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Effect of Randomness in the Cross-section Shape of Underground
Lenticles on the Extreme of the Surface Dynamic Response
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Abstract: The semi-analytical solution of SH-waves scattering by an arbitrary cross-section of an
underground lenticle in half space is presented using the wave functions expansion method
combined with the boundary discrete method. The Monte Carlo method was used to randomly
generate 30 samples of the cross-section shape of the lenticle, and the effect of randomness in the
cross-section shape on the surface dynamic response was studied by statistical analysis. It was
observed that the randomness of the cross-section shape has a significant effect on the surface
dynamic response around a lenticle in half space. When the variation coefficient of the inclusion
radius is equal to 0.1 for a lenticle of elliptical shape, the maximum of the surface displacement
amplitude is larger than that of the peak values observed for the elliptic solution with an average
of 47.46%. The difference increases as the inclusion rigidity decreases, whereas the difference de-
creases as the inclusion depth increases.
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A lenticle in half-space and its image
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Fig.2 Comparison between solutions in this paper and those in Reference [ 6]
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Fig.3 Cross-section samples for the lenticle
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Fig.4 The extreme values of surface displacement of 30 samples



CRVEE IR

fof RS LR OB B A I TR TR DR B AL T il 3 Sl g v 1 AR 1 F 5

769

B EE RN B U W v, /o =1/2 F1 1/
WL 0. /00=1/1; TENMWAE p=0.5.1 Fl 2;
ABF 1 y=0°, 30°, 60° i1 90°, MR ¥ F/R SH
WS A B AR | o | e 32 75 HbL 310 S W) 1 B
. NETHELE 4 BT BB BRI E B
F OGERAL M Z) I (v, /o, —0) B ZE L,
KIHMT Y v, /v, =1/2 B BHEREE D/
a=2 F1 5 BF £ A Hb 2 057 B8 0 A 19 58 1 80808 5 40 13
BEARAR AN . 7T LA I BE AR A 1 B KA
47 Wb 25K T R I AR TR 3 A A A A AL, T LG S
WRT 62.45% s FHMIE 24 D/a=2 F1 5 B FEA
e AFL 1) o (L B R [5R 3  0AS firk 20 A (L o0 Sl 38 R T
25.80 %0 Fll 19.08 Y 5 B A A B 1% 32 1 L R [ 375 455 1A
i 55 A0 P ) 38 R AR 43 0 PT 3K 22,07 Y6 14,18 %,
KIWABT Y v, /v, =1/3 W, 5 551K HH
D/a=2 F 5 B REA M 3R A7 B8 0 A 1 98 1H 5088 5 1
[ 325 e 1A g 4 PO M (B . AT LA o A A e {14 e K
{359 8 35 KT AH IO 0 [ 3% 5 1A ik 280 A A, T L S
HWRT 97.42%  FMF .24 D/a=2 F1 5 0, #
AR WAL 14 F5 AL LUV [5R] 375 5 A fige 28 A0 A 40 ) 38 K T

49.33% 1 45.60% . 4 D/a=2 F 5 W}, FEA M H
F FEI A L AV 150 325 ‘B8 4 i 22 W A 1) 15 R A 43 1) v 3k
25.75 % F1 23.12%

HT B R 1R T E B A BN T
ORI ZED) (o, /o, >0 IIEE R, W LIE 1 Bk
AN F 0 B AE 3 ROKF B E K FBEE
A FEASHR A R S5 R A LU AV (B ) 5 Ml 2 AR (1S K T
132.25% 324 D/a=2 F1 5 W}, 35 5 38 K 35 5
T 78.63%0 M1 67.94% , @I LT LLE 1, i B A
PR B 3 A 0T f A5 () A T 5T D) R A 4
I T DI AR Bl AL XoF il % 67 B% A (L 14 5% Tl /)N
PRI, TR b 5 R 1) 2% B M R A 3 1 A A o
A B4 T YT T SBR: Bt AL 78 Kok s 3 A7 o W AL %) 52 i

