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•THE preformed neoprene compression seal was manufactured in its present state 
early in 1960. Over 25 states have specified projects using a seal composed of a num
ber of triangles in a shell having either parallel or slanted sides (Fig. 1 ). 

A compression seal by definition depends on its ability to develop a positive pres
sure against the joint faces and not adhesion to the faces to seal a joint. Contraction 
joint compression seals are normally made to seal a joint having a movement from 
three-tenths to eight-tenths of the original width of the compression seal (1). 

The polymer neoprene, because of its long history of excellent aging characteristics 
under adverse environmental conditions and resistance to various organic and nonorganic 
liquids, was a natural choice for a compression seal. A compression seal is fabricated 
from a balanced mixture of many chemicals, inerts, and neoprene. The vulcanizate 
must be as elastic as possible so the finished product will be capable of exerting contact 
pressure on the faces of the joint to be sealed after many seasonal cycles, and under 
different environmental conditions. 

Overall, a balance of properties must be maintained to insure that a compression 
seal can function under all environmental conditions. Since "neoprene" is a family of 
polymers with a range of low-te mperature properties, 1 specific properties to insure 
low-temperature contact pressure on the joint by the seal must be considered. Neo
prene products under stress subjected to high ambient temperature (>100 F) experience 
a loss of physical properties over long periods of time, and must be compounded to 
resist this loss. 

Preformed compression seals that have failed in service over the past five years 
can usually be placed in one or more of the following categories: 

1. The joint was not engineered dimensionally for the compression seal, or the 
wrong width seal was used; 

2. The wrong shape factor was used, e.g., a tapered seal in a straight-walled joint; 
3. Faulty installation procedures were used; 
4. Low-temperature stiffening of the seal occurred; 
5. High-temperature set occurred; or 
6. Interior web adhesion was present. 

In all categories except No. 3 the problem can be defined as the .inability of the seal 
to develop sufficient contact pressure to keep its sides in contact with the joint faces. 

1An important factor in the selection of a neoprene type is its rote of crystallization or first order 
transition. This completely reversible phenomenon is caused by orientation of polymer chains. 
Elastomers which crystallize have higher tensile strength in gum stock than those which do not. Un
fortunately, stiffening due to crysta 11 izat ion is a problem both in processing and in the finished prod
uct. Its effects often are mis taken for other failures. Crystal I ized vu lean izotes, because they are 
hard, sometimes ore said to have aged poorly. Warming, however, will restore the proper hardness. 
Neoprene products crysta 11 ize most rap idly when under strain, and do not recover unt i I warmed. Th is 
often is mis token for permanent set ~). 
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Figure l. Compression sea Is: (left) as fobri coted; (right) web pattern in sea I under compress ion. 

It is also possible that insufficient contact pressure was developed to keep the seal from 
"sliding" either up or down in the joint. 

PROBLEM 

Of the six factors which contribute to compression seal failure, engineering of joints, 
shape factor, and installation obviously are design or mechanical problems. Low
temperature stiffening and high-temperature set relate to the material as well as design 
and can readily be studied in the laboratory where temperature, degree of compression 
and compound ingredients can be varied under close controls. Finally, to be of value, 
the laboratory conclusions from such a study must be related to a specification used 
for purchase of compression seals. 

Specifications for the purchase and installation of compression seals have been writ
ten by individua_l purr.ha!=dng h<)diP.s (Appendix B) as well as manufacturers and the sup
plier of the raw polymer, DuPont (Table 4). Some of these specifications are quite 
complete in defining seal shapes and tolerances, joint construction and sealinstallation, 
and physical properties of the compression seal. 

All of the physical specifications are based on a series of identification tests that 
describe a "quality" neoprene compound. "Recovery testing" is incorporated into many 
of the specifications to attempt to insure that the seal has the ability to recover after 
exposure to high-temperature (212 F) as well as low-temperature (14 F, -20 F) con
ditions. However, recovery tests are identification tests and not performance tests! 

The low-temperature recovery tests are standard, and insure that a seal has been 
formulated with a large portion of noncrystallizing neoprene and/or low-temperature 
plasticizer materials. One can observe in the laboratory that low-temperature re
covery tests run on the same sample time and again yield the same approximate values. 

The high-temperature (212 F) recovery tests are also identification tests. As they 
are presently defined the high-temperature recovery tests attempt to indicate a proper 
cure state of the seal to guard against its taking a permanent set. Also, some high
temperature recovery tests indicate internal surface conditions (internal web adhesion). 

In March 1965, on a field inspection trip, a number of nonfunctioning seals were 
noted (Figs. 2, 3, 4, 5), and samples of these seals were submitted for laboratory 
analysis. In this case, the seals were in service less than two years, but took a per
manent set (Table 1) and showed significant loss in contact pressure. 

Contact pressure was measured on seals that had not been compressed but merely 
field aged, and seals that were actually in the joint under compression (Fig. 6). Note 



Figure 2. Seel failure because of insufficient sealing pressure. 

Figure 3. Compression seal not contacting joint face. 



Figure 4. Debris and water in joint having passed compression seal. 

Figure 5. Permanent set in compress ion seal. 



