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Experimental study of nonlinear shear stress relaxation
characteristics of Nanning expansive soil
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2. College of Civil Engineering, Hunan University of Technology, Zhuzhou, Hunan 412008, China)

Abstract: On the basis of a series of indoor shear stress relaxation tests for unsaturated remolded expansive soils by using a quadruple
load equal strain-controlled direct shear apparatus, the shear stress relaxation characteristics of this kind of soils were researched.
Many useful conclusions are obtained. The results show that shear stress relaxation curves under different initial conditions are all
incomplete attenuation type; but the shear stress decreased gradually and eventually tending to stable values. The relaxation curves can
be clearly divided into three stages, i.e. the instantaneous relaxation stage, attenuation relaxation stage and stable relaxation stage.
Shear stress-strain curve at different moments is nonlinear under different initial conditions, which indicates that expansive soil in
Nanning is nonlinear, indeed bomb, sticky, as well as plastic. The conclusions show that the soil is the higher the nonlinear degree of
the rheological properties of expansive soil with higher the moisture content, or the smaller the vertical load, or the greater initial strain,
or the longer the time. Based on the analysis of tested results, an empirical shear stress relaxation equation of Nanning expansive soils
under the condition of direct shearing has been established by improving the linear relationship between logarithm of shear stress and
time. The regression curves of empirical relaxation equation are in good agreement with those of the observed data. The strain level of
stress relaxation was taken into nonlinear empirical models. It intuitively reflect the nonlinear stress relaxation properties of Nanning
expansive soils. The model is more corresponded with the actual engineering, so as to provide a theory for analytical calculation of
nonlinear stress relaxation problems of expansive soils.
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Table 1 Physical characteristics of expansive soil sample
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Table 2 Chemical components of sample
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Fig.1 Shear stress relaxation curves under different initial conditions
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Fig.2 Isochronal curves of shear stresses vs. strains
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Table 3 Fitting results of shear stress relaxation curves
RE % a; b; d; R

1.5 324698 -0.16389 3477341 0.986 41
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Table 4 Parameters of experience relaxation equation

e FIKE %
- 203 224
Ttk /kPa 100 300 600 600
A 0.0339 0.007 0 0.000 3 0.0377
B, 04125  -0.0899  -0.0225  -0.4457
a4 G 1.396 5 0.2919 0.1232 14356
D; 1.946 6 3.146 4 33705 2.176 1
RS 09283 0.846 4 0.999 5 0.903 8
E;  0.0054 0.0202 0.013 8 0.018 8
F,  0.0414 02402  -0.1887  -02221
b G -0.0036 0.7715 0.706 2 0.736 7
H;, -0.0743  -1.0229  -1.0967  -1.0544
R 09255 0.9712 0.977 8 0.992
K 29122 27.564 -1.612 0.966
N L -2.2693 25.88 19.466 0.9972
M, 221316 31.03 44502 0.997 1
RS 47102 44857 31525 0.982 3

TAKE N 20.3% B m Mgk 100 kPa BB L)
WAL /G LEZL SaY S

0.0339°-0.412 567 +1.396 5¢+1.946 6
t(t)=e .

)0.00545370.041 4£240.003 65-0.0743 ()

(t+1
2.9122¢% +27.564s —1.612
TKEHR 20.3% BEmfardk 300 kPa I, BYY)
INIAL VS LR SR

0.007¢> -0.089 952 +0.2919£+3.146 4
t(t)=e .

0.020 2£°—0.240 262 +0.77156-1.0229
(t+1) -

2.2693% +25.88¢ +19.466
TKE N 20.3% B ffk 600 kPa i, BYY)
INWAL VN LEZL AR |

0.000 38> -0.022 56 +1.123 26 +3.370 5
t(t)=e .

- (1,

)0.013 87 0.188 7¢%+0.706 26 -1.096 7

(t+1
213166 +31.03¢ +44.502
TKEN 22.4%. B fiTEL 600 kPa i, BYY)
INBAR NG RZ g o)

0.037 76° —0.445 76> +1.435 66 +2.176 1
t(t)=e .

0.0188£° -0.222 167 +0.736 76—1.054 4
) - an

(t+1
4.7102¢% +44.857¢ —3.1525
28 00 R 5 R R W R B I TR R A
PR YU S 5 AR DRI T DR, RS |
KA BE N FH R RZIK (0 AR Lk B D) R kA stk
Mo NHIAIZS S KE N 20.3% B [ a2 4 100 kPa-
BYN ARy 0.015 F1 0.030 (500, BHRI(E S 4K
B TH AT X e g Rl 4 Fros. d e LUk
W, RISV EAE A B A R, T LA
LIESWARTF AR B SR e, e et
AT AR, RSO A I A
TR T R IR B Y ) RA St R I A AT SR

70 [
—m— R —a— P
60
<
50
[
40
30 !
0 2 500 5000 75 000 10 000
tmin
(a) @=20.3%, o =100 kPa, £=0.015
70 [
" —m— KRR —a— R
<
g 50
[
40
30
0 2 500 5000 75 000 10 000
tmin

(b) @ =20.3%, =100 kPa, £=0.015

B3 RS S 2T b

Fig.3 Comparison of tested results and fitting curves
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