4 Hit

KSR RIEITEV R T B B IR Sk
X 3 2 A MR (ELA (EL R /N B2 I, 36 5 A 0 A 19
AR 2598« b i B AR AR S S 1 X 3t 2 0 7
(E AR A R/ B, ELRE A 05 5 R i 5 of s
] i J5 190 J52 22 B 38 DR TAT 38 K 5 A0 AR il 582 107 3% 1 1L F)

Fx1 MRUBRENSIT
Table 1 Statistical analysis of the extreme values of surface displacement of 30 samples
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0° 2.16 2.07 0.03 0.02 2.04 5.56 1.13

0.5 30° 2.38 2.22 0.07 0.03 2.17 9.54 2.06

60°  2.65 2.31 0.11 0.05 2.26 17.34 2.29

90°  2.95 2.33 0.14 0.06 2.27 29.67 2.64

0° 3.08 2.84 0.10 0.04 2.73 12.61 3.74

30° 3.10 2.68 0.13 0.05 2.59 19.94 3.51

2 ! 60°  3.14 2.65 0.18 0.08 2.45 28.55 8.34

90°  4.28 3.70 0.23 0.06 3.59 19.09 3.01

0° 4.19 3.15 0.43 0.17 2.58 62.45 22.07

30° 4.84 3.72 0.42 0.12 3.62 33.70 2.81

2 60°  3.19 2.78 0.17 0.07 2.53 26.03 10.07

1 90°  3.61 2.85 0.26 0.11 2.49 45.11 14.78

w/n=y 0° .43 227 028 0.12 2.24 52.90 1.30

0.5 30° 2.41 2.26 0.06 0.03 2.25 6.95 0.49

60°  2.40 2.30 0.06 0.02 2.29 4.52 0.39

90°  2.53 2.36 0.08 0.03 2.33 8.64 1.40

0° 2.84 2.63 0.08 0.03 2.56 10.80 2.76

30° 2,97 2.77 0.10 0.04 2.73 8.88 1.42

° ! 60°  2.94 2.61 0.11 0.04 2.54 15.63 2.70

90°  3.41 3.11 0.13 0.04 3.06 11.50 1.65

0° 3.59 3.31 0.14 0.04 3.27 9.86 1.28

30° 3.98 3.09 0.33 0.12 2.75 44.57 12.19

2 60°  3.20 2.81 0.18 0.06 2.76 15.69 1.49

90°  2.98 2.45 0.19 0.09 2.15 39.04 14.18
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0° 2.44 2.25 0.09 0.04 2.23 9.34 0.91
307 2.84 2.49 0.14 0.06 2.40 18.32 3.73
0-2 60°  3.75 2.54 0.27 0.11 2.48 51.08 2.64
90°  3.59 2.64 0.35 0.14 2.52 42.41 4.74
0° 3.39 3.08 0.17 0.06 2.85 18.78 8.17
30°  4.63 3.20 0.53 0.16 3.30 40.19 —3.12
2 ! 60°  4.30 2.74 0.39 0.18 2.18 97.42 25.75
90° 4.62 3.01 0.47 0.16 2.84 63.06 6.24
0° 5.65 3.31 0.71 0.24 2.93 92.95 13.14
307 3.17 2.56 0.21 0.09 2.36 34.56 8.72
2 60°  4.43 3.02 0.38 0.14 2.67 65.61 13.10
1 90°  5.16 3.76 0.58 0.18 3.26 58.28 15.28