TABLE 1 

INSPECTION TRIP SAMPLES, MARCH 1965 
Seal description: '%a-in. tapered 

Joint width: 1/2 in. at 35 F 

Conditioning Period After 
Removal From Pavement Temperature Recovered Percentages of 

Original Width 

½ hour 
2 hour 

48 hour 

Property 

Tensile strength 
Elongation 
Durometer 
Compression set 

22 hours/ 158 F 
70 hours/ 212 F 

35 F 
70 F 
73 F 

ASTM Test 
Procedure 

D-412 
D-412 
D-676 
D-39 5B 

Modified 

Requirement 

2000 
250 

55+5 

15 
40 

62 
77 
84 

*Historically these values would appear reasonable for a 2-year-old environmentally aged 
compound. 

Value 

1850* 
275 

68* 

17 * 
30 
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the marked difference of the two curves. The physical properties of the seals indi
cated compliance with the specification under which they were purchased, yet the seals 
failed (Table 1). 

A laboratory study was therefore instigated to study the compression seal-joint wall 
contact pressure relationship. Simulated environmental as well as standard high-tem
perature (212 F) tests were used (Appendix A). 

Two commercial seals (seals "D" and "E" ) were purchased in a state that specified 
preformed compression seals using the New York Preformed Compression Seal Spec
ification M38PA (Appendix B). The state deemed both seals acceptable (Table 2), and 
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TABLE 2 

COMMERCIAL SEAL TEST RESULTS 

ASTM Test Property Procedure Requirement 

Tensile strength, psi, minimum D-412 2000 
Elongation at break D-412 250 
Hardness, Type A Durometer D-676 55+5 
Permanent set at break, '1, maximum D-412 10 
Compression set, % maximum D-39 5B 

22 hrat 158 F 15 
70 hr at 212 F 40 

Oven aging, 70 hr/ 212 F D-573 
Tensile strength change, maximum % -30 
Elongation change, maximum % -40 
Hardness points change, maximum +10 

Oil swell, ASTM oil No. 3 D-471 
70 hr at 212 F 
Volume change, maximum % 80 

TABLE 3 

PROPERTIES NOT REQUIRED BY SPECIFICATION 

Property (Appendix A) 

High-temperature recovery 
22 hours at 212 F under 
50% deflection (untalced) 
70 hours at 212 F under 
50% deflection ( untalced) 

Low-temperature recovery 
22 hours at -20 F under 
50% deflection (3 hours recovery) 

*Web ad hes ion . 

Seal 

79 

41* 

70 

KEY 

95 

94 

81 

Seal 

HD'' 

1800 
325 

55 
7 

18 
42 

-25 
-18 
+10 
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Figure 7. Contact pressure generation after simulated environmental aging on commercial seal . 



TABLE 4 

DUPONT SPECIFICATION FOR NEOPRENE COMPRESSION JOINT SEALS 

Material Qualification Requirements 

Property Determined on ASTM Test Physical 
Molded Specimens Procedure Requirements 

Tensile strength, psi, D 412-62T 2200 
minimum 

Elongation at break, D 412-62T 250 
% minimum 

Hardness, Type A Durometer D 676-59T 55+5 
Compression set, % maximum D 395-61T, Method B, 

Para. 5(a) or (b) 
22 hr/ 158 F 15 
70 hr/ 212 F 40 

Oven aging, 70 hr at 212 F D 573-53 
Tensile strength change, maximum % -30 
Elongation change, maximum% -40 
Hardness points change, maximum +10 

Oil swell, ASTM oil No. 3 D 471-63T 
70 hr/212 -F 
Volume change, maximum % +80 

Ozone resistance, 20 % strain, D 1149-62T 
300 ppm in air, 

70 hr/ 104 F (40 C) No cracks 
Low-temperature stiffening, D 676-59 

70 hr/14 F 
Type A Durometer, hardness points, 

maximum change +15 

Lot Acceptance Requirements 

Property Determined Te st Physical 
on Actual Seals Procedure Requirements 

Tensile strength, D 412-62T 2000 
psi, minimum 

Elongation at break, D 412-62T 250 
% minimum 

Hardness, Type A Durometer D 676-59T 55+5 
Ozone resistance, 20 % strain, D 1149-62T 

300 ppm in air, 70 hr/104 F {40C) 
(wipe with solvent to 
remove surface 
contamination) No cracks 

TABLE 5 

PROPERTIES DETERMINED ON ACTUAL SEALS 

Test 

High-temperature recovery 
22 hours at 212 F under 
50% deflection, talced 

22 hours at 212 F under 
50% deflection, untalced 

70 hours at 212 F under 
50% deflection, talced 

70 hours at 212 F under 
50% deflection, untalced 

70 hours at 212 F under 
50% deflection, talced, 
1800-gram load 

Low-temperature recovery 
22 hours at -20 F under 
50% deflection, talced 

22 hours at -20 Funder 
50% deflection, talced 

Combination recovery 
22 hours at -20 Funder 
50% deflection, talced, 
previously conditioned 

70 hr at 212 F, 
50% deflection, untalced 

*Web adhesion. 

