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Study of the anisotropic permeability and mechanism of Q;loess
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Abstract: The permeability of unsaturated loess is an important part of its properties. The research on loess permeability in different
directions is particularly important to determine the range of loess collapse and the study of loess landslides caused by the infiltration
of water in the loess. So, the anisotropic permeability and mechanism of Q; loess are studied. The test samples are the undisturbed Q;
loess with obvious anisotropy from a building site in Xi’an city. The matrix suctions at different volumetric water contents and in
different directions are measured with tensiometer. The saturated hydraulic conductivity is measured by falling head permeability test.
The results show, while tensiometer is inserted vertically and paralleling with soil layer into samples, that the suctions are very close
as the volumetric water content is between 0.23 and 0.41; and the saturated hydraulic conductivity in vertical direction is 4.02 times
as that in horizontal direction. Further, the correlation function between the hydraulic conductivity and suction for unsaturated loess
in vertical and horizontal directions is obtained by the soil-water characteristic curve based on the measured suctions. It can be
obtained that the hydraulic conductivity reduces/increases with the matrix suction increases/reduces in both directions of the loess.
The hydraulic conductivity in vertical is generally higher than that in horizontal. The difference of hydraulic conductivity between
vertical and horizontal directions reduces with the matrix suction increases when matrix suction is less than 57 kPa. Structure
observation shows that the anisotropy of loess structure has a significant effect on the anisotropic permeability.

Key words: undisturbed Q; loess; anisotropy; soil moisture; permeability; microstructure; mechanisms

T LA R TR A 64x10% km?. ST
= LR EERE, AT, LB
PR B R i T E R, HU RO R, BRI SR ok

Wk HH: 2011-03-31
HETH: EEARBEIEESEYIE (No. 40972182).
BAEE TS R, &, 1968 4R, Tk, PRI, TEAGRE LTRSS L. E-mail: liangyan66888@163.com



1314 Fer +

Joo 2012 4

T L B R VI G Rk, B9 Ly
A HE B TR R X

AR L 1788 R EEAR AN RS RL
s EEL, L RCA L R AR A AR
SoakgNE RGN G LB il
3t -+ Hagen-Poiseuilledfii g AL 120 ) — 40 |1
RT3 T AT BRI R - ey v 5 5 1)
A, 3 AIWEIT T VI8 R AR T ) | TR
PR K SR AT LR FE (AR AR . kAT,
TR ST T A R L 9BE R B . X
ZR A S OV N T R R R AR AR A T (1 E
ARV 1 i2E R BRI, A PRI T )1
TBE SRR, XEREP W T T
TGRS EIP 3 1 IBE R R, ORI T
BB ] R REIE A A AR otk
BIBIE BB AR H R AN R DT i
LR SCHRISAR D o

B AEANE T [ RS RSO A L B
Y, W0 T KB NG E 3 L e )
BRI, ARSCRLEAT W % ) e i) v 22
Qs BURTL LMW FON &, i i (ESMD
HH AR P UL s A O S5 , T TEN 45K 7o)
U IR Y SR Svian . valll = KUV SiE 1@
WS T V922 Qs JEURE L AR [ MK 1] FR)v20%
P, A T L.

2 R TE

TR - H A Y2 T AR ARG | 45 5, BRI
JEZ110 m, A Qs t. LRETRIRIA), Bl
Bk E, HAWHEHE M Rk AR
p=1.75 glem’, THRIBE p, =271 glem’, KRE
KFEw=13.03%, FLE#* n=0.4276.

