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Analysis of Response Characteristics According
to Permanent Displacement in Seismic Slope
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Abstract

The slope collapse can be classified into internal and external factors. Internal factors are engineering factors inherent
in the formation of slopes such as soil depth, slope angle, shear strength of soil, and external factors are external loading
such as earthquakes. The external factor for earthquake can be expressed by various values such as peak ground
acceleration (PGA), peak ground velocity (PGV), Arias coefficient (/), natural period (7)), and spectral acceleration
(Sar=1.0). Specially, PGA is the most typical value that defines the magnitude of the ground motion of an earthquake.
However, it is not enough to consider the displacement in the slope which depends on the duration of the earthquake
even if the vibration has the same peak ground acceleration. In this study, numerical analysis of two-dimensional plane
strain conditions was performed on engineered block, and slope responses due to seismic motion of scaling PGA to
0.2 g various event scenarios was analyzed. As a result, the response of slope is different depending on the presence
or absence of sliding block; it is shown that slope response depend on the seismic wave triggering sliding block than

the input motion factors.
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Table 1. Material properties (Park et al., 2018)

Material s (m/s) Cohesion (kPa) Friction angle (°) Density (kN/m®)
Soil 150 5.88 34.5 15.88
Weathered rock 560 19.0 33.7 20.0
Bed rock 1,000 100.0 50 23.0
FErREe A 215821 Flac v.7(Itasca, 2011)& AR Zlabol| FaF w7| ufZoll = A %18k ol -85k
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model(SAR )2, MCE o] Aghel 4/ 92 non- g 7129 1 Y9 5~70]c} o]ZAE|(R) 20km
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Table 2. Input motions
No. EQ name Year Station name M Fault Rup (km) Vs30 (m/sec)
1 Loma prieta 1989 Gilroy array 1 6.93 Reverse obligue 9.64 1428
2 Hollister 1974 Gilroy array 1 5.14 Strike slip 10.5 1428
3 Northridge 1994 Wonderland ave. 6.69 Reverse oblique 20.29 1222
4 Kobe (Japan) 1995 Kobe uni 6.9 Strike slip 0.92 1043
5 Coyote lake 1979 Gilroy Array 1 5.74 Strike slip 10.7 1428
6 Loma prieta 1989 Los gatos 6.93 Reverse oblique 5.02 1070
7 Tottori (Japan) 2000 SMNH 10 6.61 Strike slip 15.59 967
8 San fernanda 1971 Pasadenaold 6.61 Reverse 21.5 969
9 Tottori (Japan) 2000 OKYHO07 6.61 Strike slip 15.23 940
10 9.12 (Gyeongju, Korea) 2016 MKL 5.8 - 13 -
1 Pohang (Korea) 2017 PHA2 5.3 - 9 -
12 Whittier narrows 1987 Pasadena 5.99 Reverse oblique 6.78 969
NE&Al HIEHS| IRHS LMY (12 SESEH =4 137



Table 3. External factor of Input motions at Scaled PGA=0.2g

No. PGV (m/s) PGD (m) / (m/s) Sa-01 (9) Sar—1.0 (@) 7 (sec)
1 0.162 0.039 0.247 0.537 0.053 0.197
2 0.057 0.003 0.094 0.731 0.012 0.094
3 0.184 0.028 0.324 0.381 0.219 0.145
4 0.200 0.100 0.337 0.280 0.260 0.416
5 0.185 0.050 0.232 0.493 0.157 0.088
6 0.465 0.147 0.415 0.218 0.536 0.994
7 0.187 0.130 0.362 0.355 0.091 0.210
8 0.125 0.013 0.324 0.400 0.148 0.269
9 0.196 0.246 0.700 0.429 0.099 0.073
10 0.048 0.004 0.100 0.329 0.018 0.029
11 0.092 0.023 0.109 0.502 0.153 0.057
12 0.079 0.008 0.218 0.474 0.061 0.345
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Table 4. Calculated permanent displacement at surface and failure type

