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Abstract: In order to evaluate the water retention capacity of
loess and filling about ground fissure and investigate the soil
water retention curves (SWRCs) from the micro point of
view, the SWRCs of the two soils were measured, and the
SWRCs and the air-entry values of two soils were calculated
based on micro-structure. In addition, the characteristic of
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SWRCs were analyzed from pore size distribution (PSD). The
research results indicate that the SWRC of loess lies above
that of the filling at low suction range and almost coincides
with it at high suction range. and both curves show hysteresis
phenomena. The calculated SWRCs based on PSD are similar
to the measured in shape and also show hysteresis

characteristic. For each soil, the air-entry value of the
measured SWRC and that calculated by Schubert’s theory are
respectively close to the lower limit and the upper limit of
calculated value by the proposed formula based on particle
arrangement while the air-entry value of the calculated SWRC
lie between the lower limit and the upper limit. The main
reason for the difference of SWRCs between the loess and the
filling is that the loess has more macro-pores and similar
distribution of small pores compared with the filling. The
middle flat section in SWRC is founded to be caused by the

dual-porosity structure.

Key words: soil water retention curve; loess; ground

fissure; suction; pore size distribution
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Tab.1 Physical properties of natural loess and natural filling

. . TRLER L/ V4
Al 3% /0, pragia . -3 A H ‘:~ Y P FE K I,
e BKE/ % W/ (geom®)  WURIE  FLBRL R 0.05 mm 0. 05~0. 005 mm 0. 005 mm IIPEFEAL I,
i 16.9 1.53 2.71P 1. 07 12.1 83.1 4.8 14.1
FoiE + 15.0 1.73 2,710 0. 80 9.5 84. 1 6.4 16.7

FE D # - (0 B0RE He 2 AR O A 10 OB R L PR T 4 5 3 ELA ML TOURL AL A I 2R FH 55 24 0 T A 0k HE

2 AR R T &

SRl S RISl IR R i R
Foids (I s 3 B A R AR 4 R =l A A
EEM BTN IR ARIE L R oK il G AT e g
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7 % R W g s i T L i AR T S
FEL. B0 7 e J R g AR S 2 s S 7 3
AR A A L i B RS AR Y B R A
SRS SR B 3 B K R AN AR R T
FE TSR BT AR SOR B A ik il F 7%
T RS I B A5 R 45 7l 8 T A 2 o T 1Y
R IHER. 5350 A SO EA T A 45 2 16 v 3l o 32
RN g 283 3 G BT AR 28 B AR5 ol T 7 T AR A
TR T3 7S 45 7K i 2 B 52 .
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Tab.2 Methods of suction measurement

i ik R W 1
[ PRI R7S gl 2] /NT 100 kPa
L 27 R R —B/NT 1000 kPa
Bk il B — /T 1000 kPa
SR i S KF 1000 kPa
IRAGH: (Hefi) gl FERUW 1 S
IEARIE CIER D ) 5% (|

2.1 M ER R R R
R T 0 LA W 4 o D = st 3
PES IR 4 ] HIEAR RO IR B R e

R FEPEG HEWMGIT 48 NI J1 F1 PEG %
T X I 38 37 W 1 A7 AE 25 Sk, 7K oy F sl n] s e
Wi B e RS PEG W R 8 i, H 3| HAES
PEG 7 W g 3k 274 48 J 3R 19 37K
R, BRI P H 5 i R iR S A S g

HoE % 1k R B9 GDS (geotechnical digital
system) JEAR AT =HALan & 1 Brs - LAWK 780 5 =X
D3 PRI — 5 K U I T B 1 S e B 1 Al
TN SR 5 G P s s O 2 il #5537 2 i
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Fig.1 Schematic diagram of triaxial apparatus
(GDS) for testing unsaturated soil
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JE 5 X 1 e — W T 24350 PN A RN A I 1k
BT R K DR AN A BB R P9 1 55K
RPN A T I I T K R A e T
MG J AT 4. 2 MPa B35 7K ph 5.
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Tab.3 Program of soil water retention curve measurement

o EKIEWR T
ERIEIRG 1A/ at
TRERI AR AR W/ D OB BRIE
L BEE ML
PRRICE KRBETRIE ypuin bt b

HEIH A (w=15%)

HMW L AE L (w=

15%) AIKERT AR =R A

AP TENER R PEG % W5
FUXT LA W 3 i FHARE D = Al BE P Ul iy 1 e 2y
10. 0 mm > 10. 0 mm 20, 0 mm KK 3% 5
FIHE T GDS =E A AT =l {3 28 B 0 R
TR 35 7K AR W 0 )5 58 BT R v B
40. 0 mmf) =HFE, FKRE KT 152 F/NF 15201
R S5 )38 2o A KT BN ] 5 K A5 3], ok
AR AR 703 22 T4 P i ZE TR PR T A
2 d DL b AR RS2 BR 5 K AR ) I 22 5 5 K

