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Development of Permanent Displacement Model for Seismic Mountain Slope
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Abstract

Empirical seismic displacement equations based on the Newmark sliding block method are widely used to develop
seismic landslide hazard map. Most proposed equations have been developed for embankments and landfills, and do
not consider the dynamic response of sliding block. Therefore, they cannot be applied to Korean mountain slopes
composed of thin, uniform soil-layer underlain by an inclined bedrock parallel to the slope. In this paper, a series
of two-dimensional dynamic nonlinear finite difference analyses were performed to estimate the permanent seismic slope
displacement. The seismic displacement of mountain slopes was calculated using the Newmark method and the
equivalent acceleration time history. The calculated seismic displacements of the mountain slopes were compared to
a widely used empirical displacement model. We show that the displacement prediction is significantly enhanced if
the slope is modeled as a flexible sliding mass and the amplification characteristics are accounted for. Regression
equation, which uses PGA, PGV, Arias intensity of the ground motion and the fundamental period of soil layer, is
shown to provide a reliable estimate of the sliding displacement. Furthermore, the empirical equation is shown to reliably

predict the hazard category.
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Table 1. Summary of sliding block models

Authors Functional form Des!gngted Analysis
applications
k 253 k 1.09
Ambraseys and logD =0.90+1log|| 1-—— —_— Ground and Record base
Menu (1988) PGA PGA S|OD€S
Jibson (1993) log D = 1.460log I —6.642a_+1.546 Mscl’ggteas'” Record base
k 2.341 k -1.438
Eqg. A : logD =0215+log [1——') (—J +0.510 .
Jibson (2007) PGA PGA M;Zgim Record base

Ea. B 1 logD =0.561log/, —3.833log(k /PGA)-1.474£0.616

Makdisi and D k, Earth dams and FEM base —
= hart — based method
Seed (1978) PGA-T, f[pGA [chart ~ based method] embankments Decoupled
k, koY
In(D)=-1.56-4.58) —=— |-20.84| —
HEAmaX HEAmax
Rathje and 44 75[ , J 30 50( af ]4 0.64In(HEA,,)
athje an +44. -30. - -0.641n e
Antonakos (2011) . Slopes 1D Coupled
+155I(HEV,, )+ £,(T)
1.42-T,T <0.5s
with f, (T) ={ o
’ 0.71,7 > 0.55
In(D(em)) =-0.22-2.831In(k,)-0.333(In(k, )
Bray and Earth and waste
Travasarou (2007) +0.5661In(k, ) In(PGA)+3.04In( PGA) slopes 1D Coupled

~0.244(In(PGA)) +0.278(M ~7)
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Table 2. Summary of the cases performed in this study

Case Slope angle Depth Friction angle Shear velocity
£ () D (m) ¢ (°) Vs (m/s)
1 25 100
2 4 30 150
3 35 200
15
4 25 100
5 8 30 150
6 35 200
7 25 100
8 4 30 150
9 35 200
20
10 25 100
11 8 30 150
12 35 200
13 25 100
14 4 30 150
15 35 200
25
16 25 100
17 8 30 150
18 35 200
19 25 100
20 4 30 150
21 35 200
30
22 25 100
23 6 30 150
24 35 200

Table 3. Soil and rock properties used in the study

Unit weight Cohesion Friction angle Poisson ratio Shear velocity
y (kN/m?) ¢ (kPa) ¢ (%) v Ve (m/s)
Soil 20 5.0 25~35 0.3 100~200
Bedrock 25 1.5e4 55 0.25 2000
88m ~190m of| A 2=2] 2 851= FLAC™ v7.0(Itasca Consulting Group,

50m

SR8 Slo})e\dngle ‘]5”~3'0’ °

20m

y }i‘ack

Fig. 2. Model of mountain slope

ozt Aokl e 742F Peck et al.(1974)3 Dikmen
(2009)0] AFet A& AMgstlow A8 G2 27t

i

25, 30, 35°2} 100, 150, 200m/s©]t}.

60 e=AEESe=2d

2011)& AREsEITE AHRe 2710) 4= Alzlgo] LA
Ak aw meslck 39 AAR0R A
& BAE A-8sto] AAAA HAREZE R YA

Sk S ARSI o, s A
and Lysmer(1973)7} Aokt A
Fot=S shalch

A=

Z7 S 2 Kuhlemeyer

HE

AHg3to] B

A HLE Y f4T7]|= Im=E o]l= X AT}
AS Akl BARE7] 935k 2o 37](Lysmer and

Kuhlemeyer, 1969)%.t} &2 Zro|t} z|HEe

S H

MR e A7) 915 FLACS] T v e

= 7P A-gAdo] $-<=3F Sig3 X d(Sigmoidal model)=-

ARgEY.



a
1+exp(—(L-x,)/b) (1)

W ASEAAS 0 ] 349 52
of ARE-E| Ut Sig3 ®Elo] 1Y W<4~= Darendeli(2001)
WY B FAlo] SIS AE YA Sigde] q
b= ZF7F 1.03} -0.657F A-GE QI xp= EZO] T o
w2t th=A| A8k E5 T 4, 6, 8mQl -
of| tisf] xp= 212} -1.71, -1.65, -1.59°]t}. Mohr-Coulomb
R Sigd3 2dly 3HA Agste] 2 Ak HEFE
et dut S ®ARSHRITE o] ¢ = SkPa, 2247AF
2 Non-associated flow rule2 48390 y = 0°
ARg3RT.

Auke] AWHE ZH41= Rayleigh 714 2418 53

[Cl=e[M]+B[K] 2)
02
o0 (a)
= 0.1 F
2
g0
3
§ -0.1 F 5
<
02 : &
0 5 10 ©
0.6
c
=
=
=
i
[*]
T) .
S -0.6 :
< 0 20 40

Time (sec)

¢ 1

}_—_
T It : &
Rayleigh 241] 2515 S|2AS Ao Zado

ot A Xl‘ﬂH’J A e Fure] S A &

Oﬂ thsf ﬁn-‘—} fn_ EZ9] 1212} 51]- modeS /\]~9—6]—
Ao m(Kwok et al., 2007), dEtZo] dis]| x|x=he] F
up 540] 2| B A e B £, 7|Hete) 12}

mode, £, A Au}e] gYFuirs A gaigitt
3.3 YEKX|RII}

2 Aol Al Fake 4] T 2704 Al
7F AM-E 2w (Fig. 3) )= Table 4] A2]slck Flg.
3bolli= AR Rute] 5% ZHu|7F HEH 7T &
LA E YT} A SHAHEZ(MLTM, 2009)2 Zliﬁ’r
o] HA 7R R Aqflste] EAIskGTE YRR

()

Design
= Ofunato
——Loma Prieta

Period (s)

Fig. 3. Input motion: (a) Record motion of Ofunato, (b) Record motion of Loma Prieta, (c) 5% damped response spectra of input motions
and design response spectrum of Korea (MLTM, 2009) normalized to the peak acceleration

Table 4. Input motions used in the dynamic analyses

Earthquake PGA (g) Predominant Period (7,) Mean Period (7.)
Ofunato 0.15 0.29 0.42
Loma Prieta 0.47 0.39 0.37
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