) PGD (cm)
No. Failure type - - - - X
E section D section C section B section A section
1 Total 0.71 0.75 1.01 0.90 0.91
2 Upper zone 0.15 0.20 0.30 0.30 0.30
3 Upper zone 0.17 0.23 0.32 0.32 0.32
4 Upper zone 0.15 0.14 0.25 0.25 0.24
5 Total & Upper zone 0.46 0.79 1.17 1.13 1.14
6 Total 2.41 2.45 2.40 2.43 2.32
7 Total & Upper zonell 0.96 1.24 1.65 1.57 1.59
8 Total & Upper zone 0.89 0.92 1.27 1.24 1.23
9 Total & Upper zonell 1.09 3.94 > 5.00 > 5.00 > 5.00
10 Upper zone 0.05 0.05 0.11 0.13 0.14
11 Upper zone 0.09 0.09 0.13 0.12 0.11
12 Total 0.35 0.40 0.50 0.49 0.51
_ 2 2
g (a) No.1_SA model (b) No.1_NA model
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Fig. 8. Acceleration difference between NA and SA for No.7 event

M35 M12=

10 A Q)3}aL Top -
7Hse] 2fol7t 1)
®9l No.l, 5, 79]
0.1~0.5sec 7] G4 NARE Q] 2+ SATEH
ot A EY 7hE Tt 24| Al4EE| QAL 0.1sec o5} G
Aol A= o FA AALEQIL) o] G ulyjo]E dbag
upetEH, o

O
/\v—~
JFoR 55 SEre] SYEAS UF] il ¢



&I20] Zpo|7h WARkS helskqich vigw o] o B 9]0 A Zof|A] = oHlE m= AAu3o] e
= Ags] st H Ad-3d-HYE S o8 L 3RIEH AL, YA A 7]of ZFolE B gtk No.10 o]
T UARE A AREF oA o] & At E aetsr] 4 HEOS 79 lem n|WHe] A f)7F WA s 7] ol
A k7)ol HEZFO] 7h&t= Aol & o]-aelth o|ef Aol gl& Aolet HARE A-CHH7ke] F31
< e WY YA A THEE Aol T o] Wk ol Fig. 6dk ¥l w3l 0.05cm At
Ashs A2 ol &st7]ol vgH el &8 WH e &3] Aro| Ao} w)sslch. w3 Fig. 83} Fig. 92 E3)
= S FA517] folg Aoz Algdn) & ndrt 28 YHe Z2ege o] vhg 2 q A7)
o] 7IEE ApolE A ARRE A ofefiet oFst 4= Qlch

A=ag —ayy 6. d 2
A7 A= AT A2 T g0, aut aws 2 2 dAtoAes dEAxlate] oE vgHe] &
ZF SATL oA AAFE 7HEE=9F NAR oA AAke s HAS floll 23k BHHREE 219 54 4
7Yool 4 > 00]H, A F o] WSt Zlojt) No. A fjalS kit ol SOl mEE A2
73 No. 10 oJHIEY uff 7|¥H} 7|9bH FHo] B3 2t

ol A 2] Xjo|= 77} Fig. 87} Fig. 99l EABHATE 7|4t

04 0.4 0.4

0z L E section (El-7m) 02 L E section (El. -56.5m) 02 L E zection (El. -5m)
w0 - 0 b 0 et
=1
0.2 - -0.2 | 02 -

0.4 . . 0.4 . . 0.4

0 2 4 & o 2 4 ] ] 2 4 B

0.4 04 04

i . [ zection (El. -7m i J

0z L D section (El -7.5m) oz L ! ) 02 L D section (El. -5m)
w0 0 i 0
<1
02 | 02 | 02 |
0.4 ! ! 0.4 ! ! 04 ! !

