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o ABSTRACT o

This research contains a numerical study by finite element method and aims to
study slope stability under effect of earthquake by use shear strength reduction
technique.

A suitable numerical model have been used for the studied problem depending
on 2D representation for slope and seismic force, where finite element program
PLAXIS was used to perform the analysis, by that program we reach to determine the
dynamic responses for slope under earthquake effect. After validation study, a
complete parametric study of the problem was carried out to study effect of seismic
parameters (frequency f ,and maximum seismic acceleration amax) on the magnitude
of horizontal displacement on top point of slope Ux.
key words slopes, seismic loads, static factor of safety Fs, slope displacement Ux , yield
acceleration ay, finite element method (FEM), timer seismic registry, PLAXIS.
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Sahar Ismail, Fadi Hage Chehade and Riad Al Wardany (. J< 262014 ole &
Clialsa (V) JSEN W c ¢ 20 M deling asial B0 Alges ik it jaaie dslad A shaly
Sl dandl Lot (1) el dscage uidl Lp clialse aadiedl il
zelin FDM sagaadll ciligyall dayh cuaaic) Kocaeli(Ms=7.4) - Chi-Chi (Ms=7.6) 1)1}
. FLAC 3D

- loosa soil H
a=30°
H dens= z0il H
6H 12H

Sahar ismail et.all,2014 du 8 axdical) jaaial) clialsa (V) J<id
Sahar ismail et.all,2014 duls 8 Gagsaal) jaaial) 445 lialsa (V) Jgaal)

Reference (HH=20m) Dense Soil T ocoose Soi1l
Elastic modulus (Pa) 900*10° 25#*10°
Poisson’s ratio X O:-2S O_3
Shear modulus (Pa) 400*10° o _6*10°
Bulk modulus (Pa) 666.66%10° 20.83*10°
Cohesion (Pa) 2#%310° s*10°>
Friction angle (&) 35 30
Dilation angle w(®) 3 o

bl Ay ehal wic F8=1.42 g5 oY) dale Clua 5 &Salaad) Auhall ela) 5 dad) &
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Sahar ismail et.all, 2014 &ul 3 ) Jals 5 jonial i diSia) digh s chulds o Kbl (2) S
Sahar ismail et.all,2014 Luball A dediaall Al dalad ad (2)Jgaad)

Unit (Pa) Case 1 (¢cl) Case 2 (¢c2) Case 3 (c3) Case 4 (¢c4) Case 5 (c5)
Loose soil 5%10° 0.5%10° 50%10° 5%10° 5%10°
Dense soil 2%10° 2%10° 2%10° 4%10° 1¥10°
Sahar ismail et.all,2014 dupal 3 dediual) 4yl diSial dygly ad (3)Jgaad)
Unit (°) case 1 (f1) Case 2 (f2) Case 3 (f3) Case 4 (f4)
Loose soil 30 20 35 30
Dense soil 35 35 35 40

S e BB AAN 235 536 dabs DA Ge ugstal)l Jaatall (Sl Jilas ela) 23 3
F=0.86 Hz jasiall Ll candall 2351 of Ll (g padll jasiall Coaitia 5 el ki & i)
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Slope Angle
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Reginald,H.dwilaia & 45 Ga GSall jaaiall(5) JSill
:SSR ek aladsa) e
F=1.21 WY e dad e Jass @=35° C=10.5Kpa
F=0.67 oY) dole dad e Jass @=17.5° C=5.25Kpa

sl &gl ¢V Ogualsy alae ¢ Edigyall dalra il dlps @3 031l 2g0n daiyha e A3)laal) Jaf (e
ddhide o 23] (PIA e Gailatie Sl 5 Galaial) jaaid) s jasiall QLY el dad ey enal)
Ol dale Gl 5zl Jalgall (e Jale S0
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G e Gelaia
Reginald,H. (uilaiall jaaiall Alad gLl Jale ad (4)Jgaad)
No. Homogeneoeus Slope Example
E (kPa) M v (degrees) Factor of Safety

1 2,000 02 0 1.21

2 2,000 048 0 1.18

3 20,000 0.2 0 1.21

-1 20,000 0.48 0 1.18

5 200,000 0.2 0 1.21

6 200,000 0.48 0 1.18

7 20,000 0.2 17.5 1.26

8 20,000 0.2 35 1.25

9 20,000 0.48 17.5 1.22

10 20,000 048 35 1.27
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Three-Matarial Slope Example
Material 1 Material 2 Material 3 Factor of Safety

