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During an earthquake, the induced inertia forces alternate in direction and magnitude

numerous times, Thus, the factor of safety may drop below unity several times which

induce some movement of the failure section. So, the overall effect of an earthquake

acting on a slope is thus the cumulative displacement of the failure section. If the

calculated displacements are sufficiently large, the slope is considered to have failed.

The minimum factor of safety only exists transiently, thus, the stability of slopes

should depend on the cumulative displacement developed during an earthquake, Herein,
on calculating the factor of safety of a slope for a given earthquake shock, the effects of

earthquakes on the displacements of a slope should be assessed. Incidentally, this is

done based on the concept of Newmark.
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Fig.4 Motion of Failure Block on a Slope with Positive

Velocity at t,., and Negative Velocity at i,

(a) Negative Acceleration at {,., and Positive Acceleration at
ta

(b) If Negative Velocity is Permissible

(c) If Negative Velocity is not Permissible
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Fig.5 Motion of Failure Block on a Slope with Positive
Velocity both %,., and ¢,
{a) Negative Acceleration at {, , and Positive Acceleration at
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(b) Velocity is all Positive
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Velocity is not permissible

ZHoNDBDTETRYEERD L, TANOHBHTH L
DEL, <0 LEEINBLEH1L =0 &7 5.

A (7) TRHONBTRYAEEH Fig. 4 TREN
BEIIT, 0,20 THY 0,200 & &, ZOXBTHE
EM0EROBMIBEBET S, L, SISt ORAt O
T HER

(011_ én—\)(t“ tnﬂ)z
2(tn— tn—l)

ézén-l+ 9n—l(t— tnAl)+
0=0 DBEA te 1L, X (8) Tl=ta &BE, MWL
LRDEHITREND.

» o 2(07:‘ én— )‘ én
“"ﬂ-‘i\/ L (e S

ter=1In T

(én_én—l)

(tn"tn—l)
©=39.17° ro=16.8m
9,=110.03° r, =20.8m

$=10° y=15.68 KN/m?
H=9.0m c=23.52 KPa
L=9.4m =407

Fig.6 Model of A Failure Mechanism.



116

#H - 4ERT - CHEN ©
=8 SINE-WAVE (MAX.0.5G:0.5H7)
N1
W
(&)
Vo
<9
o \/ \/ \] \] v v
;;‘_‘,D‘ RAD. /SECw~2
o=
Dol
-
”‘A/\[\/\AA/\/\A[\
o,
58
Ao
n 0.00 IO Uﬂ lZ 00 I‘ 00 IE oo IG o0
. | MAD./3EC
oh s
(=]
S
w
>3
BD . ,0 12 UD |4 0o 18 DD IE DO
TR
o]
« 4
Tg
Tt 7T —T—T— 7T 7T —7—T— 17—
0.00 2.00 4.00 5.00 8.00 10.00 1z2.00 14,00 16.00 19.00 20
TIME :SEC
Nk
o e
;D
'e
> T T T T u T T T T T T T T T T T T
0.00 2.00 4.00 6.00 8.00 10.00 i2.00 14.00 16 00 i8.00 20
TIME :SEC
Fig.7 Case of Sine-wave (Max. 0.5G :0.5Hz).
N ©p=38.87° o = 10°
22 On=137.15° & = 60°
E 0.56 re=35.1m ¢ = 10°
— max. .
N — 37.5m —
= 23.0m
1 Tets ——
2 1 3.4 o y=15.68 XN/m?
21, c=23.52KPa
@ max. 0.4C L
= cm (b) Case of Based-failure
1.0 He
max. 0.3 S ‘1
A_A———‘.—_—_——-—.—-———_—‘—‘
0 T T T T T T ||
S5 1 1.5 2z 2.5 3 HA
Period T (sec) 1
- '
Fig.8 Comparison of Cumulative Displacement per Unit-time S \
. . £
Corresponding to Period, @ Pl . . .
v ] o~-~e (asc of Toe-failure
= 0.5 -
- &—* (ase of Based-failurc
6.20m L
Qp= 58.24° o = 1p°
= Op= 86.93° 5 = 75°
ro= 19.5m ¢ = 35°
0
Wom 15 68 KN/m® .
- L c-23is2kpa
. 1
(a) Case of Toe-failure

Fig.9 Comparison of Cumulative Displacement between Toe- failure and Based-failure Corresponding to frequencies



A DOREMBICE I SHERTNOEMIIO>NT

EL-CENTRO NS COMP. (a)

G.ACCEL./C
060  0.so

oy

e

wg

el

wo

<

w

3 | l

(=]

4% L (" il

i U s 1| R | B 1 1 S St SR UL R sy S S S AP B SV S

0.00 . ‘ I 4.00 ‘ 5.00 8.00 10.00 12.00 14.00 15.00 18.00 20.00
TIME :SEC

o] maD.ssEC

ot

—_a

o

=]

g

w

>3 i 1

ar—r—p

0.00 2.00 4.00 6.00 ¢.00 1¢.00 12.00 14.00 16.00 18.00 20.00
TIME :SEC

o

s

IR

P

I

=

-}

£

stH— v 7T T T T T T T T

g.00 2.00 4.00 8.00 B.00 10.00 12.00 14.00 18.00 18.00 20.00
TIME :SEC

°

3 e

.N_“

P

»

(=]

8

> g—T——r— T T T T Tt T T T T T T

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 15.00 18.00 20.00
TIME :SEC

KATHOKU BRIDGE LG. (b)

8.50

s

0.00

G.ACCEL./G
aj L

A
Lt
w9
Qo
-
w 4
a.
58 [ 1\
»e T T T T T T T T T T T T )
0.00 .FD lADH 4.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
TIME :SEC
o | mAD./3EC
=N
— o
o
[a)
9 A
s
el M.
=3 T T T T T ST T T T T T T T T T T T 3
0.00 2.00 4.00 .00 .00 10.00 12.00 14.00 16.00 18.00 20.00
TIME :SEC
o
N
«~7] x
a o
© -
(=1
R4
Ta T T T T T— T T T T T T v T T T T J
0.00 2.00 4.00 6.00 6.00 10.00 12.00 14.00 15.00 18.00 20,00
TIME :SEC
9
H
N e
a - o
w
a
' 8
> ot T T T T T T T T T T T T T T T T
0.00 2.00 «.00 6.00 8.00 10.00  12.00  14.00  16.00  18.00  20.00
TIME :SEC

Fig.10 Earthquake Waves.
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