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Abstract: Many slopes of subgrades fail during earthquakes. Therefore, it is necessary to evaluate
the stability of slopes under seismic loading in the design of the subgrade.The pseudo-static meth-
od is one of the most frequently used methods in seismic stability analysis of slopes and is the
specified method in the “Specifications of Seismic Designs for Highway Engineering.” One of the
key factors in this method is the effect of amplification of the peak acceleration of a seismic load.
To study this effect,a large-scale shaking-table model was developed with a subgrade model at a
scale of 1:20.A series of tests was performed with various inputs of seismic wave type,amplitude,
and frequency.Seismic wave type included one type of artificial-seismic wave (sinusoidal wave)and
two types of observed seismic waves (EL Centro and Wenchuan seismic waves).The amplitude
and the frequency of each wave were determined by the scales of model similarity.In these tests,
accelerometers were set at various locations in the subgrade model. Accelerations of the model un-
der seismic loading were then measured in both vertical and horizontal directions. Amplification
coefficients were calculated by dividing these accelerations by the measured acceleration at the
surface of shaking-table.Test results show that horizontal seismic waves are greatly amplified by
the subgrade;amplification of vertical seismic waves was not noticeable. Maximum amplification
coefficients of 2.45 and 1.3 were located at the surface of the slope for both vertical and horizontal

waves, respectively, The amplification coefficient of the horizontal seismic wave varied along the
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height of the subgrade and was divided into three stages of height increase such as increasing,de-
creasing,and later increasing again. The maximum amplification coefficient was reached at the
highest point of the pavement, and it varied along the pavement. The amplification coefficients
were greater at the surface of the slope than those inside for both horizontal and vertical seismic
waves.For horizontal waves, the amplifications differed significantly under seismic waves with dif-
ferent frequencies, wave type, and amplitude. The amplification coefficient increased with an in-
crease in frequency in the test.For the three types of input waves, the amplification coefficient was
maximum under ELL Centro seismic waves and minimum under sinusoidal waves. Moreover, the
amplification coefficient decreased with an increase in amplitude. These results show that the am-
plification varies under different seismic loads and should be evaluated according to actual situa-
tions.Further, these results are helpful for determining seismic load in the seismic stability design
of subgrades.

Key words: subgrade; seismic stability-peak acceleration; amplification coefficient; shaking-table

P AR 5 ¢ 0 35 7 0 00 R 3 O R 9 3 £ e R 5T e

test

0 35

KEE -2 R E R, WAL 0w 5L
XA T —FaE £, 19551999 4E K 45 4E[a],
R E BRI 7 gL PR A 15 WL nE i
R G R A X RCE ARG R E v
BT A58 E N B3 T RN 28 T R K R TR R 6
FE I R R B T AR KR AR, 2008 4FE 5 A
12 H BB i S BCE K X 14 A8 (0D FEA B
xR E R, T2 I A L K P R A2 M
W PG, K F W RA B AZBUE 2. 8X10" km™,
PR 1l 2 A T B R AR E e W A TR 4
Kl 1Y 7] 2 —

H . B8 SRR P 3l TR T vk R R
711 Newmark Jy ik fsh AR k. Hpfil
i TR R 7 3k o R Y 1Y B BT
RARRE R RN AR 7 ik i b R e 21
e 2R FH A 7 17 8 5 s Newmark 7 k3 T i
BB I A RRITEE T i R AR R TR AR
55 1) A A B AR A 1) A D, 5 B 0 A5E AR Al R
() fa Ak, 1k 2 ey Ak S BOH 5 45 SR 10 m A5 R
D E L LA BT A2 D A R S PR R B0 g
() 35 4IF

T b HL A 58 & PR RUAS T HORHME: | i it 3 4
AV 00 % 5 A I 1 b, 7 e 7 ok AR A R R L DRI T
TEARARLOC ZR LAl L B3R 2 15 455 280 3 56 gl By B 7 1k
B I 50 A B — T B, IR AE R A S0k AR AR
WF5E 7 1 A5 20 )7z B R Y, R S R R e e
AT 4% 624 A5 R R 78 4 8 & 50 80 48 45) b 7% 1
R B 3R 2 e R R DL M AR B 2

i1

BOxT 3y 3 45 RSl g e N Y 5 5 A5 R R
G B AAR A IT 1 IR AR R AT AL T RUE
S HT B B (EOR G o U 45t B0 ) A R o3 A
R s 2 LA B0 T T 1 3007 % i R B R 3l 5 488 2
K07 ZE IR R B 3l & BF ST T P g A
By I W) O BT A R AR DL KRR B 2
FOF 30 7 MR R B R 0 G X g R Y
35 01 B Bl T R

