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Abstract ; Extensive research has been conducted on the influence of the geological conditions on the seis-
mic responses of tunnels. However, most existing work has focused on the influence of single parame-
ters. Less emphasis has been place on the influence of multiple parameters and the interactions between
them. In this paper, we consider the influences of geological conditions on a typical tunnel of the Huali
expressway project. Using orthogonal and uniform design methods, we studied the influences of various
geological parameters, including the mechanical parameters of the rock mass, the in-situ stress state of
the rock mass, and the mechanical parameters of the joints. The results indicate that the main factor in-

fluencing the excavation deformation index is the deformation modulus. Regarding the mechanical param-

5 B #:2019-08-15
ESTH : WA EBHEm H (z5 B 42018718 B
FE—EEBN ARG (1974 ) B,z RN, S TR, FENEABEIREIT T/E. E-mail:454290417@qq.com,



A3 1

8 5 i T 4 T % S M 7 R D W PR 2 T 5 155

eters of the rock mass, the main factors influencing the tunnel seismic response were found to be the co-

hesion and internal friction angle. Regarding the stress-state parameters of the rock mass, the main factor

influencing the seismic response of the tunnel was determined to be the tunnel depth, followed by the in-

plane and out-of-plane lateral pressure coefficients. Among the joint mechanical parameters, the friction

angle and tensile strength were identified as the major influence factors.

Keywords: tunnel; seismic response; geological conditions; orthogonal design; joint element
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Fig.1 The numerical model of a tunnel
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Fig.2 Time-history curve of Ludian earthquake
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Table 1 Factor levels of the rock mechanical effect

S BIEEE . W ONEEEM bihremE

K- /GPa /MPa /() /MPa

J o 10 0.25 2.2 48.2 0.4
1 6 0.21 1 40 0.1
2 8 0.24 2 45 0.3
3 12 0.27 3 50 0.5
4 14 0.30 4 55 0.7

F2 EXEIHHBARE
Table 2 Scheme of the orthogonal design test
AR Ak A

1 6 0.21 1 40 0.1
2 6 0.24 2 45 0.3
3 6 0.27 3 50 0.5
4 6 0.30 4 55 0.7
5 8 0.21 2 50 0.7
6 8 0.24 1 55 0.5
7 8 0.27 4 40 0.3
8 8 0.30 3 45 0.1
9 12 0.21 3 55 0.3
10 12 0.24 4 50 0.1
11 12 0.27 1 45 0.7
12 12 0.30 2 40 0.5
13 14 0.21 4 45 0.5
14 14 0.24 3 40 0.7
15 14 0.27 2 55 0.1
16 14 0.30 1 50 0.3

P LAV 2 m/s” B ABE 2 35 P 9 S AR R OR A
THZ AT 52 e 3 s A A2 B | 52 I 46 T JEe A A X
AL ZAER 16 A7 RER I 3 .
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Table 3 The results of orthogonal design test

