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On basic theories of unsaturated soils and special soils

CHEN Zheng-han
(Department of Architecture & Civil Engineering, LEU, Chongqing 401311, China)

Abstract: Thorough researches on unsaturated soils and special soils including fill, collapsible loess, expansive soil, bentonite
and sandy clay, are carried out, and a series of novel results are obtained. A lot of instruments and equipments suitable for
unsaturated soils and special soils, such as oedometer, direct shear apparatus, gas permeation device, multifunction triaxial
apparatus and temperature-controlled triaxial apparatus as well as CT-triaxial apparatus, are successfully developed. Important
mechanical properties and laws of water flow, air flow, deformation, strength, yield, moisture and meso-structure of unsaturated
soils and special soils are revealed. An axiomatics theoretical system of geomechanics and the stress state variables of
unsaturated soils are established. The formulae for effective stresses isotropic unsaturated soils and anisotropic porous media
are proposed. The constitutive hierarchy including nonlinear model, elasto-plastic model, coupled temperature-mechanical
model and meso-structure damage model as well as the general model for soil-water characteristics curve are established. The
3-D consolidation theory based on the theory of mixture and the hierarchy of consolidation model are created, the relevant
software to solve 2-D consolidation problems is programmed independently, and the analytical solutions to 1-D problems and
the numerical solutions to 2-D problems are obtained. Many difficult problems such as deformation and stability of dams and
embankments are solved using the above achievements. It is indicated that the proposed theories can be adopted to guide
engineering practices and to be as the theoretical basis for engineering decision.
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Table 4 Strength parameters and non-linear model parameters of remolded unsaturated loess

W) (o5 —u,) g Dy @’ c (0, =03)une AT Ry n
/kPa /kPa /kPa /kPa ) /kPa /kPa ] Bt
100 250 183.3 266 0.94
0 200 480 360.0 32.7 3.7 543 0.88 0.88 225 0.10
300 720 540.0 862 0.84
100 400 2333 463 0.86
50 200 644 414.7 32.0 44.1 775 0.83 0.84 235 0.13
300 850 583.3 1042 0.82
100 472 257.3 568 0.83 0.81
100 200 660 420.0 31.6 57.6 813 0.81 : 260 0.10
300 910 603.3 1149 0.79
100 619 306.3 787 0.79
200 200 800 466.7 29.6 92.8 980 0.82 0.80 280 0.15
300 1010 636.7 1282 0.79
100 690 330.0 893 0.77 . .
300 200 919 506.3 323 123.5 1163 0.79 0.78
PIH 0.83 0.12
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Fig. 7 Change of suction under hydrostatic pressure of Selset clay
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Table 5 Stress states of copper tailings before shear

(L o/ TRE 1 [E 45 s 1/kPa W% J1/kPa
US11 15 49.8
US12 15 150.1
US18 50 49.3
US19 50 149.3
US24 150 48.6
US25 150 145.3
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Fig. 8 Change of suction during triaxial undrained shear
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Table 6 Yield stresses of samples

%] JiE - 24 1 g /kPa

/kPa % (2)° A
0 170 165 167.5
50 185 180 182.5
100 190 200 195.0

200 200 210 205.0
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Fig. 12 Yield loci of Lanzhou loesson p - s plane
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Table 7 Collapse tests on Q; loess in Heimugou of Luocuan County of Shaanxi Province
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Table 8 CT-triaxial tests on meso-structure evolution of intact loess during loading and inundation
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Fig. 17 Relationship between stress and strain of Luochuan Q; loess
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Table 12 Physical indices and stress states before shear of

Nanyang expansive soils

W TEE sk WE W HHE
T Py (grem™) w /% v s/kPa  /kPa

1 1.66 23.6 1.65 100 100
2 1.68 22.1 1.63 100 50
3 1.67 23.2 1.64 100 25
4 1.61 22.8 1.69 200 25
5 1.69 21.0 1.62 200 50
6

1.66 21.9 1.65 200 100
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Fig. 41 CT images of sample No. 2 of Nanyang expansive soils

during triaxial shear
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Fig. 47 CT images of *2 simple of remolded expansive soil during circles of drying- wetting