Test Procedure Compound 
B 

Appendix A-I 88 

Appendix A-I 88 

Appendix A-I 82 

Appendix A-I 85 

Appendix A-IV 5 min 77 
10 min 77 

Appendix A-I 77 

Appendix A-II 66 

Appendix A-III 74 

Compound 
B 

2400 

325 

60 

7 
15 

-8 
-18 
+5 

52 

No 

+9 

Compound 
B 

2450 

375 

60 

No 

Compound 
C 

85 

82 

68 

58* 

62 
64 

76 

65 

47 

Compound 
C 

2200 

250 

60 

9 
23 

-7 
-20 
+4 

65 

No 

+12 

Compound 
C 

2050 

250 

60 

No 
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Figure 8. Constant- load recovery assembly. 

portions of them were commercially installed. Recovery tests (Table 3) were also run 
on both materials to be able to compare all known identification tests presently being 
used tu judge preformed compression seals. 

Contact pressure graphs using the platform balance tests (Appendix C) were developed 
for both seals as originally purchased. After an aging cycle of six and ten months com
pressed 50 percent at 100 F (Fig. 7), seal "E" showed little loss of contact pressure 
after either period. Seal "D" showed a significant loss in contact pressure after ten 
months, and developed web adhesion between the sixth and tenth month at 100 F. 

The recovery tests (70 hours at 212 F untalced) showed that seal "D11 experienced 
web adhesion and poor recovery, whereas seal "E" did not exhibit either adhesion or 
poor recovery. 

It was realized that a significant laboratory study could not be run without a complete 
background on the products being compared, so an elaborate program was devised to 
fabricate two seals of different quality levels having specific properties in the recovery 
tests (compounds B and C, Appendix D)~ 

A realiability test series was established to define the limits of the test procedures, 
and to insure that all material used in the test series was uniform. Triplicate samples 
were used in the reliability test series, in accordance with ASTM standards. ASTM 
procedures were also applied to the recovery test determinations. 

After carefully reviewing all physical properties from the reliability tests, com
pounds B and C in their extruded form were judged to be uniform, and well within the 
reproducibility range of a rubber laboratory (Appendix E, Tables 6, 7). 

A summary of the physical properties of the compounds is found in Tables 4 and 5. 
In addition to the properties outlined in the DuPont specification, modified recovery 
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tests being used by some states were also included. This included talced vs untalced 
as well as 70-hour and 22-hour tests (Table 5). The New York State weighted recovery 
test was also included (Fig. 8 and Appendix A-IV). 

Samples were then prepared for all long-term and short-term testing. All samples 
were pre-cut on a handsaw and stored at 40 F until 48 hours prior to actual testing. 

Contact pressure determinations are not commonly used when pui·chasing preformed 
compression seals. However, by definition, !:be ability of a compression seal to exert 
a positive force on the joint face to be sealed after extensive environmental aging de
termines the seal's useful life. It is a well-known fact that neoprene products have 
resisted environmental weathering for longer than 20 years. However, the conditions 
under which compression seals operate are markedly different. Therefore, a carefully 
controlled laboratory test using contact pressure as a measurement of change of critical 
properties should be the beginning of a means to predict useful life of a compression 
seal. 

Two conditions exist which must be met to fulfill the definition of a compression seal: 

1. A compression seal must recover and exert sufficient force at low temperatures 
to keep incompressibles and solutions from entering the joint. The seal must also be 
able to exert the necessary force during contraction of the joint to keep it sealed. 

2. A compression seal must resist the effect of environmental aging under deflec
tion, e.g., loss of contact pressure. 

Provided that the low-temperature flexibility of the compound has been derived 
through the use of permanent plasticizers or noncrystallizing neoprene, a compression 
seal, excluding environmental aging, should recover approximately the same amount 
year after year, and exert the same approximate contact pressure. However, high 
ambient temperatures experienced during the summer months in combination with 
narrow joints due to slab expansion affect the following winter's performance of a 
compression seal. (Failures are usually more noticeable in winter due to contraction 
of slabs.) 

The platform balance test was derived to study the effect of temperature and degree 
of compression on the two preforrped compression seals (Appendix C ). Any machine 
capable of measuring stress on a basis of one pound to 100 pounds could duplicate the 
platform balance tester. Constant rate of movement machines could also be used, if 
it is kept in mind that the rate should be slow, e.g. , 1

/10 in. per minute. The platform 
balance tester does not tell anything about low-temperature properties as used in these 
tests. 

SHORT-TERM TESTING 

Historically, rubber under stress is subject to greater losses of physical properties 
than rubber which is not. Neoprene, being an elastomer, also loses some of its prop
erties when aged at high temperature (212 F-ASTM 573-53). 

Compounds B and C were aged at 212 Fin increments of 24 hours up to 144 hours. 
Samples were aged at 0, 25, and 50 percent compression. Samples were clamped be
tween metal plates to the proper degree of compression and placed in a circulating 
hot-air oven at 212 ±2 F. The uncompressed samples were aged in the same oven 
simultaneously. After the aging cycles, samples were removed from the oven and 
allowed to relax at 73 ±2 F for 24 hours before physical tests were conducted. 

Compound B showed little change in physical properties except the increase in hard
ness and loss of elongation. Aged at O percent compression and 50 percent compres
sion, the B seals tested show no significant change in physical properties (Appendix E, 
Tables 9, 10). 

Compound C showed a trend toward lower tensile strength aged at 50 percent com
pression than when aged at O percent. Other physical property losses showed no sig
nificant change (Appendix E, Tables 8, 11). 

