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Dynamic response of slopes in hilly regions of loess and analysis
method for their seismic subsidence deformation
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Abstract: The hilly region of loess is prone to slope instability of seismic subsidence. Through the dynamic centrifugal model
tests and the finite difference nonlinear dynamic analysis methods, the dynamic response and deformation mechanism of loess
slopes under earthquakes are studied. The acceleration and displacement responses of the generalized loess slopes under
earthquakes are explored. The empirical formula for the seismic subsidence coefficient of loess and the method for estimating
the seismic subsidence of loess field are proposed based on the dynamic single shear tests, and they are also used to calculate
the seismic subsidence of loess slopes. The results show that the loess slope has a magnification effect on the seismic loads, the
acceleration magnification coefficient increases nonlinearly along the elevation, and the dynamic magnification effects of the
slope surface are greater than those inside the slope. The seismic subsidence of the slope is closely related to the thickness of
the soil layer. The seismic subsidence coefficient increases logarithmically with elevation. The failure form of loess slopes
under earthquakes is the result of the two-way coupling of horizontal sliding deformation and vertical seismic subsidence
deformation. The tensile fissures at the top of the slope and the dislocation fissures on the slope surface are widely developed,

and the uneven settlement of the seismic subsidence leads to the formation of dislocation steps on the slope surface.

Key words: loess slope; dynamic centrifugal model test; numerical simulation; seismic subsidence

2| = L T L X 2 4040 L5 e B MR X i

SEMFESRE A 21 S LRI A, 1

EEWME: BXARRFEEHFEEESIH (52108342); BITH AR

Hh [ AR R B O B B, B 2000 R DR A E R AR 7 WePG 4 KRR RIBTH (202151Kj-12)
P UL AR 11 IR, bR U FE i B AR K Ak H B0 SRR 2022-01-03

*@ 5 /E# (E-mail: shaoshuai@xaut.edu.cn)

REFEIERET SR 5 USRI B S 2L &0 H (2019JLP-21, 2019JLZ-13);



870 " + I B % #® 2023 4F
Ho RIRTE LWEFETE K Bh 1 S i 158 i X il IS AR IR B LU ek R, B EAR 20 mm. K

g E oy e, R R SRR R B e R
SRRl RS 1 AT v R EEA

P ER YR, 9 R 5] R RS I A A
RIBHRE, MDA E A HER L, ST
HEL (400 7335 Newmark 1 B/ Mk B BR 61255
W REE DM IHER LUK ER . iR a8, AR
2 S NI R B IR OB U BEAT TR, FELE
K 28 LI AL . BT R AR R AL,

W BA LRI e A 45K, RRRR AR
TP IR ANHES S A 4 5 R SR A AN
SRPERIR BRI 1A IE, 38+ I Fa B PP A e
TRERAMAERENEIZMKED. Hil, oFmtE
B e EIOTEE 32K, —RERETEAK
WA B R N AR 22 9 AR T 7 R [ A, 55—
I R B R S PP S R R . AR A
— RV Rs0 G R g L REE AR AKX, JF
X IR REPEREAT 7PN 58 3 RRETHIRTI
ST Sy HEAT B J AU, o R T 0S5 M Bl =it B
PR3l & W08 UL IR TS 3 AN TR & v 7T
SR - R R R 1 L),

MR — RN W A EI R B AR H, U
BEX R BE AWT FUARMERR B S B0 778 BRI
RENS S 47 H)IE SR = TRR A ) e L e e, e —Fh ol
MBI FET-Be . Hl A 80% b X e AR 2 52 3 - 78
i, BRENERE, HAREKER, BRWE
V22, HRAERBIABCREES . At REIX
R RO 5, WHAL T IS R, B
AR R TI  H Y, N Bl BT e 25 T 3
b RBR R AN, HATHIRZE DAL NES 17T
St — Mo AU S LIRS, IPRIHE
4R 53 7 O BRARNR IR A RAEAT TRIEE, BRIE 7%
THRE A& B AT AT

1 WIREN NP IRBE RS HAE
1.1 RWHR

RIS K F H B KRR AR AL A BT LX-
4-450 g+t B+ TEOHLZBLE R R500B ks &P,
BERYAE Ay B 1) IR BY UDRE AL A , AR RTE IR S 7 [y ]
HEE3, B TEE) e T B RrBv e, &
s W LA B2 LR . A RERE, ZIREY)
BT AR ] B 47 RS R SRS I | el R B0, R TR
FUTE A B o B — R, S5 RE = M R R
R A 2 R B AR PR, K JLART AR ABL B RO e
N 1/20, FEHHEUIR B I SRR A (] 1. 3R

800 mm [RI4RFHI Y KAV BH ™R FL, FEAETE M B
IR AL RS (BFE 50g, ZeMERE<5%), fR7
o B2 BN SO e B AL A (AR 35 mm,
F& I 0.01 mm) [,

