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An Experimental Study on the Physical Property of Non—Vulcanized Waterproofing
Synthetic Rubber Sheet for the Underground Concrete Wall

#H o 5 o] g ¥ A A
Choi, Eun Su Lee, Dae Woo Seo, Sang Kyo
Abstract

This paper study on the physical property of naturally vulcanizing waterproofing synthetic rubber sheet for the
underground concrete wall. In order to finding the naturally vulcanizing time, the relation of vulcanizing time and tensile
strength is analysed from non—vulcanizing to naturally vulcanizing time. Physical tests such as tensile strength, tear
strength: etc., under the thermal environment temperature at —20C, —10C, 20C, 60C.

The result of experiment show that the developed rubber sheet has the delay time about 85 days and the curing time
about 35 days. The tensile strength increased by about 692% and coefficient of expansion decreased by about 10% which
value can be sufficiently compensate the demerit of vulcanized rubber sheet. Also, all of the physical properties of the
naturally rubber sheet satisfy the KS standard and compare to the vulcanized rubber sheet, the developed naturally rubber

sheet have excellent durability.
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Fig. 1 Changes in the form of chain of sulfur
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Fig. 3 Rubber and the reaction of silicates
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Table 1 Vulcanized rubber physical properties change when
converted

Non—vulcanized rubber — Vulcanized rubber

Flexibility High — Low | Tensile stress | Low — High
Thermoplasticity High — Low Hardness Low — High
Adhesive property | High — Low Aging High — Low
Tensile strength Low — High | Compression set | High — Low
Tear strength Low — High Elastic force Low — High
Elongation High — Low Expansibility High — Low
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Table 2 Test Item

Kinds of specimens

Index Test Item — — —
Non—vulcanization Vulcanization After vulcanization 1 years

Vulcanization time Tensile strengrh—Intervals of 7 days

Tensile strength

Condition of rubber Elongation

Tear strength

Tensile strength 20C
Elongation 20T
Tear strength 20T
Tensile strength 60C
Elongation —20C

After vulcanization Heat treatment—Tensile strength

Heat treatment—Elongation

Heat dimensional change

Deterioration test—Heat treatment

Cracking Resistance

Fatigue resistance

Adhesive strength by tensile loading Dry condision, Wet condition

Adhesive strength

Adhesive strength by shear loading Dry condision, Wet condition
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Table 3 Formulation of synthetic rubber sheet

Item Materials Unit Weight
(1) Polymer systhetic rubber (BR, CR, IIR) 100.0
@ Vulf:amzmg and sulfur, accelerator 8.0
curing agent
(8) Activators for zinc oxide, Stearic acid 12.0
accelerators
(4) Stabilizer Antioxidant (3C, RD, SP) 5.5
(5) Tackifiers Petroleum resin, Phenol resin 52.0
. Clay, Silica, Calcium carbonate,
(6) Filler Carbon black 60.0
(7) Softener Process oil 20.0
(8) The others Pigment, vehichel, -
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Table 4 Testing result of vulcanization time
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Tensile strength (N/er)

Index
7days | 21days | 35days | 42days | 49days | 56days | 63days | 70days | 77days | 84days | 91days | 98days | 105days | 112days | 119days
Testing |Length| 122 | 197 | 245 | 267 | 279 | 291 | 305 | 316 | 336 | 356 | 542 | 830 | 1000 | 1200 | 1450
result | Width | 113 180 226 251 258 271 283 289 299 313 526 804 976 1157 1421
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Fig. 6 Correlation with vulcanization time and tensile strength
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Table 6 Condition by physical properties test result of rubber (20+2C)
Tensile strength Elongation Tear strength
Test items (N/em?) (%) (N/em)
Lengh |  Widih Length | Widh Lengh | Widh
o KS More then 50 More then 450 More then 30
l’l()Il_VUIC'dHIZHtIOH
Test Result 270 | 201 684 | 714 101 | 103
L KS More then 750 More then 450 More then 230
vulcanization
Test Result 1722 | 1502 624 | 620 555 | 604
Table 7 Test result of elongation(—20+2C)
) Elongation (%) Plain
Test item
Length Width KS Length Width
Immediately after vulcanizing 268 262 616 614
More then 200
1 year after cure 256 242 584 562
Table 8 Test result of Tensile property(20+£2°C)
Test Tensile strength (N/cm?) Elongation (%) Tear strength (N/cm)
est item
Length Width KS Length Width KS Length Width KS
Immediately after vulcanizing 1768 1524 616 614 563 620
More then 750 More then 450 More then 230
1 year after cure 1796 1568 584 562 558 582

Table 9 Test result of Tensile strength(60+2°C)

) Tensile strength(N/cm?) Plain
Test item - -
Length Width KS Length Width
Immediately after vulcanizing 1688 1474 1768 1524
More then 230
1 year after cure 1746 1518 1796 1568
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Table 10 Test result of heat treatment—Tensile strength

) Tensile strength(N/cm®) Plain
Test item
Length Width KS Length Width
Immediately after vulcanizing 1622 1512 . 1768 1524
More then 80% of plain
1 year after cure 1616 1492 1796 1568
Table 11 Test result of heat treatment—Elongation
) Elongation (N/cm) Plain
Test item
Length Width KS Length Width
Immediately after vulcanizing 538 458 . 616 614
More then 70% of plain
1 year after cure 531 436 584 562
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Table 12 Test result of heat dimensional change

Dimensional change (mm)
Test item KS
Length Width
Imediatgl)‘/ after 194 ~118 Tension :
vulcanizing Less the 2
Contracion :
1 year after cure -1.12 -1.08 Less the 4

Table 13 Test result of Deterioration test(with strain)—Heat treatment

Deterioration test (with strain) —
Test item Heat treatment KS
Length Width
Immediately after
y No cracks No cracks
vulcanizing No cracks
1 year after cure No cracks No cracks
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Table 14 Test result of cracking resistance

) Cracking resistance
Test item . . -
20T -10T -20TC
Immed1ate'13'1 after No cracks No cracks No cracks
vulcanizing
1 year after cure No cracks No cracks No cracks

Table 15 Test result of fatigue resistance

) Fatigue resistance
Test item . - -
60C 20C -20TC
Immed1at§ly after Passed Passed Passed
vulcanizing
1 year after cure Passed Passed Passed
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Table 16 Test result of adhesive strength

Test item Adhesive strength by Adhesive strength by
tensile loading (N/mm?) shear loading (N/mm?)
Dry condition 0.77 0.34
Wet condition 0.65 0.29
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