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Effects of scarp topography on seismic ground motion under inclined P waves
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Abstract: In this study, the seismic ground motion of the scarp topography under inclined P waves was analyzed using numerical
simulation method. The effects of the incident degree, the slope angle, and the incident direction of seismic ground motion were
discussed as well. It is found that from the bottom of scarp to the top, the amplification factor increased gradually, whereas it had no
influence on the incident degree, the slope angle and the incident direction. When the incident degree was constant, the amplification
factor of the scarp upside region was greater than that of the scarp downside region, regardless of the incident directions. At the same
time, the amplification factor at the crest of the slope increased with the increase of the slope angle. When the slope angle was
constant and the waves travelled away from the slope, the amplification factor of x component increased, while the amplification
factor of z component decreased with the increase of incident angle. The results show that for waves travelling into the slope, the
maximum amplification factor is generally found around the crest of the slope. For waves travelling away from the slope, the
maximum amplification factor shifted from the slope crest. Moreover, the larger the slope angle, the farther the departure. The
amplification factor of x component was larger for waves travelling away from the slope as compared to waves travelling into the
slope, but the amplification factor of z component had no obvious change with the incident direction.
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Fig.5 Scarp model and the observers position layout
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201 — 0=

ML T

800 -400 0 400 800
W ASALE/ m

(a)x 7

25 — 0=0° — 0=30°
— 0=10° — 0=40°
— 0=20° — 6=50°

20

1.0}
OA5 1 1 1 J
-800 -400 0 400 800
A7 B/ m
(b) z 4t

B 12 A a=45", ZMANGTEE R HRESHARE

Fig.12 Amplification factors of surface points for scarps with left incident Ninghe wave and slope angle a = 45°

O

AL E m

(a)x 7

Ey
'
X
=

05F

OAO 1 1 1 J

-800 -400 0 400 800
WA B/ m
(b) z 434

B 13 i a=45°, AIEAST El-Centro P& S ESTHARR S

Fig.13 Amplification factors of surface points for scarps with right incident EI-Centro wave and slope angle o = 45°

FARE 11, 12, Uit a=45°, WEMMNAL
ARSI, KT x o3 BEIR IR HRE S A BOR

REINT 2.0, HBEHE NS ARG HOK
AR e/ IME HIERES R IIA 2%, BOR R SR



1722 b +

VAR

2017 4F

251 —9=0°
1

O

0.5

0.0
-800 -400 0 400 800

DAL E m

(a) x 4> &L

2.5 — 0=0"
10°

6=20° A 0=50°
2.0%47
T S—— N —

= 1.0

O

05F

0~0 1 1 1 J
-800 -400 0 400 800
DAL R m

)z Jr i

B 14 A a =45, BMRNGTIEEI R RESHARE

Fig.14 Amplification factors of surface points for scarps with right incident Ninghe wave and slope angle o = 45°

H B IAEBER A% (A 29), T bl
NSRS, ok 2 b gk; HEEA
W, TBOR R D

YTz gy YANG AN, O R EOBROR,
HOR R B KAE AT BEIR A% EASS
Iy, KRB K.

SCHR[19145 7 M ok NI, el o =
45° [BESR R MR Bl e AR 70 AT Mo N
BEAWKP P YRR, BESR B RN KT R, 2
HIRNRRR B 2.2, HAER (& 11, 12)
FHABL, HEEME KL 150 m, /NFASCEE R,

RIEE 130 14, B a =45, HERMNA
RIS, T x v BER I HLFE S BOR
FRERE NG A ORI S, IANG fik B
LG, BESR EMITBOR R 5 KT 2.0, HBkSER
BEIR ISR TEOK 2R 200 B/ IMEL IR BESRT
W% WENFW, BOKRER .

YTz gy YNGR, BOR R EOEOK,

201
SV
1.6 |
&
W&
x
=
"’ m
0~8 1 1 J
-800 -400 0 400 800
AT E/ m
(a)x 43

HOR R B KAE T BEIR A% T EASS
I, JBORREUR: BESR A )5 i B A b 22 N
P/

Ak, ME 7~14 v LUE Y, El-Centro % F1°7*
TN, BEXK MR (RO R 51 5 i F A
G FE A, AR &AL [F, RIS
(PR FAGE e NI R s
3.3 A SVERINFEREIXTH

EBEMKIE Mo h 50° , RBETEE L=60m, Hi
W UNIS A 0 =30 WZEMIAS . B 15, 16 435
#5 T El-Centro Y A1 T 3 431 L P YA SV 3 1
FERNI IS, BETK 7 M 1 2 5500 555 1) Hs 7% 2 {1
K ZE Bl 0 (A7 B N 1M 54 25,

OGP AHLE, SV AT, x 4>t E
IR NIEHE KT 2 /rit. KRB A b 5
SCHR[22] )45 FARRL, R VSRR (1 JR R, S
BR[22]% Fe T A JRBELE, NS KAE 10 Hz %5,
LR SORR R RN 25

