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Abstract: Using numerical method to investigate the evolution of micro-structure in unsaturated soil is helpful to

explain their physical mechanical. However, the evolution of micro-structure in unsaturated soil is not clear. For
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this reason, the capillary method is proposed to simulate compression test of unsaturated soil for analyzing soil-
water interaction and evolution of pore spaces. In this research, an ideal micro-structure soil model of 540 umx
400 pm is established according to the shape and size of skeleton particles of loess. The capillary method is used to
calculate the capillary water distribution and capillary force under different water content(5%, 10%, 18%), and the
force then acts on the wetting surface among particles. The loading is applied to the soil sample. The compression
test of unsaturated soil is simulated in this research. The simulation results show that the characteristics of
compression curve are in good agreement with the experiment data, indicating that the numerical test can reflect
the unsaturated soil deformation behavior under the condition of compress. Moreover, the saturation increases and
matric suction decreases with the compression of the soil; the saturation increases most at high water content; the
matric suction decreases least at middle water content; the deformation pattern is related with the moisture,
namely, the pores are mainly shrunk at low water content while mainly disintegrated at high water content. The

simulation results are a very useful supplement to laboratory test to explore the deformation mechanism of

7K SCHb BT TR b S 9544

unsaturated soil.
Keywords: unsaturated soil; micro structure;

deformation analysis
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(b) w,=5%

B FE— 20" JR B 1 AR B B S A 8 A A e
2 JEtEFN LRSI ERM

2.1 BHREH AL

Z: 2% W L BB IE A TR, 2y AR Y H
AR AL BRSS9 A A - R OUL R A AL R 4
FH A8 RS 7R (0 S 2 R A A h 2. L 4 1]
AL AR E IR R Z OB R 3, 3 4 UKL RL AR
LR 3R TE 20 ~ 30 pm, PRI AR SC 3 IR0 1 R
oz 7 HRAE A AR

100 12
— Bk
& gl - RRAAMIZE r 110
2 4
= N e AR /‘r \, =
E RO AR ] A P
?E“Z 60 - Y in
K S dow \ H6 ii‘-
< j \ =
o 40 \ Gl
o . 14 &
% \ 2
i Y
< 201 \ 42
A
\
> L : L Y 0
0.1 1 10 9o 100 1000
RiAE/um

B4 FERNLES TR LR

Fig. 4 Particle size distribution curve

A 22 KR 100 £5 19 B M BURDE AR, OF £
IR AU, A o LRI A e . R v A%
JHCTE F ST B AL, HLARE R D ST AR R 540 pmx
400 um, £ BE N 50 pm 9 AE S 1A @) M BRI v Rl
HLA B 350 4N 7E 20 ~ 30 pum A9 0B, FF45 FL BE HL 3 7%
T 540 pm>400 pm X 38 N, B R 0 G008 25 44 452 7Y
Kl 5(a) .

+ DA

£
st
Yo
Y&
LA A a

[t

9
d

o"
'0'0?'
AR
-t

|."'u
1® ey

L o

(¢) w,=10% (d) w,=18%



2022 4F 75 5, A5 BANKAE AT AR AN s 4 i R A IOWL A T 2 AR T A (EL 4 AT - 139 -

T = 4RI B LR nyg MALBLE e:

(1—n2d)% (6)

n3d=1—
V3

n

7

1-n

LAY B ) 4f A AL B nyg Ry 28.0%, LI I
e M 0390, F = (6)(7)n] LhAl & = 4k £L K
nyq FIFLBREE e 4350k 48.0% #110.910.
22 U E

+ kLA S S RO 1. Ok — R R X
FAANACIE B =Y, BT DA BE L SRR AR | IR EL AR
SERli ) R 7 2 ST LA S 2% 55 A0 (AE ) B AH
SR A CEERVIBAEHD LARB S, A %
JEANRLITE R, ZHEE J1 Bk 0 kPa, BEE AR I B BT 5
B A

x1 RESHR

Table 1 Parameters in the model

0 W M BEfEA ARy 1R Rk

TR LL

Ngem®)  /GPa /(°) /kPa /(°)  /(mN'm")
Rk 2.65 10.0  0.30 30.0 0.0 10.0 72.75
& 8.96 108.0 0.32 0.0 0.0 179.0 0.00

(5 S e v S| 7 S (o I PR S 1K N 7/ B
SHSZHIMRN S, N 1, BLAh, Mkt aie s+
L B JEE 458 2 AR A 0RO AR B B 5 e, b
P B 20 TH I B RO W AN, B 0 N EE 4 A
IR T1o0 0°, 0 kPa, Ml A1k 179°, i J1°8 0 mN/m,
23 JNEARGAIIE

BB R ST DU, B B ANVE A . WA
B R + BT IR & KRR 5%, 10%., 18%. FIH T4
KA i R A TR T AR O A KRR B B 1K AR R 4y
FiIREN e IS = N o 1 DA S | DA D )| Rl w1 A0l 218
K EKFE T BAKIE L ARSI A 5(b)—(d),
Xof o7 B9 A0 B 4331 R 18.0% . 36.0% . 68.0%

IR A i R G0 SEI T VRN A IR R
B —INEEAR, A ] RN, IR SR A
HIRETE S8 JREE L SRR PRI AEIR, W3 1. ik 5

R O e, HABE R oy mis s, 7R 4k

M L3550 A B 4 A far 25, far 255 09 8] BE Sk in 25 5
FERY 1/5, 1T 45 BAE gk, sl 5 i . 7E 4k -
A 3 W T SR W s A A R, N A T B
1/4 fin#bR v B o

IR i R G 0 SCBEAE T i e 6 o i i R — 4%

ar BRI [R] 8 SEETT VR TR T R G B
T 45 % ey 2R A, oy 288 AT AT B 45 8, (EL T FaE 2 it
JP B k3 . FFIR M, Wl s R AR B . FE
MR AT, A WD B 5 8 A B = AR (IRE 28 3
100 25, f7 A B/ T 0.01 pm) HAS B & fmf 4%, W) A 3h
N — 2y 3 A DB R AR, dERE Y R ak, H A2
Fad; U BRaE H i e — R4k, 45 W R4 i
o BT AR RS, Bk Y Hm 8 1 1
FEARIE it . AR YR 56 19 17 27 51 R 1 kPa—6.25 kPa—
12.5kPa—25kPa— 50 kPa— 100 kPa—200 kPa—400 kPa—
800 kPa.

1E L WOR Z 3G M B4l EH J1, a5 A sk &R 4,
READL A AR RN A 0 BR 45 . FE R AR #R b, R0k
BEBHED, LR T, BHKEH M. E&
— I} 25, B AR T AR R A K T AR AR A
7, I R B, e A — 3L R, AR
RN SR et PR, 38 PR AT U b UR 6 L R 45 4
AR BRSNS B 6 HEBEANFE XL T
=R

H 8 oL

fBoERI IR =S

TRLIE A WA

HA
I R
PRSI bRRAR S A
EVE TR
I
MR H AR A A
R oV Ea AR

[ B AV A
BRI B TR

PN B W e
IS — A 2
e

E 6 dEtafntEMXIEEIRITEIRE
Fig. 6 Flow chart of simulation for the unsaturated soil
compression test
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Fig. 10 Main forms of pore deformation under different water content
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