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Calculation discussion about safety factor of unlined loess tunnel
wall rock structure under earthquake

CHENG Xuan-sheng?, ZHENG Ying-ren'

(1. Department of Civil Engineering, Logistical Engineering University, Chongqing 400041, China;
2. School of Civil Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: In order to obtain the safety factor of unlined loess tunnel wall rock structure under earthquake, general finite element
software ANSYS is adopted. Firstly, modal analysis is done by adopting the dynamic analysis model under the horizontal seismic
action; and the coefficient of quality damping and stiffness damping is obtained. Secondly, the dynamic time-history analysis is made
by inputting seismic wave; and the maximum horizontal displacement of model “vertices” is gotten. Finally, by adopting static
analysis model, and considering gravity and lateral border node horizontal displacement when the horizontal displacement of model
“vertices” being largest on the border of right or left, and shear strength parameters, cohesion ¢ and internal friction angle ¢ , of wall
rock soil is continuously discounted until the calculation is not convergent so far; and so the safety factor of unlined loess tunnel wall
rock structure under earthquake is obtained. Numerical example shows that the method proposed is feasible; and that earthquake
action may make the safety factor of wall rock structure lower; and thus in the future a theoretical basis is provided for the safety
factor calculation and engineering application of loess tunnel wall rock structure under earthquake.

Key words: earthquake; loess ; unlined tunnel; wall rock structure; safety factor; calculation discussion.

T~ HBTHIAR ) 6.3% 0 AXAE BT P Jir D, PHE B 21l
ARBIATI, AR, FEIZRE, R?%ﬁﬁ%‘ﬁ%ﬂi
ST SEEAR AR PR B R, IR 2.7 X107 km®. B IRE P EOC
A RVF 2 H 5, ML 13X 107 km®s T7E  TF A Mo () St A A it B AR A g, 81 X
PIE, SRR ATTISEE 6.4X10° km®, 20K CEGRSIRBAIE . ABBEE. MRS, K

WeFE H: 2009-09-07

BEE T BREAE, B3, 1972 4R, Mk, #oR, WG, hE RSO R ARG, TEAREM IR, B ER CR
A I I BEFIR Hﬁlﬁi E-mail:cxs702@126.com

TR KN, 95, 1933 454, g%, hETRE L, WESm, EEAGRE LY. AR TR ST DR L. E-mail:
cqdzzx@263.net



762 b +

FIREI S A7 ILE . EHMAYE TR AR
SCHRI2], VINEE LA B 1 i 2B b DX 75 5 T 1R 541 1)
—5, ALHE 23 AN SRR TN LT
2/3, LUK 80% LA EARKS NI A, 21 2L
KB REKLAE 3 R R R 2 UL IR ZUMTE,
MR 2 IKEN EANZ A — KRS E KK E . 75
WEAC T, V2R T8 LR X, v
22 PNAE P, R R AL B T IXEE DA b
5.12 BN KRR & BB o bR P, A3 2Bk Fn A
PEACE A, KRR TR R SBEREE, HEK
RN R E a0 P i 7 ERIE S e, Rk,
F SRR A T o Bl R 5 M (R AR e o
T RS U TR SR e TR )
— o AT SCHR AT BT L BRI Y ) A AT R )
LA FRBOEEL, W D AP 8 - 2 e de K
N S ERASHEAT T HER SR RE B ) W A3 AT, RN
by A X [] B S PR A ) 45 R BEAT T HURE SO N g 43
Brs Tl P13 S O T I A A0 245 i) = 4 i) 0% 3
R A e K N ) B AR SRR A N AT T
o 1) I RE A M, AR S PR 0 TR 3 - A 8 P A
KL, KM Drucker-Prager Jii i MG 38 -3 747
THORAER N BN ) 404, IR LSO R AR R
TP TE (1) [ AL 5 S A AT B8 T R ST AR
R A BEM LA R SEBR AR L, TovR A Hh Bk i
(12 4 fiti a6 R, NS5 CUb AT BR i ok
PN T A ARBEIE T, B EECIRIT ANSYS X
7 1 RFE 30 m I JCAT I LR IE AT TR A
VT A A5 OVIE A 8 P8 7 U i B b ) 4
S RE T EOT AT TR, st ey
T REIE L S5 A AT I i N A R A, fE
25215t Druker-Prager 8 i v U] 55 9 5 i 45 40 42
RBIOMINEHEAT T 007, sk &0 3 - Fie
AR O T A REOHAT T, 8
HH B B T (K ) RS L [ ISPl A2 PN EESR, B
WIS G TAREA 22 R AT 1.15~1.20,
TS RIS ) e A RO T 2.0~2.4,

