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Dynamic Analyses of Nonlinear Behavior and Stability of a Slope
during Strong Ground Motions

Fusanori MIURA, Koji NAKAGAWA and Toshiyuki IKEDA

Abstract

This study aims to examine dynamic behavior and dynamic stability of a slope during strong earth-
quake motions. Nonlinear finite element method is employed in this study. The effect of vertical excita-
tion on the dynamic response of the slope was investigated first. It was clarified that the vertical excita-
tion did not affect the horizontal acceleration, velocity, displacement and the vertical displacement. Then,
material nonlinearity of soil was introduced to examine the effect of the nonlinearity on the response of
the slope. The soil was assumed to be elasto-perfect plastic body here. The nonlinearity decreased
response acceleration and increased response displacement. Response velocity was not affected by the
nonlinearity. Finally, stability of the slope under the seismic load was examined. Safety factors against
sliding obtained from the dynamic stresses in the slope were compared with those from conventional
method, i.e., the Bishop’s method. The safety factor obtained from the static method was lower than that
from the dynamic analysis. This means that the actual slope would be safe even when the value from the
static analysis is the value critical from sliding to take place.
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Fig. 1 A cross-section of the slope analyzed.

Table 1 Material constants of the slope.

Unit |Shear Wave |Poisson’s| Cohesion ﬁle of
Weight | Velocity | ratio Clkgflem?) |internal frietion
Y(tf/m®) | Vs(m/sec) dldegree)
Embankment| 1.6 150 0.4 0.1 29°
Weatheredrock| 1.9 300 0.4 0.1 45°
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Fig. 2 Finite element mesh of the model slope.
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(b) Vertical component.

Fig. 3 The effect of vertical excitation on the max-
imum response acceleration, velocity and

displacement (El1 Centro accelerograms).
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Fig. 4 The effect of vertical excitation on the max-

imum response acceleration, velocity and
displacement (J. P. L. accelerograms).
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(b) Vertical component.

Fig. 5 The effect of material nonlinearity of soil on

the maximum response acceleration, velocity
and displacement (El Centro NS; 342 gal, UD;
206 gal).
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(b) Vertical component.

Fig. 6 The effect of material nonlinearity of soil on

the maximum response acceleration, velocity
and displacement (J. P. L. S82E; 208 gal, UD;
126 gal).
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(b) Vertical component.

Fig. 7 The effect of material nonlinearity of soil on
the maximum response acceleration, velocity
and displacement (El Center NS; 510 gal, UD;

307 gal).
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Fig. 8 Change of the ratio of the maximum
responses obtained from nonlinear
analyses to those from linear ones with
the amplitude of excitation (Point F, El
Centro accelerograms excitation).
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Fig. 9 Change of the ratio of the maximum
responses obtained from nonlinear analyses
to those from linear ones with the amplitude
of excitation (Point J, El Centro ac-
celerograms excitation).
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Fig. 10 Change of shear failure zone with time.
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tors by the Bishop’s method.
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method for sliding surfaces 1 and 2.

Table 2 Equivalent seismic coefficient at each moment
for various excitation levels.

Amplitnde of \Time
hon}z)ontal input accelera%on\ 2.46(s) | 248 2.50

171 (gal) 0.096 0.140 0.120

257 0.135 0.165 0.147
342 0.194 0.246 0.224
428 0.239 0.292 0.274
513 0.280 | 0.335 0.323

WTHUTOEREEZTH > L & L.

Fig. 110+~ y#l, 2z L TBishoptk # BT
ROl RLERFig. 12105+, chEvVvF<pHE1
DHHBERERIEL, KERB1L.0L L ZBROKFE
BEZ0.1TH5. —F, ZOT_YEICHLTHRD
IeEBREIEE 4 Table 212"+, 22T, ¥ VA
1 2RO 72 KFANIRME257gald 2. 48701 1513 2 Z(f
BEBE L2 5L0.165Th 5. (FEE171gal0 B S ic
FRERBEBIIR 220 T, TROVELICE S 4R
BI1MEER>TEY, MCEEH257gal L b A X
BEICRTRVELORLRIFI I T L A>TVBED
T, #RIA257gal, 2.48F0 1L o> ZAfiBRIE R L Bishop
BCI2KREIEERBITE V). +4bb,
B AZ R B 72 Bishopikiz X LZRAEBEIZO. LicxtL
T, B R D72 F Huizo. 165 T65% BT R - B
BERRKELR>TWA, 2O AR, +VE
Coa A FEREREL TR TRy icT 344
BERN L LSS I/ LTV 3L A Th 5.
ZODOX S, BishopEZoBEBEICTIHLZ+~Y
RENTHIRLRELE BT 0T8RO H 52 L
bnrs,

4. B it
AR, HBERICE T REOREN i+ 5

(313) 63

iz, FERVERERE L 3 EEREOREIGE

B ETY, REOCBESERE ¥ B %, BHE

O —& T 5 Bishopi: & ByRIREMRITIC L Y HE D

TR T B2REHIC OV THER LI D TH

5. FRARTHONTEREBIRIUTO®EY Th 5.

(1) EANRSRAPCERICITIZLA Y HEY
RiEX iz,

(2) BOMRIERBIEL, EEMEE #ET X+,
ICEEMEHKT 2, CoEERBEO AR
AT YR Bbn s,

(3) Bishop#: L BytymMTIc L b, + -~ s o a3
RERVLOL R 2RABE L ROIER, &
BT R ¥ 72 15 25BishopEiz R 7= & D Xk v 65
%BNSDThotz. Thbt, BEEICT
MWL BORRERFHEITLREEL R
BLouER RS B,

E7o, SEROMIFBEL LTk, #THEED 3
ab—=2a VN, BXUthKEERIC ANBE
REBIBHITFOND,

¥, AWROBE, HE ¥ SR, WE
HBREEFT THR S W R BIC R 7 n 75 A
7S-NEANTH-7-.

2 % X ®

1) RILEX - BEHS - )IB—% - HEAE : JEOHWE
IECEREORT, LRBWRR, 23-4,21-26 (1981).

2) BRES - IB-E : REORBEOMRT, +AKEKE
¥, 24-3, 3-8 (1982).

3) hEES - EHE - PR : RIE O RE %8 L &
EWOTME, LAY LMRISS R BT X 55 K E o WK
£, 1-28, (1983).

4) BUHET - BB/Y : 74 L ¥ LOBHITIC K-S

~YREFMBE -~ KL, K4, No 97, 1-14 (1981).

5) TEES - CHER - DEES  wERCET ARED
REBN, FORAAMBLEL o K2 L,
681-688 (1982).

6) K. Toki, F.Miura and Y.Oguni: Estimation of the
Dynamic Stability of a Slope during Strong Earthguake
Motions, Proc. 8th WCEE, Vol.Ill, 429-436 (1984).

7) FBHAER - KR-BERRF : BABEIUBHERE

(£, 2), 1981,

8) IEES - SHER  R-MENROFEH RS K

BRET, LARPLRTHEE, No 317, 61-68, (1982).

EUHKTT - BBRFE - FHMK : 7 4 L& AOBEIRRY

RESS TR BRI FEN—ER, BHPRBIEH

BHse#4, No 381020, (1981),

9

~

(BRFI594710 H15 1 1)

k% TEHHRRE