140 100 130 130 100 140

Wi s
AT 2 | H
= M3
. WOBLLEE
M T
= 7 i
W S eIy
S = DHEE{%@%% ~
)
A9 Al2 A6 o
(=)
1 = 45°
160 ) 140 ,_ 140 _, 140 _,__ 160
8 Al0 Al3 Ala Al5
170 ] 400 170 ]
! 740 —
Wsh b (KF) RAFBAL: mm

B 1 B RRENR I R AR E
Fig. 1 Design and arrangement of sensors for dynamic centrifugal
model tests
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Table 1 Basic physical properties of Lanzhou loess
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Fig. 2 Measured seismic waves at Zipingpu platform of Wenchuan

Earthquake (PGA~0.2g)
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Fig. 3 Finite difference numerical model for loess slope
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Table 2 Numerical parameters of loess slope
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Fig. 4 Time-history curves of horizontal displacement of slope
surface at monitoring points
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Fig. 5 Acceleration response laws of loess slope along vertical line

of slope shoulder
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Fig. 6 Time-history curves of horizontal displacement of slope

surface at monitoring points

0.6

XDSP/m

KOV BE B /m
B 7 KRB FEE ST

Fig. 7 Contours of horizontal displacement

3 HEITIKRmEER I
3.1 BEARMARZHARSRIERMEHTE

W AOHUE AW T A DA B B s R e, AR
MRS L ORI, SO T IR0 A )
JIRBLAHT, SINEDRITRI I F R 2 R R A

G AT, T R A T H

22 TR B I S B LA 3
A, B AR O T SIhR M A, T B
WS RREI OB, BI04 B S0 A 0,
SR P A SRR R 7K 3 JEUIR 2 73 9
B, R TIREG S o« SR w S RS
{8y, LIRS AR N (S0 I LT M R A
AR, A3 R R A R, RS R,
M AN S, S RAIRE R KL T RERE R, S
SRR N EXRERER, SEKRERMELR,
BRLAAEE, BEERIARAR (1D #5,
Horbt o F1 g BN B R ISR R 4R )
%R, S8 o ERRERRA FEURK, THE
(5-0.012, BH B 5 (o,/p,) RLMEFZ, Hibp Jy
FRfERAUE.

5, =(ay; + By wn(N) (D)
GV
ﬁ—apa+b . @)

¥l (2 RAARK (D .

0, = {ayj +{a ZV J}/d:IWln(N) o 3)

a

T IR RSN SN AR R T, o, =
pgh, A (3) HrELE h IR HEEEMRE R
S5YRE h R RWE0 (4) Fon, Hb A4 f1 B BH
A (5 L 6.

5,=Ah+B , 4)

A=aP8y win(N) (5)

a

B=(ay, +b)yy,wln(N) (6)

FRFE 50 B BRI 261 R I R B R A 36 A 3
e T LR IR E A E O, BAOPRR

CU) BRI IR T 3 1 P 58 1) P P KT 2%
AR 5 o T LR,

(2) FIH FLAC3D 83 L3730 Jyme B,
FCF S RIS BY N AR FE M 28, AR SR A
AT BN R ) S R B R y, (MUK BT RAR ) 0.65
5 FEERERIR (BUHFEN 8.0 ZethiE, FHHRIK
B30 70

(%) F&ELHITLSHRARX (D IHHEIERER
%, Fellhizx Lo mEe RNz L BT R E.

(4K EAR - el izt Hoc LR AT R — 4%
sk b son i RR MR AT R A, BRI ERITT)
RRUERANF

(5) RBEMEAREIES B E R R SE
2k, AT IR B .




% 4 3]

sk M, SR SRR XA o B R R AR TR T i 873

3.2 ETIEEMBEETES

B b T () 7R AR TR W] AL ST TR RS T JE, - AR
5 XF i N M R I B OB O 0.3g /E R B LI RE
M AT 5

A IO 10 m BBk, N
FETEE, e AR 1 m /KA 4 b
SrRIAK 1 m BTG, %I IR E A E
A LRI BRUERE, B 2EAE LU
FEREARE . LRI A A7 B L soehfl, fRAEEUE
THEA R BT N ARR FE 2R (B 8) AT A K By AR
Vo JI 6.43%, HUEFBIRIAR y, N 4.18%, SERARIX
NHEL30 K, WE A AT m, SKEwN 8%, KHAL
AT (4) W% RER REON 4.25%, LHRITEE
N1 m, WZLRICEREAN 425 cm. [FHEATEFE—
a2k b BT AR M R AR M RV A0 9 B
N FEIRFEIRE VAT R T on i RBGER R,
FFH 28 1 4 (V0 15 31 35 300 390 1 72 B A0 T S B 28
(E 10,

8
< 6
#
54
= 2
0 10 20 30 40
I Al/s

& 8 Y =zhsr T ATFERhZE (A7)

Fig. 8 Time-history curve of dynamic shear strain of monitoring

points
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