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The swelling properties of anhydrite and its himidity-stress-field

swelling constitutive model

REN Song'.OUYANG Xun'*, JIANG Deyi', WU Jianxun', CHEN Jie'
(1. State Key Laboratory of Coal Mine Disaster Dynamics and Control, Chongqing University,
Chongqing 400044, P.R.China; 2. Power China Road Bridge Group Co., Ltd., Beijing 100048, P.R.China)

Abstract: The anhydrite rock swells obviously when it’s exposed to water, and the non-uniform dynamic
distribution of groundwater leads to uneven expansion of surrounding rock. We take the anhydrite rock in
Lirang tunnel, Liangzhong highway, as the research object,and set different initial water amount to carry
out the anhydrite confined swelling experiment with using the consolidometer, which aims at figuring out
the change rules of water absorption, swelling strain and confined swelling stress of the anhydrite
rock. The results show that the water absorption rate of anhydrite increases rapidly at first and then
slowly. The water absorbed by anhydrite in the process of rapid growth is mainly converted to crystal
water, and in the slowly growth process, the free water inside the anhydrite gradually increases. The
swelling strain and swelling stress of anhydrite increase with the increase of soaking water. When the
soaking water volume is one-fourth of the theoretical water consumption of complete gypsification, it

reaches the turning point where the growth rates of swelling strain and stress significantly decrease. The
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water absorption of anhydrite rock has a time effect, and there is a negative exponent relation between
water absorption and time. Based on it, combined with the humidity stress field theory, the anhydrite time-
dependent constitutive is obtained.

Keywords: anhydrite; confined swelling; rock to water ratio; time-dependent effect; bibulous rate
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Table 1 The mineral composition of anhydrite

Bl

oY/ % FHE/ %
1 2 3 4
CaSO, 90 91 88 95 91.00
CaSO, 2H,0 8 4 7 2 5.25

7% it 2 5 5 3 3.75
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Fig.2 The testing apparatus Fig.3 The FSR400 confining stress measurement sensor
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Table 2 The expansion test scheme with different amount of soaking water

P 4 #K LB R
H, 0.062 5
H, 0.125 0
H, 0.250 0
H, 0.500 0
H. 1.000 0
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Table 3 The test scheme with different expansion time in 28 days

MR R EpNAES 2k wf1E] /d
D, 0.25 1
D, 0.25 7
D, 0.25 14
D, 0.25 21
D; 0.25 28

2 HEHERKDH
G5 A b5 BRI X BT A L4 A 4

x4 EEFMREKREHE
Table 4 The testing data of anhydrite confined swelling

I LT i ] Wk % BRI B KW
N ZH N t/d w /% RS/ % i 71 /kPa
H, 0.062 5 7 0.08 0.05 75.17

H, 0.125 0 12 0.87 0.07 93.96
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EX ] t/d wy /% Ni A% / Y ¥ 73 /kPa
H; 0.250 0 24 1.61 0.11 163.76
H, 0.500 0 30 1.65 0.13 193.29
H; 1.000 0 47 1.74 0.16 236.24
D, 0.250 0 1 0.42 0.07 34.90
D, 0.250 0 7 1.31 0.10 104.70
D, 0.250 0 14 1.59 0.12 139.60
D, 0.250 0 21 1.56 0.13 147.65
D; 0.250 0 28 1.60 0.14 163.76
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Table 4 The testing data of anhydrite confined swelling
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Fig.5 The relation between water amount and Fig.6 The relation between water amount and
swelling strain swelling stress
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Table 5 The results of anhydrite bibulous rate at different time
§ 3
15 ®,=0.016 x(1-0.77) ETRE Pl A WA /d WokF/ %
R?=0.996
1.2 B, 0.25 0.040 0.02
8 B, 0.25 0.333 0.15
® 09 = EOHRKRE
% o BEARLSKEKE B, 0.25 0.500 0.28
X oK FRAUA %
0.6 B. 0.25 1.040 0.41
0.3 B; 0.25 1.250 0.44
B 0.25 1.333 0.51
0-0 | 1 1 1 ]
0 5 10 15 20 25 30 B, 0.25 1.500 0.54
i) /d
‘ | B 0.25 2.000 0.63
B7 REEE =025 E4RAKE '
Fig.7 Bibulous rate of rock samples at different B, 0.25 3.000 0.92
time with h=0.25 B 0.25 4.000 1.07
By, 0.25 5.000 1.17
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6 WOBHMHEEREER ®7 BOEEKESKELER
Table 6 The test results of elastic modulus of anhydrite Table 7 The test results of swelling modulus of anhydrite
EWE TR FRPEAL I/ GPa ¥l /GPa JEN T REs SRPERL A/ GPa ¥ /GPa

S, 4.39 — H, 0.143 —

S, 5.57 H, 0.145
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S; 2.71 — H; 0.144 —

— — 4.14 — — 0.143 6
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Fig.8 Comparison between calculated values and measured values of different deformation modulus
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