F4EMEMRRA PEG20000 R RS EHE S
Tab.4 Concentrations of PEG20000 solutions and

corresponding suctions in osmotic technique

OB/ 0 W Ji/kPa || BURWRIE/ Y Wi 71 /kPa
6. 32 50 11. 88 200
8. 71 100 23.17 1000

x5 GDS R =BT DL AR

Tab.5 Program of suction measurement by triaxial apparatus (GDS) for testing unsaturated soil

b B R OK A U Jo IR R U
IR 1 il 2 iUH: 3 IR 4 ilF: 5 ik 6
B+ 27.0,27.0 25.0,23.6 22.0,21.1 18.0,16.9 15.0,14. 1 10.5,11.2
T A 22.0,21.6 20.0,19.3 18.0,17.8 16.5,16. 4 13.5,13. 2 10.5,11. 1

T G2 SN BUE 8K 18 5 5 AR L bR &k 2.

26 B TR AN [ R 7 TR X IO 1
W1 BT HEAE D 2~3 AR SE iR 8. 0 mm Y
T AR A BORE LB T 7~ 10 d KRR IR
JIT R B E A SCR 14 d. 3P B uk s 75 2
AL PR U DU AL BRUK R B AR 2 —BEAE 24
h AL BR K T BE S AR e . S0 3R W) AORA 1 1A T

F 6 SHEZFEMKR ARG R KR XTI W0
Tab.6 Saturated salt solutions and corresponding

suctions in vapor phase method

TRAER A W % J1/MPa TAER AR W )1/ MPa
K, SO, 4.2 Mg(NO3), 82.0
NaCl 38.0 K:CO; 113.0
NaNOs 57.0

W 3 VAR 10 d J5 i AR E AR R 4 —
i 14 d SR B & K SR A I T 60 Y 5 K R
7 Fim B 80. 0 mm H ¥ AR 10 E] 0
kPa (1) 75 1. Horp i B 28 I 8 7K W 0 R0 I 7K TG R AR
Ak 5 o BRI E = kA e b B
K W 2 AE LA R b iR AT T K S8 B RORE I3t
B KR WK TCARBAS AL A K B B AR T J5 4391l
W Je HaFE A Je B A RE B e b2
s B R SRS . WK A AR TR IR
121 d J5 R E TR I HAS R4k st & 2 L iARE
FEASRE S 37, PEAHI 2 75 7K 2. W K TE R RS A i B
W 10 d, P RE L 36 K e IE I ) 2
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Tab.7 Different moisture absorption methods when

suction is 0 kPa
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Fig.2 Measured soil water retention curves
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AT 18] B L K 5 3 P A o I 2 TR A A O
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50 g Al i R R R R I AR OC. TR e A B i 12
DK g~ i 7 R AR RS AR B A N 5 5
PRBRAE At Sk B 5 1 .

FAAHIE BT A3 2 kR 3 T T B &K R 3R
B el mg s T RO i TR L (B
MIZEAR/IN; W 1 7E 4. 2~113. 0 MPa [X [ i, 5 7Kk %
N AY~20. TiAh EANAT R A AR
IR BIH 2. 24 % F1 2. 25 %. ] WL IR Ax 5 7K
RIE 20 LA,
3.2 FEWMAXMMHESKE

M7 RTINS 0 kPa IR &
IKFRANER 8 B 7. il L8 TE K W o 7 v 85 L 0 70
A h =k AW, BEA TRV & K55
B ANE K S 39. 5% 1 29. 6 Y0 AHBEIT , P B 4l B
25 WKW S5 iR A B T 58 A AR, SR AR K
F A 5 A R 2t IR B A M B 4, W
IKFGRE S5 R BT AT b A5 TOUR e A RO 47 35 7K 2
1 SRR IR B KRR TR A &K S, Al Il
WK B AR 7 vk R R K R B R SR I TC iR
U IE J5 125 075 1) 7K 8/ TR A& K 3, R BT
A R AR B LB AR K SE I Ul W 45K il 26t B
MG X 5 R I G M.

*8 AEWEFXWEAA 0 kPa BT & kR

Tab.8 Water contents of samples when suctions reach

0 kPa by different moisture absorption methods

iR W3 5 2 BKFE/ N
1 EL A S TR I 41.1
T WK TEARFRAEAE 35.2
WK @ A B 52.7
ThECAS A, KT SR oK H R AR IE 56.7
B2 5 TR I 30. 0
WmHFEIH A WK TEARFR AR K 27.2
WK [ A B 41.1

4 FpkHZRHESENITE

4.1 FkfZgpitsE
K3 g5 th 1 ek s I I A5 4 15 £ L B 20 A ik
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A3 5 JER 78I 4 R0 9 s I 4 HA A LR AL B S
A ZR 2 52 DU A3 A . Fe kAR FL B A% S R AR R
it IR & I A R TR 4 B R
T BFLER AR YR R 0. 950, 1. 067,0. 600,0. 730, JFA4R
LB 5 2 AL A R 25 1 B PR 7R T Ttk
FRIH A RN A) R R AE S LI L AT RE D /) 5
JrR B A B A LA A LB 78 BT AR A B B T
I ALBR s 75 A1 ok RE HE AR N — 2 LA 1 B A AL
Bt 5 P FL BRI INFL B S4 A BEFE AL
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0.8} DN