] 2 4 6 ] 2 4 ] ] 2 4 6

0.4 0.4 0.4

C zection (El -9.5m C section (El. -9m i -8,

02 | { ) 0o L { ) 02 | C section (El. -8.5m)
=0 0 by Do
s 02 | 02 |
04 L - 0.4 . . -0.4 ' '

0 2 4 & o 2 4 ] ] 2 4 B

0.4 0.4 0.4

B section (El.-8m B section (El. -7m i -

02 | { ) 02 L { ) 02 | B section (El. -6m)
B0 0 w4 0 o
<1

0.2 02 | 02 L
0.4 - - 0.4 - - 0.4 - -

0 2 4 & ] 2 4 ] ] 2 4 B

0.4 0.4 0.4

A section (ElL-7m A section (EN. -Bm i -

o2 L { ) oz L { ] 02 L A section (El. -5m)
=0 o T
s n2 | 02 |
04 L - 0.4 . . -0.4 ' '

0 2 4 & o 2 4 ] ] 2 4 B
Time (5) Time (s) Time (s)

Fig. 9. Acceleration difference between NA and SA for No.10 event

KIZIAl HIEE2 FaBiel 2l HE SEHSd 2



(1

(@)

©)

4)

®)

ujg Auko] B B2(SA) MY RS 2§
T 5 320 Hlestel A

AZIA A== 524 59
Hho] wiglo] BRAalx|uL, AW o] wrAgskR] o
710 S mAREE 4= Qi) wheb], X RIA] H]
o] S BAA JJrJ4°ﬂ olgt 22|US 13

of }7]e] NARWS 483t sj4o] L7sch
AR AR 2HNA) BRI 2§ A9, 24
MYOR Qs ARE Al B ulayEE
o2 ol ol A0 el ol vigh
of AL gelo] G| =L A9 FHEY
AR M e
A%, aquge] BE SHEAL Avte] o
Ay ool uhel grebalck

B AgolA S vjge] 49 ojulEo] wet
X AHAS) eAYe] A Det Aoz
Uehdeh webd, QAR 7R0R § SYE
e Aolsh ks GTHE BYAYE AE
o that EAg mEol WaF Ao el
X214 wjerele] Ewe sjube A uto] ozt
2 uros sk 41X 9o FRges A
Agole THstel AASHE e BYSH Holck

webd, HEAS] A4 AREAM Setx s 3
Sulol tig vk wheA "ashch

ATHSE AT we] ST SAmEY Hof 7}
SEnch 24 gpoLt wFske o] A A
o= ekttt E5 muzte] 4% Aol o
el BEHO) 91X U GTmele] AT
§5E 4 e AoR sopielnt mebA, SA%H
NAZ®E g 6 244 v Syl g

HHel @77 Wag Ao Artt
Akl 2
o] QAT A2 A BhkbAl W o571 A

AN IHAH S 1365002988)2] Agto 2 w9l

1.

2.

144  g=Xe3ssl=EE

79 (References)

Ambraseys, N. and Menu, J. (1988), “Earthquake Induced Ground
Displacements”, Earthquake engineering & structural dynamics,
Vol.16, No.7, pp.985-1006.

Bray, J.D. and Travasarou, T. (2009), “Pseudostatic Coefficient for

Use in Simplified Seismic Slope Stability Evaluation”, Journal of

M35 M12=

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Geotechnical and Geoenvironmental Engineering, Vol.135, No.9,
pp-1336-1340.

. Darendeli, M.B. (2001), Development of a new family of normalized

modulus reduction and material damping curves, Ph.D. Dissertation,

University of Texas at Austin.

. Federal Emergency Management Agency (2003), HAZUS-MH MR4

Technical Manual: FEMA, Washington, DC.

. Huang, Y., Zhao, L., Xiong, M., Liu, C., and Lu, P. (2018), “Critical

slip surface and landslide volume of a soil slope under random
earthquake ground motions”, Environmental earth sciences, Vol.77,

No.23, pp.787.

