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A Study on the Slope Stability of Embankment

in Consideration of Seismic Coefficient
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Summary

This study was performed to investigate the minimum safety factor of embankment in
consideration of seismic coefficient by the psuedo-static analysis. The variables were cohesion,
the internal friction angle, angle of slope, height of seepage, height of embankment, depth
of replacement. The results obtained were compared with those by Fellenius method, simpli-
fied Bishop method and Janbu method.

The results were summarized as follows :

1. The increasing rate of the minimum safety factor with the increasing of cohesion appea-
red larger in Fellenius method and Bishop method than in Janbu method. And that with
the increasing of the internal friction angle appeared the lowest value in Janbu method.
The minimum safety factor was influenced larger on the internal friction angle than on
coh:esion.

2. The variationn of the minimum safety factor with the height of seepage at Om and
5m was nearly similar to Fellenius method, Bishop method and Janbu method. On the other
hand, it was decreased suddenly at 25m. .

3. The minimum safety factor with the height of embankment was decreased remarkably
under 10m with the increasing of seismic coefficient. But, it. was decreased slowly more
than 10m. As the height of embankment was low, the influence of cohesion appeared larger.

4. In heigher case of the depth of replacement, the phenomenon of reduction of the

*éﬁd:&& EBH AR ) Y= HEERE, BEOSF, HREK &b
R2XR, +HEW, Fellenivshik, i

Bishop##&, JanbuJiik.
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minimum safety factor appeared remarkably with seismic coefficient increased. And in lower

case of the depth of replacement, the minimum safety factor was similar in Fellenius method

and Bishop mehtod. But it appeared larger in Bishop method and Janbu method than in

Fellenius method with the depth of replacement increased.

5. As the cohesion and the internal friction angle were large, the phenomenon of reduction

of the minimum safety factor with the increasing of seismic coefficient appeared remarkably.

Also, the influence of seismic coefficient in minimum safety factor appeared larger with

the soil parameter increased.

6. When the seismic coefficient was considerated, investigation of the structural body

on the slope stability appeared profitably in Fellenius method and Janbu method than in

Bishop method.
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Table-1. Stability analysis by pseudo-static method

Method

Limit- equilibrium

Fellenius, simplified Bishop, Janbu

Pseudo-static force Seismic coefficient

0.00, 0.05, 0.10, 0.15, 0.20

. ‘Cohesion(c)

0.0, 0.3, 0.6, 09, 1.2 t/m®

Soil parameter

" Internal friction angle(¢)

0°, 10°, 20°, 30°, 40°

Application fields

Angle of slope(B) 20°, 30°
Water level(W.) 0, 5, 25m
Height of embankment(Hg) 5, 10, 20, 30m
Depth of replacement(Dg) 5, 10, 15m

714, =105 M—2.56 log D—0.01 D+
4192013, M H#(magnitude), DE BR
EEBE (hypocentre) ©] t}.
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Fig. 5. Variations of F, with C, and c for the
height of embankment (f=30°, ¢=
30°, W,=0m)

¥& A%E 19 gl 44 Ueata 3
A

4, B zlo|et Tefnte| BRf

EiE doMgo] HKEE W o] HHrS pEL=E
Easle BEH REEE A dhed o&
9jsto] BrEEC] 1.8t/m°, WIFEEAC] 30°,
¥WEDO o0t/m?Y RAE BRE AL Ba
Zol(Dp) &} B/NEEX(F)THe @AE M8
371 93k fERIAl 20°9F 30°°)1L, BE#
Zo|7} 5m, 10m, 15mA™ A Hikeg 73
FhEeER #AE Fig. 6(a), (e 2
Bi#adolrt 245 343 KeXRe #BME Y
Wi, B#delrt e BFLE HERE)
w|mdel wel 'R WAfEe] LA,
Bf#dol7l & Aev MEREU) ®Windel ot
2 348 BERo] FATE HogF 1 Qi)
a8 FNEERL FelleniusFiEEDE Bi-
shop i Janbuhitkol A 7t o & #E
velioh,