e AR 2R F IE A2 B TR (9 A8 A BT 58 A 1A 4%
7 2 O] % G M R W 175 R Y SRR . T TR

s Mo A2 R e mA L - . \
IE I;F/%m SRR AT /em BT JRARAR N A5 I / em TEIE SIS BETE b SR OIS BT X545 PR 3R Y
1 18.62 7.82 —1.86 YT AT A5 HARAE TR h
2 18.62 0.86 —0.59 (1) a3 1F 22 & it il 30 15 ) & > 45 b 1 45
3 8.36 0.09 0.11 B
4 7.15 0.10 0.13
- s o (2) T8 Ki 1. FRE—1 F AP e
6 6.07 0.58 —0.48 7 B 1 6 25 R 2 F0 SR A A B R i K 8
7 6.72 0.06 0.07 £ 4,
8 5.35 0.06 0.06 . .
o 610 001 0.0 (3) & ki (. ki =Ki/s, Hp s HIE—% b
10 3.77 0.01 0.04 B KT BB R B BT LA ki R AT — 31 1 R Z HOK
1 3.62 L7 —la - B TR I A5 R A AR Y E L RS SN R
12 6.87 0.88 —0.67 W
13 5.25 0.01 0.03 BAR A,
14 3.21 0.21 —0.21 () A 2ZME  FEAE T —3 I R=max{ki}—
15 3.31 0.06 —0.01 min{ki ), — MR, 25 51 B 22 52 AN A 55 19 L 3 Ui 1]
R a = 51 R 1 KOT A R 5 S AR M
T4 EXHRBERSW
Table 4 Analysis of the results of orthogonal design test
Eiskas Ak
AIE AR i/ GPa HEL/N Fi® I/ MPa  AEEHESM /(O BUHIERE /MPa
K1 52.75 37.88 31.46 35.42 31.05
K2 26.05 31.67 36.71 32.84 34.59
K3 20.36 22.01 23.02 23.19 26.55
K4 14.92 22.52 22.89 22.63 21.99
TFz A8 IE k1 13.187 5 9.47 7.865 8.855 7.762 5
/em k2 6.512' 5 7.917 5 9.177 5 8.21 8.647 5
k3 5.09 5.502 5 5.755 5.797 5 6.637 5
k4 3.73 5.63 5.722 5 5.657 5 5.497 5
W% R 9.457 5 3.967 5 3.455 3.197 5 3.15
M % E K AR YA i AR B B ) — R A PR SR
K1 8.87 8.27 10.93 8.97 7.95
K2 1.13 1.66 2.23 2.7 1.69
K3 2.67 1.98 0.37 1.29 1.56
K4 1.04 1.8 0.18 0.75 2.36
ﬂ%fmg k1 2.217 5 2.067 5 2.732 5 2.242 5 1.987 5
HH XS AETE _ oL
Jem k2 0.282 5 0.415 0.557 5 0.675 0.422'5
k3 0.667 5 0.495 0.092 5 0.322 5 0.39
k4 0.26 0.45 0.045 0.187 5 0.59
W% R 1.957 5 1.652 5 2.687 5 2.055 1.597 5
H#EE—~% B g — D9 R 4B R O B e T A L — 5
K1 —5.21 —5.07 —7.2 —5.67 —4.77
K2 —0.63 —1.24 —1.55 —1.74 —1.1
K3 —1.83 —1.07 0 —0.75 —1.01
K4 —0.81 —1.1 0.27 —0.32 —1.4
DI A k1 —1.302 5 —1.267 5 —1.8 —1.417 5 —1.192 5
iﬂl%*ﬂﬂ k2 —0.157 5 —0.31 —0.387 5 —0.435 —0.275
I Jem . . . . .
k3 —0.457 5 —0.267 5 0 —0.187 5 —0.252 5
k4 —0.202 5 —0.275 0.067 5 —0.08 —0.35
W2 R 1.145 1 1.867 5 1.337 5 0.94
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Table 5 Factor levels of the rock mechanical effect
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Table 6 Scheme of the uniform design test

Sz - TE S R 2 K SF- T A A PR 2R K I 3 T
Gl il 1)) Ca: B 4D /m
1 1.6 0.7 40
2 0.4 1.3 30
3 0.7 0.4 20
4 1.0 1.0 10
5 1.3 1.6 50

XA — AL B L R AT 2 b B TR L AR
W LI 2 m/s® B ASH 2 1 b i BB A, SR A5
2RI 72 5 30 5 AR R AR | b = I 46 TH-Je A
XSG =ANG525R . 5 T RINERWER 7 Frd,
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Table 7 The results of uniform design test

. Tz W e
B Sem  GUBEMIN BTG /em  HETR AU A AETE /em
1 6.58 0.06 0.02
2 9.55 0.02 0.03
3 2.08 0.03 0.01
4 2.50 0.06 0.06
5 19.96 0.15 —0.04