E (kFa) E (kPa) A E (kFa)

20,000 . 20000 |02 20,000 : 119"

2,000 . 20,000 0.2 200,000 . 1.15

200,000 . 20000 102 2,000 : 1.4

20,000 2,000 0.2 200,000 1,18

200,000 . 2000 0.2 20,000 . 1.23

200,000 2,000 0.2 2,000,000 123

2,000,000 2000 0.2 200,000 : 129

20,000 20000 |03 20,000 119

20,000 . 20,000 048 20,000 1.16
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(9)¢ (8) cnlsal

Vyas,M. dalal) dlglall duja3 (A ugpal) (grdal) jaaiall (8) Jsid)

I TiN

1.05 m

Vyas, M. ciluall lgh o3 ) Aaiilly (ugytall jaaial slad (9) s

Vyas,M.2014 Ayl dpail dapal 8 dasdival) L) galgd (7)d gl

Property Value

[0) 36.5°

G 2.43
emax 0.86
emin 0.48

C 0

v 0.3

Y 14.28 Kn\m3

E 10000Kn\m2
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50 o
g “ - == = Orignal Profile
Displacement
30
5 iQ 15 20 % 30 35 40 45 50 5% &0 65 70 75 2] &5 0 95 100 105
Hormizental distance

Df g9l Jale ilua disyh (10) J<id)
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Vyas,M. &uiall Lupl) i ogdil) Jale a8 (8) Jgaal

Dynamic Acceleration of Dynamic force

Loading 0.1g 0.2¢g 0.3g

Duration

CYCLE | SEC | AH | AHavwe | DF AH | AHave | DF AH | AHave | DF

(cm) | (cm) (cm) | (cm) (cm) | (cm)
6.47 8.26 12.56

10 25| 634 | 6.54 |0.109| 838 | 8.34 |0.139 | 11.25]| 12.24 | 0.204
6.81 8.40 12.93
7.66 9.54 13.60

20 5 8.67 | 8.04 |0.134| 9.75 | 9.67 |(0.161 [ 14.18 | 13.85 | 0.231
7.79 9.71 13.77
9.66 12.58 18.12

40 10 9.26 | 9.68 |0.161|12.77|12.12]0.202 | 17.19| 17.26 | 0.288
10.12 12.92 16.48

a8 3D Jal (e dupaad) Auhl) dags lgdle Jpeanll &5 DF asiill Jale ad (8) Jsand) W
1=(2.5-5-10)s o) 2ie (0.1-0.2-0.3)g g bl

gaall (gaaanl)

Gilidaaall ) 2 oMl 8ol (da a1l Al5Uall) L el dubpall il e gaaall Qaasall 3ias Jaf o
PLAXIS zalin e (b LS(ERIHN A$al alsd — saaial) a5 palsd — jasiall duvigh slal) dalud)
bl ZAGIN 55l we agpaall sa2al) Jansall (11) K& W oy

Ladaal) LY SR ga (g ptall sanial) Juaga (11) JSil
(9) Ussadl b mnse s LS a=(0.1-0.2-0.3)g Loxic t=10'S (a) Jal (a dubyall o3 shal

3....::9;‘4\ Sasad) ol dagii sgall Jale PCI 3.'915.«(9) Jgaad)

o) Ay Loaaadl Ayl Ayl Al & kil
9.4% 0.1775 0.161 0.1g
13.4% 0.233 0.202 0.29

9% 0.3168 0.288 0.3g

it o Sy diag Apyliie sguill ale ai () Jaadl duyatl) 5 Laoaall il )l o DF 28 45l

Liahatind )y Lee WSy S adly IS8 dun)l 3] (mjee janie Allis dadai e 50l 2 i) (gaaal) Jiagdl)
AN dnael) Wialyy 4l
1o Sia ) ddal)
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R
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LS LGN Al 5 saiall A Galsd (10)J 2l

3aalgl) Aadl) Fl Al
Mpa 1 E s Jalra
- 0.28 ' O gualn Jalaa
Kn/m? 19 r Ll aaall O3
° 35 () AR iy Ay
° 5 v ) sl Aygly
Kn/m? 0.1 c i)
- 5% < Ll dawd
g 0.5 Amax LAY Aal g s
HZ 4 F BB 24,8
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