AP0 BggHs ko) RIEREMNS T

—112—



RS ZTEY R METEN ME R

16

14

12

10

Fq

08,

0.6

04

02

0.0 @
000 005 010 0.15 020

Cs
(a) p=20°

54 E L B KA, KEEY T
kg o, Eige #MirFel o8 oz
velhded d9gFe RA7 FHL, BRZER
KEe] § Wt FL 43 g5Hoz JEG
gi i, 22 KiEE BRY S B
#zlol7} @ingol whel £ Eins 29,
B#Zdol”} 0m Ywle FelleniusHE# Bi-
shop7iko] & LXK S Jehiov #Ekz
oj7} #imgtel mel FelleniusHEEE = Bi-
shopHEEANA o & BE&RE Jehidtn o
Fig. 79 HWRHBUT 000949 2o BERE
el

—113—

0.0 %
000 005 010 015 020
Cs
(b) p=30°
Fig. 6. Variations of F, with C, and D from the three different method (W.=0m, Hg=30m)

5. HREY X NBEESD ReED
o Wi

Fig. 7(a), (b)) E#A] 20°, &Pzl
30m, EPFEEANIA REmES Eol7t 5m, ¥
Eh0l 03t/m?9 12/m>*Y ™ HEHRES R
B b o2 RIAREXRS A Hike
2 7% RAolt. WEE#HAS L A&
LR mAe MEREY dFe FUou
AEEREAC) AD+-2 HBERES #Bind 2%
BABge] 2A Jelgen oozt Hpe
Al koA BF J|USHA JElstch webA
AEERAC] & &FYFF HBRES o)



BEBTREE $338 $45° 19916 124

0.0 Q
0.00 0.05 0.10 0.15 0.20
Cs
(h) ¢=12t/m?

40

20

o, degree

10

0 A ! ‘ 1 ]
0.00 0.05 0.10 0.15 0.20
Cs
© c=12t/m* -
Fig. 7. Variations of F, with C, and ¢ from
the three different methods (p=20°,

W.=5m, Hg30m)

& ¢ # AUt

Fig. 7(0)c fAERES REZN “2RYS
128 E¥o =z e, AEmEBEHo B3
HA fhgREX 1271 He MEREY dx
BLE AT KBBo 2 B, ¥ENO 1.2t/m?
A 73S NEEAC] 200dWE Al ik BF
WEAEGY #EE 0.00~0.054H012 e
o). NIREEEAC] 30°UWE Fellenius/7kd
JanbuFENAE 0.05~0.10~8F0) o) A eEbtaL,
Bishop il AlE  0.10~0.15AF0] ol A vHebyt
o}, = NIFEERMAC] 40°YU Sl HBLRE
o] #< Fellenius 77 Janbudidkol A 0.
10~0.15 ol ol A JEbstar, BishopitkelMe
0.15~0.20~ 0] A FhdeeEo]l 122 HA
o}
Fig. 8(a), (b fEAHAC] 30°, REFEE
A BEmel ¥ol7F 5melx, ¥ el 0.3t/m?
9} 1.2t/m*¥™ Fellenius 5% Bishop itk 2
JanbuFko 2 73 BhvkeRe #LE Ve
A zolth, #EARE 27)9E JanbuFEENA
okzb A JEbg o, WERERAC] 40° e
BishopH#Eo g2 3 ol ¥ ZA Jesth

HEW e MBHATRERMTS MELET
B A8 KR, WEEEIEES 012¢ 3

—114—



HEGHRE ZRT B MERE] WY R

<
(a) ¢=0.3t/m?
Fig. 8. Variations of F, with C., and ¢ from the three different methods (B=30°, W.=5m,
HE=30m)

=4 EEFRAA &5 d%, I AS
rockitkte] WEEEAT core B9 HEHL
Heo] ZEpdd F8% BT/ ok gt
=, FAibel FERAEEMbONA 2T HEMNTS
3 A3, BREES BEE 29 o a2y
HEREY il welr RERLE T 3o
BAst g, FREiol e HEBREEC] 0.15,
SRRl e XAl 029~04F =R
Ve a9t

A0 e pe fEHED ) 35m, M
M i§ 150m, Aol 250m)el tHite] HEE

20

18

16

14

12

Fs

10

08

0.6

04

00 4
0.00 0.05 010 015 020

Cs
(b) c=12t/m?