L REURH: (40 cmx 40 cm) [ 500K - 4E,
Sr SN T KPR BT ) (AN R AR B /K % R 1)
W Jy. Wi IR TEN B4k J3vhle, TEN B5k )
PRI LA & 0~100 kPa S W 7 o W% 73000 s iR 6
JEF

(D KRB 1 sE A K 30 em (7 TR
B, HEARL AR TR EAR I R Sk AR ol
#1490, LKA 8em /it

(2 ¥R It RWKE, BE R FEA
TR LT, F S AR R (e D S e iR R
L5 IR AR Ak TR e s, R
FIWIGA S 7K Z R ARFEI A WL AKSP 7 17 W
I, L REREE 90° , Sk )T E I AR

(3D MEARERIBILEW ) 5, 458 A5 Gk,
SO S AR s 8O EAE R R T, i
B IR o K 2R K I Rk, P s 0 B
T K B3 i B b SRS, FYERMR % Es
2/ 7d, Wk EFEK A, XN, TR TIX 4
B KR AE T W il o Gt v] o ) e A A
AN KB AT TR T

B LRSI RBCR = AR IK B 5 A 5
M5, AT TST—55 BBIEA, IFF B2 A 61.8 mm,
4 40 mm; FE RS (SEMD SRS A LA F5
AR AR R AR S ELRUKCY 7 1) IR g e

3 WEeai R

3.1 Kb
T RIS W8 LA AEAS A KR B g,

B 1.2 2000 sk 2 B 2 T A PAT 2 i
TAERT IR S R C R L. WK1 AR,
LI AR I E N W= I AN W 1 P SR U ARy 2 8
(BN (23%H %) 38%), Fesl Ja (s A ATk
/N (i1 60.2 kPa 98831 19.3 kPa), iRIGEHERT & IE
.

70 1 —— 60=23% ——6=38%
—2— 0=35% —%— 60=2%%

S /kPa

0 5 10 15

20 25
t/h

1 KA EE L REEA RN SRS SRR

Fig.1 Relations between measured suction and time while

30 35 40

tensiometer is inserted sample vertically in soil layer

Bl 2 5K v AT L2 TGN, W B[R]
¢ AR . MRS RN, ARG KE 0 =40%
i, A€ G 27.5 kPa; 0 =37%M, g 5k
7174 23.0 kPa; AR KEH 40%080/NE 37%, 5K
WLy HH 27.5 kPa 98/ 21 23.0 kPa, 5 C A AR (B
FARTE AR, WK AR, il
s SRR AR, YOE AR 0 =40%. S =27.5 kPa
XA H

B IR ARG 25 R WK 1,

FRE AR IR, AR T 1 )l 45 R 4
T 3, KK 3 R sk HE RS, 15



55 3 R et WHURTIEB BB 04 1R 7 P S LRI 5 1315
6 =-0.004S +0.468 1 (1 10° omifs, BETHNSIERBOLK VI 4.02 fi.

X (D UAMHKRER=0.990 5.

—— 0=25%

——0=41%

<
a
~
“ T A A ADADA AA AAAAA
20
10
0‘ 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40
t/h

B2 AW FATRREEA LR SR S SRR
Fig.2 Relations between measured suction and time while
tensiometer is inserted sample in parallel with soil layer

K1 AR RS S

Table 1 Measured suctions under different directions
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Fig.3 Relation between measured suction
and volumetric water content for loess
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Table 2 Saturated hydraulic conductivity in vertical
and horizontal directions of loess
R BIE R (cm/s) SERBIE R
AR 1 kK 2 il 3 / (cm/s)
BEJE O 2.12x10* 236x10* 1.07x10%7 2.24x10™*
KFTTIE 3.42x10°  6.88x10°  6.40x10°  5.57x10°
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Table 3 Calculated hydraulic conductivities of loess

WS KT 13535 25 e 7 3535 R 5
/ kPa / (10* cr/s) / (10* cr/s)
0.00 0.56 2.4
12.60 0.49 1.98
17.54 0.43 1.72
2248 0.37 1.47
2742 0.30 1.22
32.36 0.24 0.98
37.30 0.19 0.76
4224 0.14 0.54
47.18 0.09 0.35
52.12 0.04 0.18
57.06 0.01 0.05
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Fig.10 Digital photo for loess in
vertical plane with soil layer
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Table 4 Numbers of macro holes in different directions
of loess (when pore diameter larger than
or equal 0.5 mm, partial results)
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