vy /v =

3 0° 3.20 2.41 0.34 0.17 1.99 60.59 20.83
307 3.21 2.52 0.19 0.08 2.37 35.16 6.24
0-2 60°  2.76 2.54 0.16 0.06 2.50 10.54 1.43
90° 3.41 2.69 0.20 0.08 2.54 34.23 6.00
0° 3.25 3.09 0.11 0.04 2.96 10.06 4.37
30°  4.70 2.89 0.47 0.19 2.50 88.47 15.66
° ! 60° 3.43 2.85 0.23 0.09 2.65 29.22 7.42
90° 3.55 2.57 0.31 0.13 2.31 53.49 10.97
0° 4.35 2.91 0.36 0.15 2.36 83.84 23.12
307 3.39 2.56 0.26 0.11 2.34 44.76 9.26
2 60° 3.22 2.66 0.23 0.09 2.49 29.15 6.83
90°  4.60 3.00 0.40 0.15 2.75 67.64 9.24
0° 3.83 2.58 0.34 0.13 2.39 49.12 7.96
30°  6.24 3.49 0.86 0.31 2.80 123.09 24.73
0-2 60°  3.47 2.60 0.27 0.11 2.53 37.32 2.86
90°  5.27 2.83 0.58 0.24 2.40 119.81 18.10
0° 3.80 2.90 0.29 0.11 2.57 47.97 12.85
30°  5.10 3.58 0.73 0.24 3.09 65.13 16.01
2 ! 60°  3.40 2.71 0.25 0.10 2.51 35.51 7.99
90°  3.57 2.73 0.29 0.12 2.44 46.16 11.78
0° 4.76 3.28 0.53 0.22 2.38 99.66 37.72
9 30° 5.18 2.85 0.59 0.26 2.30 124.74 23.55
60°  4.14 3.10 0.48 0.19 2.54 62.80 21.94
02010 90°  6.40 3.13 0.83 0.30 2.76 132.25 13.33
0° 3.99 2.57 0.56 0.29 1.93 106.73 33.20
30° 3.29 2.64 0.27 0.12 2.31 42.30 14.47
0-2 60°  4.87 2.92 0.67 0.29 2.33 109.23 25.59
90°  3.02 2.44 0.23 0.10 2.35 28.46 3.68
0° 5.06 2.79 0.49 0.18 2.67 89.37 4.42
30° 4.33 2.97 0.48 0.17 2.83 52.60 4.67
° ! 60°  3.27 2.77 0.15 0.06 2.52 29.69 9.98
90°  2.99 2.49 0.19 0.08 2.38 25.80 4.80
0° 4.85 3.66 0.70 0.24 2.91 66.85 26.11
) 30°  4.58 3.19 0.49 0.20 2.46 85.76 29.35
60°  4.10 2.88 0.40 0.15 2.67 53.18 7.66
90°  5.58 2.73 0.66 0.27 2.48 125.28 10.13

e AR 0 35 K T AR D 2 38 B (A 2 . RS R WREL AR (B /DN B W) 1Y S AS R L X M 72 2 & 1
TEGTE X LR T T EsE RS E SR ASEHNE.



CRVEE IR

fof RS LR OB B A I TR TR DR B AL T il 3 Sl g v 1 AR 1 F 5

771

2 % 3Lk (References
[1] R=ERE.HERT BIE Je 28 X S 505 S Hh i iz sh g 2 ma [ .

2]

(3]

HbER Y B A= 4], 1996,39(3) :373-381.

YUAN Xiao-ming.Effect of a Circular Underground Inclusion
on Surface Motion under Incident Plane SH Waves[ ] ]. Acta
Geophysica Sinica,1996,39(3) :373-381.(in Chinese)

SEIGEHA  PNVBL AR D 37 B A VA 0T 2 B b 7R IR 14 5 T
(). T3 5 TR, 2000,20(1) :68-74.

YUAN Xiao-ming, SUN Rui.Effect of Liquefaction of Lenticu-
lar Saturated Sand Zone on Seismic Response of Buildings[]J].
Journal of Earthquake Engineering and Engineering Vibration,
2000,20(1):68-74.(in Chinese)

G SRAF B, AR 372 bR 3 b v o 5 AT b 7R S R i) Y
AMAL] MR TS TR, 2009.29(5) :1-12.

LIANG Jian-wen, ZHANG Bing-zheng, BA Zhen-ning. On the

Effect of a Lenticle in a Layered Site on Ground Motion[ ] ].