JEEmTS @ A, REMEIN EEIEE
7 27 RAST FHEEme] PEmAAME 200
galeldel KFMEEZ SAHAL. 53 L
To AR Bl BB RLELFO AT
ASE KFMEETF 300gal Ll EO 2 #IES o
Abdel giEiElE 9o Wk sich

6. WRFEE 3 HEHD Rexno
L

Fig. 9(a), ()& fERIAC] 20°, REFEME
A BHEESY =17l 5m, PEEEAC 10°%

—115—



BRBTEGE H33% B4% 19914 128

30°Ud] M o2 7§ RhTaERe MLE
veRd Zoloh. #EARe #@imd watq A
HE BF RERL 4A3Y HOEKS Y
32 ;L MEHNL 00~03t/m* AN BIER
o] @Kol g & #MLE HIAT 1
ol %E dAEA B/inde BES JeEio.
Fig. 9(2)°1A PFERAC 10°Y 3§ k&
$10] 00~12t/m?ol e ZE HBEBEE 3}
o #2Fo| 12l FE HAth Fig. 9(0)dA
PIRAERE A o) 30° B¢ Fh&Hol 1.2t/mPel A
BVEERO] 127} Hv #mERRZY @fEe
Fellenius 5#% Janbu ol A 0.05~0.104}
ool A UEl}, Bishop kol A+ 0.10~0.15
Atol2 ERstc).

Fig. 10(a), (b)= fAERIAC] 30°, REHEE
oA BEme ®ol7l 5moliL, P EERF]
10°%} 30°U ) Fellenius ¥k} Bishophk 2
JanbuFiEo 2 73 B/hceRe #MLE el
A Ao}, EHE Ehnol ol Ml Hik
BE £2Re 43T B E YeEn 9,

00 <
0,00 005 010 0.15 020
Cs

() ¢=10°

22

2.0

18

16

14
%4
12
1.0
0.8
0.6
04 D
0.00 0.05 0.10 0.15 020
Cs
(b) 6=30°
12 !
O—O:F |
®-®:B
09+~ A—A:] +
1
= 06—
5 $
!
/
03 |— [}
0.0 | _,_/J 1 J
000 005 0.10 015 020
Cs
(©) 6=30°

Fig. 9. Variations of F, with C, and C from
the three different methods (B=20°,
W.=5m, H;=30m)

—116—



RS TR R MEEEN W R

T REN B geNE B REERS A
QA #BngdE BRAFA. Fig. 10(a)lA
PIERREE o] 10°Y 739 K& H10] 0.0~1.2t/m?
dHE BE HRFRE dstd REFo] 1.2
DIFE =k Fig. 10(b)olA PIREEE A
30°Y S ¥ENC 00~12t/m*IMNE Felle-
nius &S Janbudigkol A EE HERE o

10

08

0.6

Fs

0.4

02

0.0

0.00 0.05 0.10 0.15 0.20
Cs
@) ¢=10°

— 1 1 J
000 005 0.10 0.15 0.20

Cs
(¢) ¢=12t/m?

Fig. 10. Variations of F, with C, and ¢ from
the three diffenent methods (3=30
°, W.=5m, H|;=30m)

3o F/ & eRo] 120 T2 JeEltch & Fig.
10(c) A2 E uheh o] Bishoplikel A ¥
Eh0l 12ym’ed E&2Ko| 127} J& wE
B BEE 0.00~005A0)2 UEhgth

HR sV HREHHRES SHEEE
A HMBFEHS B KEER KRS Ex
B RR, HRENRES °8F AS9 B/
ZEKE ojH RRAE AU F23 ETFse
o ole BRILEVGE 2A KEFS7) B
olgtx dtsich. YT 2EHBREES o] &AS
249 BAIRERLS HEFHA 2 KD
Bohdeaiol 100 Bue) HMBHREE HHE
HHEANAE  005~010, ZEHBREIME
0.10~0.15A}] ol A e,

olE MMIHES HES, 5, WAESE
o)g BMTEES) BML, ZEHKES S, BE
TR Wk, BEES M HE M,

—117—



BEETRgt $£33% 458 19915 124

Mzl MNEEMA, U EEFY %
IR, F TH—, B -8 HtE
%5 BRI EHES ADERS) FEEl s
BRG ZETY R U & PEE T
Rog A7,

V. #% B

WEGHE AR 3l 1’5o MRS +H
EEHS S #EAZIHA Fellenius7E#  Bi-
shopFE 2 Janbu L2 B/INEERE 73
A, HEGHE BRE Estd oa3 2t