BHKT %ﬁ‘wﬂ\um %EWM%%& % 1
F B GR b D C: 17 %) R/ m
J5UY i 3 {E 1.6 0.6 50
1 0.4 0.4 10
2 0.7 0.7 20
3 1.0 1.0 30
4 1.3 1.3 40
5 1.6 1.6 50
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Table 8 Analysis of the results of uniform design test

H#
VRS -1 A R ZR E Gl D / ST PR AR AR TR D / % T8 MR / m
el X2 X3
y1=—7.8153—0.712 121 +8.213 52, +0.028 2x5
EFIR- 1 3 AR 22T St :212.667 12S T

FFE A I 1 77 I 9 5F-J5 Rl Sk :204.158 377 8
/em 2SS, :8.732 869 244
LR AGVEEY 0.046 324 641 0.534 317 43 0.611 503 481
H#E > % T8 VR S 1T P R 2R 0 A AR B
y1=—0.069 4+0.059 8x1+0.067 32,+0.000 0lay
ESTHs s B 225 M S :0.010 499 923
51 5 3t 7 AR EEEpE [A] )75 Fl Sk :0.007 753 162
Xt AR JE /em TSI S, :0.002 392 127
RUAENEERY 8 2.510 9E—05 2.825 82E—05 1.399 61E—06
H#EE—>K ST AN 2R E— T 1AM T AR R R G
vy1=0.055 74+0.019 421 +0.005 1x2—0.000 2x3
Z Ittt SR 2E -5 f S 1:0.004 894 805
HETH IS AR [al = 5 72 [8] )95 J5 F1 Sk :0.002 980 029
AXFAEIE / em FE 22 f S, :0.001 637 173
LA CNEE A 8.145 74E—06 2.141 41E—06 2.799 22E—05
HZEFE—~R W% 1 1R — - TH AR ZR $—>F T P9 R 5

4 HEMNENRE

X B 2 200 8 B G M N A R, E
R A — 2 B BE 5T . A A O 19 B ) ° 2% i
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0 8 DORT b 7= MR B R R T S (DA 2L
AT SR A P TE S 1S e T, WF S T B AS T B A
X T L 5 W L5 W) Y R R L L R A — 2 2
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R B 2 00 M A% DA i 1 W EE D7D 1) P
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B4 Kk 9 Bral, T2 5 R S0
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Table 9 Factor levels of the joint mechanical effect

280 BmRIEE DImRIEE RS EEM BiRORE
KF ka/GPa k./GPa /MPa /(" /MPa
Jt Y 0.5 0.25 0.04 15 0.03

1 0.2 0.1 0.01 5 0.01

2 0.5 0.2 0.03 10 0.03

3 0.8 0.3 0.05 15 0.05

4 1.1 0.4 0.07 20 0.07

XF AR 2 9 B S B R A — A5 AR
BEAR AR A& 3 BT o X T A — 2 U R | R

I 2 v i & fe) 52 I, LA 2 m/s® g AR
S BRI SRAS T2 I AR s b 0 = 9 8l iy
B FR AL A AR AR I | R S T i 1 2 8] A 3 A
H 8 AL A A X AR I AN SR, 16 A7 SRHY LR
e 11 o,
R0 EXRITRBARSE
Table 10  Scheme of the orthogonal design test

Sz LI UImRE BT EEEA BURE

kn/GPa k./GPa  /MPa /(™ /MPa
1 0.2 0.1 0.01 5 0.01
2 0.2 0.2 0.03 10 0.03
3 0.2 0.3 0.05 15 0.05
4 0.2 0.4 0.07 20 0.07
5 0.5 0.1 0.03 15 0.07
6 0.5 0.2 0.01 20 0.05
7 0.5 0.3 0.07 5 0.03
8 0.5 0.4 0.05 10 0.01
9 0.8 0.1 0.05 20 0.03
10 0.8 0.2 0.07 15 0.01
11 0.8 0.3 0.01 10 0.07
12 0.8 0.4 0.03 5 0.05
13 1.1 0.1 0.07 10 0.05
14 1.1 0.2 0.05 5 0.07
15 1.1 0.3 0.03 20 0.01
16 1.1 0.4 0.01 15 0.03

