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Shear Characteristics of Elastomeric Bearing Rubber Deteriorated by Accelerated

Heat Aging(2): Chloroprene Rubber

Chang-Ho Sun', Ick-Hyun Kim®"

Abstract: Elastomeric bearings composed of flexible rubber materials and steel reinforcement plates are widely used for seismic retrofit of bridges due

to their excellent vertical stiffness and flexible lateral stiffness. Especially, it has the advantages of simple construction and low cost. Chloroprene rubber,

a type of rubber material, has greater resistance to aging than natural rubber, but its performance is also degraded due to various deterioration factors.

Although these aging characteristics are not reflected in the seismic design standards and seismic performance evaluation guidelines, it is reasonable
to reflect this when related studies are accumulated. For chloroprene rubber, accelerated heat aging test was performed with variables of heating

temperatures and exposure time to analyze shear characteristics. As aging progresses the maximum shear stress and shear strain decrease. Also, the

shear stiffness is greatly increased at the same shear strain.
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Table 1 Content composition ratio

Composition Ratio
Modulus of Shear
0.7 MPa 0.9 MPa 1.15 MPa
Natural More than More than
......................................................... 0,
Chloroprene More than 60% 559 50%
3.UTM x|

Fig. 1 Design of test specimen
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Table 2 Accelerated Heat Aging Test

Rubber Temperature Aging(days)

Fresh

3

7
14
28
56
84
112
140
168

70C
Chloroprene 80C

90T
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Fig. 2 Installation of specimen
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Fig. 3 Shear stress-strain curve of aged chloroprene rubber(70 C)

Table 3 Ultimate stress of aged chloroprene rubber(70 C)

Aging | Average Ultimate | Stress | Average Strain at | Strain
(days) Stress(MPa) Ratio |Ultimate Stress(%)| Ratio
Fresh 29.16 1.00 430.25 1.00
3 23.88 0.82 379.56 0.88
7 24.80 0.85 389.19 0.90
14 23.99 0.82 377.50 0.88
28 25.50 0.87 391.84 0.91
56 25.51 0.87 374.94 0.87
84 22.79 0.78 336.50 0.78
112 21.17 0.73 346.32 0.80
140 21.36 0.73 344.78 0.80
168 26.43 0.91 353.13 0.82
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Fig. 4 Shear stress-strain curve of aged chloroprene rubber(80C)

Table 4 Ultimate stress of aged chloroprene rubber(80C)

Aging | Average Ultimate| Stress | Average Strain at | Strain
(days) Stress(MPa) Ratio | Ultimate Stress(%) | Ratio
Fresh 29.16 1.00 430.25 1.00
3 28.56 0.98 402.50 0.94

7 26.34 0.90 395.25 0.92
14 27.96 0.96 391.78 0.91
28 26.99 0.93 389.00 0.90
56 27.23 0.93 392.72 0.91
84 22.64 0.78 365.16 0.85
112 24.99 0.86 339.38 0.79
140 24.03 0.82 332.41 0.77
168 23.90 0.82 359.91 0.84
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Fig. 5 Shear stress-strain curve of aged chloroprene rubber(90C)

Table 5 Ultimate stress of aged chloroprene rubber(90 C)

Aging |Average Ultimate| Stress | Average Strainat | Strain
(days) Stress(MPa) Ratio |Ultimate Stress(%)| Ratio
Fresh 29.16 1.00 430.25 1.00
3 28.94 0.99 407.16 0.95
7 28.87 0.99 397.28 0.92
14 27.05 0.93 366.53 0.85
28 27.11 0.93 355.34 0.83
56 24.26 0.83 341.75 0.79
84 20.77 0.71 288.12 0.67
112 16.55 0.57 259.06 0.60
140 9.86 0.34 168.41 0.39
168 8.55 0.29 144.81 0.34
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Fig. 6 Shear stress-strain curve at different aging period
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Fig. 7 Shear stiffness change at different aging period
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Table 6 Shear stiffness ratio of aged to fresh

Shear Strain €(%) | 25 | 50 | 75 [ 100 | 150|200 |250 | 300

Fresh 1.00/1.00(1.00{1.00{1.00|1.00{1.00|1.00
3days [1.03]1.01/0.99]0.98]0.96|0.95|0.95{0.95
7days |1.03]1.01/1.00{0.99]0.97|0.96|0.95|0.96
14days |1.03]1.01]1.00(0.99(0.9810.97|0.96|0.96
28days (1.04]1.03|1.02(1.01{0.99|0.98|0.97(0.97
S56days |1.22/1.19{1.18|1.16/1.12]1.09|1.07|1.05
84days |1.18]1.18|1.19|1.18|1.17|1.15|1.13|1.10
112days |0.98]0.93]0.87(0.82|0.86|1.01{1.00(0.98
140days |1.21{1.20{1.18{1.16|1.10{1.07|1.03|1.01
168days |1.33]1.34]1.35(1.35|1.32{1.29|1.25|1.21
3days |1.03]1.03|1.03|1.03|1.04|1.05|1.06|1.06
7days |1.10/1.07|1.07|1.06|1.05]|1.04|1.03|1.02
l4days |1.21]1.19|1.18|1.18|1.16|1.14|1.12|1.10
28days (1.11|1.11|1.11|1.11|1.11{1.10{1.09(1.07
S6days |1.15/1.15]1.16|1.15/1.14|1.12|1.10(1.08
84days |1.18]1.17|1.15/1.13|1.08|1.04|1.01|0.99
112days |1.32{1.35]1.36(1.35|1.33{1.30{1.25{1.20
140days |1.29(1.33]1.35(1.35|1.33{1.30{1.25{1.20
168days |1.31(1.31]1.30(1.28|1.21|1.16]1.11{1.07
3days [1.06]1.05(1.06|1.06|1.07|1.07|1.08|1.07
7days |1.11]1.12(1.13|1.13|1.15]1.15|1.15|1.14
14days |[1.18|1.18]1.19{1.20(1.21|1.20|1.19|1.17
28days [1.22]1.25|1.27|1.28(1.29|1.29|1.27|1.24
S6days |1.39/1.40{1.39/1.37|1.32|1.28|1.23|1.18
84days |1.50]1.55|1.56|1.55/1.50{1.43|1.35
112days |1.51|1.55]1.54|1.51|1.43|1.34
140days |1.98|2.14|2.19|2.05
168days |2.14|2.33(2.29
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