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Influence of Subway Construction by CRD Method and
Bench Method on Surrounding Rock Deformation

GU Shuan-cheng, HUANG Rong-bin
(School of Architecture and Civil Engineering, Xi’an University of Science and Technology,
Xi'an 710054, Shaanxi, China)

Abstract: Authors studied the tunnel deformation of South Taibai Road—Auspicious Village
Tunnel for Xi’an Metro Line Three during constructed by using bench method and cross
diaphragm method (CRD method) through the real-time monitoring and the regression on the
data and the simulation analysis of both methods by FLAC3D software. Meanwhile, the change
law of surrounding rock deformation of the two excavation method was systematicall studied.
Research results show that in Xi’an Metro tunnel construction, the CRD method can effectively
control the vault crown settlement and horizontal convergence, effectively reduce the disturbance
degree of construction to the surrounding rock, and has the obvious effect to maintain the self-
sustaining capability and the stability of soft surrounding rock. In Xi’an Metro tunnel
construction, fast excavation in tunnel by bench method is achieved, and it is recommended to
choose the CRD method for the construction in complex geological conditions and construction
higher requirements, so as to control the deformation of surrounding rock better and maintain the
stability of surrounding rock.

Key words: tunnel engineering; subway tunnel; bench method; CRD method; deformation moni-

%5 B 89 :2014-01-22
BEL£WMAB P EZE TR H (2013]JK0961)
EHE B R (1963-) 5B, BRPGHk KU , #8085 1 L AF 52 48 S0, T2 18 1 . E-mail . 446413318@qq. com,



2 AHAFE TRFR

2014

toring; deformation law

0 51 T

T H ] A K R TR TP VR R L R L
(it T 7 i 22— S A R 7 R A
S ISF [E) 1) R R T SRBUEE 24 1) S 448 it o 1] A s
- J2 R T K T TR R S AP AL 1 S T R it T
HEL BT AT L AT I T Ak A 1 T 4
D7 B ALEE T RE D OO SRR B R . AN
Jiti "7 5 W 3 L 2% P A TR 1 7 LA 3 R b Ak it
T v B A AR T A% 1 o U T S B R R
IBE o e TRERE LGB, T Ly
R 22 5 10 TT 4% 1 A v Xt L 0 5 i R B % R A
e AN TR 5 308 5 Xt AS [l il T 9k T 0 T8 A8 TE 4 s
HEATXE EL s BT AR 58 A [R) it 1 5 35 76 5 o SR 58 T 1Y)
45« A 107 35 1 ke B F AR

VG 22 T LAk =5 SR K 1 P B R R I 4 X ]
Pk O I 35 T 25 4 T 23R 4 S 4 B R [ 1
11 7 240 BR 6 B 3 7048 Xdh B 5% 2 (CRD #2%)
HEAT I T o A SCHP A N VPG Ak =S 4R 2 Bt T
D5 1R B AR T R AR AT S W I e e S 4
P AT R A L B L 3 B FLAC3D %} 2 s Ty 1 #F
FT R F 320 R DL . 3 2 o S I 50 A 0L 45
AT XT A AT, 45 T N B ik i CRD 3 k47 Hb
B % T it T B S T R R

1 TITi#E#R

P2 T M Bk =5 4 K R B ol RE AT X
i), A7 R Az HE S YDK18+658. 726 ~ YDK20 +
107. 867, 44K 1 449, 141 m, AL EIZNFE S H
ZDK18+ 658. 726 ~ ZDK20 + 107. 867, /£ £k i 4
7.767 m, LR 4Kl 1 441, 465 m, %X 8] Hb T FR
B 408, 75~410. 75m, & B A S VK. 25k 2. 00 m,
X RLES 2 A b A R TT L 43 ) Ry R T — 2 b AN
B R VR RO T A B AL TR RS T A
TFRL 190 m, AL F it B AR YDK19+473 [k,
2 IX () Bk T8 8 o Bt R A HUE DO BT 4 ol
5ok SR ED AP ZE O F L, FEH)E A WAk L.
Gkt T oK e v K 28 AY RS g KA HE R 9. 69~12. 60
m, A W bR E 396, 28~399. 57 m, H ik 3. 29 m, &K
o PO R K ] Dy b P R GE T B 2 A R
IKAL AT BRI L A2 HUT K IS A K

W% 18 Wi T80 235 14 98 X3k o3 Dy < s o R T 3 R 4 3

x1 MESM
Tab.1 Stratigraphic Distributions
)z JEEE/m FRAE
) 5B i S B S 1 A i N =
A+ | 0.80~3.80

2 - i 2 AR S

RALBLR T O AL R 9 2 Fe i il L

H AR+ | 2.00~8. 70
T 0 S A0 B M L T o R 4 T

A R, 3o A K A, KA
Ph bR — R A KA LR 24

ik 2.60~8. 50

DL AR 25 B T RS L TR R R 4

Bkt [8.10~13.60
LAY I

LS HOR G KA R T A
BEAL L HUAL L DL P00 5 oI % A I 45 A%

1.90~5. 80

55 DT TET . b 22 4% R 9 S 1T LN 7 BT TR . s o YLK Bk
TE DT TR B b 22 4 R B T TR 5 B R A2 R
5 5 I T K N B BB TSR CRD kit T, A S
PIAiZk YDK194875. 986 & YDKI19+970. 986 i
TR W S0 BT 18T A 461 43 0% CRD & B vk 51 A
HASTE A AT R SY . CRD v F0 & B ik i T W
W TET o P T A 1 R

1 HECETE

Fig.1 Section Arrangement Plane

2 BaAZE=E

HIA JSS30A 7 K . Wi S kA7 B AL TP i
0 00 A A A A A I O A T v s KR
WS I . FHxk & Bk S CRD A [ 89 T4 A4
TG B INA 2 s o i T AR I A SCHE v s
KPS E 2 AL 73 AB 25 CD 265 78
PEAT HETOUICRAE s 00 I A4 i = JE 00 it 8 X 438 Tt
TUREE AT 52 I s D0 46 THUT o o 00 5 v 2 K P i 8
o 0 PR S 0 A O AE ] — W i P AT S 9 A R 1Y
AR FA AT M R AR AN 2 PR .



