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Abstract: This paper aims to study the softening characteristics of gypsum surrounding rock in the construction process of the tunnel.
The multi-factor orthogonal softening experiments were carried out on gypsum rock from Lower Triassic Jialing River Formation.
Then we analysed the effects of immersion time, solution temperature and SO~ concentration on mechanical parameters of gypsum
rock after softening, respectively. The results showed that both the softening coefficient and the elastic modulus decreased with the
increase of immersion time, furthermore their decreasing rates showed the same patterns. It was also found that they linearly
decreased with increasing the solution temperature. Among these three influencing factors, the immersion time played the most
critical role in softening experiments, and its weight was up to 80%. However, the effect of temperature ranked second with its weight
of about 16%, and the effect of SO}  concentration was very slight. The prediction formulas were established for the elastic
modulus and the uniaxial compressive strength of gypsum rock under the coupling action of the immersion time and the solution
temperature. By analysing the experimental results, the construction methods and suggestions for gypsum rock tunnels were put
forward from the aspects of the division of surrounding rock hardness, prevention and drainage measures and the supporting
measures.
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Table 1 Scheme of orthogonal tests
WS BN/ d EIRIEE C SO7 ¥k ¥/ (mg/L)
1 7 30 0.0
2 7 40 0.8
3 7 50 1.6
4 7 60 2.4
5 7 70 32
6 14 30 0.8
7 14 40 1.6
8 14 50 2.4
9 14 60 32
10 14 70 0.0
11 21 30 1.6
12 21 40 2.4
13 21 50 32
14 21 60 0.0
15 21 70 0.8
16 28 30 2.4
17 28 40 32
18 28 50 0.0
19 28 60 0.8
20 28 70 1.6
21 35 30 32
22 35 40 0.0
23 35 50 0.8
24 35 60 1.6
25 35 70 2.4
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Table 2 Results of orthogonal experiments

WIS BEIPUESREE MPa BUPEMIR/ GPa BILRHL
1 29.391 3.867 0.946
2 28.207 3.751 0.908
3 27.707 3.691 0.891
4 27.189 3.585 0.875
5 26.636 3.473 0.857
6 25.783 3.302 0.830
7 24973 3.271 0.804
8 24312 3.187 0.782
9 23.634 3.098 0.760

10 22.816 2.989 0.734
11 22275 2.895 0.717
12 21.945 2.837 0.706
13 21.596 2.761 0.695
14 21.328 2.731 0.686
15 20.867 2.689 0.671
16 20.364 2.638 0.655
17 20.013 2.593 0.644
18 19.902 2.549 0.640
19 19.588 2.501 0.630
20 19.595 2.459 0.630
21 19.876 2.541 0.640
22 19.663 2.497 0.633
23 19.174 2.435 0.617
24 18.921 2.388 0.609
25 18.694 2.353 0.601
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Table 3 Range analysis of softening coefficient
ENGESES A ANIE S

B HE

I i VB SOT Wk
K1 0.895 0.757 0.728
K2 0.782 0.739 0.731
K3 0.695 0.725 0.730
K 4 0.640 0.712 0.724
K5 0.620 0.699 0.719
Wz 0.275 0.058 0.012
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Table 4 Range analysis of elastic modulus
ANFIBIF I R GPa

IKPHME

I i VB E SO WKJE
K1 3.673 3.049 2.927
K2 3.169 2.990 2.936
K3 2783 2925 2.941
K4 2.548 2.861 2.920
KPS 2.443 2.793 2.893
Wz 1.230 0.256 0.048
T A R, WL, 1T SO, WX
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J5 2550 T IR H R DX i v bl T A 1R
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Table 5 Variance analysis of softening coefficient

SES HEmZ TR AhE FHAH Pl 7l
I i 148.377 4 236.880 3.260
LR 9.910 4 13.115 3.260
SO; Wk 0.459 4 0.005 3.260

R 158.750 12

Ko WHMBIENMIR

Table 6 Variance analysis of elastic modulus

SES [5 2 i 22 T 7 Al Sl FHAH Pl 7l
besialing ) 5.074 4 207.879 3.260
LR 0.206 4 10.117 3.260
SO; Wk 0.007 4 0.004 3.260

R 5.290 12
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Fig.3 Effect of soaking time on the softening coefficient
and elastic modulus of gypsum
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Fig.4 Effect of solution temperature on the softening
coefficient and elastic modulus of gypsum

3.5 SO WEXNABERLKIER

SO, W EEX A H 75 ) E S AR H S
WP 5 FioR, 7880 AN, A A%
WS AR N, RN TR,
ZENTR I FEE ez /N T F s SHYE, Bl SO; ik
FEXT AT 5 1 22 S B0 RN, AT LU AR



%3 £ Fas: ZREME NS B 793

1.0p —— RS 3.2
o= FPERLEL
0.8F 131 o
. * * S
= o6b 1303
o 0.6 . 3.0 =
> R Rl il ®
= 04F S 4295
e
02 128
0.0 . L L 2.7
0.0 0.8 1.6 2.4 32

SO W/ (mg/L)

B5 SOy WENEARUARHE RN
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Table 7 Standard regression coefficients of
softening coefficient

B A Bbr i o] E R 5

I i VR SO WKJE
besialing ) -0.943 -0.943
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SOT Wk -0.033 -0.033
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Table 8 Standard regression coefficients of elastic modulus
PP b vfE el AR 5

VIR [E] VL SO k¥
VR -0.947 -0.947
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SO ¥ -0.025 -0.025
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Fig.6 Coupling effect of time and solution temperature on
uniaxial compressive strength
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Fig.7 Coupling effect of time and solution temperature on
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