TE AL SR ) E A2 it i e i B 6 B 5T R &
J15 2 H00F % T b 72 0 0 5% e A 32 RO . T TETAE
TSR T L R B WA Bk % 4% IR Y R R
M FF AT 5T, an ke 12 F g,
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Table 11  The results of orthogonal design test

Wk

Tz —— . N
7% AT /em TUHEZR B4 2 1 8 SRS R R gl i B
ERALI A ARG /fem FRAL A AR AT /em
1 42.45 16.48 19.03
2 35.11 1.98 1.75
3 27.85 1.07 1.11
4 24.16 0.60 1.20
5 21.75 0.94 1.42
6 18.71 0.54 1.36
7 30.89 21.73 25.18
8 24.82 2.00 1.82
9 18.00 0.31 1.19
10 19.14 0.81 1.53
W — 4 B S 4 J ’ '
B3 kW e AR A 11 22.85 2.02 1.94
Fig.3 The numerical model with a joint interface 12 28.66 92,04 95.44
ey e . et L e o 13 21.71 1.77 1.84
*ETEZIKPEJIﬁClﬁQ@EﬁﬁﬁsﬂU\U\jﬂﬁfﬁﬁ% 14 27.56 29.63 25.95
S4B JEE 8 £ RN BT P56 B Ay R ) g T b 7 ) 1 ) 15 16.03 0.39 1.31
ST LE RS T SRR LNEAL 0.5 L

F12 EXHKRERDH
Table 12 Analysis of the results of orthogonal design test

%
LD 2 1] [ g Y 1a) WY 32 B JBE % A1) Brprag B
kw/GPa k/GPa /MPa /(" /MPa
K1 129.57 103.91 102.18 129.55 102.43
K2 96.17 100.52 101.56 104.49 102.17
K3 88.65 97.61 98.22 86.91 96.92
K4 83.46 95.81 95.90 76.89 84.79
T8I k1 32.39 25.98 25.54 32.39 25.61
/cm k2 24.04 25.13 25.39 26.12 25.54
k3 22.16 24.40 24.55 21.73 24.23
k4 20.87 23.95 23.97 19.22 21.20
W2 R 11.53 2.02 1.57 13.16 4.41
H 2 E—>& JEE 2 iy — 1% 1) W BE — 0B SR BE D) 1) W B —Bh 3R )
K1 14 541.91 14 422.34 14 570.56 16 826.50 14 348.86
K2 14 323.73 14 482.24 14 343.46 14 979.47 14 516.83
K3 14 456.88 14 436.49 14 503.62 13 261.55 14 343.15
K4 14 249.16 14 230.62 14 154.06 12 504.18 13 227.30
R k1 3 635.48 3 605.59 3 642.64 4 206.63 3 587.22
HB A AH X
I Jem k2 3580.93 3 620.56 3 585.87 3 744,87 3629.21
k3 3614.22 3609.12 3 625.90 3 315.39 3 585.79
k4 3 562.29 3 557.65 3538.51 3126.04 3 306.82
M2 R 1.41 1.62 1.51 20.26 5.37
H 2 E—>K JEE 452 11— U h SR B — U0 1) W BE — 26 5% 00— 1k ) R 2
K1 23.08 23.47 23.90 95.61 23.69
K2 29.78 30.58 29.91 7.35 29.68
K3 30.10 29.54 30.07 5.61 29.74
K4 30.65 30.03 29.75 5.05 5.87
ﬂ%%ﬁ% k1 5.77 5.87 5.97 23.90 5.92
A AN 11 AH X
B/ em k2 7.44 7.64 7.48 1.84 7.42
k3 7.53 7.39 7.52 1.40 7.44
k4 7.66 7.51 7.44 1.26 1.47
W2 R 1.89 1.78 1.54 22.64 5.97
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