[4]

(5]

(6]

Journal of Earthquake Engineering and Engineering Vibration,
2009,29(5) :1-12.(in Chinese)

P S RN, B PR T A 1 35 b e s B R O M R B i
FELMEHORIE R LT ) R TR 5 TR IR, 2009.29(6): 13-
24.

LIANG Jian-wen, ZHANG Bing-zheng, BA Zhen-ning. Nonlin-
ear Amplification of Ground Motion by a Lenticle in Single
Layer on Bedrock[ ]J].Journal of Earthquake Engineering and
Engineering Vibration,2009,29(6) :13-24.(in Chinese)
Moeen-Vaziri N, Trifunac M D. Scattering and Diffraction of
Plane SH-waves by Two-dimensional Inhomogeneities[ ] ].Soil
Dynamics and Earthquake Engineering,1988,7:179-188.

Pao Y H,Mow C C.Diffraction of Elastic Waves and Dynamic
Stress Concentrations| M].New York:Crane Russak and Com-

pany Inc,1973.

(E3 730 70)

[12]

[13]

[14]

BRFM BRI LM, A5 7R O A 25 3E AL R TR M
LIS B 1 S < U b L BEL SR A M)A 5 bR A R A
2008,DB/T 29.1-2008.

QIAN Jia- dong, ZHAO Jia-liu, DU Xue-bin, et al. Technical

Requirements of Instrument in Network for Earthquake Mo-

nitoring Geoelectrical Meters, Part 1:Direct Current Me-
ter for Geoelectrical Resistivity [ M ]. Beijing: Seismological
Press,China,2008,DB/T 29.1-2008. (in Chinese)
FEEEM R R R, 45 b AR & 0 d R L M R A
14 b AL B & 0 [ M. b 50 i AL, 2006, DB/T
18.1-2006.

DU Xue-bin, ZHAO Jia-liu, TAN Da-cheng, et al.Specification

for the Construction of Seismic Station Geoelectrical Sta-
tion, Part 1: Geoelectrical Resistivity Observatory [ M]. Bei-
jing : Seismological, Press, 2006, DB/T 18.1-2006. (in Chinese)
BRF M LM B 4 A AR M F UL i e B 5 1
43+ A BE UL [ M. b 5T 2 b 7% th AL L 2009, DB/ T 33.1-
20009.

QIAN Jia-dong, DU Xue-bin,CAI Jin-an,et al. The Method of
Earthquake-related Geoelectrical Monitoring———Geoelectrical
Resistivity Observation,Part 1:The Single Separation Obser-

vation[ M ]. Beijing: Seismological Press, 2009, DB/T 33. 1-

[15]

[16]

(171

2009.(in Chinese)

2 B0 [ A o, 40 R AT R v X b F B % AR A R
11 4% 1 S (] M 58 2441 . 2001, 23(3) :289-297.

DU Xue-bin, RUAN Ai-guo, FAN Shi-hong, et al.2001. Ani-
sotropy of the Variation Rate of Apparent Resistivity Near
the Epicentral Region of Strong Earthquakes[ ] ]. Acta Seis-
mologica Sinica,2001,23(3):289-297.(in Chinese)

b XU L AR K, A T KT I S K R T U 5 P R BEL %
L AH AR 2 1) S A AR A L) . st BR A BE A 4R, 2015, (7%
B3

DU Xue-bin, LIU Jun,CUI Teng-fa,et al.Repeatability, Simi-
larity and Anisotropy Changes in Apparent Resistivity of Sta-
tion Chengdu before Two Great Earthquakes in Near Distance
[J].Chinese Journal of Geophysics,2015. (in Publication). (in
Chinese)

Bz A G, BT %, A R K M H B b 3R 5 9 T £ Rl
W77 A g 2 A [T 78 T A2 4l . 2013, 35(1) :190-195.
KANG Yun-sheng, AN Hai-jing, MA Ke-xing, et al. Test
Analysis on Geo-electrical Resistivity Observation Combing
the Surface and Deep-well Methods at Tianshui Seismic Sta-
tion in Gansu Province. [ J ]. China Earthquake Engineering

Journal,2013,35(1) :190-195.(in Chinese).