[ 48 “1 &4 (p =50 kPa, ¢ =50 kPa) b BiHAFRIR/KEET B CT 2 E 1§

Fig. 48 CT images of b-section of sample No.1 of remolded expansive soils during soaking
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Fig. 49 CT images of d-section of sample No. 2 of remolded expansive soils during soaking
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Table 13 Initial parameters and stress states of samples

A HBYem® T E(gem?®)  fLK e B % MR FE /% % 73/kPa {(TEZNYV€ TRV
0 96.00 1.500 0.820 26.55 88.39 50 0
1 88.42 1.637 0.668 21.63 88.40 50 1
2 89.82 1.586 0.721 23.32 88.29 50 2
3 92.05 1.569 0.739 24.05 88.73 50 3
4 95.17 1.506 0.813 26.44 88.67 50 4
5 95.67 1.505 0.814 26.34 88.33 100 4
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Fig. 55 Determination of yield points
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(1) (2) (3)
0 150.34 153.78 139.93 148.01
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Table 15 Structural parameters of samples
. ME
W e w0 "
K( 1553.32 161432 1.00 0.57 1.57

(255)

(256)

1 1542.86  1607.51 0.90 0.53 1.43
" 1532.36  1597.79 0.81 0.47 1.28
#3 1515.01 158524  0.66 0.41 1.07
#4 1473.15 1568.13 0.30 0.35 0.65

FHELHIS Em SRS RN AR & IR, —
B R Mg 57 P, v Ak

m=m, —exp(a+be,) o (259)
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Fig. 57 Relationship betwwen m and ¢,
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Fig. 58 Comparison betwwen damaged yield surface and

undamaged yield surface
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Fig. 59 Comparison between predictions and test stress-strain

curves of intact expansive soils
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Fig. 60 Yield surfaces of intact expansive soils
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Fig. 61 SWCC of Jinpen remoldeloess of Xi'an city
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Fig. 63 SWCC of remolded loess of Fenyang Airport of Shanxi
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Fig. 64 Comparison between SWCCs predicted by Eq. (267) and

test results considering effect of vertical pressure on SWCCs
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Fig. 65 Comparison between SWCC predicted by Eq. (267) with

test results considering effect of net mean stress on SWCCs
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Table 16 Comparison between measured and corrected values of water discharge of Qiaotou Power plant in Qinghai province

T L&y AR ¥ P/ om? AR A 1E (] /om? EH MxHRZE B KR B K
Ngem?™)  /kPa &[4 By MR [E4 By fem® 1% Eetl/%
30 025 0188  0.062
168 75 418 3.080 1.100 429 3.16 1.13 0.11 2.56 26.34
100 514 3960  1.180 534 411 1.23 0.20 3.75 23.03
200 7.50 6150 1350  7.61  6.24 1.37 0.11 1.45 18.00
75 432  3.040 1280 426 3.00 1.26 0.06 1.41 29.58
1.50 100 501 3700 1310 518 3.83 1.35 0.17 3.28 26.06
200 740 5960 1440 755  6.08 1.47 0.15 1.99 19.47
R 17 BBWHKBET T XL - KEFEH &S HE de = dp + ds N dg , (269)
Table 17 Parameter values of SWCC of Qiaotou Power plant in " K. H, K.,

Qingdao province

T2 /(gem®)  a/ (10° kPa) b ¢ (10°kPa)
1.68 1.47 0.032 2.09
1.50 1.87 0.035 3.07

F18 BB EEETNw - ¢ XRELREN
H3TE

Table 18 Slopes of w - g curves of remolded loess of Qiaotou

Power plant in Qinghai province

TE g W ) c(s) c
/(grem) /kPa /(107°kPa™')  /(-10"kPa™)
75 1.98
1.68 100 2.09 2.09
200 2.19
75 3.02
1.50 100 3.17 3.07
200 3.02
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Table 19 Comparison between measured and corrected values of Guangzhou clayey-sand soils

