 
SR-1( 2) and - 2A( 2) , Neor -1( 2) and - 2A( 2) , and Butyl -1A( 2)) 
and significant at the 5% level for five materials 
(PVC - 5( 2) and - 6( 2) , Pel - 2( 2) , NR- 2A( 2) , and SR- 3A( 2)) . 

The last result indicates that the change in weight, due to extraction 

with alkalies, with time is not a simple linear relation for most of the 

materials tested. The relation is indicated in table 4 in which the aver 

age weight change, slope, and curvature for each material are tabulated 

along with the applicable standard error . The mean weight is normally 

given in a table of this kind; howeve~, since the base weights of the 

materials were somewhat different, the mean weight change is shown in 

table 4 . The mean weight change will be equal to the slope and equal to 

the weight change after extraction, if the curvature is zero . The average 

curvature was found to be either negative or zero within the limits of the 

standard error for all the PVC and Pel materials and positive for all the 

rubbers, including Butyl-1A( 2). 

26. Confidence limits. The 95% confidence limits to be used with 

the weight - change data presented in table 2 are : ±0.018% for the mate 

rials in the low-variance group, and ±0 . 242% for the materials in the high

variance group. The 95% limits for normal testing are +0 .032% and +0 .418%, 
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respectively. These limits are calculated on a base weight of 75 g. The 

confidence limits for the materials in the high-variance group are very 

broad, being of the same order of magnitude as the specification limits . 

Although PVC -10 was reported in tabl e 2 as not meeting the specification 

requirements, it may upon retesting, because of its confidence limits, 

meet the requirements. Similarly, PVC -4( 2) and - lA( 2) may upon retesting 

be found not to comply with the specification limits . The change in 

weight of the rubbers in the high-variance group will not be so affected 

within the 95% confidence interval, since the magnitude of their weight 

change is so great . 

Change in hardness 

27 . Analyses of variance. Three hardness determinations were made 

on each replicate at each age . However, only the average hardness of the 

three measured was recorded. The interactions, described in the analysis 

of variance for weight change, were calculated. No significant difference 

was found between the two interactions for any of the 19 materials, and 

the two interactions were pooled . The resulting 19 residual variances 

were examined, and it was found that all 19 could be combined into one 

residual variance equal to 0.611 deg
2 

with 76 degrees of freedom. Using 

this variance to calculate the analyses of variance, the following re

sults were obtained: 

a. The difference between replicates was found to be signif
icant at the 1% level for seven materials (PVC -4( 2) , . 
- 5( 2) , and -8B, Pel-1( 2), SR-1( 2) and - 2A( 2) , and 
Neor - 2A(2}}, and significant at the- 5%- levei for- · one
material (PVC -10). No significant difference was found 
for the remaining ll mater ials . 

b . The linear component of time was found to be significant 
at the 1% level for 12 materials. That for the remaining 
seven materials (PVC -1( 2) , -4( 2) , - lA(2), and -10, SR-1(2), 
Neor -1 ( 2) , and Butyl- lA( 2)) was not significant even at 
the 5% level . 

c. Only one material (PVC -8B ) was found significant to the 
quadratic component of time, and that significance was at 
the 5% level. 

These results indicate that there is greater uniformity between repli 

cates with regard to change in hardness than the other properties thus 

far discussed. Also, the change in hardness due to extraction is a 
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simple linear function for most of the materials tested. The relation 

between hardness and time is shown in table 5 where the mean hardness 

change, slope, and curvature are given for all the materials tested, 

along with the applicable standard error . The mean hardness change and 

slope may be regarded as either zero or negative for all materials tested, 

and the curvature for all but one of the materials is within the expected 

range of the experimental error. 

28. Confidence limits. The 95% limits to be used with the 

hardness - change data presented in table 2 are +1 . 28 degrees, and the 

limits to be used for normal testing are ±2 . 20 degrees . None of the hard

ness data in table 2 exceeded the specification requirements nor would 

these requirements be exceeded at the upper confidence limit. 