The measurement of contact pressure using the platform balance tester after short
term aging periods showed significant differences between aged compressed and aged 
uncompressed seals at 212 F (Figs. 9-12). 
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Figure 9. Contact pressure, compound B, uncompressed, short-term test . 

Compound B compressed 50 percent aged at 212 F lost approximately 50 percent of 
its overall contact pressure after 72 hours. However, it still maintained sufficient 
contact pressure to seal at 85 percent of its original width (Fig. 11). 

Compound C compressed 50 percent aged at 212 F lost more than 50 percent of the 
overall contact pressure after 24 hours. In addition, at approximately 30 hours aging 
it was no longer capable of developing any contact pressure at 8 5 percent of its original 
width (Fig. 12). 

After 72 hours at 212 F compressed 50 percent, compound C was capable of exerting 
1 psi contact pressure at 73 percent of its original width. Compound B was capable of 
exerting 1 psi contact pressure at 86 percent of its original width. 

The graphs (Figs . 9- 12) are for the 13/ia-in. straight -walled contraction seal. The 
1 %-in. expansion joint seal was not plotted although the same pattern existed between 
sizes. 
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LONG-TERM TEST 
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The long-term aging studies were conducted at 73 F and 100 F. Samples were 
compressed 0, 25, and 50 percent of their original width. The samples for 100 F were 
placed in a circulating air oven at 100 ± 2 F for the specified aging periods (Fig. 13 ). 

Tensile specimens were prepared according to ASTM standards using a 1/a-in. ten
sile die (Die D). Specimens for the oven aging tests were obtained from the webs of 
the seal. Specimens for the original physical properties were obtained from the shell 
of the seal. The tensile strength of both compounds B and C shows a trend to decrease 
under compression at 73 F and 100 F (Appendix E, Tables 12, 13). There seems to be 
little difference between 73 F and 100 F aging for 84 days. Both the 13

/ 16 and 1 ¾ follow 
the same pattern. The 13/is contact pressure graphs were used to compare the short
term with the long-term data. 
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Figure 12. Contact pressure, compound C, compressed, short-term test. 
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Figure 13. Long-term aging of samples at 100 F. 
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Width- lnches 
Figure 15. Contact pressure, compound B, constant temperature and compress ion, varying days. 

The platform balance pressure test for compound B showed that 50 percent com
pression at 73 F for 84 days was approximately equal to 50 percent compression at 100 F 
for 28 days (Figs. 14, 15). Twenty-five percent compression at 100 F for 84 days was 
less severe than 50 percent compression at 73 F for 84 days. 

The same trends were evident for compound C, although a greater loss of contact 
pressure was experienced than with compound B, especially after 28 days and longer 
compressed 50 percent at 100 F (Figs. 16, 17). 
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Figure 16. Contact pressure, compound C, 84 days at varying temperatures and compression. 
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CONCLUSIONS 

The data in this study pertain to two neoprene compounds, and should not be construed 
as applying to other polymer families. 

1. Assuming constant cross section design, contact pressure of preformed com
pression seals is affected by time and temperature of aging, degree of compression, 
and compound quality. 

2. Since contact pressure generation is the effective sealing mechanism, the ability 
of a preformed compression seal to maintain contact pressure at the widest joint opening 
is the limiting factor in the life of the seal. 

3. Long-term investigation of the loss of contact pressure in service should be 
undertaken to provide the consumer with a means of specifying the properties desired. 

4. Recovery testing of compounds B and C, 22 hours at 212 F talced or untalced, 
was not capable of differentiating between the two, yet significant differences were 
noted between B and C in simulated environmental aging contact pressure development. 
Significant differences were shown between compounds B and C when recovery tested 
untalced 70 hours at 212 F. 
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Apparatus 

Appendix A 
I. IITGH-TEMPERATURE RECOVERY TEST 

AND 
LOW-TEMPERATURE RECOVERY TEST 
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1. Compression Clamp-A compression clamp consists of two or more flat steel 
plates (known as a Method "B" ASTM compression set clamp), or a vise having par
allel plates on jaws, or any basic device by which uniform compression can be applied 
to a specimen. The device should be capable of accepting a 5-in. long specimen. 

2. Steel Spacers-If compression clamps are used, steel spacer bars will be re
quired to allow proper spacing of the steel plates. 

3. Air Oven-This piece of apparatus can be any well designed, uniformly heated, 
standard circulating air oven of sufficient size to hold the compression clamps. The 
oven shall be provided with proper temperature within a permissible variation of ± 2 F. 

4. Low-Temperature Box-This piece of apparatus can be any refrigerated box 
capable of maintaining a temperature variation of ± 2 F on temperature settings within 
the range of+ 20 F to - 20 F. 

5. Measuring Device-A dial gage, vernier caliper, or micrometer graduated in 
thousandths of an inch shall be used for measurements. 

Samples 

1. Fabricated seal samples shall be approximately 2½ in. long. 

Test Procedure 

1. Deflect the sample between parallel plates to 50 percent of the original top width. 
Width measurement shall be taken in the center of the 2½-in. length. Prior to com
pression the sample shall be placed in a horizontal position in such a manner that the 
plane between lip tips is perpendicular to the compressing plates. As the sample is 
being compressed, care should be taken to insure that the "V" section of the sample 
top is folded so that it projects inward toward the inner web section. 