% FE B0 3R E A3 W TP B SRR Dk Y B PR AL
TR SE B % R PO RS B U kT 7R TR B
FRENZ B . R, BF 5832 05 0 TP b = A 2
BRI X g R O 07 0T AT A L T A R S T H I
X% R IR 8 & g B S o BRI ), A
SCil i R RR B 5 8 RS, e A T R AR R I
e Bl 3 far A0 43 A LA S L Kt R B 2 BN Bl ) i
A AT L S R DT S 5L 7 325 v b 2 A 28 Y
A S A3

1 HRFBEAXEFTE

1.1 Rmig & RER

P2l & AL HE B 4 L 6 T L A5 R A R 2% A
gy HoaR BRI 1, &3 & TAEMARIE R 0.1~
50 Hz, 51 R 3 m X6 m, n] 7&K Z il e Kl
35 i,

P TE B N AT BB N R R Ol 2.8
m(§) 2.38 m(FE) 78 B FORFR M, A6 0y FAAE
ZRER 7 S A A B AR A R DU TR A 5 mm JEE AU A
MBI . 8 PSR FH BJ KT 2 A4 O D88 2 R A 4 K
It 135 B e R G TR R AR RE L R A 5



780 o

T B ¥ iR

2014 4

Bk

Y3 7T =
Bl ®IHBEARTE
Fig.1 Sketch of shaking table

mm., AT /0N AR RS TR R T T A R 4 L R 2
fof — 2 I & I R JEE

P 3l & i 50 A5 7 W A RS DL IRT 2. R A A
I I 4 2 2 B O R S, g 2 R B A AR 15~ 20
cm ZW .

= I A

[38 |

155

A2 nAEAMERCE . mm)

Fig.2 Section of subgrade model (unit: mm)
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Table 1 Similar relation of test model and prototype
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Table 2 Loading rule of shaking table test

P b 7R Al iR Ji i g 0 / g
1 EL 3 301 801 0.05
2 EL B E 52 0% | 1 3% 3 (B 1)) 0.05
3 EL B BON3E  E3%E  E 3R (8 ) 0.10
4 I 3% 0% (B i) 0.05
5 EL i 0.10
6 EL % 0.10
7 EL 0.10
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9 B 0.20
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14 EL 0.40
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Fig.3  Variation of horizontal amplification coefficient

with the slope height
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Fig.4 Variation of horizontal amplification coeffici-

net with the subgrade width
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Fig.5 Variation of vertical amplification coefficient

with the slope

Ak et ) TR AR R B 3B s ) R A R . MU 5 Cad T
VLA 3 7 1 1] L e i 0 5 0 s 1 i A\ 3
Bl B A — R AR AEOR R BN P 2R
230 1.2 7547, INIEL 5 (h) AT LU 76 I 5 9 3 m
B RAE A BB/ T 1.0 iR,

P 6 Sy s 1] 7 6 A 86 R 2R 1 1) 0 A RLARE . %
VI T I 2 5 0 T P ) o e R AR R A 3 el
AL AE AL B BEAR /N, AT DL B A A2 AR S B
2709 0.95 iy 1S FIIEL 6 BYSE SRR, B T
L 1) i A\ ) L SR A B B R A



782

==
=

H

T

A

V= SO 1 2014 4F

3 MRS HX R E D AR R T M
Al

7= A 5T 2R 3 K R B RO B

Xof I 2 W T i AR (LR 0.1 g L Bsf I) R 406 43 )
M 5.536.3.113 F1 1.75 [ EL 3 Pk 320 56 O B F
RIS B P A F S 5.6 A7) L A [R] JE 45 L
ZA TR L B R R =R TR S T A 6.7
Wb R ZRBCIE 7 s . NE 7 R LA LY
JE 45 L /NEE I A5 6 RN 7 WK R B0 R
1.0 F 1.1, i & FR 46 LU 0 3850, i A 1 72 0% A 42 1
BT 3 T A5 ) R R R A B R B R
FEFEAR R 5.536 B, I & 6 RN A& 7 M K R 4k
SrAAE] 1.6 1.8, K T 4 b 1.75 B Xt N Y
IO i

3.1

1.0 ’\0———‘—\’\—‘
0.8
=
ES ) -
% 0.6
_\r<
ﬁ 04 [~
0.2+
0.0 I 1 I I |
0 20 40 60 80 100
5 5 55 BE/om
Bo6 RAR@ERKKFHK
Fig.6  Variation of vertical amplification coefficient
on subgrade surface
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Fig.8 Amplification coefficients of slope under different

types of seismic waves
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