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Analysis of 3D deformation of tunnels under complex geological conditions

ZHANG Yu', HE Chuan®’, WU Xiao-jun

(1. Southwest Research Institute of China Railway Engineering Co. Lid., Chengdu 610031, China; 2. School of Civil Engineering,
Southwest Jiaotong Univercity, Chengdu 610031, China)

Abstract: Field tests on 3D displacement at F7 fault and Silurian system strata at the ridge of Wushaoling tunnel were carried

out and the test results were analyzed and compared with the 3D numerical results. By comparison of the average values, the
- 1 g 5

3D deformations at F7 fault and slate section were compared and analyzed, and were verified with the results of

back-calculation of ground stress fields. It was shown that the 3D deformation in the tunnel at soft rock was obvious at F7 fault
and phyllite section, with the characteristics of large deformation and longitudinal displacement developing in the opposite

direction of work face and being stable at a distance about 2.0 times of tunnel diameter from the work face. And the 3D

deformation, and it would play a positive role in tunnel construction
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displacement of tunnels at F7 fault zone developed in an uneven symmetrical way, while there was good consistency for 3D

deformation at slate section. Furthermore, there was a mutally verifying relationship between 3D deformation and ground stress
=

distribution of tunnel region. Therefore it was necessary to carry out 3D displacement tests to detect the development of its
gitudi .
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Fig. 2 Layout of 3D deformation tests at F7 fault and Silurian system strate
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Fig. 3 Test points of 3D deformation tests at F7 fault and Silurian

system strata
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Table 1 Measured max. values of 3D deformation at F7 fault and

Silurian system strata mm
s F7 W)z - [ Wi EWER ORI - R
HERIER  EHTR Wb THohgr
BH 350 160 45 300
B 150 100 50 200
“1i) 90 70 15 100
[t 10d 7edi 20d Aidi 10d AiAq

R 2F IR TREE R = A B ENIE

Table 2 Average measured values of 3D deformation at F7 fault

SRR 0 = HECL RS 5 T 105 R ZR AT BB

and phyllite section mm
e F7 i)z T e
LTI Ead] pUE R LT M ki
B 109.7 139.8 49.7 56.6 1232 9.1
Hia) 9.6 60.2 50.2 4.6 112.6 51.7
1) 20.5 34.6 10.1 30.6 31.3 224
ik 7d 8d 5d 7d 8d 7d

*3 F1EMTFHEER = EABITHER
Table 3 Computed results of 3D displacement at F7 fault and
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Fig. 4 Longitudinal displacement-distance to work face curves
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phyllite section mm
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Fig. 5 Longitudinal displacement/ distance to work face-time
curves at F7 fault
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Table 4 Longitudinal displacement on both sides of excavations at

F7 fault
g AR o s
it Je b FEHRD 2 OTE AT B AT A5 sy O fPR
i +188 2370 3070 2720 21.80 1470 1825 120
T 4193 1500 3110 2305 2970 3.00 1635 117 HE
+140 1104 1935 1520 376 269 323 47
+185 560 3820 2190 2760 -340 1210 181
;fi #220 2180 3390 2785 1750 270 1040 276
:I'] +278 1450 $640 5045 1110 230 670 753
+323 2850  28.50 27.90 2790 102
+400 101.30 10650 103.90 48.60 4.80 2670  3.89
4270 950 3450 2200 620 870 745 2095
ﬁL 4235 2543 6105 4324 2183 782 1483 292
2.70

7.
[ +192 1826 49.13  33.70 2446 052 12.49 2.70
+150 15.14 7022 42,68 33.84 441 19.13 2.23

&5 F1 Wi RS REMMEEGKFAE

Table 5 Horizontal displacement on both sides of excavations at

XERYE F7 Wiz 4 A AR = ) W 200 it T2
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M6 TN, AEPAN DI B ) e B AR — 3
FISOL T 5 F7 W22 R R ) o 4% 5 BT ) 7 4% )
5 HBCE B A fr # k—4% . AR 1 &Rl %,
F7 W12 B (PR 1) . 5 LA A8 A1 43 ) LU B 5 b B () A
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Table 6 Vertical displacement of excavations at F7 fault
B B FLAE R mm Feilihi KA gt Py
e Tt U D P o e RO i
i 4188 77 373 533 827 770 021 107 0.64

F 4193 172 236 116 407 538 073 076 074 0.69
+278 798 724 3422 3484 110 098 1.04
és_}zzo 748 512 578 1346 1109 146 121 134
;If;i+|ss 283 263 1315 702 720 108 098 103
+140 318 154 749 668 642 206 104 155
+270 398 502 1300 109.6 1150 079 095 087
ﬁL +235 515 8701 765 667 586 059 114 086
; 156

LE:;+I92 504 419 1018 1023 853 1.20 1.20 1.20

F7 fault +150 585 12,1 136.1 1574 902  4.83 1.75  3.29
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Table 7 Characteristics of distribution of 3D displacement at F7

fault and slate section

Bt F7 Wiz Hh i S
FEGES  AHEIER AETS MUaHhE
s 1.18 3.62 2.70 1.01
B Ao 3.49 1.25 1.03 1.06
Wt LA RS 0.69 1.24 1.56 1.02
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Fig. 7 Relationship among principal stress direction, axial

direction of tunnel and direction of F7 fault strike
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