201
P
1.6
]
N
X
Eiy
1.2
Y%
0.8 . L
-800 -400 0 400 800
WG m
(b)z 73

B15 A a=50", Z2M 30° FAS El-Centro 353l RIBRSIB AR I

Fig.15 Amplification factors of surface points for scarps with 30° left incident El-Centro wave and slope angle ¢ = 50°



6 M

THEPAE: P AR BESH T X HI THTE B 1 5 )

1723

20
SV
1.6
=
W&
X
by
121
\/\/P\/\/\/\
0~8 1 1 1 ]
-800 -400 0 400 800
A7 B/ m
(a) x 4> &L
K 16

20r

1.6
=
o
=
- v\’\/_,\;Z’\/\/
0~8 1 1 1 ]
-800 =400 0 400 800

DAL R m

(b) z 73t

Pifa =50, ZEM 30° BINGTIBA-T R RS HA TR S

Fig.16 Amplification factors of surface points for scarps with 30° left incident Ninghe wave and slope angle ¢ = 50°

4 4 @

(D) AFHFERAEH T, 40 El-Centro 3 F1°7ir]
e, HORE BNUEABOR R EL s 2 FE A R AT — A
X, HGZN ARSI, RIS ERAEEE
NI %, 5 A SR ) b, s e R X — 9

(2) MBEER SR BEIK B, J8OK 5 202 1
Ky NFAEO B a RN 7 &A%,

(3) NBFIFE O —E M, Joi BB BEK
i (Ze) NS RWAEREYOT M ChD) NS, B
KA TBOR R BT BESR T BR8OR 548 (R
JBOK ZR BB I A o IR RT3

(@) YWifioa A, HuFR BN BER 5 (Ao
NIFFINE, xZ3 5 PR BOR ZR A NS £ 1R 184 KT 1
Koz 5 mIBOC R EBEE NS 38

(5) HFEPNAHEBER 710 (Ao) NS, JBOK
FREUR KA IR IR BEIR B s, SR,
B, x e z rEmE K. R ITE b
WI7IR CAD NS, TBOR ZR 80 KAB FEA AR K
ks, R x . HERMAEE, oK
FRAE e MBS S AR BER N A 2k

(6) HuFEPEMAE BER T ) (fo) NS, x 43
BN R AL L R PO BEK 7 17 () NS
IR, z e HA K,

(7) P WA SV PRGN, BUAELE=2 1)
FHER I, #CKs = A2 AP IR B sl . PSS
I,z 3 SR B SR NI KT x 73 B, SV A
ST, x 2y B HLE S SOV IS(E KT 2 4 .

2 % 3 MR

HURSC, M. TR 2] bt MRk di it
2012.

(1]

(2]

[3]

(3]

[7]

TIAN Qi-wen, YUAN Yi-fan. Engineering seismology[M].
Beijing: Seismological Press, 2012.

BIEERE, AT, EAENE, A MU SR
FNIEM] . HRE TR RS, 19800 T) .

HU Yu-xian, SUN Ping-shan, ZHANG Zai-yong, et al.
Effects of site conditions on earthquake damage and
ground motion[J]. Earthquake Engineering and
Engineering Vibration, 1980.

PN, IRYE, HUASC, AF. IRV BK S MR R A
A 55 37 30 52 W [C//0R v~ Bk 3 o R 18 S bt
Rl AL, 1991

SUN Ping-shan, HU Yu-xian, TIAN Qi-wen, et al.
Seismic intensities distribution and site effect of the
Lancang- Gengma earthquake[C]//Proceedings of the
seismic intensities of Lancang-Gengma earthquake.
Beijing: Science Press, 1991.

DAVIS L L, WEST L R. Observed effects of topography
on ground motion[J]. Bulletin of the Seismological
Society of America, 1973, 63(1): 283 —298.

CLOUGH R W, CHOPRA A K. Earthquake stress
analysis in earth dams[J]. Journal of the Engineering
Mechanics Division, 1966, 92(2): 197—212.

JHIESE, XA, £, 45 301 Ms 8.0 Hug il
TERN— E 5008 L 2 fel S0 [Cl/ 28 2 PO | e — JA 4
Wi dl. Jbnt: MR AL, 2009: 58—64.
ZHOU Zheng-hua, WANG Yu-shi, WANG Wei, et al. The
effect of ridge topography on strong ground motion in
Wenchuan Ms 8.0 earthquake: The case of Xishan Park,
Zigong[C]//Proceedings of the symposium to mark the
first anniversary of the Wenchuan earthquake. Beijing:
Seismological Press, 2009: 58 —64.

TRIFUNAC M D. Scattering of plane SH-waves by a
semi-cylindrical canyon[J]. Earthquake Engineering
and Structure Dynamics, 1973, 1(3): 267—281.



1724 b +

71

2 2017 4F

(8]

(]

[10]

(11]

[12]

[13]

[14]

[13]

[16]

[17]

WONG H L, TRIFUNAC M D. Scattering of plane
SH-waves by a semi-elliptical canyon[J]. Earthquake
Engineering and Structure Dynamics, 1974, 3(2): 157
—169.