2. High Temperature-
(a) Expose the clamp assembly and compressed sample in an oven for specified 

hours at 212 F. Do not pre-heat the clamp assembly. 
(b) When the oven aging period is completed, remove the clamp assembly and 

immediately unclamp the test specimen. Cool the test specimen at room 
temperature (73 F) on a wooden surface for one hour before measuring the 
heat-aged recovery width. The measurement shall be made at the location 
at which the original width was determined. 

3. Low Temperature-
(a) Expose the clamp assembly and compressed sample in a low-temperature 

box for the time and temperature specified. 
(b) When the cold aging period is completed, unclamp the test specimen at the 

test temperature; allow it to recover in a free state at the test temperature 
fo.r 4 hours. At this point measure the recovery width at the test tempera
ture. The measurements shall be made at the location at which the original 
width was determined. 

Calculations 

1. Calculate the recovery, expressed as a percentage of the original deflection, 
as follows: 

P t _ recovered width - compressed width x 100 ercen recovery - 50 % original width 
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II. LOW-TEMPERATURE RECOVERY TEST 

Apparatus, samples, and calculations are the same as described in section I. 

Test Procedure 

Low Temperature-
(a) Expose the clamp assembly and compressed sample in a low-temperature box 

for the time and temperature specified. 
(b) When the cold aging period is completed, unclamp the test specimen at the test 

temperature; allow it to recover in a free state at the test temperature for one 
hour. At this point measure the recovery width at the test temperature. The 
measurements shall be made at the location at which the original width was 
determined. 

III. COMBINATION RECOVERY TEST 

Apparatus, samples, and calculations are the same as described in section I. 

Test Procedure 

1. Deflect sample between parallel plates to 50 percent of the original top width. 
Width measurement shall be taken in the center of the 2½-in. length. Prior to com
pression the sample shall be placed in a horizontal position in such a manner that the 
plane between lip tips is perpendicular to the compressing plates. As the sample is 
being compressed, care should be taken to insure that the "V" section of the sample 
top is folded so that it projects inward toward the inner web section. 

2. High and Low Te rn erature -
-a Expose the clamp assembly and compressed sample in an oven for 70 hours 

at 212 F. Do not pre-heat the assembly. 
(b) When the oven aging period is completed, remove the plates and allow the 

sample to cool at 7 3 F on a wooden table for 24 hours. 
(c) Reclamp the specimen in the same manner as before. Compress the sam

ple to the same dimension ( 50 percent of original width). 
(d) Expose the clamped sample at -20 F for 22 hours. 
(e) When the cold aging period is completed, unclamp the test specimen at 

- 20 F; allow it to recover at - 20 F for 4 hours. Measure the recovery 
width (middle of sample) at - 20 F. 

Apparatus 

IV. HIGH-TEMPERATURE RECOVERY TEST 
WITH 1800-GRAM LOAD 

1. Compression Clamp-The compression device shall consist of two aluminum 
blocks, 4½ in. wide by 1¼ in. high by 6 in. long. The block designated "top" shall be 
so marked, and shall weigh 1800 grams. 

2. Air Oven-Same as described in section I. 
3. Dial Gage-A dial gage and stand as shown in Figure 8 is used for initial and 

final measurements. 

Samples 

1. Two 6-in. samples cut from a 1-ft fabricated seal shall be used for the test. 

Test Procedure 

1. Deflect the samples as shown in Figure 8 to 50 percent of their average original 
top width. 

2. High Temperature-
(a) Expose t he clamped assembly in an oven for 70 hours at 212 F. 
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(b) When the oven aging periDd is completed, remove the clamps and insert 
the assembly in the measuring device. After x minutes at 73 F measure 
the combined height of aluminum blocks and seal sample .. Remove the seal 
and measure the height of the aluminum blocks. The first measurement 
minus the second is the recovered width. 

Calculations 

Calculate the recovery the same as in section I. 

Appendix B 

NEW YORK PREFORMED NEOPRENE COMPRESSION SEAL SPECIFICATION M38PA 
PREFORMED ELASTIC JOINT SEALER AND LUBRICANT-ADHESIVE 

The preformed elastic joint sealer material shall be a vulcanized elastomeric com
pound using polymerized chloroprene as the only basic elastomer. The size, shape 
and dimensional tolerance of the joint sealer shall be as shown on the Standard Sheet. 
Alternate shapes or materials may be used upon approval of the Deputy Chief Engineer 
(Highways). The joint sealer shall conform to the following physical requirements: 

ASTM TEST 
PROPERTY PROCEDURE REQUIREMENT 

Tensile strength, psi, minimum 
Elongation at break, percent minimum 
Permanent set at break, percent maximum 
Hardness, Type A Durometer 

Compression set, percent maximum 

Oven aging, 70 hours/212 F 
Tensile strength change, 

maximum percent 
Elongation change, maximum percent 
Hardness points change 

Oilswell, ASTM oil No. 3, 70hours/212 F 
Volume change, maximum percent 

Ozone resistance, 20 percent strain, 
300 ppm in air, 70 hr atl00 F (wipe with 
solvent to remove surface contamination) 