1. ¥EHol gl ©e} JanbuFkE =
Fellenius /73 BishopHikoll A &3 2] 1@
Ko| zlomn, HiFEEMAC] ®ingo] wabA
R Re] J{INES Janbu JiERAA MR
28 g Jerld. 28 KA ERd 0|
e BEe HENRTUE NHEZEANA 4
A YeErsh

2. BREmel o) ko] wElXE Felle-
nius ¥, Bishop itk ¥ Janbu#E EF Om,
smol A A ¥=d R/ REES VeI,
2omAdE FH% BhRkeEXe] B E v
Wt

3. BtEo] #{k: FelleniusH#:, Bishop
Htk 2 Janbudiih 5 HEGREUL ®ingl
we} 10mLA Tl M e Bt izelr) gl ol
FA% fRERY BAE JEIY ST, 10m
LA EAME R hEEERS %8s BLE e
Wt ® R ER v A= HiEH Y R
B wol7t R E A JERET.

4. HEFREUL @il bala R ek
BABRE Bt & Afo U EEEs)
A Gerstel. 283 B#dolrt A&+ Bi-
shop/i#k# Fellenius ke 2L #&XE Y
ehfiyh, E#delst #ingol wet Fellenius)y
BB t}E Bishop i Janbuftkdll A 78 &
NEER © & g YERL

5. ¥iE 13 M EERAC] S5 HRARY
g@inel) o& fhREXRY BORKS BFHEA
veigtt. = Fo #mEE#l, o7f 255
BRERY v e WEAERY FEe 34
vHERSETE

6. WEHRHE EHENE WE Bishop Jitk
BhE Fellenius i Janbu ik o2 REE
g watshe o) i wE Ao

o #ILe 190FE LHEHTE WEBE
RS AT BAHE R
gl FEANL.

2 £ X K

1. Ambraseys, N. N., 1960, On the Seismic be-
havior of erath dams, Proc. 2nd, World
Conf. Earthquake Engng, Vol. 1, pp. 331-358.

2. Baligh, M. M., and A. S. Azzouz, 1977, End
effects on stability of cohesive slopes, Jour-
nal of the Geotechnical Engineering Divi-
sion, ASCE, Vol. 101, No. GT11, November,
pp. 1105-1117.

3. Bishop, A. W., 1955, The use of the slip
circle in the stability analysis of slopes,
Geotechnique Vol. 5, pp. 7-17.

4. Brunsden, D. and D. B. Prior, Slope Instabi-
lity, John Wiey and Sons.

5. Cakmak, A. S., 1984, Soil Dynamics and Ea-
rthquake Engineering, C. M. L. Publications.

6. Cakamk, A. S., 1987, Soil Structure Interac-
tion, Developments in Geotechnical Eng.
No. 43, Elsevier.

7. Chen, R. H,, 1981, Three-Demensional Slope
Stability Analsis, Purdue University.

8. Chen, W. F, and M. W. Giger, 1971, Limit
analysis of stability of slopes, Journal of the

Soil Mechanics and Foundations Division,

—118—



10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

HEFRBE ERT 1Y MEKEN WS AR

ASCE, Vol. 97, No. SM1, January, pp. 19-27.

. Clough, R. W. and A. K. Chopra, 1966, Ear-

thquake Stress analysis in earth dams,
ASCE. 92, EM2, pp. 97-211.

Cook, R. D., 1973, Concepts and applications
of finite element analysis, John wiley and
Sons.

EM, 1987, T NOEIZHITS ¢, ¢ DFE
z%, T &EBE, Vol. 35 No. 11, pp. 9-14.
Mk 7%, 1988, TWES LIEAEERMT LD
RARED, 1+ & 2B Vol 36, No. 5 pp. 7-12.
Ang— AREE, 1985 RERATMH

Bk AMME O AAE, 1 & KR, Vol

33, No. 11, pp. 59-65.

TEEERE—, A& 1961, WMILEF Bt
BEIIHMTAER(ZD 1, 2, 3), £ EER,
Vol. 11, No. 2, 4, 6.

HEEZ, BB B, 1988, HERRTEER
FIZAWALOBEICHT 285, +&&
B, Vol. 36, No. 5, pp. 37-42.

Guidehus, G., 1977, Finite Elements in Geo-
mechanics, John Wiley and Sons.
Hirschfeld, R. C., 1973, Embankment Dam
Engineering, Cassagrande Volume, John
Wiley and Sons.
Hovland, H. ],

slope stability analysis method, Journal of

1977, Three-dimensional
the Geotechnical Engineering Division,
ASCE, Vol. 103, No. GT9, September, pp.
971-986.

