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Stability of expansive soil tunnel surrounding rock under humidity condition
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(1. School of Civil Engineering and Architecture, East China Jiaotong University, Nanchang 330013, P. R. China;

2. China Railway Electrification Bureau Group Co. , Ltd. , Beijing 100036, P. R. China)
Abstract: Under the humidification condition, the strength parameters of the expansive soil will decrease

and the expansion force will be generated. Under the combined action of the two, the stability of the
surrounding rock of the expansive soil tunnel will be seriously reduced. Therefore, it is necessary to study
the deformation and lining stress of the surrounding rock of expansive soil tunnel under the condition of
humidification. In this paper, laboratory tests and numerical simulations are used to study the stability of
the surrounding rock of the expansive soil tunnel. First, the shear experiment is carried out on the
remolded expansive soil with different water contents, and the fitting relationship between friction angle
and cohesion and water content is obtained. Then, the ABAQUS finite element software is used to simulate

and analyze the excavation process of tunneling in the expansive soil. The temperature field module is used
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to simulate the humidification and expansion of the surrounding rock of the tunnel, and the stress and
displacement of the tunnel before and after swelling were obtained. At the same time, the orthogonal
experiment was designed to analyze the influence of various factors on the stability of the shallow buried
tunnel in the expansive soil. Results show that after humidification, the stress value at the arch waist of the
surrounding rock increases significantly, the stress value at the vault and arch bottom decreases. The
longitudinal displacement value at the lining arch bottom increases, and the longitudinal displacement value
at the arch top decreases. By designing orthogonal experiments and using range and variance analysis, the
most influential factor on stability of the surrounding rock of the expansive soil shallow tunnel is the
humidification strength, followed by the over-span ratio, the swelling thickness and the swelling
coefficient.

Keywords: expansive soil; tunnel surrounding rock; laboratory test; numerical simulation; orthogonal test
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Table 1 Test results

A2V Wb/ 7% TBIR/ % AR
1 45.3 23.6 21.7
2 48.5 24.8 23.7
3 46. 2 25.1 21.1
4 44.6 24.5 20. 1
5 45,7 23.9 21.8
6 46. 4 25.0 21.4
FH(E 46.1 24.5 21.6
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Table 2 Test results

EJi/ wREEAE JRgRIEAE LB JREER . R4

kPa  JE&/mm  H=E/mm lt #/MPa~! +&/MPa
0 0 20 0. 950

50 0.138 19. 862 0.936  0.26 7.50
100 0. 201 19. 799 0.930  0.12 16. 25
200 0. 268 19. 732 0.924  0.06 32.5
400 0. 365 19. 635 0.914  0.04 48.75
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Fig.1 Compression curve of consolidation process
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Table 3  Test results

e I F{ & )1 /kPa PUHT 3/ kPa
100 165. 34
200 183.97
! 300 216. 24
400 287.73
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Fig. 2 Curve of relationship between vertical

pressure and shear strength
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Table 3 Test results

oK AT 3 T 3 %k 7 B 5/ kPa JEEH R
/(") J1/kPa

13.78 130.12 172.16 214.56 275.23 28. 56 78. 59

F/% 100 kPa 200 kPa 300 kPa 400 kPa

18.12  110.78 150.67 198.76 240.12 25. 86 66. 06
23.01 95.56 145.32 175.73 210. 83 22.01 62. 81
25.78 90.93 132.39 159.07 198.97 20. 49 57. 64

31.25 50.65  88.13 120.65 140.62 17. 46 24,41
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Fig. 3 The fitting curve of the relationship between

strength parameters and water content
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Table 4 Material parameters

MR /(g em?) PRI /GPa HEL /N A Zh% 71/ MPa WEEEES /() BBEZRE/(m-s D) NIk 7 51
i ik £ 1.76 0.012 0.35 0. 81 28. 99 5X107° 0.1
T 2.5 20 0.2
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Fig. 8 Real path stress of tunnel surrounding rock
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Table 5 Orthogonal test

1 o EEE WA ik HETL
UCEL R BE/ % BE/m RE #%/mm

1 1 17.4 0.5 0. 05 18.1

2 1 29.4 2 0.5 70. 2

3 1 25.4 1.5 0.1 10.1

4 1 21.4 1 1 17.6

5 2 17. 4 1 0.1 17.2

6 2 25.4 2 0. 05 14.9

7 2 29.4 1.5 1 57.6

8 2 21.4 0.5 0.5 13.1

9 3 17. 4 1.5 0.5 9.3

10 3 29.4 1 0. 05 13.9

11 3 25.4 0.5 1 1.2

12 3 21.4 2 0.1 12.2

13 4 17.4 2 1 6.7

14 4 21.4 1.5 0. 05 8.4

15 4 29.4 0.5 0.1 7.8

16 4 25.4 1 0.5 3.1
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Table 6 Range analysis

WE L MR/ % NI R E /m .7 344
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W2 22.50 29.70 16. 00 12.11
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