%14

SR F CRDEFMEM Ea AT BGHEE 2T MG Y 3

E TR

A B
WS R AL WS AL
C D
(a) B

WS g oE
A B
W S5 R AT WS A
c D
(b) CRD

B2 &MEMCRDEZNAHE
Fig. 2 Layouts of Bench Method and
CRD Method Observation Points
x2 BEETRENmME
Tab. 2 Surrounding Rock Deformation
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Fig. 4 Models of Bench Method and
CRD Method Construction
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Tab.3 Data Processing Results of Regression Analysis

DAEWEE] ¢/d | BEBPCRE R SEIM o/ mm | y=1In(w) x=1/t ¥ x zy A {E v (u—y)*
1 2.62 0.963 1. 000 0.928 1. 000 0.963 0.552 0.169
2 4.75 1.558 0.500 2.428 0. 250 0.779 1.909 0.123
3 7.91 2.068 0.333 4.277 0.111 0. 689 2.361 0.086
4 10. 24 2.326 0. 250 5.412 0.063 0.582 2.587 0.068
5 11. 86 2.473 0. 200 6.117 0. 040 0. 495 2.723 0.062
6 13.87 2.630 0.167 6.915 0.028 0.438 2.813 0.034
7 16. 25 2.788 0.143 7.773 0.020 0.398 2.878 0.008
8 17.52 2.863 0.125 8.199 0.016 0.358 2.926 0. 004
9 19. 10 2.950 0.111 8.701 0.012 0.328 2.964 0. 000

10 19. 24 2.957 0.100 8. 744 0.010 0.296 2.994 0.001
11 19. 82 2.987 0.091 8.920 0.008 0.272 3.019 0.001
12 20. 28 3.010 0.083 9.058 0. 007 0.251 3. 040 0.001
13 21.25 3.056 0.077 9. 341 0. 006 0. 235 3.057 0.000
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A 2/d | BETUCRE R SEME «/mm | y=In(w) =1/t y? x? xy [EYEFERY (u—y;)?
14 22.42 3.110 0.071 9.672 0.005 0.222 3.072 0.001
15 22.63 3.119 0.067 9.730 0. 004 0.208 3.085 0.001
16 22.61 3.118 0.063 9.724 0. 004 0.195 3.096 0. 000
17 23.65 3.163 0. 059 10. 007 0.003 0. 186 3.106 0.003
18 23. 69 3. 165 0.056 10.018 0.003 0.176 3.115 0.003
19 24,48 3.198 0.053 10. 226 0.003 0.168 3.123 0. 006
20 24. 81 3.211 0. 050 10. 312 0.003 0.161 3.130 0. 007
21 24.79 3.210 0.048 10. 307 0.002 0.153 3.136 0.005
22 24. 80 3.211 0. 045 10. 310 0.002 0. 146 3. 142 0. 005
23 24,74 3.208 0.043 10. 294 0.002 0.139 3.148 0. 004
24 25.06 3.221 0.042 10. 377 0.002 0.134 3.153 0.005
25 25.09 3.222 0. 040 10. 384 0.002 0.129 3. 157 0. 004
26 24. 81 3.211 0.038 10. 312 0.001 0.124 3. 161 0. 002
27 25.03 3. 220 0.037 10. 369 0.001 0.119 3.165 0.003
28 25.01 3.219 0.036 10. 364 0.001 0.115 3. 169 0.003
29 25.02 3.220 0.034 10. 366 0.001 0.111 3.172 0.002
30 25.01 3.219 0.033 10. 364 0.001 0. 107 3.175 0. 002
31 24.98 3.218 0.032 10. 356 0. 001 0.104 3.178 0.002
32 25.22 3.228 0.031 10. 418 0.001 0.101 3.181 0.002
33 25.01 3.219 0. 030 10. 364 0.001 0.098 3.183 0.001
34 25. 14 3.224 0.029 10. 397 0.001 0.095 3.186 0.001
35 24. 93 3.216 0.029 10. 343 0.001 0.092 3.188 0.001
36 25.06 3.221 0.028 10. 377 0.001 0. 089 3.190 0.001
37 24. 82 3.212 0.027 10. 315 0.001 0. 087 3.192 0. 000
38 24. 87 3.214 0.026 10. 328 0.001 0. 085 3.194 0. 000
39 24.91 3.215 0.026 10. 338 0.001 0.082 3.196 0. 000
40 24. 64 3.204 0.025 10. 268 0.001 0. 080 3.198 0. 000
41 24. 66 3. 205 0.024 10. 273 0.001 0.078 3.199 0. 000
42 25.02 3.220 0.024 10. 366 0.001 0.077 3.201 0. 000
43 24.91 3.215 0.023 10. 338 0.001 0.075 3.203 0. 000
JnFn 922. 530 128.621 4.350 394. 054 1. 622 9. 805 128. 621 0.624
£4 THIEE G R
Tab.4 Results of Regression Analysis of Monitoring Data
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