Huang, Y. H., 1983, Stability Analysis of Ea-
rth Slopes, Van Nostrand Reinhold Com-
pany Inc.

Huang, Y. H,, and M. Craig, 1976, Stability
of slopes by logarithmic spiral, Journal of
the Geotechnical Engineering Division,
ASCE, Vol. 102, No. GT1, January, pp. 41-
50.

21.

22.

23.

25.

26.

27.

28.

29.

30.

&R, 1n, Ki§, 1988, —BRyEEIZL S
FEDREMT, T LXK, Vol 36, No. 5,
pp. 55-60.

Kane, T. R. and D. A. Levinson, 1985, Dyna-
mic Theory and Applications, McGraw-Hill
Book Company.

ZXR, B, i, 1980, MEY RE
bl BHS BHEE, BEIR T2 &L, Vol 31,
No. 1, pp. 58-70.

. BEIEM, 1987, KHEERIZBITS vy

7 AN LDOREM, 1 LEE, Vol 35,
No. 11, pp. 15-20.

Kiyoo Mogi., 1989, Earthquake Prediction,
Academic Press.

BB ERBTION. 1983, By ES WE
fabx 43 AR .

AT, AEESR, 1982, MKDERELE
+odEit, & &, Vol. 30, No. 9, pp.
37-43.

Lefebvre, G. and J. M. Duncan, 1973, Three-
dimensional finite element analysis of Dam,
Journal of the Soil Mechanics and Founda-
tion Engineering Division, ASCE, Vol. 99,
No. 7, pp. 495-507.

BRI, 1934, HIEENC &3 LIERD B
¥, NBETARABHRSE, Vol 28, pp. 1-67.
Matsuo, S., K. Nishica, and S. Yamashita,
1968, Weathering of the granite soils and

* its influence on stability of slope, Memoirs

3L

32.

33.

—119—

of the Facu. Eng. Kyoto Univ., Vol. 30, Part
2, pp. 85-93.

Meyerhof, G. G., 1970, Safety factor in soil
mechanics, Canadian Geotechnical Journal,
Vol. 7, No. 4, pp. 349-354.

Mohan, A., 1972, Computerized slope stabi-
lity analysis, A sliding block model, Purde
University.

Newmark, M., 1971, Fundamentals of Ear-



37.

38.

39.

. EFrHERATfh,

BEATRGE #1338 H45 1991F 1258

thquake Engineering, Prentice-Hall, Inc.

. ARLETRE, 1980, FEEERRT.
35.

BALTHEREHHEAGR, 199, HEHEE
T, BFHR

1968, MAMEEFNHIZHITS
¥yay7 ke FrKs) 47850 KK,
wER w7 84, Vol. 7, No. 4, pp. 133-
175.

Sarma, S. K., 1973, Stability analysis of em-
bankments and slopes, Geotechnigue, vol.
23, pp. 423-433.

Seed, H. B. and G. R. Matin, 1966, The
seismic coefficient in earth dam design, J.
Soil Mech. Found. Divi,, ASCE, 92, SM3,
pp. 25-28.

Trifunac, M. D. and A. G. Brady, 1975, On
the correlation of seismic intensity scales

with the peaks of recorded strog ground

40.

41

42.

—120—

motion, Bull. of Seismol. Society of Am.,,
Vol. 65, No. 1, pp. 139-162.

Uchida, 1. and T. Hiruta, 1977, Failure of
embankment slope of silty and Masa, Proc.
of the 9th Int. Conf. on Soil Mechanics and
Foundation Engineering, Vol. 2, pp. 161-164.
PRE—EF, RS, FHEER, 1973, <
410 BEREO REIC Y5 BB
Br%, #18E LEHB LRI U L, pp
59-66.

FHME, = THEE, 1981, B&IZL3 Tl
it BEETIZOWT, 4+ &EBE Vol
129, No. 6, pp. 41-47.

. IWEHZEE, RIEA, HKHE, 1980, ARE

kit EOfti: Z2o<4r7a a2
¥ 2 #1t, EFEWE, Vol. 32(3), pp. 98-105.

. FHIER, 1989, 7 4 A VLD =ZRT IR

Bz BT 5 BT