gr LTIk, i EBRE NS, AT SCER AR
ATHUEAE N BN AR AT, o A TR LR IE
(2 At e JaE . DRI, STk WL, ASCHE
IR A b, BTG R L R TE L 2
EMEAE T 22 2 RV, R B
B30 B TR VA AT, A A e B
B T P R AR AR TR A R A
R F SR A PR R A

Joo 2011 4
2 [ SRS A
2.1 SHTRE

MR SCHR[14], BT BEIE B G54 o PR =S
AP BIBUR R 1 GUF B BRIE ) (RRR 2 14
CnP 1 s, TS FE R AR S = m ), Ao
AT IS A S 1, b b AR N ATy
MJCPRSEA 1, HRZ A 2 RIB RN A 3 SR T i
PR o TR s, RO T 10 A
5 R . 2 IR Bh Jy RS HT R ) BR BEATT
EE U TR TR e R/ EOH L ek %
AT SR LSS, W% 5 (5 ERE, 1) b
R . T FAT T BER AR, B A
HIL S, ZEAT ML TN SR AR i TRETR A1
NN N TTT TN I € - R TPVA B o

B1 rEAREE (BRAHD

Fig.1 Sketch of analysis model (vertical restraint)
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Fig.2 Sketch of analysis model 2(horizontal restraint)
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Table 1 Material parameters of loess wall rock
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/MPa / (kN/m”) /kPa 1)
51.5 0.25 15.65 61.2 28.98 0.15
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Table 3 The maximum horizontal displacements of vertex
A (node 136) when the timeis1sto2s

Nz AR Wzl M Wz AR Wz B

/s /em /s /em /s /em /s /em
1.00 -0.266 126 -3.146 1.52 -0311 1.78 3.856
1.02 -0.541 128 -3.179 1.54 0.143 1.80 3.885
1.04 -0.829 130 -3.171 1.56 0.604 1.82 3.865
1.06 -0.112 1.32 -3.121 1.58 1.061 1.84  3.865
1.08 -1.400 134 -3.028 1.60 1505 1.86 3.676
1.10 -1.671 136 -2.891 1.62 1926 1.88 3.512
1.12 -1938 1.38 -2.709 1.64 2318 190 3.311
1.14 -2.192 140 -2482 1.66 2673 192 3.081
1.16 -2427 142 -2210 1.68 2987 194 2827
1.18 -2.637 144 -1898 1.70 3256 196 2.554
120 -2.818 1.46 -1548 1.72 3478 198 2267
122 -2964 148 -1.164 1.74 3.652 2.00 1970
124 -3.074 150 -7.495 1.76 3.778

R4 1.8s HHBHLFKPAE
Table 4 The horizontal displacements of vertical
boundary when 7"is 1.8 s

Tl flem e fiB/em W LB /em

fi#/em
1 3.885 36 2.652 136 3.886 170 2.653
4 3.875 38 2.524 138 0.173 172 2.775
6 3.855 40 2.392 140  0.345 174 2.893
8 3.826 42 2.255 142 0.516 176 3.005
10 3.789 44 2.113 144 0.686 178 3.112
12 3.743 46 1.967 146 0.855 180 3.213
14 3.688 48 1.818 148 1.022 182 3.309
16 3.626 50 1.665 150 1.187 184 3.398
18 3.557 52 1.508 152 1.349 186 3.481
20 3.481 54 1.348 154 1.509 188 3.557
22 3.398 56 1.186 156 1.666 190 3.627
24 3.308 58 1.021 158 1.819 192 3.689
26 3.213 60 8.542 160 1.968 194 3.743
28 3.111 62 6.854 162  2.114 196 3.789
30 3.005 64 5.153 164  2.256 198 3.827
32 2.892 66 3.441 166 2.393 200 3.856
34 2.774 68 1.722 168  2.525 202 3.875
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