Change in thickness 

29. Analyses of variance . Three thickness determinations were made 

on each replicate, at each age, from which the experimental error was cal

culated. The two interactions were also calculated, and neither was found 

to be significant for any of the 19 materials. The interactions and the 

experimental error were pooled to form 19 residual variances having 22 de 

grees of freedom. These 19 variances were examined and four groups were 

found necessary in order to combine them . These groups did not comprise 

any particular class of material. The four variances are: 

Group 

l 

2 

3 

4 

Material 

Pel-1 ( 2 ) 

PVC -1 ( 2 ) , - 4 ( 2) , -5 ( 2) , -9( 2) 
NR- 2A( 2) ; SR-1 ( 2 ) , - 2A(2) 

PVC - 6( 2 ) , -8B, - lA( 2) , - 9A( 3) , - 9B ( 2) 
Pel- 2( 2) ; SR- 3A( 2) ; Neor-1 ( 2 ) 
Butyl- lA( 2 ) 

PVC -10; Neor - 2A( 2) 

Variance Degrees 

( in . X l0 - 3)2 of 
Freedom 

0 .752 22 

3 ·986 154 

12.985 198 

32.600 44 

Using the applicable residual variances for the analysis of variance, the 

following results were obtained: 

a. No significant difference between replicates was found for 
five materials (PVC - 5( 2), - 6( 2) , and -10, Pel-2( 2) , and 
Neor - 2A( 2)) . A significant difference was found for two 



Table 5 

Relation Between Hardness Change and Time 

in Effect-of -Alkalies Test 

Mean Shore 
Durometer Hardness 

Sample No . Change, deg Slope Curvature 

PVC -1( 2) 0 0.17 0 . 50 

PVC -4( 2 ) -0 . 5 -0.33 0 . 33 

PVC - 5( 2 ) -1.2 -1.00 0 . 67 

PVC - 6( 2) -0.8 -0 .83 -0.17 

PVC -8B -1.8 -1.33 1.33 

PVC -lA( 2) 0 .1 0 .17 0 . 17 

PVC -10 -0.2 0 0 . 67 

PVC -9( 2) -0 .8 -1.00 -0 . 67 

PVC-9A( 3) -1.4 -1.17 0 .83 

PVC - 9B( 2) -1.2 -1.00 0 . 67 

Pel-1( 2) -1.0 -1.00 0 

Pel- 2( 2 ) -0 .8 -0 .83 -0.17 

NR- 2A( 2) - 2 .1 - 2 .00 0 . 33 

SR-1( 2) -0 .7 -0 . 50 0 . 50 

SR- 2A( 2) -1.0 -0.83 0 . 50 

SR- 3A( 2 ) -1.0 -1.00 0 

Neor -1( 2) -0 . 6 -0.33 0 . 67 

Neor - 2A( 2) - l.l -1.00 0.33 

Butyl- lA( 2) 0 0 0 

Standard error 0.52 0 . 32 0 .18 
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materials at the 5% level (Pel-1(2) and SR-2A(2)) and for 
the remaining 12 materials at the 1% level. 

b. Neither the linear nor the quadratic components of time 
were found to be significant for any of the materials. 

These results indicate that any change in thickness that is found for any 

of these 19 materials is due entirely to the experimental error and the 

variance between the replicates. 

30. Confidence limits. The confidence limits for change in thick

ness are based on the original thickness of the material. The 95% limits 

calculated for both l/8-in.- and l/16-in.-thick sheets, for both normal 

testing and the values shown in table 2, are: 

95~ Confidence Limitsz ~ 
Variance Table 2 Normal Testing 

Group l/_8 in. 1Zl6 in. lZ'd in. l/_16 in. 

l +0.68 ±1.36 +1.18 ±2.36 

2 ±1.47 ±2·94 ±2.56 ±5.12 

3 ±2. 67 ±5·34 +4.62 ±9·24 

4 ±4.35 ±8 .70 ±7·55 ±15.10 

All these confidence limits are excessively broad, and all but one exceed 

the specification limits. 
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PART IV: COMPARISON WITH PREVIOUS TEST RESULTS 

31 . Five of the polyvinylchlorides (PVC -1, - lA, -9, - 9A, and -9B), 

the two polyethylenes, and five of the rubbers (NR- 2A, SR- 2A and - 3A, 

Neor-2A, and Butyl - lA) tested in this study were evaluated for tensile 

strength, ultimate elongation, and Shore durometer hardness before ex

traction in the earlier investigation described in Report 1 of this 

series. The differences between results obtained in the two investiga

tions, with possibly one exception, should represent the differences that 

may normally be expected between shipments of the same material . The 

color of PVC -1 was changed by the manufacturer during the interval be 

tween investigations; information is not available as to whether there 

were any other changes in the material . The test results obtained in 

both investigations are shown in table 6 and discussed below. 

a . Tensile strength . The results obtained on PVC - lA, 
SR- 3A, Neor -2A, and Butyl- lA in both investigations may 
be regarded as the same . The differences between the 
results for the other eight materials were found to be 
significant at either the 5 or 1% level. These signif 
icant differences were expected since a significant dif 
ference was found between replicates in the present in
vestigation (paragraph 14 ) for most of the materials . 

