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ESCTARIE] T = (e, /h*) e, GHEAE S, B 0.7,0.8,0.9 FIHARIESE h = 1 m B, 45 5
B IH ¢, =2.36 x 107, 7.7x107°,2.9x10™° m*/s . X I AIREE K 2/h, T HFLBRK E S
P/P", TENARN S o'/P", 43R TCERE T =107, 107,107,

ML 2 i 2R AR A AT DA S et | Bz 3 HE K T ALK R /s | i £ 2 o FLBR K
JE TR, HE 2 B A8 7 i FL B K R 38 1) e AL, I L5 A Bt 2 1) 18] 79 & J 7 328 Y7 Uk
ZINHE R i, FLBR K 7 I 2 1 24 1) 5 Iz ik /) , 1E G /) &Wﬁﬁu‘lﬂé’]ﬂtfﬁf“ﬁﬁi
A—F, E 2(b) A 2(¢) T LA I FEFLBRK R g G (T > 107, il AAb iy fL B
TR R T IE HAS PR, B A v ] L B K e 0 HO e .



FE A AT HEA S50 B AR A0 - — 2 11 45 7 fige A fi 1043
() P—
[ M o 84=0.7
e —— S4=0.8
08 S
P,
0.6 .
= B
~N i
N
0.4 #Fpu
‘#f
0.2 -
|~
]
[ ) =
0 0.10 0.20 0.30 0.40
P,/P*
(a) T =103
1.0 1.0
RN N o Sy=0.7 —— §,=0.7
—— 5v=08 % —— 5,=0.8
0.8 5209 0.8 Y —— $.=0.9
g
0.6 0.6
~ ~
~ ~N
N N
0.4 04
i
0.2 0.2 ;’j
Agﬁrﬂ””ﬁ 0
0 0.10 0.20 0.30 0.40 0.20 0.30 0.40
P,/P* B,/P*
(b) T =103 (¢) T =10"
B 2 OR[EIRRBE T TG i AR FL B K e 7 Bt TG e A TR B ARk

Fig. 2 Variation of the dimensionless pore water pressure with

1.0

0.8

0.6

z/h

0.4

0.2

the dimensionless depth for different saturations
AL BT B i T ARG E i, AR o 00 G L 7R B8 P T RSO B DR, 3o PR R i )

SERAT BRI K AL P BT LUKGE 1 537 R Y SR s A5 S0 P EAR BRI ] 7= 107 1 (]

2(a) s T i B FLBRAK R T, O AT 2800 AR, A3 200 ) AR A 3] i 141 3 7 .

T o §,=0.7
P ——§,=0.8
——8,=0.9
o
I -
]
e
00 ~0.90 ~0.80 =0.70 =0.60
o’/ P*

(a) T =107



1044 fuf ¥ F J& R %
1.0 1.0
—o— Sw=0.7 w ——Sw=0.7
| ——84=0.8 - 5,=08
0.8 ——8,=0.9 0.8188 — 8,=0.9
LY
Y
0.6 0.6 :
~ -~ f
~ ~ H
N N i
0.4 0.4 55
7
0.2 024
); L4
7
0 0
-1.00 -0.90 -0.80 -0.70 -0.60 -1.00 -0.90 -0.80 -0.70 -0.60
o’/P* o’/P"
(b) T =103 (¢) T =10"

3 NIRRT JG B A RO 77 R TIC i 4T E 2 1
Fig. 3 Variation of the dimensionless effective stress with the

dimensionless depth for different saturations

0083 ——— 1 —
- y y T vy S A s
04011 tmllmllﬂjww!” I ]‘_"_‘EED:EELIH[H'[{
L | —o— =07
0.009 —— $,=0.8
o —— §,=0.9
~
0]
0.007
0.005F
00031 L
0 0.2 0.4 0.6 0.8 1.0

T

B4 AR X UEHE K A5 T AR TR AR e
Fig. 4 Effect of the saturation on the total settlement of the

unsaturated clay under double-side drainage
457 BN HMERfr AR, FLIROK R B S i A R R S, = 0.9, HRJE S, = 0.7 Fl S, =0.8.
I, AR B ALK AT AT RO BB (8 B A s A LB /K s 7 R e AT A8 400 .
s, BT LB T B0 N 7 A B8 R B A RO 7, 3 1 A R A9 [ 25, 8] 4 mT LUER
B TERZ RBER] (T = 0 BF) WI46 R 01 56 4 iAok RS2 BRI BEE 0.7 3G - & s R 2 i
PS5 S0 ] TR S R A, 2 = DRI i AR R0 3 AS () 3 Bk B0 5 1 L LR i AN ] A
FEN 0.9 B K ,0.8 IHR 2, 1M1 0.7 B/,

6 45 1w

1) 455 Z AL Bk B , i B S J0 Br A 2 778 52 fr 2RISR HE K 25 48 R ALBR R
3 AUBRAK R T3 FLEITRE 0 ST

2) FEFZS R, FLBTIK I 7 A Rl 2 B0 4 G A E 3 TS K 5 A A E A2 TR B 1]
A0 52 ML A N i P K i 55 22 AR B, R Rt A G R RE A8 084 i i 3 Jon.



