58 24

20184E3 H

X % ® I kK % % B

Journal of Dalian University of Technology

Vol. 58, No. 2
Mar. 2 01 8
XEHS: 1000-8608(2018)02-0159-07

LHTIRBREABRERALEE

7 B8 S AT SH ¢ S0l T~ 2l Jy i B 457 5 ek B i
W E

I F
(LBATE¥RE P RTR¥RE. B2 BMN 350118,

all

WE., EFTEKBHEL,HH K E % EF M Fourier-Bessel 3 B #4457 LA H#

& &M 350118)
7 FE SH K R T 30 F7 o8 B A A AT AR B 3T BN R, SR HR L R A G R B B AR AL
FLEGE T A% B A v B LA AAT A A B T A A NG AR O 0% Fm 907 H AR 5 B 3 iy
M BEEENHEE I0NAE. R TARFERE.TFE SH KNS AT K E RS A5
FEDES . TUL43 XEkARIZED : A
0

FOEESARHHEEMN B R MBS AR ERER AR R E LY EE SR
FEAREL, 5HHEE PR CERRI, 5 FE SH BN A E K IE .
|

e LT 2546 M 72 30 W R 7 T, BIF 5T i 32

KRR B AR A AT AR s SH W 5 W B # B JF ik s Fourier-Bessel 8
M5 0 AR 5 56 A B S A 3 FRE L H %

doi: 10. 7511/dllgxb201802008
AT PR A, AS SCAURE RS 73 BT F 58 LA B . 238

O3 BT AE5E 0 by 5 R ADL R O ik 7 7 R O k. B

NS LR it i

HEAE SR T pR BUR T R i T B BRI 75 SH
(ELASE DL LE BEE A AT 07 3 B 40 T S PR 0L L fEAT

IR SRy R T AR A58 10 ) 3 4% 1 5 LSS DU A T
D 22 5 PRI A A 0 Xk S B T 00 #EAT AL L fE 48 - )

By A 5 B AR A 5 R i fE )

A b 23 A0 B B8 G 5 R B REAE T TS
X

e B IR AR

A7 A TR 0 52 72 R RS R AR 1 T 5
I fige Br A 5 22 OB 22 17 A 1M 5 52 PR DOAR 25 B

(TR A R T 5l g e 7 e AT A D T AF 5 2D
S5, TT PSRN i L kg, B2 2 R R TN X L R 75

1H

A SC B iz I ek B IR 35 A Fourier-Bessel 2%
B S A VA R AR i SH i T sh i
M JO7 A7 % i BT A 1) 11 38028 =0 - IF S T A2 TR
AT

1

SRR W2 g Y e LR TS
1.

i) 55 % 18 B4 PG BRI T SHA S A SR R
H 2y 7 0 A3 A% W (EL A9 52 R L DR S T R
BV fiv B e HE S

1

Sy BB 3y,
] DAY A1 — S 2 35 B T O o RS O 06 o Ml T 25
Ha) By g i RO [ REUHEAT 7RIS SRR SO AR T

TE P UEAD SV BT H R R = B sh N ) S P
Al 2T BHE) 2 04N 38 Fourier-Bessel

PR TR AR T 1T 2 28 8] b R %
Wi BEHI: 2017-11-06;

HEAE SH A T BE T8 AL B 7 07 i 5 AR AT

BRZ 75 H (GY-H-15034).
qq. com.

AVRIEAS B M 4% 5 AE B GE it T iz 8
OGRS M K R B — o IR R Y
f&E BH# . 2018-01-29.

A AL A AL R R AR SO B R
i FESEP . R AR SO e T R R B — i B
B T s R SIS Ml T R R BB IE AR 2 e

SRS B R A A — T A — BRI R R AR

EBEIE . B ST A& 1 TR B AR AR AR A — A
EE€WH . fMdA AAREIEST BT H (2016]01205) s f# M T BHE R FHE I H (2017-G-63) 5 H 8k =+ DU Ry 4 VL A 2t ki e B0 AT
TEERA: T (1975, 5 1+ Bl #42 . E-mail : zangwanjun @ fjut. edu. cn; ) (1991-) . 5 , Bl + 4 , E-mail : 1551227379 @



160 A # B L Ak ¥ ¥ # 55 58 %
SHij%
K% -
ZiS xS —
HiF I A N
3 >
.
i X
o
7 " D
SHi @Iﬁl
. A

W1 =Eky

y
s

(VTR

Fig. 1 The model of karst tunnel and its mirror image
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Tab.1 Physico-mechanical parameters of materials
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Fig. 2 The three-dimensional model of karst tunnel

numerical simulation
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Fig. 4 The time-displacement curve of Wenchuan earthquake

wave calibrated by filter baseline
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Fig. 5 The time-displacement curve of tunnel at

Yy =0°and ¥y = 90°
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Tab. 2 Displacement amplitude of monitoring points at 2, 4, 6 and 8 s (y=0°)
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it e it HET Ze b E ZeHE R
2 —0.028 16 —0.028 16 —0.028 16 —0.028 16 —0.028 15 —0.028 16
4 —0.079 96 —0.079 41 —0.078 93 —0.078 49 —0.078 49 —0.079 44
6 —0.001 42 —0.000 77 —0.000 16 0.000 22 —0.000 16 —0.000 77
8 —0. 006 09 —0.004 71 —0.003 58 —0.002 95 —0.003 75 —0.004 84
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Tab. 3 Displacement amplitude of monitoring points at 2, 4, 6 and 8 s (y=90°)
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4 —0.078 58 —0.078 58 —0.078 57 —0.078 58 —0.078 59 —0.078 56
6 —0.000 45 —0. 000 50 —0.000 43 0. 000 39 —0. 000 36 —0.000 35
8 —0.001 30 —0.001 35 —0.001 36 —0.001 33 —0.001 24 —0.001 20
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Fig. 6 The time-displacement curve of karst cave and

the tunnel
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Fig. 7 The time-displacement curve of karst cave and

tunnel at different cases
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Displacement analytical solutions of dynamic response
of karst tunnel subjected to SH waves

ZANG Wanjun“'?, SUN Wentao"*

(1. School of Civil Engineering, Fujian University of Technology, Fuzhou 350118, China;
2.Key Laboratory of Underground Engineering, Fujian Province University, Fuzhou 350118, China )

Abstract: Based on the engineering wave theory, displacement analytical solutions are derived for the
dynamic response of a karst tunnel subjected to SH waves with the wave function expansion method
and Fourier-Bessel series transformation, and a practical simplified solution is proposed. The
rationality of which is verified by numerical simulation solution. The differences of displacement
amplitude peak value of the karst cave and the tunnel are about 10% between the two methods when
the incident angles are 0° and 90°. The dynamic response effects of three factors, such as the radius of
karst cave, the incident angle of plane SH wave and the center distance between karst cave and
tunnel, are studied. The results show that the displacement amplitude values of the karst cave and the
tunnel are proportional to the radius of karst cave, are inversely proportional to the center distance

between the karst cave and the tunnel, and are proportional to the plane SH wave incident angle.

Key words: karst tunnel; displacement analytical solution; SH wave; wave function expansion

method; Fourier-Bessel series transformation





