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The Effect of the Loading Rate on Stress-Strain Characteristics of Tuff

Yuichi Koamura * and Yoshinori Inapa™*

Much research has been carried out on the time-dependent behavior of rocks. It is well known that uni axial
compressive strength increases as the strain rate becomes larger. Rock in general mainly contains microscopic
cracks. In process to failure, cracks seem to develop parallel to the loading direction from the tip of microscopic
cracks. Therefore, it is important to pay attention to the behavior of the circumferential strain when the time-depen-
dency of stress-strain characteristics of rocks is examined. In this study the uni axial compression test are carried out
using tuff , and the effect of stress rate on the stress-strain behavior is described.
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Table 1 Physical Properties of tuff. specimen (¢ 35 X 70mm)
P-wave Density Porocity chain
velocity extensometer extensometer
(km/s) (g/cm®) (%)
H-direction 252 165 37 —po
R-direction 2.32 r
/
circumferential extensometer
Fig.1 Schematic diagram of the tests.
Table 2 Test results.
Peak stress Diratancy initiation stress
Stress rate | Compressive £a Ec Stress €a Ec
strength
(MPa/s) (MPa) (x107%) (%10 (MPa)  (x107%)  (x107%)
15.6 475 -3.51 12.9 273 -0.58
14.6 4.66 -3.63 11.1 2.32 -0.60
0.001 14.2 6.20 -4.60 11.8 296 -0.65
15.3 488 -3.30 13.0 2.84 -0.56
12.7 4.49 -1.99 11.5 2.97 -0.72
0.01 16.6 5.55 -3.40 14.8 3.47 -0.85
) 14.2 4.99 -2.09 12.7 3.38 -0.78
H—direction 17.2 430 -2.76 14.1 2.69 -0.67
01 14.1 416 -3.00 11.1 2.30 -0.53
’ 159 4.67 -2.85 13.3 2.86 -0.64
16.3 4.64 -1.75 15.3 3.71 -0.87
13.9 428 -1.90 12.2 294 -0.69
16.2 419 -1.92 14.4 3.02 -0.67
1 17.0 4717 -2.92 138 2.78 -0.66
17.2 432 -2.44 14.3 2.79 -0.73
14.9 4.46 -2.13 12.8 3.03 -0.72
13.9 540 -3.15 11.7 3.34 -0.64
0.00t 13.4 490 =3.77 10.5 293 -0.63
14.6 5.01 -3.64 12.2 3.25 -0.69
16.1 5.05 -2.57 14.3 3.80 -0.62
0.01 16.3 5.37 -2.63 14.5 3.95 -0.70
’ 16.8 4.91 -3.00 13.5 3.22 -0.71
R-direction 14.4 4.61 -2.60 12.5 3.18 -0.62
16.9 494 -2.63 14.3 3.49 -0.80
0.1 12.0 447 -2.73 89 2.65 -0.52
13.6 4.58 -2.13 11.6 3.22 -0.71
15.2 487 -2.46 12.8 3.34 -0.66
i 17.4 480 -2.36 14.8 3.40 -0.75
17.1 4.55 -2.27 14.2 3.25 -0.67
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Fig. 2 Stress-strain curves obtained by uni-axial
compression tests.
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Fig. 3 Relation between stress rate and stress.
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Fig. 4 Relation between stress rate and axial strain.
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H %

1 .
o Direction
% os | H R |_f
w  ||Stress rate: 1MP/s ® A
c Stress rate: 0.001MPa/s O A
o
o 0.6 H
@
EIO. |
w 04 2
]
o
&
c
@
P. |

0 L

0 5 10 15

Stress (MPa)

Fig. 7 Relation between stress and Poisson’s ratio.
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Fig. 8 Non-elastic circumferential strain when dilatancy
initiation stress.
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Fig. 9 Fracture strain obtained by uni-axial tension
tests.
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