_ - BERFEEL
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Fig.3 Incremental volume of pore and entrance

pore diameter for sample per gram
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Fig.4 The calculated soil water retention curve
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Fig.5 Comparison between the measured soil water
retention curve and that calculated for the sample

wetted and dried from w =15%

4.2 #HSEMITE

s T RE R EL AR 3R dso » dso Sh URE v R
1. IE 7T HEAR = 0% HEAR 53 AR F A A %
HeZ L niEl 6 frs. XTI Ag ol . 40 oK T —
B E (AT AR 6a FIED 6b X I (9 W 7 {8 e [ 1 <
W ZEER =L AN iy 1 BRI JE—1A, PR %
{ELE Ry 2 E AL 1% (B 53 % 8 5 7K ffy 45°F0 30°
iAW J1E . 3£ T Young-Laplace Jy 21", Al 22
(2) CFCRRRNARSCAZO I H I AAE S, -

S — 2ycos 0(sin §+ 2cos §—2) (2)
" ds(1—cos 0)(cos O+ sin 6— 1)
.0 SRR A,

H34 Schubert #lig , #E5E S, 5 FLELR ik
FPE RIS R G L 25 56 . ] F A (3) Rt



1800 79k 2 % O K B D

10%

D
O

a FHARFRIETEHA b FEHAER = AR
6 AEHFIIEXTEAFHKAE
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different arrangement forms
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Tab.9 Air-entry values obtained by different methods

kPa
R ok ik Schu})crl AN HEA 2O
s it EHTE =
JFCRE £ 4.3 21.7 24.0 5.2 30. 1
Bkt 8.1 15.0 40. 2 6.5 37.7
EEH L 4.5 19.9 24.0 5.2 30. 1
wWEH L 6.3 12.9 40. 2 6.5 37.7
5 it

5.1 FkHMERHESLRSHHEKER

Xt HEEE T LI 0 A1 B A4 7Kl 4R S8 19 357K
2 n] A& B - ph TR HAT XU il 22 0 L O A
BRECIR TSI 40 A D FLB B AR AE 10° ~10" mm Z
) LB AR BRI b R W 284k 10 Afd AR b K
FRE AL AR/ TR AR K il 2 A 1 X ] Y B —F
DR 31X 5 HAT XUALBR A A0 R 35K 2 AR,

i 3 fron s+ BB 2 KUK N it an & 2

B 4 B i N ek e T+ 2
b W BT AR /LB AR R T LATE 5 1 T B
A R 2RI
5.2 EiMFELFKIEEEITN

FPKPERE ] K A i K A8 B Ul
BRI T B T R B 5 K R AR S HEK AR BOR L 15
IKPERERE 2. FEARIR 1 B (w>1520) , 3§ - FF K M BE
AnFEI L B B AR R IR OK AR B A i
P FPOK IR BB R AR AR B b A R T B (o<
1500) 8 LK PERE N ST I 4 22 AR 2, UL K A
KRG K AIRZS BT T 4R B9 7K 73 2% K i A v g
FEIH A K IE R AL

6 it

(D ek tZ ARy B T e+ 2 1
P T8 i W ) BB A E A, DA R K i 2 3 A7 A —
A~ BE M 3 38R K R AR/ N G2 BLL FLAR 3 A
DR U B 22 T 0, T )P 28 e T BOX — P 22 BLY
JEL AL FEARIE 7 B, B 3K PR RR /N T 8 W T R 7
HFKPEREA .

(2) AR E AL HOSE AL WR E W F1 4 0 kPa
Xt R FR) 3% KRG 37N TR T 0 iR ) A 5 7K
UL RTE A — B FLBR AWK FE 42 B A i (o]
B R BRI R v A TR K.

(3) AR FL B 2 A 115 B0 4 7K it 28 15 59200 it &
TEARAH AL » 15 5 384 18 42 fik A7 R0 00k 352422 fi 7y AN [ ) LA
BB IS AR AE T 304 75 TR A A0 i e
RO AN

(4) JZIAT Schubert B Fr 15 HE <0 73 51 H2 1
TASCH A AR AY T BRI L BR . iy 3
SEREK il R IR T A 1 R AE B FRATR BRZ (8], A
ST IEALT TR PP EDREAS BT HIAR fa .

ARSCHFFE A 2 AT IR AR B AT ik I
fpad A rp = AR AR I o R Bt I 6] s 249 SRR A2 T
(BT = A A (AR — 5 R 5 s A F R R
U ES VNI E RS IVIR N = PSSRy (i W A VATIE TN
BT ARRK R S5 LB A BTk 2R (A 1 — 20
WFFE 5 73 AR GE AR B 319 L 7 8 ol B R T A 19
S PR BURLHR AR FIAL B 2H 3 B U A
it — W
Bt BNk [ [ S BT R A R AR AR S
fr TR T F SR W LA KR PR B Rl A
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