TR Wy K 1 A/ em? HEAK AR I A e ZA MXHREZE BYPIHRKE YR
/(grem’®) /kPa e, [ & Lig7) BE 4 s Jem® 1% HeK R LF1/%
50 7.102 3.85 3.252 7.3 3.95 335 0.248 3.49 45.89
1.85 100 7.892 4.55 3.342 8.1 4.60 350 0.208 2.64 43.21
200 9.744 6.3 3444 100 6.45 355  0.256 2.63 35.50
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Fig. 67 Relationship of w between ¢ for Guangzhou clayey-sand
soils
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Table 20 Comparison between measured and corrected values of

water discharge

H O KIE R
W5 A8 /kPa i 18 552 0
3 Jom’ K%

/cm

p,=50 444 4.33 2.54

FEH W g,=0 D,=100 4.89 447  9.40

IR
‘ =200 602 569 580
r i
% 1 45 Py=50 409 379 792
;fﬁ( ¢,=100  p,=100 390 375  4.00
e Py=200 496 478  3.77
% P,=100 3.32 3.1 6.75
q,=200
Py=200 398 367 845
5,=50 346 326  6.13
o D0 S=100 399 388 2384
L il
R ) A 5,=200 567 522  8.62
K 5,=50  3.02 275  9.82
g‘iﬁ(ﬁ ¢y=100 s5,=100 3.88  3.57 868
FanES 5,=200 501 469  6.82
it s 5,=50 234 217 783
W5
¢y=200 s5,=100 349 346 087
5,=200 439 430  2.09
5,=50 150 138 870
oy D010 =100 258 243 617
-
T4 5,=200 336 315  6.67
ARIE S 5,=50 231 215 744
p
%{;%j% Py=200  s,=100 325  3.04 691
¥ (s 5,=200 378  3.64  3.85
P 53] 5=50 354 346 231
W5
Py=300  s,=100 399 381 472

5,=200 4.75 4.58 3.71
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A(p)=a,+byq, (271)
Kwpt =a, +bg, (272)
qut = a3 + b3p0 (273)

Fal (271 ~ (273) KA (269), FXFPRIL
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Table 21 Comparison between predicted values by Eq. (268) and those by Eq.(275)

UKD p, TR B LK 285

2 (268) TS 45 R AR e

2 (275) T 45 R AR

25 R R RESS%AH RES1%SH mRE RESS%EH RE<1%AH
RN P12 % RN T2 1% RN P12 % RIS P12 %
P35 1 ) A0
o N 46 21 48 45
NI AR W 48 6.23 2.01
a o /95.83% 143.75% /100% /93.75%
K =l 4R 56
30 1 g NS S
TIREH. RN 48 24 53 50
) o . 53 7.58 1.24%
AR DN A /90.57% /45.28% /100% /94.34%
P 3 N Ty R
50 37 50 46
JIAE w1 50 3.90 1.76%
/100% /74.00% /100% 192%
K = #8516
22 RIGFFABIERRREEEYTEE S D
Table 22 RH values and the corresponding suctions of the used saturated salt solutions
[i] AH 20°C 40°C 60°C 80°C 100°C
KNO, — 88%RH / 18MPa 82%RH / 30MPa — —
KCl 85%RH / 22 MPa — — 79.5%RH / 37MPa —
NaCl 75.7%RH /38MPa  74.7%RH/42MPa  74.9%RH/44MPa  76.4%RH / 44MPa —
KBr — — — — 69.2%RH / 63MPa
NaNO; — — 67.5%RH / 60MPa  65.5%RH / 69MPa —
NaNO, 66%RH /56MPa  61.5%RH/70MPa  59.3%RH/80MPa  58.9%RH /86MPa —
NaClO; — — — — 54%RH / 106MPa
NaBr 57.9%RH /74MPa  52.4%RH/93MPa 49.9%RH/107MPa  50%RH/ 113MPa —
Mg(NO3), — - 43%RH / 130MPa — —
K,CO; 44%RH/ 111MPa  42%RH / 125MPa — — —
MgCl, 33%RH/ 150MPa  32%RH/164MPa  30%RH/ 185MPa — —
KF — — — 22.8%RH /241MPa  22.9%RH / 253MPa

KC,H;50,

23%RH / 198MPa

20%RH / 232MPa
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