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Dynamic Deformation Behavior of Rubber
Under High Strain-Rate Compressive Loading by Using Plastic SHPB
Technique
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ABSTRACT

A specific experimental method, the Split Hopkinson pressure bar (SHPB) technique has been widely used to
determine the dynamic material properties under the impact compressive loading conditions with strain rate of the order
of 10%/5~10%s. In this paper, dynamic deformation behaviors of rubber materials widely used for the isolation of
vibration from structure under varying dynamic loading are determined by using plastic SHPB technique. A transition
point to scope with the dynamic deformation behavior of rubber-like material is defined in this paper and used to
characterize the specifics of the dynamic deformation of rubber materials.
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721549 AS = cross-sectional area of the specimen
. Co = stress wave velocity

£ = strain rate .
C = stress wave velocity of prssure bar

& porimon = SPECIMen strain . .
specimen P & = incident strain

Gspec‘imen = specimen stress Ep = reflected strain

L = specimen length &; = transmitted strain

E = Young’s modulus
R = radius of the bar

A = cross-sectional area of the bar
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Aol wrera g ojm) 2 WFH AT B o Aol o)A e wo) RAk(wave dispersion)
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Fig. 1 A schematic diagram of specimen and elastic
stress wave propagation for the compressive test.
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Table 1 Mechanical properties of rubber materials.
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Rubber
1 2 3
Hardness (Hs) 50 70 36
Tensile strength
20 22.5 18
(Mpa)
Elongation (%) 446 240 120
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Table 2 Specification for rubber materials.

. Rubber(Phr*)
Use Ingredients
| 2 3
Rubber SMR CV60 100 100 100
FEF 22 S5 88
Carbon
SRF 15 15 15
Zinc oxide 5 5 5
Stearic acid 1 1 1
BLE 2 2 2
o Sunnoc 2 2 2
Antioxidants
3p 2 2 2
7P 2 2 2
NOBS 1.2 1.2 1.2
Accelerants
DM 0.6 0.6 0.6
Vulcanizing
S 2 2 2
agent
3
X
—

Fig. 3 Geometry of compressive specimen.

Fig. 4 Geometry of rubber specimens.
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Fig. 6 Dynamic and static compressive stress-strain
curves.
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Fig. 7 Determination of peak point and transition point.
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Fig. 8 Transition point stress VS strain rate for rubber 1.
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log strain rate

Fig. 9 Transition point stress VS strain rate for rubber 2.
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Fig. 10 Transition point stress VS strain rate for rubber 3.
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Fig. 11 Peak point stress VS strain rate for rubber 1.
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Fig. 12 Peak point stress VS strain rate for rubber 2.
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Fig. 13 Peak point stress VS strain rate for rubber 3.

Fig. 14 Transition point stresses VS strains for rubber 1

at varying strain rates.

50

454

40

354

30 H

254

Stress(MPa)

20

15

0.0

03 04
Strain(%)

T
0.1 0.2 0.5 0.6

Fig. 15 Transition point stresses VS strains for rubber 2

at varying strain rates.
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Fig. 16 Transition point stresses VS strains for rubber 3

at varying strain rates.
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strains at the transition points for rubber 3.
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