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Characteristics of stiffness degradation and strength effect of dynamic damage of
structured soft soils
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Abstract: The structure of natural clay will tend to be damaged under the external load, and its mechanical characteristics will
change, especially under the condition of dynamic load. The mechanical change of Tianjin marine deposited structured soft
soils subjected to cyclic loading is investigated. The resonant column tests and post-cyclic monotonic tests on the soft soils
which experience different cyclic loadings are performed. The resonant column test results show that the degradation rate of
stiffness is from quick to slow with the development of structural damage. The revelation of the strength degradation law is
similar to that of the stiffness degradation law. This degradation law is analyzed from the structural damage view, and the ratio
of stiffness to strength of soft soils under the damage process is discussed. A conclusion is dram that the degradation degree of
stiffness is larger than that of strength.
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Table 1 Basic properties of marine soft clay

WKN-M? G wi% e S w/% I, cu/kPa

Pl ()

18.0 272 398 1110 33 544  26.3 20.4 16.4

1.2

GzZ—10

GCTS

20 Hz

50 kPa 1Hz

100 kPa

12

—=— 50kPa
—— 90 kPa
—— 130 kPa
—v— 200 kPa
Misagy —4— 270 kPa
e ]

0 5 10 15 20
REAE &al %

1 —

Fig. 1 Triaxial test results of undisturbed soils

2801
260 —u— 50 kPa

240 - —o— 100 kPa
220

0 5 10 15 20
ﬁ_@“z‘ 511/"0

2 —
Fig. 2 Triaxial test results of reconstituted soils
3



238 2013

500

3001
250
< 8
T 200 3
o -
150 Z
- &
% 100 B
E=5 ATEHL
K 50 0 . 1 . 1 1 1 )
0 100 200 300 400 500 600 700
0 s . . : . ] Prah
0 50 100 150 200 250 300 ITRBNRK
I o3/kPa 5
3 Fig. 5 Relationship between axial strain and cyclic number
Fig. 3 Envelope curves of undrained shear strength between
undisturbed and reconstituted soils 3
2.2
1
Hz 50 kPa 4
2.0%
6
181
—— FR+
16 & —1.10%
14 —a—2.60%
L —e—3.10%
« 12 —»3.80%
E —a—4.60%
5 10 —o—6.00%
2 8]
R
| 60
4
2
O 1 1 J
- 106 107 104 10-3
Rzl SRS %
4 - 6
Fig. 4 Dynamic stress-strain curves Fig. 6 Relationship between shear modulus and strain derived
5 from resonant column tests

5 7 6



239

3.1%

ﬁjcgyﬁ]ﬁﬁ(;lllexlkpﬂ

RPUBYERIAE £a/%

Fig. 7 Degradation law of maximum shear modulus with

accumulated strain

GCTS

0.7% 1.1% 2.8%
3.2% 4.4% 6.2%

8
8
9
3.2%
79
140
120
g 100
S —=— JFUR+
© go} —— 0.7%
S —A— 1.1%
E 60 —v— 2.8%
= —— 3.2%
E 40 —— 4.4%
P —— 6.2%
0 ,

0 2 4 6 8 10 12 14 16 18
REAE £a/%
8 (03=100 kPa)
Fig. 8 Stress-strain relationship of post-cyclic monotonic tests

(5=100 kPa)

HEK IR,

[=}

2 3 4 5 6 7
R 2a/%

9
Fig. 9 Relationship between undrained peak value and dynamic
accumulated plastic strain

5
7
9
Gmax
Su
10
<
z
- 20 -
0 1 1 1 1 1 1 J
0 1 2 3 4 5 7
BRAHENIEE /%
10 Gmax/Sy
Fig. 10 Variation law of Gys/Sy with accumulated plastic strain
10 Gmax/Su

Gmax/su

14



240 2013
(6] , :

