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Study of deformation of rock salt under cycling loading and unloading
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Abstract: Uniaxial cycling loading and unloading tests of rock salt were performed on MTS, and the results showed that loading and
unloading progresses strengthen the linear character of curves; the main part of curves is linear. Followed with the step, deformation
modulus is in slightly rising trend. The coefficient of variation of deformation modulus of unloading curves is 8.05%, while that of
loading curves is 7.45%. So the deformation features can be characterized by the average deformation modulus of loading and
unloading curves. In every step, the unloading deformation modulus is higher than the loading’s, while the loading Poisson ratio is
higher than the unloading’s. Compared with uniaxial test, the loading and unloading deformation moduli are higher. Based on the
analysis, the constitutive relation under simple stress state has been built. In every step plastic hysteresis energy was calculated, and
the result showed it increased by the step. The analysis showed the deformation parameters under loading and unloading test are
much more regular and consistent than those under uniaxial test, these parameters can characterize the deformation of underground
engineering of rock salt better.
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Table 1 Cycling loading and unloading test scheme

IR S I
/ MPa / MPa
1% 7.70~0.25 0.25~8.30
2 % 8.30~0.25 0.25~9.00
32 9.00~0.25 0.25~9.60
4 2% 9.60~0.25 0.25~10.30
5% 10.30~0.25 0.25~10.90
6 2 10.90~0.25 0.25~11.50

7 % 11.50~0.25 025~k
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Fig.1 Complete stress-strain curves of rock salt
under uniaxial loading
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Table 2 Parameters of loading and unloading test
and aniaxial test
I na FAINA

BT aspe A A
T I/ G*:m‘ RS I/ G*:m‘ R
a a

/ GPa
76" 24.85 0.086 1879  0.390 8.48 0.368
120° 26.66 0.087  23.61  0.153 12,63 0310
74" 21.90 0.083  17.64  0.256 4.50 0.278
57" 31.61 0.078  26.65  0.103 1130 0.066

FEIE 26.26 0.080  21.67  0.230 9.23 0.260
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Fig.2 Typical stress-strain curves of rock salt
under cycling loading and unloading
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Fig.3 Stress-strain curves under cycling loading and
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Table 3 Parameters under loading and unloading
G s m#s K
76" 120 74" 57
Tk 4 Jn#& 4 Jn#& 4 Jn#& 4 Jn#&
37 37 37 37 37 37 37 37
g ARALE BiE AREL iR AR BEE PRAEE B AR R RME BiE PRE BiE ARt
/ GPa / GPa / GPa / GPa / GPa / GPa / GPa / GPa
1% 2399 0.096 1856 0351 2561 0.081 2277 0.159 19.79 0.070 1535 0.196 28.83 0.070 23.25 0.083
2% 2439 0.093 19.18 0366 2657 0.091 2270 0.129 19.66 0.084 1644 0.225 2899 0.070 24.68 0.088
3% 2481 0.086 1924 0372 2690 0.076 2340 0.153 215 0.088 1741 0.238 30.68 0.075 26.87 0.102
4 % 2415 0.089 1877 0.375 2620 0.094 2355 0.146 2207 0.088 1821 0.239 3329 0.072 273 0.093
5% 2487 0.082 1856 0429 26.07 0.093 2416 0.152 2253 0.086 18.63 0.264 3299 0.081 2813 0.116
6 % 2547 0.078 188 0431 2715 0.092 2437 0.156 2329 0.080 1884 0.285 3293 0.087 27.75 0.101
7% 2627 0.078 184 0406 2815 0.083 2430 0.174 2448 0.083 1857 0.345 3355 0.089 2859 0.139
SEEIMH 2485 0.086 1879 0.390 26.66 0.087 23.61 0.153 2190 0.083 17.64 0.256 31.61 0.078 26.65 0.103
bRl 0.800 0.007 0320 0.032 0.835 0.007 0.700 0.013 1.763 0.006 1313 0.048 2.069 0.008 1.961 0.019
BRI % 3.2 8.36 1.70 8.22 3.13 8.14 2.96 8.84 8.05 7.70 7.45 1878  6.55 10.19 7.36 1847
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Fig.4 Stress-strain curves under cycling loading
and unloading
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Fig.6 Typical step plastic hysteretic curve
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Table 4 Hysteresis energy of different rock salts
in different stages

WElnlRE 577 WElnlRE 747 VEEIAE 76" VEIEIRE 1207 SPIME

A /(10%3/m®) /(10%3/m®) /(10°I/m’) /(10°I/m’) /(10%)/m’)
0.25~830 0.0540  0.1663  0.1847 00610  0.1165
0.25~9.00 0.0681 02091 02141 00614  0.1382
0.25~9.60 0.0860 02862 02733 00726  0.1795
0.25~10.30 0.1129 03921 03572  0.0880 02376
0.25~1090 0.1531 05230 04654  0.1090 03126
0.25~1150 0.1963 06798 06013  0.1398 04043
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