S A 288 FIOUUTET HE AR 50T A PR A0 e — 24 351 45 1) A A At 1045

£ % ik ( References) :

(1]

[2]

(3]

(5]

[6]

(8]

[10]

[11]

[12]

BARDEN L. Consolidation of compacted and unsaturated clays[ J]. Géotechnique, 1965, 15
(3): 267-286.

BARDEN L. Consolidation of clays compacted ‘dry’ and ‘wet’ of optimum water content
[J]. Géotechnique, 1974, 24(4) . 605-625.

FREDLUND D G. SecondCanadian geotechnical colloquium: appropriate concepts and tech-
nology for unsaturated soils| J |. Canadian Geotechnical Journal, 1979, 16(1) . 121-139.
BRIEIC, M S, IR, 40 A L 25 IR & Ee ( 1) [J]. B BRI, 1993, 14
(2): 127-137.(CHEN Zhenghan, XIE Dingyi, LIU Zudian. Consolidation theory of unsaturated
soil based on the theory of mixture ( [ )[J]. Applied Mathematics and Mechanics, 1993, 14
(2): 127-137.(in Chinese) )

WRIEDL. AR+ B2 IR A B (1) [J]. RHECHJ1%:, 1993, 14(8) : 687-698.( CHEN
Zhenghan. Consolidation theory of unsaturated soil based on the theory of mixture ( II ) [J].
Applied Mathematics and Mechanics, 1993, 14(8) ;. 687-698.(in Chinese) )

PRIEDL, ZEoK. JEM0fn £ ag pi JiRk S B pF e [J]. 4 1%, 2012, 33(1): 1-11. (CHEN
Zhenghan, QIN Bing. On stress state variables of unsaturated soils[ J]. Rock and Soil Mechan-
ics, 2012, 33(1): 1-11.(in Chinese) )

ke, BRIEDL, JERAS, 55, ARGAT 0 R E IR e T[], A+ TR %R, 2017, 39
(2): 380-384. (ZHANG Long, CHEN Zhenghan, ZHOU Fengxi, et al. Test verification of
stress state variables for unsaturated soils[ J|. Chinese Journal of Geotechnical Engineering,
2017, 39(2) : 380-384.(in Chinese) )

IR, BRIED, FRA, 5. WAETE K28 A0 TS B = Jy T8 56 i A 10 0 4 ) 9 A 1 7 AR A7 o
[J]. AL TR, 2017, 39(5) : 906-915. ( ZHANG Long, CHEN Zhenghan, ZHOU Fengxi,
et al. Verification of rationality of two stress state variables of unsaturated soil from deforma-
tion, moisture change and strength[ J]. Chinese Journal of Geotechnical Engineering, 2017,
39(5): 906-915.(in Chinese) )

BRIEDL, B, 1A, ARTRRT AR 2t [ 2 AR R A e [ G A8 R HO R [ ] B
A%, 2001, 21(1): 93-103. ( CHEN Zhenghan, HUANG Hai, LU Zaihua. Non-linear and
elasto-plasticity consolidation models of unsaturated soil and applications[ J]. Applied Mathe-
matics and Mechanics, 2001, 21(1) : 93-103.(in Chinese) )

FIRAE BRIEDL, JrAEhL, S5 AR AIIEIK T i a5 A 5 O KR TE 3 2 & 43 A b i ]
[J]. R FBCEF 1%, 2006, 27(7) : 781-788. (LU Zaihua, CHEN Zhenghan, FANG Xiangwei,
et al. Structural damage model of unsaturated expansive soil and its application to multi-field
coupling analysis of soil slope[ J]|. Applied Mathematics and Mechanics, 2006, 27(7) : 781-
788.(in Chinese) )

ZUK, BRIEI, THRAR, % BT IRG WIS AR L #-K- T8 G sl ( 1) [J]. Wi
BUFEM 1%, 2010, 31(12) ; 1476-1487.( QIN Bing, CHEN Zhenghan, FANG Zhendong, et al.
Analysis of coupled thermo-hydro-mechanical behavior of unsaturated soils based on theory of
mixtures | [ J]. Applied Mathematics and Mechanics, 2010, 31 (12) . 1476-1487. (in Chi-
nese) )

LI X K, ZIENKIEWICZ O C, XIE Y M. A numerical model for immiscible two-phase fluid flow
in a porous medium and its time domain solution| J |. International Journal for Numerical
Methods in Engineering, 1990, 30(6) . 1195-1212.



fr 7 U H

[15]

[16]

[17]

(18]

[19]

[20]

[25]

[26]

LI X K, ZIENKIEWICZ O C. Multiphase flow in deforming porous media and finite element so-
lutions[ J|. Computers & Structures, 1992, 45(2) . 211-227.

