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Experimental study on influence of stress history on dynamic properties of
remolded red clay

LI Jian, CHEN Shan-xiong, JIANG Ling-fa, XIONG Shu-dan

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

Abstract: The dynamic characteristics of soils are important factors affecting the engineering stability. Experimental studies
have shown that the stress history has a more significant impact on the static characteristics of the red clay. However, there are
few research achievements from the studies on the influence of the stress history on the dynamic properties of the red clay. In
order to further reveal the effect of the stress history on the dynamic characteristics of the red clay, a large number of dynamic
triaxial tests are performed on the remolded red clay samples with different stress histories. The dynamic stress-strain bone
curve and the dynamic modulus variation curve of the remolded red clay under different stress histories are obtained. The
influence laws of the stress history on the remolded red clay are analyzed. The test results show that in the range not exceeding
the strength of the red clay, improving the soil compactness, confining pressure, consolidation ratio and vibration frequency is
beneficial to enhancing the dynamic strength and elastic modulus of the soils. In order to provide basic data and references for
the relevant projects, several empirical equations for the dynamic indexes and stress history factors of red clay are established.
Key words: remolded red clay; stress history; dynamic triaxial test; dynamic characteristic; dynamic strength; dynamic elastic
modulus
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Fig. 1 SDT-10 dynamic triaxial test system
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Table 1 Results of particle analysis
e
0.5~0.25 0.25~0.075 0.075~0.005  <0.005
/mm
1% 57.4 426

1 :<0.05 mm ki & &R 90.7%, <0.01 mm ki & &R 52.7%,
<0.002 mm 550kL & & 29.6%.
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Fig. 2 Relationship between moisture content and dry density
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Table 2 Programs of short-time dynamic triaxial tests
. A
MRS Thow R W4k Robkin
DT1-1 0.80
DT1-2 0.85 50 3.0 1
DT1-3 0.95
DT2-1 25
DT2-2 0.8 50 3.0 1
DT2-3 100
DT3-1 1.0
DT3-2 0.8 50 2.0 1
DT3-3 3.0
DT4-1 1
DT4-2 0.8 50 3.0 2
DT4-3 3
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Fig. 3 Relationship between stress and strain of soils under cyclic

load
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Fig. 4 Load waveform of grading short-time dynamic triaxial tests Fig. 7 o4 - test curves of remolded red clay (influenced by
consolidation ratio)
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Fig. 5 a4 — &4 test curves of remolded red clay (influenced by

compactness)
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Fig. 6 a4 — &4 test curves of remolded red clay (influenced by
confining pressure)
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Fig. 8 a4 — ¢4 test curves of remolded red clay (influenced by
vibration frequency)
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Fig. 9 Dynamic elastic modulus test curves of remolded red
clay (influenced by compactness)
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Fig. 10 Dynamic elastic modulus test curves of remolded red

clay (influenced by confining pressure)
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Fig. 11 Dynamic elastic modulus test curves of remolded red

clay (influenced by consolidation ratio)
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Fig. 12 Dynamic elastic modulus test curves of remolded red
clay (influenced by vibration frequency)
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Table 3 Hyperbolic model parameters under different stress

histories
RS P4 FlE O R3 a b R
i3 tt /kPa  #[Hz
0.80 76X10° 541 0.99
0.85 3.0 50 1.0 62X10° 476 0.99
0.95 9.1x10° 361 0.98
1.0 5.08X102 6.24 0.99
08 2.0 50 10 1.33X10% 5.96 0.99
25 256X102 7.13 0.99
08 30 100 10 6.0X10° 3.05 0.98

2.0 7.8%X10° 504 0.99
5.0 6.6X10° 491 0.99
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Table 4 Stress ratios under different stress histories 200 ° 0953
B%i 5 (ow/kPa  Ros Ry Rs Rio Ris - 150
DT1-1 18484 0.78 088 097 099 099 &
DT1-2 21008 079 088 097 099 0.99 100
DT1-3 27701 066 080 095 098 0.99 sol
DT2-1 14025 058 074 093 097 099
DT2-2 18484 078 088 097 099 099 0 s
DT2-3 32362 072 084 096 098 0.99 1.0x10™* 1.0x10° 1.0x10° 1.0x10”"
DT3-1 14265 052 068 092 096 098 BRI,
DT3-2 167.79 069 082 096 098 099 .
DT3-3 18484 078 088 097 099 0.99 13 Davidenkov
DT4-1 184.84 078 088 097 099 0.99 Fig. 13 Fitting effect of improved Davidenkov model (different
DT4-2 19841 076 087 097 098 099
DT4-3 20367 079 0.88 097 099 0.99 compactnesses)
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Table 5 Improved Davidenkov model parameters under different

stress histories

RS  Emad/MPa Eref A B R?
DT1-1 141.78 1.29x10°% 12 052 (.99
DT1-2 180.56 1.15X10° 095 053 099
DT1-3 237.25 1.14%X10° o085 055 098
DT2-1 65.03 211x10% 13 065 0.96
DT2-2 141.78 1.29%x10° 12 052 099
DT2-3 173.86 1.85x10° 09 05 098
DT3-1 84.76 1.61x10% 07 05 0097
DT3-2 111.46 1.47x10°% 09 055 (.98
DT3-3 141.78 1.29%x10° 12 052 0099
DT4-1 141.78 1.29%x10° 12 052 0099
DT4-2 169.03 1.16x10% 09 052 0.8
DT4-3 183.44 1.09x10% 08 052 0.99
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Fig. 17 Influence of compatness on dynamic strength and elastic

modulus of remolded red clay

350 | gﬁg/k})a -
300 o B RKFIHE/MPa 41300
........
g : 1250 \2
2 E
— 0 00
P e e . 7
..... 9 l
o e .
50 . 450
0 ‘ ‘ | ‘ 0
20 0 60 80 100 o
b o3/kPa
18

Fig. 18 Influence of confining pressure on dynamic strength and

elastic modulus of remolded red clay
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Fig. 19 Influence of consolidation ratio on dynamic strength and

elastic modulus of remolded red clay
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Fig. 20 Influence of vibration frequency on dynamic strength and
elastic modulus of remolded red clay
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