Low-temperature stiffening at + 14 F 
Hardness, Type A Durometer, 
change after 7 days maximum 

D-412 
D-412 
D-412 

D-676 (modified) 

D-395 Method B 
(modified) 

D-573 

D-471 

D-1149 

D-676 (modified) 

2000 
250 
10 

55+5 

40 

-30 
-40 
+10 

80 

No Cracks 

+15 

All test sections used in the above procedures shall be cut and/ or buffed from joint 
seal specimens. 
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Appendix C 

PLATFORM BALANCE PRESSURE SENSING DEVICE 

The pressure sensing device is a simple frame that fits over a platform balance 
(Fig. 18) to enable the technician to find the force exerted by a compression seal at 
varying degrees of compression. A stress-strain curve is then drawn from the data. 

Sample Preparation: A 4-in. sample is used for the pressure test, and the width of 
the sample is measured within 0. 001 in. The sample is placed between the plates and 
compressed to the minimum dimension of the seal desired for the test. 

Testing Procedure: A pressure test is conducted by taking pressure readings at a 
number of measurements starting from approximately 50 percent of the original width. 
The test is run at 73 ± 2 F, and a one-minute time increment between the reading and 
compression is used for sample conditioning. Shims are used for the degrees of com
pression for the test, and checked with calipers. 

Figure 18. Platform balance pressure tester. 
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Appendix D 
COMPOUNDS B AND C 

Compound C was developed to meet the DuPont specifications for preformed com
pression seals (July 1964). Over 50 laboratory batches were made; compression seals 
were extruded, physical properties measured, and the resultant products evaluated. 
The DuPont compounding recommendations were considered in compound C and the 
general ingredients contained therein conform to their suggestions. 

There are two basic ways to compound for low-temperature properties in neoprene. 
One is through the use of noncrystallizing types of neoprene (3), and the other is by the 
use of low-temperature plasticizers. The only problem involved in using dilution and 
low-temperature plasticizers as a substitute for noncrystallizing neoprene is that the 
high-temperature recovery properties are usually significantly reduced. In addition 
the permanence of some plasticizers is debatable, and therefore both compounds used 
in these tests depend on noncrystallizing neoprene for their low-temperature properties. 
Initial low-temperature recovery properties are equal. 

Although compound C has a lower cost than compound B, compound C's cost could be 
significantly reduced by changing the means of obtaining low-temperature flexibility, 
e.g., higher amounts of filler, low-temperature plasticizers, and reduction of non
crystallizing neoprene (fillers and plasticizers are cheaper than rubber hydrocarbon). 

As in any chemical scale-up, laboratory materials and properties often are not re
produced by factory equipment. Under laboratory supervision a scale-up was made to 
factory equipment, and all physical properties of the finished factory product were com
pared with the laboratory product, and necessary adjustments made. Overall, 11 fac
tory batches were used for the manufacture of the seals for the study. Both compounds 
B and C were extruded using the same dies and cure conditions. Webs and external 
measurement were within ± 3 percent for both compounds. 

Both compounds were extruded and cured in an LCM (liquid curing medium) system 
(4). Both compounds were extruded and cured under factory conditions with laboratory 
personnel observing the conditions of the system. 

1 It is evident that where optimum crysto 11 ization res istonce is required Neoprene WRT or WD (non
crysta 11 iz ing varieties) shou Id be used. Other methods by which crysta 11 izat ion may be retarded in
clude vulcanizing with sulfur, increasing the state of cure, and including in the compound resinous 
plasticizers of the type discussed pre v iously. Large quantities of filler and petroleum plastic izer 
retard crysta II izat ion rate and, because of their dilution effect, minimize the tot a I hardening and 
stiffening caused by crysta II izat ion Q), 
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AppendixE 
PHYSICAL TEST RESULTS 

TABLE 6 

RELIABILITY TEST DATA I 

Property Test Procedure BF BM BE CF CM CE 

Tensile strength, psi, minimum D-412 2600 2400 2600 1900 1800 1150 
Elongation at break, percent minimum D-412 425 315 425 275 250 250 
Hardness, Type A Ourometer D-676 61 60 61 60 59 61 

Oven aging, 70 hr/212 F D-573 - 53 
Tensile strength change, maximum percent +4 +4 +6 +II +8 +6 
Elongation change, maximum percent -33 -35 -33 -35 - 18 -16 
Hardness points change, maximum 5 6 5 8 7 4 

Oil swell, ASTM oil No, 3, 70 hr/212 F D-411 
Volume change, maximum percent 46 51 49 60 63 66 

High-temperature recovery 
22 hours at 212 Funder 50 percent 
deflection (untalced) Appendix A 89 88 86 84 80 86 

70 hours at 212 F under 50 perct.!11l 
deflection (untalced) Appendix A 80 80 81 55 51 57 

Low-temperature recovery 
22 hours at -20 F under 50 percent 
deflection (talced) Appendix A 69 76 68 63 66 60 

Key: M = middle 6 ft, E = end 6 fl, F = front 6 h, 8 = B stock, C : C stock. Size: 13/is in, 

