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Effect of Relative Density on the Relationship between Soil
Deformation under Irregular Waves and Fixed-number Waves
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Abstract; Conversion methods from seismic loads to uniform-amplitude loads are basic research
topics in geotechnical earthquake engineering. Through a series of dynamic triaxial tests, the fea-
ture of soil deformation under irregular seismic wave loading and the relationships of soil deform-
ation under irregular seismic wave loading and fixed-number wave loading are analyzed.The ratio
of residual strain under a constant-amplitude sinusoid wave with 20 cycles and an amplitude of
0.65 times the seismic wave peak value to residual strain under seismic loading is defined as the
strain ratio C,and the relationship between the strain ratio C and sand density is investigated. The
results show that soil deformation development under irregular seismic loading obviously differs
from that under sinusoidal loading, and the strain time history is mainly controlled by the per-
formance of ground motion, rather than seismic loading amplitude and soil type. Under impact
loading, the peak value (instead of other pulses) plays a significant role in control.Under a vibra-
ting wave, besides the peak value,some other pulses with similar amplitudes and peak values have
influences on the soil deformation. The strain ratio C will decrease with the increase of the relative
density of the sand. When uniform sinusoidal loading, with 20 cycles and an amplitude of 0.65

times the seismic wave peak value,is employed instead of irregular seismic loading to modify
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residual deformation of soils under real seismic loading, the strain ratio C will decrease with the

increase in the relative density of the sand.Meanwhile, the strain ratio C of impact-type loads is

much larger than that of vibrating loads.

Key words: dynamic triaxial test; seismic load; loading with equal amplitudes; relative density
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Fig.1  Triaxial apparatus for seismic wave input
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Fig.2 Grading curves of the specimens used in the test
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Table 1 Index of the sands used in the test
4% WRTHE N THE RiA%E/mm AH 5
/(Nem ) /(Nem ) d dso d o E¥44
W R A 16.9 14.8 0.26  0.35 0.4 1.54
e R D 18.0 14.9 0.25 0.45 0.6  2.40

REHRLN 3.91 ecm, KN 8 em, FKEK w=
12% ,Jt AT 2L B 25 | J1 28 200 kPa, [& 45 Ltk £, =
L7, g 5 Xk i et m B o AU AR 2k,
B 3R VR R N 28 . 3 24288 2R 1 TF 5% 05 R
FRE I o M I 3 ) SR FH s AL i (G 22 i R HE i) A
P 3h B (JLIA 3% . Loma Prieta ) . ik IE 23 51 WL
Bl 3, X H = 9 gl N D) B = AN IR AE, 4 0k 320

kPa.,240 kPa 1 160 kPa. 1E 5% I () 3l 1 77 i 18 5 31
SCHG X 07 Ml 72 P WA Y 0.65 4%, 3R 1 Haz, & 3R
WHN 20 K. Ry R WeRb + %5 S AR B I s i) L 55 A T
AN B B R AT S . R M B D, o
SR 75 % .50 %6 F1 30 Y0 gAY , LAAR 2% % 5L | rp % i Ad
W EARES . SR A 3 A SR iR L5 Ak
TR 3 A% B A7 S, Bt 90 Rl 7 T L X
T— AT Hl 4 — A R SR

S b T e AR 200 kPa BYAG R
PN 140 kPa 14188 0] & 77, 78 [ 25 £ J5 4 £ FF
T 20 JE A6 P 46 W A 28K b 7% 47 22

S0 ——
% |
N )
€ 4 1 ' 1 1
o 5 10 15 20 25
t/s
3 (a) REH
~ 2
Q:S 1 .nﬂ n 3 IS
S LT PN T T ——
g I
X 2 :
\brd -i I I Il Il
0 10 15 20 25
t/s
(b) T %%
4
n;f 2 4
(=}
S0
X
T2 - H
¢ K
'40 1'0 20 ) : 4'0 50
t/s
(e) dbi& ik

o,/ (X100 kPa)

t/s
(d) Loma Prietal%

KB R Y E ek K

Fig.3 Earthquake acceleration waves used in the test
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Fig.4 Comparison of strain time-histories of different den-

sity sand specimens (Harbin sand , 6., =320 kPa)
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