b. Ultimate elongation . The difference between results of 
the two investigations was found to be significant at 
either the 5 or 1% level for 5 of the 12 materials : 
PVC -1, - lA, and - 9, NR- 2A, and Neor-2A. These results 
were not expected since in the present investigation a 
significant d-ifference was- found- bet.ween- !'-eplicates- (para
graph 19) for PVC-lA and -9B, Pel- 1, SR- 2A, and Butyl-lA. 
It should also be noted that the results of the previous 
investigation were smaller in magnitude than those of the 
present study for all the materials tested except Pel-2. 

c. Shore durometer hardness. The difference between results 
of the two investigations was found to be significant at 
either the 5 or 1% level for 4 of the 12 materials: 
PVC-1 and - 9, SR-2A, and Neor- 2A. It was found in the 
present study (paragraph 27~) that between-replicate dif 
ferences were significant for Pel - 1, SR- 2A, and Neor-2A. 

32. The above comparisons indicate that both investigations gave 

similar results in regard to tensile strength and hardness for all the 

materials except PVC -1 and - 9 . These materials may have been changed 

by the manufacturer b~tween h. t t· 1 1 PVC 1 Th lt s lpmen s, par 1cu ar y - . e resu s 
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obtained for ultimate elongation indicate that the method of test may have 

been altered somewhat between investigations. 

Table 6 

Comparison of Test Results of Previous and Present Investigations 

Tensile Ultimate Shore Durometer 
Strength 2 psi Elongation, ~ Hardness 2 deg 

Sample No. Previous* Present Previous* Present Previous* Present 

PVC -1 2495 1392 300 418 87 75 · 7 

PVC - lA 2043 2070 375 418 80 79 .0 

PVC -9 2253 1872 400 462 82 79.0 

PVC -9A 1866 1622 375 397 82 83.0 

PVC-9B 1857 1712 375 403 82 83 .0 

Pel -1 1598 1732 650 710 96 96 . 0 

Pel - 2 2110 1952 700 675 96 96 . 3 

NR -2A 2642 3357 425 565 

SR - 2A 1879 1515 300 315 76 70 . 7 

SR - 3A 2812 2923 450 473 70 70 .7 

Neor -2A 3026 2868 400 493 71 66.3 

Butyl - lA 777 870 225 260 78 79 .0 

* Data taken from Report l of this series entitled Investigation of Non
metallic Waterstops; Preliminary Laboratory and Field Exposure Tests . 
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PART V: CONCLUSIONS, DISCUSSION, AND RECOMMENDATIONS 

Conclusions 

33. The following conclusions may be drawn from the results of this 

investigation: 

a . The accelerated extraction test does not affect the tensile 
strengths of the standard-grade PVC materials. The test 
does affect the tensile strengths of the cold-weather grade 
PVC materials and the natural and synthetic rubbers. The 
data on the Pel materials are inconclusive . 

b . The accelerated extraction test affects the ultimate elonga
tion of all the materials tested. The variance of the test 
is greater for the cold-weather grade PVC and the Pel mate
rials than for the standard- grade PVC and the rubber 
materials . 

c. Most, if not all, the rubbers will fail the accelerated ex
traction test. The reduction in tensile strength and ulti 
mate elongation caused by the extraction test is 50% or 
more, except for Butyl-1A( 2). 

d . For most of the material s tested, the changes in hardness 
in the effect -of-alkalies test were found to be essentially 
linear for the two . times of observation . The changes in 
weight for the two times of observation were slightly curvi 
linear for 12 of the materials tested and linear for the 
other materials. The change in thickness was found to be 
independent of time for all the materials tested . The 
change in thickness is, therefore, due to the experimental 
error only. 

e . Most~ if not all~ the r ubbers will fail to meet the change 
in-weight requirement of the effect -of -alkalies test . Most 
of the other materials will meet these requirements . 

f. All the materials tested will meet the change- in-hardness 
requirement of the effect -of -alkalies test . 

g . Replicate testing has a significant effect on most of the 
tests for nearly all of the materials tested. 

h . The method used to determine the tensile strength in this 
investigation may be negatively biased . 

Discussion 

33254 
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the test results of all the factors that are not controlled in the test. 

These factors are introduced by the test procedure and also are inherently 

part of the materials being tested . The fact that the materials had to be 

separated into at least two different groups (except in the change- of

hardness test ) in order to pool these variances) and also the fact that the 

pooled variance after extraction was always less than the pooled variance 

before extraction in the accelerated extraction tests may be explained not 

only by the differences between the materials and their method of manufac 

ture but also by the type) quantity) and distribution of the plasticizer 

used in these materials. Thus the experimental variance of the cold

weather PVC being always different from the variance found for the other 

PVC materials tested may be due to the plasticizer used . The occasional 

differences found between PVC-4(2)J -9A( 3)J and the other standard- grade 

PVC materials may be due to the other reasons given above. These differ

ences will require the accelerated extraction test to be run on all PVC 

materials) even though the test was found to have no effect on the tensile 

strengths of the standard-grade PVC. Also ) the extraction process had a 

significant effect on ultimate elongation) since the before- and after -
' 

extraction pooled variances could not be further pooled . 