TABLE 1 

RELIABILI1'Y TEST DATA 2 

Property Test Procedure BF BM BE CF CM CE 

Tensile strength, psi, minimum D-412 2550 2300 2300 2050 2000 2200 
Elongation at break, percent minimum D-412 300 350 375 275 275 250 
Hardness, Type A Ourorneter D-676 60 60 57 61 62 62 

Oven aging, 70 hr/212 F D-513 - 53 
Tensile strength change, maximum percent -18 -7 +2 -11 -7 -13 
Elongation change, maximum percent -9 -25 -25 -18 -18 -10 
Hardness points change, maximum +3 +8 +8 +8 +7 +B 

Oll swell, ASTM oil No. 3, 70 hr/212 F D-411 
Volume change, maximum perce nt 50 44 50 65 70 66-

High-temperature recovery 
22 hours at 212 Funder 50 percent 
defleclion (untalced) Appendix A 91 92 92 87 87 91 

70 hours at 212 F un<ler 50 perce nt 
deflection (untalced) Appendix A 82 80 84 48 47 42 

!..o•u-te!!l::i~r~Jl1r~ r,:,rnvPry 
22 hours at -20 F under 50 percent 
de flee ti on {talced) Appendix A 76 77 82 76 76 75 

Key: M = middle 6 ft, E = end 6 ft, F = front 6 ft, 8 = B stock, C = C stock . Size: I¾ In. 

TABLE 8 

SHORT-TERM TEST DATA 

Oven Aging 70 Hours at 212 F 

Stock Conditions Tensile Elongation Duromeler Low-Temperature (Hours, Temp F 1 Comp) Strength Tensile 
Recovery (Appendix A, Strength Elongation Hardness 

22 hr/-20 F) Change({ ) Change("") Point Change 

1
3/1eC 0 - 73 - 0 1900 250 57 15 +8 -17 +6 

24 - 212 - 50 2150 250 60 74 -5 0 -0 
24 - 212 - 0 2250 250 60 85 -6 -9 +I 

13/16C 48 - 212 - 50 1950 225 65 72 0 -6 
48 - 212 • 0 2050 250 64 84 -5 -10 +2 

13/ieC 72 - 212 - 50 1850 200 64 72 -11 - 1 
72 - 212 - 25 84 
72 - 212 - 0 2100 250 64 73 -2 

1
3/19 C 96-212-50 1800 200 67 85 +I -3 

96 - 212 - 0 2100 200 66 -14 - l 
1
1/1eC 144-212-50 1900 210 68 66 -9 +2 

144-212-25 
144 - 212 - 0 2000 215 68 76 -25 +2 
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TABLE 9 

SHORT-TERM TEST DATA 

Oven Aging 70 Hours at 212 F 

Stock 
Conditions Tensile 

Elongation Durometer Low-Temperature Tensile (Hours, Temp F, Comp) Strength Elongation Hardness 
Recovery (Appendix A, Strength Change (1) Point Change 

22 hr/-20 F) Change({ ) 

13/uB 0 - 73 - 0 2490 305 58 78 +4 -33 +5 
24 - 212 - 50 2800 300 64 80 -7 -8 +3 
24 - 212 - 0 2600 275 84 78 -6 -9 +1 

13/uB 48 - 212 - 50 2700 275 64 84 -11 -9 +3 
48 - 212 - 0 2700 250 65 75 -7 0 +1 

13/ieB 72 - 212 - 50 2500 275 69 74 -4 -9 +I 
72 - 212 - 25 
72 - 212 - 0 2500 300 69 86 -14 -17 +I 

u/uB 96 - 212 - 50 2600 275 69 -10 +5 +2 
96-212- 0 2700 250 69 -15 +5 +3 

13/uB 144 - 212 - 50 2500 250 70 71 -9 0 +7 
144 - 212 - 25 
144-212- 0 2500 250 70 81 -12 +B +7 

TABLE 10 

SHORT-TERM TEST DATA 

Oven Aging 70 Hours at 212 F 

Stock 
Conditions Tensile Elongation Durometer Low-Temperature Tensile (Hours, Ton1p F, Comp) Strength Recovery (Appendix A, Strength Elongation Hardness 

22 hr/-20 F) Change (i) Change (i) Point Change 

13/eB 0 - 73 - 0 2400 330 59 77 -7 -25 +8 
24 - 212 - 50 2600 300 64 80 +2 0 +4 
24 - 212 - 0 2600 300 64 76 -6 0 +2 

1%B 4B - 212 - 50 2450 300 65 69 -2 -9 +2 
4B-212- 0 2400 300 68 66 0 0 +2 

lo/, B 72 - 212 - 50 2750 300 68 79 -13 -17 
72 - 212 - 25 
72 - 212 • 0 3000 300 68 92 -15 -17 -1 

13/,B 96-212 - 50 2500 275 67 -4 0 +I 
96 • 212 - 0 2550 275 67 -14 0 +3 

lo/eB 144 - 212 • 50 2100 230 62 73 +14 +9 +8 
144 - 212 - 25 
144-212- 0 2250 250 63 90 -12 0 +5 

TABLE II 

SHORT-TERM TEST DATA 

Oven Aging 70 Hours at 212 F 

Stock 
Conditions Tensile Elongation Durometer Low-Temperature Tensile 

(Hours, Temp F, Comp) Strength Recovery (Appendix A, Strength Elongation Hardness 

