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An improved model for cumulative deformations
of clay subjected to cyclic loading

ZANG Meng, KONG Ling-wei, CAO Yong

(State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics,
Chinese Academy of Sciences, Wuhan, Hubei 430071 China)

Abstract: The deformation characteristics of soft foundation subjected to long-term cyclic loading is significant. Various models have
been developed for predicting cumulative plastic strain in clay under repeated loading. The most commonly used is empirical model,
but it has some limitations. Based on the dynamic deformation curve of typical structured clay, an improved model is proposed to
describe the cumulative deformations of clay subjected to cyclic loading, by adding exponential function of a(s" —1) to the
exponential hyperbola model of bN™/(1+cN™) . This model applies to both stable strain curve with the strain limit and destructive
strain curve under different stress levels. As for brittle failure of strong structured clay, the model has obvious advantages, and it also
shows good universality of dynamic deformations of different structured clays under different stress levels. What is more, the
improved model can be used to calculate the critical dynamic stress approximately. Since the behavior of structured clay is damaged
promptly under dynamic loads when cumulative plastic strain is relatively small, the inflection point of strain-cyclic number curve is
proposed to determine the failure criteria of strain.

Keywords: clay; cyclic loading; cumulative deformations; improved model

2a

[11

2016-02-14
No. 51179186 No. KFJ-EW-STS-122
This work was supported by the National Natural Science Foundation of China (51179186) and the Science and Technology Service Network Initiative, Chinese
Academy of Sciences (KFJ-EW-STS-122).
1988 E-mail:zangmeng@163.com
1967 E-mail: lwkong@whrsm.ac.cn



436

2017

2.1

[21

Prevost®!

[41

Parr®

Monismith @

Chai

[9]

Wichtmann

[12]

Miura®

[10]

[11]

[

Monismith®

ge=DbN" 1
& m b
N N=1 e=Db
m>0 b>0 1
& N de/dN =bmN™*
0
1
[71
g:bL 2
1+cN™
b ¢ m
b/c m
2 c 0
1 2 b=05 m=02 ¢
- c>0 2
b/c
de/dN =bmN™"/(1+cN™)? m
O<mx<1 c<0 2
& 0
2 c=0
2 1
c c=0

/%

0 1000 2000 3000 4000 5000 6000

1 c -
Fig.1 Curves of strain and cyclic number
with different values of ¢



437

2
[11]
N=0 &=0 e=06"-1
o 4
o, =100 kPa My = o
oyl o, oy 1 2 0>1 o
1y =0.9 0=1 &=0 0<o<1
2
a(oN -1) [7]
bN™/(1+cN™) 2
bN™
e=a(s" -1)+ - 3
1+cN
8
’ £ abcm s
6
S5 a
4 a>0 o o=1
; 0<5<1
2
1
0 ]
0 200 400 600 800 10001200 14001600
2
Fig.2 Fitting curves of strain and cyclic number of
Zhanjiang structured clay
2.2 .
vs 0 500 1000 1500 2000 2500 3000
) 3
- Fig.3 Fitting curves of strain and cyclic number of
3 oy = Zhanjiang intact clay
100 kPa
- o P
5 ! i — 5=101
! P 5=1.001
< >> 4ar ! i --- 5=1.0001
L ! S 6=1.000 01
o3 i { —— 52100
w9 | / ! —-6=075
; ;S —— 05025
1 ;
0 . e 55t ,
W20t 100 100 10°  10° 10

sNoo>1

4

Fig.4 Curves of exponential function &'-1

with different values of &

3 oy =

100 kPa

4



3 17,=09

bN™ /(L+cN™)
a(o" -1

0 200 400 600 800 1000 1200 1400

Fig.5 Values of fitting curves calculated
by different functions

n,=15

438 2017
— — [11]
ny=065 n,=0,l0, o,
(X3 Y C 6
®= & 7 3 C — O
1 n,=0 c>0 c>0
bN™/@+cN™)
a ) 5 a a(o" -1
R® 0.95 6 c¢c>0
c=0 bN™
1 (775:0) c=0
Table 1 Fitting parameters of cumulative deformation of
Zhanjiang intact clay (7,=0)
6
a b c m ) R? 5|
7d
070  1.274x10% 02766 0.87210 02015 0.8979 0.9998 R4t
0.80  4.624x10" 04539 0.14590 03149 09956 0.9942 sl
0.90 2.758x10*° 0.4237 0.02120 02889 1.0490 0.9626
0.95 7.568x10™° 03014 010430 07924 11400 09627 2r
0.98 1.333x107 05540 0.03523 04331 11800 0.9986 -
0 1 1 1 1 1 )

0 200 400 600 800 1000 1200

6 c
Fig.6 Fitting curves of strain and cyclic number
with different values of ¢

o=1 c=0
& N c=0
0<do<l ¢>0
o<1 2
a=0 o¢=1 3
2
3
3.1
3
[11] [12]
o, =100 kPa 1Hz

3 7(a)



2 439
7(b)
2
7 2
7(b) 7(c) 7(d)
3
8 4 8
$ 7
T3 o m=070 6
< o 8 179=0.60 < 76=0.50
< 5§ o 74=0.50 -~ 5 14=0.48
4 X m=045 4 76=0.43
5 ; 174 =0.35 3 . 74=0.38
2 2
1§ 13
0 . - ™ 04
0 300 600 900 1200 1500 0 500 1000 1500 2000 2500 3000
@) (b)
8 8
7 a 74=0.50 7
< 6 o 74=0.48 < 6 a  7=0.50
~ 5 [ x  13=0.43 ~5 o 7:=0.48
4 B = 74=0.38 4 x  14=0.43
3 & - 3 - 774=0.38
2 2 _
13 1
0 1 1 1 1 ] 0
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
(© (d)
7
Fig.7 Fitting curves of strain and cyclic number of different structured clays
2
Table 2 Fitting parameters of cumulative deformation of clay
T a b c m ) R?
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