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Influence of Near-Fault Ground Motion Directivity on Seismic Response and Seismic Stability of Slopes
YANG Kai
(China Railway Northwest Science Research Institute Co., Ltd., Lanzhou, Gansu 730099, China)

Abstract: Due to the significant differences in the intensity characteristics of near-fault ground motion in different directions,
taking typical near-fault seismic records as an example, three ground motion intensity parameters were selected to compare the
variability of ground motion intensity in various directions. Based on OpenSees finite element software, the difference of seismic
response of slopes under different directions of seismic was analyzed. Considering the strain softening characteristics of soil, the
influence of directional effects of seismic motion on the seismic stability of slopes was explored. The results show that the PGA
variability of peak acceleration in different directions reaches 62.5%. The displacement response of the slope top in the direction
of the maximum PGA under seismic action increases by 20.5% and 86.5% respectively compared to the two components
recorded in the measured horizontal seismic motion. The variation range of slope safety factor under different directions of
seismic action is 0.93 —1.15. Ignoring the seismic direction may overestimate the seismic capacity of the slope and increase the
risk of seismic instability. The research results can provide reference for slope seismic design and disaster prevention.

Key words: Slope. Ground motion directivity, Seismic response, Safety factor. OpenSees

0 B= FIAT 7 EIIE— b 7 o 3 AR P A O R X

It 80 06 B WAL T A R W= 5 km YL FH N, H
WL N Bk U R AR D e R T BEAE TR G O 9 S R R A e

T I X 22 4 1 O B T Ml B A B R R E 1k fﬁﬂ%,%%Xﬂ‘i&%ﬁl%'lziﬁﬂﬁ%ﬁ]%ﬁﬁﬁﬁE‘JL%‘F‘

PP 6 A 1 BR DX R Al T AR B B AR AT A BB B R B, 2 W R AL R AL R R R IR AR

FRELisERE Sy . TR X B B DO I AR R B L O T 2 b R B0 0 AR AN R O ) B A

DR IS R R B RO L TR S R ERFERERT . UMREESEX 2008 AR YRR

o B LR A AU AE 2008 AEBUIN MR A TR KT bR B i s R W (B AR AR EAT T SE . 45

* W FE B H#E:2025-04-15
EEWMB  h Bl 2055 B 5§ K % 0 ER 8EE 4 % B35 H (YJEJ-GCFB-2018-16)
EEB N HILA982—) B IR FRIRN , TRRE , 322 T+ 52 T8 5 3t o 9 36 B 4 5 T (O P58 . E-mail : xc202426@163.com



130 g LB R S5 A

2026,46(4)

RB 7R KV 1 7= 3l i e RE e 0 2R 74 7 1) 43 5 )
R TR Ty o &, MY W2 KT 60 km i,
RV AN G ] o 9 25 IS PR 2. 2RO OE T
X 2016 A% 5 AR ) Ml i B 5 A 080 2, 3 B )2 b AR
Bl BERFAEAEAS [R] 5 o] LA AE 3 25 5%, PE AL 1)
57K FE 7 ] B B Ay A R Y. XTE SHI R 2016 4R
H 2 A iy 52 (1 B 92 2 T, 30 BT J2 W /g 1) ) e {1
L T 53 R A g S A B 0.3 ~0.8 %5, 1M1 25 A6 77 1) )
BF) 1.2~1.5 1%,