. Itasca (2011), FLAC:Fast Lagrange Analysis of Continua, Version

7.0, Minneapolis: Itasca Consulting Group, Inc.

. Jibson, R.W. (2007), “Regression Models for Estimating Coseismic

Landslide Displacement”,
209-218.

Engineering Geology, Vol.91, No.2, pp.

. Keefer, D.K. (1984). “Landslides caused by earthquakes”, Geological

Society of America Bulletin, Vol.95, No.4, pp.406-421.

. Kwok, A.O.L., Stewart, J.P., Hashash, Y.M.A., Matasovic, N., Pyke,

R., Wang, Z., and Yang, Z. (2007), “Use of Exact Solutions of
Wave Propagation Problems to Guide Implementation of Nonlinear
Seismic Ground Response Analysis Procedures”, Journal of Geo-
technical and Geoenvironmental Engineering, Vol.133, pp.1385.
Kuhlemeyer, R. L. and Lysmer, J. (1973), “Finite Element Method
Accuracy for Wave Propagation Problems”, Journal of Soil Mechanics
& Foundations Div, Vol.99, Tech Rpt.

Ministry of Land, Infrastructure and Transport (MOILT) (2016),
Design Criteria of Slope (in Korean).

Lee, J.H., Ahn, J.K., and Park, D. (2015), “Prediction of seismic
displacement of dry mountain slopes composed of a soft thin
uniform layer’
pp.5-16.
Lysmer, J. and Kuhlemeyer, R. (1969), “Finite Element Model for
Infinite Media”, Journal of Engineering Mechanics Division, ASCE,
Vol.95, pp.859-877.

Makdisi, F.I. and Seed, H.B. (1978), “Simplified Procedure for
Estimating Dam and Embankment Earthquake-induced Deformations”,
Journal of the Geotechnical Engineering Division, Vol.104, No.GT7,
pp-849-867.

Park, D., Kim, T. G., Ahn, J.K., and Park, 1.J. (2013), “Amplification
characteristics of Mountain Slopes”, Journal of Korean Society of
Hazard Mitigation, Vol.13, No.2, pp.117-123.

Park, D.H., Shin, J.H., and Yun, S.U. (2010), “Seismic analysis
of tunnel in transverse direction part II: Evaluation of seismic

>, Soil Dynamics and Earthquake Engineering, Vol.79,

tunnel response via dynamic analysis”, Journal of the Korean
Geotechnical Society, Vol.26, No.6, pp.71-85.

Park, S., Kim, W., Lee, J., and Baek, Y. (2018), “Case Study on Slope
Stability Changes Caused by Earthquakes—Focusing on Gyeongju
5.8 ML EQ”, Sustainability, Vol.10, No.10, pp.3441.

Rathje, E.M. and Bray, J.D. (2001), “One- and two-dimensional
seismic analysis of solid-waste landfills”,
Journal, Vol.384, pp.850-862.

Seno, T., Shimazaki, K., Somerville, P., Sudo, K., and Eguchi, T
(1980), “Rupture process of the Miyagi-Oki, Japan, earthquake of
June 12, 1978, Physics of the Earth and Planetary Interiors,
Vol.23, No.l, pp.39-61.

Strenk, P.M. (2010), Evaluation of analytical procedures for esti-

Canadian Geotechnical



mating seismically induced permanent deformations in slopes, Ph.D. National Academy of Sciences, Transportation Research Board:

Dissertation, Dexel University, Philadelphia. Washington DC; 11-33.
21. USGS (2009), PAGER-CAT Earthquake Catalog, Version 2008 06.1,
United States Geological Survey, 2009.09.04 Received : December 2™, 2019
22. Varnes DJ. (1978), “Slope movement types and processes”, In Revised : December 12, 2019
Landslides Analysis and Control, Schuster RL, Krizek RJ (eds). Accepted : December 13" 2019

s

>
=
==

o
2
10
02
4J
[
o
ne
0z
==
a
i
00
m
Jm
0x
AT
Jx

145