Specification limits 

35. Accelerated extraction test . CRD-C 572- 60A requires the 

tensile strength and the ultimate- elongation test results to be above 

specified minima. If it is assumed that the specified minima are the 

critical values for acceptance) then the minimum mean tensile strength and 

elongation that a material may haveJ with a 95% chance for acceptance) ·are 

those means given in paragraphs 18 and 21. The test can only differentiate) 

within the 95% confidence limitsJ between materials having means given in 

paragraphs 18 and 21 and materials having means equal to the same number 

of units below the specification minima . All other materials having means 

between these two may readily fall on either side of the specification 

limits. This range may be decreased either by decreasing the confidence 

level or by decreasing in some manner the experimental error . However) if 

it is assumed that the specification limit is the minimum mean value for 

acceptance) then the critical value for acceptance will be at least two 

standard errors below the present specification limit. Many materials 



which would be rejected under the first assumption would be accepted 

under the latter. The specification limits should, therefore, be re

written to prevent possible misinterpretations . 

36. Effect - of -alkalies test. The changes produced by the effect 

of -alkalies test are required, by CRD-C 572- 60A, to be within specified 

limits. To be realistic the range between limits should be greater than 

the desired confidence interval . Otherwise, tested materials might fail 
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to meet the specification limits because of experimental error alone . All 

but one of the confidence intervals calculated for the thickness data were 

greater than the range between the specification limits . One of the con

fidence intervals calculated for the weight data exceeded the range, and 

another exceeded one of the specification limits. Again, the only methods 

available to decrease the interval are to decrease the confidence level or 

increase the precision of the test . The effect -of -alkalies test required 

measurements at either 7 or 28 days or both, depending upon the measured 

property . This investigation found that the change in weight and hardness 

is principally linear with respect to measurements made after 0, 7, and 28 

days of extraction and also that the change in thickness is independent of 

time. Therefore, weight measurements may be confined to one rather than 

to two intervals of time, and the thickness determination omitted entirely . 

Test limitations 

37 . Effect -of-alkalies test . The purpose of the effect -of-alkalies 

test, as stated in paragraph 4, is to determine indirectly the quantity of 

extractable constituents that will leach out of the waterstop material. It 

is questionable whether the weight - change result would accomplish this pur

pose. The results that are obtained are probably a function of the amount 

of water the specimen would absorb under alkaline conditions, and the 

quantity of constituents that are extracted under the same conditions. The 

test should determine the extractable material directly. An adaptation of 

applicable portions of Method 6631, Federal Test Method Standard 601, 

"Rubber Sampling and Testing, " may be more sui table for this work. 

38 . Tension test bias. It was noted in paragraph 11 that there is 

reason to believe that the method used to determine the tensile strength 

was negatively biased . A testing machine designed for tensile strength 

= tests on the t yges of materials used in this studx yas not a yp ilrp lr fpr 
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use in this investigation. The principal handicap of the apparatus used 

was that there was no way of marking and retaining the breaking load on 

the dial of the machine . The load had to be recorded immediately at the 

time the break occurred . Under these circumstances, it is highly probable 

that the recorded load was smaller to some extent than the true load. It 

would be advantageous to continue this investigation by comparing the re

sults produced by this method of test with results obtained using a more 

suitable testing machine that is now available . 

Recommendations 

39 - In view of the conclusions reached in this investigation and 

the above discussion, it is recommended that : 

a . The change- in- thickness portion of the effect -of-alkalies 
test be deleted as one of the requirements of CRD-C 572- 60A. 

b . The change - in-weight portion of the effect -of-alkalies test 
be performed at seven days only, and that the test be 
r eplicated three t imes . 

c . The change - in-weight portion of the effect- of -alkalies 
test be investigated to determine whether the purpose of 
the test is accompl ished. Alter nate test methods should 
be evaluated . 

d . The specification limits for both tensile strength and 
ultimate elongation be rewritten to clarify whether the 
limits pertain to a minimum mean value or to a critical 
value . 

e . The bias of the method of test for tensile strength used 
in this investigation be determined. The tensile strength 
should be determined on both the apparatus used in this 
investigation and on a more suitable testing machine pow 
available, using at least 20 specimens of at least two 
different materials . 




