37 4 Vol.37 No.4
2015 4 Chinese Journal of Geotechnical Engineering Apr. 2015

DOl 10.11779/CIGE201504008

1 2 1 1 1
Q. 464000 2. 430071)
2941.8 kPa
3 Logistic
TU443 A 1000—4548(2015)04—0629—12

(1978— )

E-mail: zhoubc@xynu.edu.cn

Hydro-mechanical coupling effects on volume change and water retention

behaviour of unsaturated expansive soils during compression
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Abstract: During compression of unsaturated soils, the volume change and water content change interact simultaneously. The

hydro-mechanical coupling effects on both of them are comprehensively investigated. For this purpose, tests on water density in

soils and suction-controlled (0~1000 kPa) one-dimensional compression tests on saturated and unsaturated soils are carried out

for Jingmen expansive soils. The conclusions are drawn as follows: (1) For the volume change behaviour, the yielding point can

be observed on the load-compression curve, and the compression ones under higher suction intersect the curves under lower

suction sequentially. The unloading curves appear to be linear, and the slopes of which decrease with the increasing suction.

The volume change formula is presented, which is capable of predicting the shrinkage due to suction increase, volume

compression/expansion due to loading/unloading, yielding, and the variety of compressibility due to suction change. (2) For the

water retention behaviour during compression, the water content changes slightly under higher suction. When compressed to the

net vertical pressure of 2941.8 kPa, the water contents under the four different suctions are similar. A three-parameter Logistic

function is presented for simulating the coupling effects of suction and net vertical stress on water content. (3) The degree of

saturation increases during both loading and unloading, both of which mean ‘wetting’. However, the water content decreases

during loading, which means ‘drying’. The reason for this discrepancy is that the change of degree of saturation can be affected

by change of the water content as well as that of void ratio.
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1
Table 1 Void ratios and water contents of samples
100 kPa 200 kPa 500 kPa 1000 kPa
e wi% e w/% e wl% e wi% e wl% e wl%
0.627 16.94
0.629 16.73  0.616 16.29  0.621 16.52  0.617 16.39 0.618 16.38
0.910 33.67 0.931 0.921 3405 0.910 3320 0917  33.67 0917 3342
py—e 7 Py €
(1]
14 Py=1+ bexp(—ke)
13 h=2.73688 + 0.5327
= k=5.29211 + 0.42772
7 12 Chi*/DoF=0.00041
g R2=0.9754
i 1.1
6 =
< 1.0 °
. .. . o HBER
Fig. 6 Rigid loading plate 09F — BERIA L
0.8 L 1 1 1 1 1 1
03 04 05 06 07 08 09 10
2 e
7 P, —e€
1 Fig. 7 p,—e relationship of saturated samples
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7 p,—e
2.1 p,, (e)= 1+bexp(-ke) (1)
Du e P, glem’ e b k
m ms 7 1
My Vi=my/ Gy Py—€
G, 2.72P4 4 8
Vy e=V./V;
Va=Vy
Po=my! V=mylVy
11 e p, Pu /
0.984 1.337 g/em’ e 0.392
[21]
0.909
2 P, —€
Table 2 p,, —erelationship of saturated samples
/kPa /(grem™)
0 0.909 33.67 1.007
12.5 0.885 32.02 0.984 N
25 0.858 31.61 1.002 1.0 g/cm
50 0.827 31.19 1.026
100 0.741 29.31 1.076
200 0.678 27.01 1.083 1
400 0.615 25.43 1.124
e
800 0.559 23.65 1.150 Pu(e)
1600 0.478 21.42 1.218
3200 0.411 19.80 1.311 2.2
4000 0.392 19.29 1.337
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Table 3 Results of saturated one-dimensional compression tests 1600 12.5kPa Cs
o,, C.
/kPa /kPa C 5
0 0.931 800 0.504 S
12.5 0.901 400 0.522
25 0.872 200 0.546 2 3 . _
50 0.824 100 0.572
100 0.757 50 0.596 — —
200 0.688 25 0.619
400 0.626 12.5 0.639
800 0.554 0 0.713 e=V,/V,
1600 0.491 — — v, Vv
Lor |78 v, W=my/ms
09 w S=VlVe Vs
08 S. Ve
07 Vi=myl p,, Pw
i 06 Ve 1
05 1 g/em’
% 10 100 1600 10000 4
6y/kPa 4
8
Fig. 8 Saturated one-dimensional compression curves O-L
8
4
Table 4 Results of unsaturated one-dimensional compression tests
/kPa 100 200 500 1000
o,//kPa e w/% S/% e w/% S/% e w/% S/% e w/% S/%
0 0.828 2724 86.57 0.794 2481 81.68 0.752 2256 77.61 0.745 2058 71.37
23 0.792 2670 88.05 0.762 2429 82.73 0.740 2238 78.02 0.718 2036 72.71
46 0.774 2601 8741 0.755 2408 82.57 0.729 2220 7828 0.715 2030  72.67
91.9 0.750 2532 87.29 0.731 2386 84.04 0.717 22.02 78.67 0.704 20.08  72.80
183.9 0.703 2433 88.32 0.697 2335 8523 0.699 21.83 79.58 0.684 20.02 74.18
367.7 0.644 2303 89.22 0.641 2252 87.53 0.661 21.19 80.54 0.663 19.96 7571
735.4 0.577 2188 9129 0.576 2139 89.43 0.593 2086 8552 0.623 19.59  77.69
1470.9 0.510 2027 91.28 0.513 1995 89.61 0.526 19.76 87.36 0.542 19.07 82.83
2941.8 0.438 1851 90.52 0445 1836 89.10 0.458 1836 87.73 0472 1794 8433
1470.9 0.443 1920 9337 0457 1876 89.77 0.453 18.64 89.59 0479 18.18 84.79
735.4 0.462 1988 9458 0473 1947 9145 0479 1922 89.68 0487 1842  85.13
367.7 0.482 2041 9490 0489 20.02 9239 0490 1949 89.85 0495 18.66  85.55
183.9 0.499 21.16 96.55 0.501 2042 9293 0.500 1990 90.63 0498 1891  86.32
91.9 0.508 21.15 9547 0510 2081 93.74 0.505 1999 90.53 0.500 19.00 86.52

46 0.517 2213 9890  0.518 2121 9473 0510 2021 91.00 0.502 19.09 86.71
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Table 5 Values of consolidation yield stress, compression index
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Table 6 Parameters of unsaturated volume change formula
¢ o, (0) C0) C(0) Cs d 2941.8 kPa
0.931 43.5 0.2212 0.0735 0.10445 w 17.94% 18.51%
¢ r B g & 100 1000 kPa 2941.8 kPa
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Table 7 Best fitting results of formula (8)
/kPa  wo(y) v P I3
0 33.67 6482.6 0.4436 0.9871
100 27.24 11566.1 0.5223 0.9933
200 2481 16128.7 0.6029 0.9985
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