U5 T W SR DX M 52 2l R R A S R R Y
Dy I RN 1 22 H O A TR PIE
THAY 75 B WG, o3 B 13k T )2 b R ) MR X T
TR S5 AL B2 1k R Y 52 T L T 5% B Ml 7R B 1Y ) 2%
S 2 R e TR A5 YRR A BBl T e
TESEATZE R PR BT I, 25475 R FH b 52 & 3l 52 0 by
RETC AR A A o T X DA PR 5 TR 45 AL 7 M R Y
WAFBAT . QG AEY BT O AR rh A A 3
REG B B A IR E AT B 0y
RO 5 TA Ay b 5= B FE 5 ] 5 A o 3UE WY R AN
[F) J2 36 BB A 3R 438 O o) 1 1 R A 22—
ZE /NN £ B bR R R Y b R R R E
177 B R A, 25 5 26 WA 78 3l 5 1) 1 00 2 5 B
iz J AEAS ] 5 1) 2 B HE AN () A O R B A P A D AL
JARAAETY 3 it ABAQUS #4257 10 1R 25 74 3l )
AT AT BRITHEAY, 43 B T MR T 1) 1 R i A A ) 4
g 7 00 7 ) S ], DA O R S A R R T
JE MR By R R e PR R A SR B
AT AT T bR K P X DR B AR AT L e 3 7
SO BE 25 S 3R W HE X K s R 1T PTE 40 A
BF 5 B DA S5 Jok o ) b B M R S R A LA L
SR TS0 by 5290 55 o ™ IR M TR 45 A 1Y) Ml R
7o G A IR T AR ot ik 2 i 56 43 S F
S5 1 T W2 5 ) PR RGO, X i 2 i % A e TR B
iy 52 i , 12000 45 R 36 W, 0T W J22 b 7% 3 7 ) PR AL
07 X6F 2 KA W) 7 1 5% ) S 2. R AR AT RS T LR
J7 ] PR RN X = AR TR 45 48 5% i 1) BiF 9 3 L AR
b 52 A SR 5 ) X 43 ) 0 RR S e AN 2 AN

JAE M T ) 1 2550 A 5 A s SR 45 ) 0 35 L B
PR Rk AR A TR i A 5T A W S
NIE U WF 58 T W6 AN AH B 3 B 5 0] 19 30 16 J2 b
D R BRI 25 Ve A5 R AR WL, MR By 1) M
FR RS LU, X DR ST )2 MR B

7 1) PR 28O R BE X 3 35 e A 8 M Y TR AR R . 5
T A SC LA M A W 2R M R i SR Sy A1 e i A
Ji@ e /) — ML 52 3 0l 10 S 19 2 2% HOAH 9 A K P MR
By X HAS () T 1) M = gl 5t B G 22 5 5 Bl s LG T
BT RN ARAE 2 T RUME D7 0 R GER T T W7 ) AR
Bl 7 1) A X i 39 b 7 e IO R A R R E P B I L LA
S0y 30 BT 2 4 DX 300 e TR A B AR BT B K B A 4
R 2%,

1 W7 R R 3030 AL

1.1 BT E i 2 Bhid ik BY

H Al T )2 1 Te g — H ™ B SO AR SR BE
ATC-63 & R BE R =10 km E 3 W7
J2 5 2 R R A . TR AL L 2SR
TRV MR AL BT AR Ay 4S5 S E PR L 2.1 )
M K F 7 H R BF 58 0 (Pacific Earthquake
Engineering Research Center, PEER) & fi )
NGA-West2 i 5 54 4 i 48 45 15 3 o e 1k 19
UL Z MR iE sk L B JFPGB & it & T 1994 4F 1
A 17 H Ry 3 = b 0 = 19 18] /9 — 24 3 52 3h 2o
AR AL T 2 SR AR AR A KF- M R B A i R0 1 g%
BEH R, BT ARSCR RS W ZE M= 5 7 1) 1
Xof 30 34 i 7 WD 7 1) 5 W] PR IR 3T A 2 R ) Ml R )
AIVEHT B T IZ A D sk 1Y 2 25 KF 43 = AR M k5
%) i A\ M B, G R P R e n 18] 1 ROR .

P E ( xg)

HEOO000000O0OM—
oS00 Do Show Sy

L e e e e ILEE S e e e

5 10 15 20 2% 30
B al/s
(a) N68° W 75 [ fin i & B AR Hh 2%

e

5 10 3 20 25 30
B al/s
(b) N22° E J5 [ fin i FE B A2 i 2%
1 Fridk 3t 7240 %0 3 B2 A AR £k

Fig.1 Acceleration time-history curves of the

P E ( x g)