TRIFUNAC M D. Surface motion of a semi-cylindrical
alluvial valley for incident plane SH waves[J]. Bulletin of
the Seismological Society of America, 1971, 61(6): 1755
—1770.

WONG H L, TRIFUNAC M D. Surface motion of a
semi-elliptical alluvial valley for incident plane SH
waves[J]. Bulletin of the Seismological Society of
America, 1974, 64(5): 1389—1408.

CAO H, LEE V W. Scattering of plane SH-waves by
circular cylindrical canyons with variable depth-to-width
ratio[J]. European Earthquake Engineering, 1989, 2:
29—37.

LSRR R R TT T VAR SR A Y5 S T AU 1
N HIRIEFEID]. W R o [ R =y R ) 2 5o,
1994.

YUAN Xiao-ming. Application research of wave function

expansion method in scattering of elastic wave[D]. Harbin:

Institute of Engineering Mechanics, China Earthquake
Administration, 1994.

TODOROVSKA M, LEE V W. Surface motion of
shallow circular alluvial valleys for incident plane SH
waves: analytical solution[J]. and
Earthquake Engineering, 1991, 10(4): 192—200.

LEE VW, SABBAN M S, GHOSH T. 3-D surface motion

Soil Dynamics

of long semi-circular longitudinal canyons: incident plane
P wavesl[J].
Engineering, 1996, 9(3): 12—22.

R, UGG, R, & YUETIRRA S AR
I SV WAS N B AN, SR TR, 2003,
36(12): 74—82.

LIANG lJian-wen, YAN Lin-jun, QIN Dong, et al.

European Journal of Earthquake

Dynamic response of circular-arc sedimentary valley site
SV wave[J]. China Civil
Engineering Journal, 2003, 36(12): 74—82.

R, UGG, B, A RUBUIBIRA A
ST PSRRI, A 1%, 2001, 22(2): 138
—143.

LIANG lJian-wen, YAN Lin-jun, LI Jun-wei, et al.
Response of circular-arc alluvial valleys under incident P
wave[J]. Rock and Soil Mechanics, 2001, 22(2): 138—
143.

FRAESC . BT AL SR P Bl g N TR 3R S B v
JE[T]. HiBERY)BEAAR, 2006, 49(2): 518—523.

QI Sheng-wen. Two patterns of dynamic responses of

under incident plane

[18]

[19]

[20]

[21]

[22]

[23]

[24]

(23]

single-free-surface slopes and their threshold height[J].
Chinese Journal of Geophysics, 2006, 49(2): 518 —523.
SeLr R, HOP, MR RE ) AR B N A
W AT, R R A AR (E AR R AR, 2011,
42(4): 1079—1084.

CHAI Hong-bao, CAO Ping, LIN Hang. Dynamic
response laws of slope under vertical shear wave[J].
Journal of Central South University (Science and
Technology), 2011, 42(4): 1079—1084.

. MRS AR RN D], W R v R
TR RS, 2011.

WANG Wei. Effect of hill topography on ground
motion[D]. Harbin: Institute of Engineering Mechanics,
China Earthquake Administration, 2011.

Gofls, DApE. SORMIEAAT T HUR B AL T IE[].
TR, 2008, 30(9): 1333—1337.

CHE Wei, LUO Qi-feng. Seismic wave propagation in
Journal  of

complex Chinese

topography[J].
Geotechnical Engineering, 2008, 30(9): 1333 —1337.
TR, R, R ITER. BESRH X b T2 B 1)
W], M TR TREIRS), 2013, 33(5): 28—32.
DING Hai-ping, ZHU Rong-chu, SONG Zhen-xia.
Effects of scarp topography on seismic ground motion[J].
Earthquake Engineering and Engineering Vibration,
2013, 33(5): 28—32.

ASHFORD S A, SITAR N. Analysis of topographic
amplification of inclined shear waves in a steep coastal
bluff[J]. Bulletin of the Seismological Society of
America, 1997, 87(3): 692—700.
ASHFORD S A, SITAR N, LYSMER J, et al
Topographic effects on the seismic response of steep
slopes[J]. Bulletin of the Seismological Society of
America, 1997, 87(3): 701 —709.

By, BN, MR BRI STIE T B E G|
L RI i 7]. MRE TRE S AR, 2002, 22(4): 9
—15.

LI Shan-you, LIAO Zhen-peng. Wave-type conversion
caused by a step topography subjected to inclined seismic
body  wave[J]. and
Engineering Vibration, 2002, 22(4): 9—15.

Py, S, B0 HURARBRII T BT G B
W= NS HT[T]. HBREIFST, 2005, 28(3): 277—280.

LI Shan-you, MA Qiang, WEI Qing-hai. Seismic response

Earthquake Engineering

analysis of fault step subjected to obliquely incident body
waves[J]. Journal of Seismological Research, 2005,
28(3): 277—280.

THEE1732 ]