22 hr/-20 F) Change (C) Change(~) Point Change 

13/eC 0 - 73 - 0 2100 275 62 75 -12 -15 +8 
24 - 212 - 50 2350 250 64 77 -9 -10 +2 
24 - 212 - 0 2250 275 64 80 -4 -9 +I 

13/eC 48-212-50 1900 200 66 81 +3 0 0 
48 - 212 - 0 2000 225 66 84 +2 0 +I 

13/ec 72 - 212 - 50 2300 225 69 77 -10 -10 -1 
72-212-25 
72 - 212 - 0 2400 225 70 84 -17 -10 -1 

13/eC 96 - 212 - 50 1900 200 69 -10 -0 -1 
96 - 212 - 0 1800 200 69 -8 +5 -2 

13/eC 144-212-50 2000 200 67 78 +2 +2 +2 
144-212-25 
144 - 212 - 0 2180 215 67 75 -1 -0 +2 
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TABLE 12 

LONG-TERM TEST DATA 1 

Oven Aging 70 Hours at 212 F 

Stock 
Conditions Tensile 

Elongation Durometer Tensile Strength Elongation 
(Days, Temp F, Comp) Strength 

Change, Maximum Change, Maximum Hardness Point 

Percenl Percent Change, Maximum 

u/1sB 0 • 73 • 0 2450 350 60 
28 - 100 - 50 2200 300 62 -5 -17 +4 
2B - 100 - 0 2300 300 62 -11 -25 +4 
28 - 73 - 0 2400 300 62 -10 -17 +5 

13/16B 56 • 100 - 50 1900 260 64 +4 -7 +3 
56 • 100 - 0 2200 290 62 +2 -7 +3 
56 - 73 • 0 25B0 315 61 -17 -24 +4 

'3/,GB 84 - 100 - 50 2500 250 61 -0 +8 +6 
84 • 100 - 25 2600 250 62 -16 +10 +6 
84 • 100 - 0 2600 250 61 +11 +10 +5 
84 - 73 - 0 2550 250 62 -8 +2 +5 
84 - 73 - 25 2200 250 62 +14 -2 +4 
84 • 73 - 50 2100 250 62 -2 -4 +7 

13/i6C 0 - 73 - 0 1950 275 60 
28 - 100 - 50 1600 275 62 +3 -9 +6 
28-100- 0 1900 275 61 +8 -17 +6 
28 • 73 - 0 1900 275 60 +3 -35 +7 

13/ ,&C 56 • 100 - 50 1620 265 62 +2 -20 +6 
56 . 100 - 0 1800 290 61 -2 -21 +5 
56 • 73 - 0 1800 290 60 +6 -28 +7 

1'/1 0C 84 • 100 - 50 1700 210 62 -2 +12 +6 
84 - 100 - 25 1600 210 61 +13 +12 +6 
84 • 100 - 0 1700 210 62 +3 +9 +4 
84 • 73 - 0 1800 210 60 -11 +14 +6 
84 • 73 - 50 1750 215 60 -11 +9 +7 
84 • 73 - 25 1750 215 60 -12 +12 +6 

TABLE 13 

LONG-TERM TEST DATA 2 

Oven Aging 70Hours at 212 F 

Stock 
Conditions Tensile 

Elongation Durometer Tensile Strength Elongation (Days, Temp F, Comp) Strength 
Change, Maximum Change, Maximum Hardness Point 

Percent Percent Change, Maximum 

13/eB 0 - 73 - 0 2300 375 61 
28 - 100 - 50 2150 275 62 +10 -9 +5 
28 - 100 - 0 2000 275 62 +8 -9 +5 
28 - 73 - 0 2200 300 62 +8 -17 +6 

13/sB 56 - 100 - 50 2000 260 62 +15 -2 +6 
56 - 100 - 0 2310 260 62 +10 -3 +5 
56 - 73 - 0 2100 270 60 +8 -3 +B 

t¾B 84 - 100 - 50 2390 265 63 45 -2 43 
84 - 100 - 25 2450 260 64 +1 0 +4 
B4 - 100 - 0 2620 275 64 -5 -4 +2 
84 - 73 - 0 2500 285 63 -1 -4 +4 
84 - 73 - 50 2380 265 63 +10 -2 -13 
84 - 73 - 25 2450 260 63 -2 -4 +4 

13/eC 0 - 73 - 0 1975 275 61 
28 - 100 - 50 2000 275 61 +8 -10 +5 
28 - 100 - 0 1850 300 61 +8 -26 +3 
28 - 73 - 0 1900 300 61 +10 -30 +5 

1%c 56 • 100 - 50 1900 210 62 +5 -9 +8 
56 - 100 - 0 1975 200 62 +7 +3 +5 
56 - 73 - 0 1975 230 60 +8 -13 +5 

1%c 84-100-50 1900 200 62 +12 +10 +7 
84 - 100 • 25 2000 230 63 +3 +9 +4 
84 - 100 • 0 2000 230 62 +11 +10 +5 
84 - 73 . 0 2000 230 60 -8 +2 +5 
84 - 73 . 50 2000 200 61 -2 -4 +7 
84 - 73 - 25 2000 210 61 +14 -2 +4 