I OSOOSOOS O
=

(= o o

selected earthquake records



YU B MR By At A e i S R E AR R A e A T A A RS T, 2026,46(4). 131

ME 1 H R LLE L N68TW J7 [ Fl N22°E J7 ]
14 W 1 A0 38 B (PG AD 4331 2h 0.98g F1 0.58g , 4%
2EHIK 0.4g X — W F 2R RY], YL PGA 1E R i
M R Bh A BE (1 2 KR, MR B O RN B
B — A UL A S L SRV AR AR B g R WL R TR
b 7% S5 BE S O 10 3k b 7 N ) B A TR 25 5
oA W (B 3 BE (PGV) | BT L TP 307 58 B (Ta) 10 {5 0
RS (PGA) 55 3 3 A % i) 1 B A 858 e 4 DG 1, %
T AR SR PGV Ta il PGA 1E 84387 i W7 2 b
7 B0 7 1) A X 30 38 b 5 ) 0 R T R R P R T )
AR E S
1.2 W EMEDERSRERZ

1% G2 1 B2 43 A TR b AR 5 el ) b
AL S 7 AR A BRI, TR Bk 5 R R
W7 2 1) AP X A7 7 M AR & A B ) AR RS W E L b
T B Sl SN 1 A X 7 b 7R Sl AR AE T . R
ik — 21 JFPGB HuiE 5 3 ir 0 s i 7 2 1) 5 ik
VEF 7 18], I3 B AN TR 75 1] (] f) il 52 2 3 2 S5 e
AR SCOR AT WU 31 36 DK 2 2% 7K SF- 1 5% h 43 2 4
M8 — 5 J7 0 A & B AR T iR B A A
mr.

Ao (£ 30) =0, (1) cos(0)+a, (1)sin(@) (1)
K0 AL, LLIEDL ) S 0° B T E 55 £
JEREIN s, (O M, () 43 0] SR K75 1) b AH B2 7
() 2 2% i RZ A0 S 0 gk BE I AR R 2R e (20 0D SRR
IV O 5 i) P R R K

WXt 2 Sk bR il S HEAT A RS BERE T LA
PAEE Ty 1) F A MR S5 B . A SCLA 107Ky [A] B
XF A M 52 B AT E B . JF IS OR [ 7 ) Y
PGV.Ia fl PGA fH.

Bl 2 JB/R T 45 7 ] b b 5% s i B S 8000 A 1
B, A5 ORIE Jy 1) L M 5= 2h K SF 4 0 5
2550 W3 A AE — S X ] Hh 5 3l ik B I {11 0% i
J7 11 (Critical Orientation, CO), H 91 ,PGV . Ia fI
PGA 5577 8] 43 51 R 170°,140°F1 130°, 3% 26 )5
Ti] 5 S A S H P 2% KO 43 Y 5 ] A AE T 3 22
5. LLPGA R, 16 140° 75 ] PGA 35 3 fix K AH
1.05g , M 7E 50°J7 11 PGA [ & fx/ME 0.40g , 7% 5
PEIRB] T 62.5% , X R WIS AT 0 PP = & B
R R IR0 507 ) (4 N22°E) # A, 0] fE ™ 5 ik
BRSNS Y 4 o s B

TOF ¢

PGV/ (crv/s)
)

(a) PGV 43 &

2350° 0° 10° 50

340 a5

290 70°
280° 1 \s0°
90°
260° ~4100°
250° 1100
240° 120

220°
210

Ta/ (mv/s)
© 0O U W D WA OO ~] 00 ©
———TTT T T T T T T T
o
3
S
3

2003900, ggo170°

(b) Ia pH A

ag0350° 0° 10° 500
B 340° 20°,
L2 3305 T T T30
Lo \
081 3000
~ 0.6 2900 0°
o i
x 0.4 280°L [\/ Asoe
= 02} 270°L— 90°
&) T Lt e v s J A
£ 04| 260 L) w00
0.6 L 250° 110°
240° 120°
ogl 240
Lof 7 \
210056 )
12t 200° -
200990 | 5170160

(¢) PGA 4

2 AEFELEF®BEILERIEESH
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Fig.3 Typical cross-section diagram of the slope
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Fig.4 3D numerical model for dynamic analysis of slope
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Fig.5 Displacement time-history curves at the slope toe
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Fig.6 Cumulative displacement response of slope surface
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Fig.8 Acceleration time-history curves at the slope toe
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Fig.9 Acceleration response of slope surface
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