6 [41. , 2010, 31(6): 1699—1704.
(ZHANG Yong, KONG Ling-wei, LI Xiong-wei. Dynamic
backbone curve model of sa turated soft clay under cyclic
loading[J]. Rock and Soil Mechanics, 2010, 31(6): 1699—

3 1704. (in Chinese))

1 [7]1 ANSAL A, IYISAN R, YOLDOROM H. The cyclic behavior
of soils and effects of geotechnical factors in
microzonation[J].  Soil Dynamics and  Earthquake

2 Engineering, 2001, 21: 445—A452.

[8] MOSES G G, RAO S N, RAO P N. Undrained strength
behavior of a cemented marine clay under monotonic and
cyclic loading[J]. Ocean Engineering, 2003, 30: 1765—1789.

(9] , : :

[J]. , 2009, 30(10): 2991—2995.

3 Grar/Su (WANG Shu-yun, LU Xiao-bing, ZHAO Jing, WANG Ai-lan.

GrarlSu Post-cyclic  loading undrained strength  degradation
characteristics of silty clay[J]. Rock and Soil Mechanics,
2009, 30(10): 2991—2995. (in Chinese))

[10] :

[l ’ ’ ’ [4]. , 2000, 21(1): 20—23, 27. (WANG

_ L1 i 2000, 10(10: 43__47' Shu-yun, Lou Zhi-gang. The degradation of undrained shear
(GONG Xiao-nan, XIONG Chuan-xiang, XIANG Ke-xiang, strength of undisturbed and remolded marine clay after cyclic
et al. The formation of clay structure and its influence on loading[J]. Rock and Soil Mechanics, 2000, 21(1): 20—23,27.
mechanical characteristics of clay[J]. Journal of Hydraulic, (in Chinese)
2000, 10(10): 43—47. (in Chinese)) [11] ’ ‘ o
(2] ol [ , 2009, 30( 2): 204—207.
1093, 15@3): 21—28. (SHEN Zhujiang. An elasto-plastic (JIANG Min-min, CAI Zheng-yin, CAO Pei, et al. Effects of
damage r'nodel f'or cTemented clays{J] Chines.e ‘]Ol_]mal of cyclic loading on mechanical properties of slity clay[J]. Rock
Geotechnical Engineering, 1993, 15(3): 21—28. (in Chinese)) and Soil Mechanics, 2009, 30(S2): 204—207. (in Chinese))
G n
[91. , 2010, 29(7): 1503—1512. 1. | 2010, 32(10): 1491
(YAO Zhi-hua, CHEN Zheng-han, HUANG Xue-feng, et al. __1498. (HUANG Mao-song, LI Shuai. Degradation of
[J]. Chinese Journal of Rock Mechanics and Engineering, stiffness and strength of offshore saturated soft clay under
2010, 29(7): 1503—1512. (in Chines)) long-term cyclic loading[J]. Chinese Journal of Geotechnical
[4] : : [91- Engineering, 2010, 32(10): 1491—1498. (in Chinese))
, 2011, 42(1): 79—82. (LUO Ai-zhong, [13] ’ ,
SHAO Sheng-jun. Study on structural damage of structural [J]. . 2012,
loess[J]. Journal of Taiyuan University of Technology, 2011, 34(3): 401—408. (ZHENG Gang, HUO Hai-feng, LEI
42(1): 79—82. (in Chinese)) Hua-yang. Undrained strength characteristics of saturated
[5] : , , undisturbed and remolded silty clay after cyclic loading[J].

[91. , 2009, 30(6): 1542—
1548. (ZHANG Yong, KONG Ling-wei, GUO Ai-guo, et al.
Cumulative plastic strain of saturated soft clay under cyclic
loading[J]. Rock and Soil Mechanics, 2009, 30(6): 1542—
1548. (in Chinese))

Chinese Journal of Geotechnical Engineering, 2012, 34(3):
401—408. (in Chinese))

[14] . [M]. : , 2011.
(XIE Ding-yi. Soil dynamics[M]. Beijing: Higher Education
Press, 2011. (in Chinese))



