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Abstract: In order to verify the rationality of two stress state variables of unsaturated soil, the conventional triaxial apparatus is
improved: three pressure-volume controlles are employed to respectively control the pore water pressure, inner and outer
chamber pressures so as to improve the measurement precision of volume change and water content; and the axial load by
loading derice can conveniently control the deviator stress. Based on the previous verified results of isotropic tests by the
authors, the improved unsaturated soil triaxial apparatus and remolded Q3 loess are used to conduct two types of experiments:
one is two groups of consolidation undrained shear tests under the net confining pressure, deviator stress and suction, and the
other is three groups of consolidation drained shear tests under the net confining pressure and suction. In the first type of tests,

with the equivalent change (increase or decrease) of the confining pressure, pore water pressure and pore air pressure, and
He&WmHE: EXARFEEETH (11272353, 11672330,
51309199, 51509257)

Wi EHA: 2016 - 05 - 05
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without the change of the net confining pressure, suction and
deviator stress, it is found that the volume change and moisture

change are very small and can be neglected. In the second type
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shear tests with the same net confining pressure and suction. Among the tests, one is that after the completion of the

consolidation, the direct drained shear tests are performed; the other is that after the completion of the consolidation, with the

equivalent increase in the total confining pressure, pore water pressure and pore pressure and without the change of the net

confining pressure and suction, the drained shear tests are performed. It is found that their shear strengths, volume changes in

the shearing process, generalized shear strains and drainages are very close and can be considered to be equal. The use of two

stress state variables to describe the stress state of unsaturated soil is reasonable in terms of deformation, moisture change and

strength, which consolidates the mechanics theory of unsaturated soil and provides a reliable experimental basis for the theory

of two stress state variables of unsaturated soil.
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Fig. 1 Improved stress-controlled unsaturated soil triaxial

apparatus
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Table 1 Calibrated values of loading device

SEE B | IREENHE 2L SFME gy 2e
/kPa  %/(0.01 mm) %{/(0.01 mm) /0.0l mm) JI/N

10 23 2.1 2.20 33.65
20 5.1 5.0 5.05 77.23
30 8.0 7.8 7.90 120.82
40 11.2 11.0 11.10 169.76
50 14.1 14.0 14.05 214.88
60 17.2 17.2 17.20 263.06
70 20.7 20.7 20.70 316.59
80 23.8 23.7 23.75 363.23
90 26.8 26.7 26.75 409.11
100 30.0 30.0 30.00 458.82

e B EECN 15.294 N/(0.01 mm).
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Fig. 2 Improved strain-controlled unsaturated soil triaxial

apparatus
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Table 2 Initial conditions of samples of first type of tests

L TEE WA RN SEE R
M5 R

/(g'em”) /% /kPa /kPa /kPa

s 5a 1.65 67.2 75 75 100

5b 1.65 67.2 75 75 200

6 6a 1.65 67.2 150 50 100

6b 1.65 67.2 150 50 200
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Table 3 Initial conditions of samples of second type of tests

7 Ta 1.65 67.2 50 100
7b 1.65 67.2 50 100
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8b 1.65 67.2 50 200
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9b 1.65 67.2 50 300
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Table 4 Volume changes of groups 5 and 6 (%o0) 3.0 -
. LU 5 2 YR 3 KA 4 20 5
25 kPa 25 kPa 50 kPa 25 kPa ) 12(5):
Mz gk s sk B gk mal gk S 05)
5a 0.03 -0.55 0.01 —0.35 —0.04 —0.59 0.08 —0.40 %-ﬁ;ﬁ‘?»‘:::f‘*:j‘::j‘%
5b -0.12 -0.52 -0.12 -0.77 -0.11 036 -0.02 0.50 “jﬁg:
6a —0.02 -0.69 0.05 —0.75 —0.18 —0.97 0.16 —-0.29 j;‘;;
6b -0.10 -1.01 -0.12 -0.92 -0.29 -1.09 0.11 -0.62 00T w96 120 14 168
%5 B, 6 ELHIEKETLIER (0 FR
Table 5 Moisture changes of groups 5 and 6 (%0) 30
I 552 YN 553 Y IHIN 5 4 Y 25 e
~ 25 kPa 25 kPa 50 kPa 25 kPa 15}
T mm s W gok W% g mal sk 5 ool
52022 -0.15 0.0 -0.13 0.14 -031 0.01 -0.35 %_g:‘s’wﬁ
5b 001 -0.58 0.17 -0.59 0.14 -0.74 0.01 -0.26 10t
6a 0.06 -0.77 021 -031 0.17 -0.14 0.17 -0.42 :;f,:
6b 0.08 -024 0.08 -045 0.12 -0.36 -0.07 —0.34 :;(5)* L
FIMETT A, R AR R SR BRI ©o R e XM
JIMI LA, AR R IR A A 5 (1) ol 4H B8 4 i (b) SetLH
PREFPA R TIRS B REAARR, B LA AR FRT K Bl6 555, 6cATHMEKETHRIER

IR RAER ., #E 2, TEERN ). (WS SR ) Fig. 6 Moisture changes of groups 5 and 6
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Table 6 Volumetric strains of samples of first type of tests

A EERREN WNARIF A AR B (E /[ g
' EAR /% KA /%o AR %

5a 3.06 -0.59 1.93

5b 4.12 -0.77 1.87

6a 4.84 -0.97 2.00

6b 5.46 -1.09 2.00
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Table 7 Values of ¢, and ¢, of groups 7, 8 and 9 at failure

s TR N IRRE  BEIRES &, 41
] . .
&% A ZEE/ Y% eo/% EAH/%
7a 4.05 -1.18
0.50 0.11
7b 4.55 -1.07
8a 3.96 -0.61
0.51 0.53
8b 4.47 -1.13
9a 3.43 -0.54
0.01 0.07
9% 3.42 -0.61
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Fig. 9 Water volume-axial strain curves of groups 7, 8 and 9
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Table 9 Values of water volumes of groups 7,8 and 9 at failure

" WIRES &, BRI e, 2 BRI KR BRI HEK

Gi WA e,  BORR e ABZE WA Rl
= 1% {8/% e /% Z1H/%
Ta 4.05 4.45

0.50 0.45
7b 4.55 4.90
8a 3.96 4.16

0.51 0.69
8b 4.47 4.85
9a 3.43 3.61

0.01 0.01
9b 3.42 3.62

e 2Nl R w2 1/ N R IV AR RS i e Sl
10 F1Z& 10 Fion. B 10 FIZE 10 w4, [F—4H -6
(IS AR RS g - il B AR 28 AH B2 . 7R
RN AR RN, PR R IG W 773 Bl Y R B ) 5 B

4
i % /% jom® B om’
Ta 4.05 0.244
0.50 0.002
7b 4.55 0.246
8a 3.96 0.280
0.51 0.013
8b 4.47 0.293
9a 3.43 0.339
0.01 0.014
9b 3.42 0.353
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Table 10 Values of deviator stress at failure

Gi  BOK( ‘ USRI T
fne HI2 {H /kPa N

= /kPa /kPa
Ta 467.12

7 5.26 469.75
7b 472.38
8a 567.77

8 16.45 559.55
8b 551.32
9a 602.40

9 10.29 607.55
9b 612.69
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