AR AR A £ T O S AR LR R E AR [T ). A TR SRR, 1992, 14(S1): 2-12.
(YANG Daiquan. Nonlinear numerical model of two-dimensional generalized consolidation of
unsaturated soils[ J]. Chinese Journal of Geotechnical Engineering, 1992, 14(S1) ; 2-12.(in
Chinese) )

ZRUKIT, SRR, AR, SE. EfT AN PO LARZ M — R A5 AT [ I, A L TR,
1999, 21(3) . 32-37.(LI Binghe, XIE Kanghe, YING Hongwei, et al. Semi-analytical solution
of nonlinear one-dimensional consolidation of soft clay under variable loading[ J]. Chinese
Journal of Geotechnical Engineering, 1999, 21(3) . 32-37.(in Chinese) )

FET7, MO, Yok T, 55, AR )2 — 2 RS R AU AT [ I . AR 2%, 2008,
29(10) . 1208-1218.( QIN Aifang, CHEN Guangjing, TAN Yongwei, et al. Analytical solution to
one-dimensional consolidation in unsaturated soils[ J |. Applied Mathematics and Mechanics
2008, 29(10) ; 1208-1218.(in Chinese) )

ZRaT, IMELZ, WOK T AR b —4EE 245 P f g [ J . NECER 124, 2010, 31(2) .
199-209. (QIN Aifang, SUN Dean, TAN Yongwei. Semi-analytical solution for one-dimensional
consolidation of unsaturated soils[ J ]. Applied Mathematics and Mechanics, 2010, 31(2):
199-209. (in Chinese) )

BIOT M A. Generaltheory of three-dimensional consolidation|[ J]. Journal of Applied Physics,
1941, 12(2) . 155-164.

BIOT M A. Mechanics of deformation and acoustic propagation in porous media[ J]. Journal
of Applied Physics, 2004, 33(4) . 1482-1498.

LO W C, SPOSITO G, MAJER E. Wave propagation through elastic porous media containing
two immiscible fluids [ J]. Water Resources Research, 2005, 41(2) . 199-207.

LO W C, SPOSITO G, CHU H. Poroelastic theory of consolidation in unsaturated soils| J ].
Vadose Zone Journal, 2014, 13(5) . 1-12. DOI. 10.2136/vzj2013.07.0117.

LU N, LIKOS W J. Suction stress characteristic curve for unsaturated soil[ J |. Journal of
Geotechnical and Geoenvironmental Engineering, 2006, 132(2) . 131-142.

LUN, GODT J W, WU D T. A closed-form equation for effective stress in unsaturated soil
[J]. Water Resources Research, 2010, 46(5) : 567-573.

RAWLS W J, AHUJA L R, BRAKENSIEK D L. Estimating soil hydraulic properties from soils
data[ J]. Imdirect Methods for Estimating the Hydraulic Properties of Unsaturated Soils,
1992, 32(9) : 329-340.

LO W C, YEH C L, TSAI C T. Effect of soil texture on the propagation and attenuation of a-
coustic wave at unsaturated conditions|[ J ]. Journal of Hydrology ( Amsterdam ), 2007, 338
(3/4) . 273-284.

GENUCHTEN M T V. A closed-form equation for predicting the hydraulic conductivity of un-
saturated soils[ J |. Soil Science Society of America Journal, 1980, 44(5) . 892-898.



S A 288 FIOUUTET HE AR 50T A PR A0 e — 24 351 45 1) A A At 1047

Analytical Solution for 1D Consolidation of
Unsaturated Soil Under Constant Load
and Double-Side Drainage

HE Zizhou' , ZHOU F‘engxil’2
(1. School of Civil Engineering, Lanzhow University of Technology,
Lanzhou 730050, P.R.China;
2. Western Engineering Research Center of Disaster Mitigation in Civil Engineering
of Miwistry of Education, Lanzhou 730050, P.R.China )

Abstract. Based on the elastic theory for porous media and the principle of the effective stress
expressed with intergranular suction stresses, the coupled partial differential governing equation
for unsaturated soil consolidation was established. For the 1D consolidation problem, the ana-
Iytical solution for the consolidation of unsaturated soil under constant load and double-side
drainage was obtained through the Laplace integral transform. The effects of soil saturation on
the excessive pore water pressure, the effective stress and the soil settlement were analyzed
with numerical examples. The results show that, the higher the initial saturation of the soil is,

the faster the pore water pressure will dissipate and the faster the effective stress will increase.

Key words: unsaturated soil; analytical solution; suction stress characteristic curve; pore wa-
ter pressure
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