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Effects of Soil Drying Process on Soil Shrinkage Characteristic

Xing Xuguang Ma Xiaoyi
(College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract; To explore soil shrinkage characteristics during soil drying process, loam soil from Shandong
Province (SD) and silty clay loam soil from Shaanxi Province ( SX) were selected. The initial bulk
density of the two different types of soil was set at 1. 30, 1.40 and 1. 50 g/cm’. A centrifuge method was
adopted for soil — water characteristic curve measurement, and the axial and radial shrinkages during
drying process were measured and quantitatively analyzed. Results showed that firstly, as for SD and SX
soils, soil moisture was decreased with the increase of suction, but the decreasing range was different due
to different bulk densities. When suction was increased from 0 to 7 000 cm, soil moisture was decreased
with different rates. Secondly, linear shrinkage ratio increased with decrease of soil moisture during
drying process, and the non-linear relationship between linear shrinkage ratio and soil moisture could be
well fitted by the Logistic model, with high determination coefficients ( R*) ranged from 0. 96 to 0. 99.
Thirdly, axial shrinkage strain (§,), radial shrinkage strain (§,) and volume shrinkage strain (§,) all
decreased with the increase of soil bulk density. And further analyses indicated that the mainly shrinkage
characteristics for SD and SX soils were horizontal shrinkage and vertical shrinkage, respectively.
Meanwhile, correlation analyses showed that §,, 8, and §, were all negatively correlated with sand content
and positively correlated with silt and clay contents. And the correlation between the three types of

shrinkage strains (i.e., 8, 8, and §,) and soil particle content was obviously influenced by bulk
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density. Detailedly, as for SD soil, 8, and §, were significantly correlated with clay and silt contents,

however, §, was significantly correlated with sand content; as for SX soil, 5, 8, and §, were all

significantly or highly significantly correlated with sand and silt contents, but there was no significant

correlation with clay content.

Key words: soil — water characteristic curve; soil shrinkage; dehydration
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Tab.1 Soil particle composition of selected soils

( mass fraction) %
Eic R RL E YR i RS 1 T
SD 13. 86 37.73 48. 41 A+
SX 17.28 44.32 38.40 Ay fh e 1

Y o -1 M AR B R = 0 W5

1.2 ShAE

R CR21G 1T A vy 8 1 5 ¥4 R 250 HLI 2+
BEK Ay FRAE 2, DU S B BIL P IE IR 4°C K R U
FERA B 0L R T 2 0 ~7 000 em , 48 i 55
M4 % A 10,50, 100,300, 500,700, 1 000,
3000,5 000 .7 000 cm , 55 5 B A ~F- 4 Bsf (1] 53 51 4
10,17 .26 42 49 .53 58 .73 .81 .85 min; 7£ £} K & 0>
SE5UE R FARR L AR 3T K R R L 4
S ARG K TR bR R RO 5 26 70 8 B R 0 AR R
AR AL (AR B A R R ), DA T 0
U e o 1 R F I RS R

FE M K 2o A R, BR T PN R 4 K AR il AR
T WS 4, L Hp A 1) e 4 2 B R AR ELAR DB/ il i i
45 2R IR R R BE /N L A R WL B T e AT
A e - 48 A 0 7K Ao A rh LK P AR B 1) R
A o PP A S i R 0 A R R
GRS, T WA AR AR S, AR TR Y48 A S, AR AR



150 & Ml

L

2016 4

Wi NLAE 8,5 KAt R A

8, =(z —z,)/h, x100% (1)
8. = (hy —h)/hy x100% (2)
8 =(d, —d)/d, x100% (3)
8,=(V, = V)/V, x 100% (4)
le(1-55)
Ak, %)
1g(1_h70)
St s YO T ) PR
sy LRI it

ho—— L ARWI b & B, mm

dy—— L ARWI tH HAZ , mm
Vy—— R 16 AR A, mm?

h—— A R B K 25 ) 55 B, mm
d——F AR K 45 R i B 42, mm
V— - A 7k 5 A AR, mm®
AV——+ R AL R, mm’
Ah——F K& AR &, mm

2 EHRE5SH

2.1 I|AKSFIEME

TEB KRR, i T AWK e, REA R
I 20 A A AR (3R 2) RS ARBR & R S, B ok
Y 9T 2 T O R o R O B P A S O SR
PRI I T AT . IS0 R
L5 7K AR BEN ) 28 AL, K I3 R AL i 2R o
xR AR bR B, RIDRE I S OB (B 1) o nTRLE B
A PR K 23 A i 208 S AR TR, JR 38 22 57 nT g
JE H T e BSR4 e UKL S A T 25 S T B
A T) e T R o A e 48 5 UK R B 2 B B R D
T /)N £ 3 A, LM T 3R A A — i 22 5« 2 4 A
KR BT S R AR B N RN
T 7R 3% 3% 22 TE) IR 38 5 K R AR ool /N R R A, 0
FCIE Ta 1b AL, X T 11 A3 £ (SD) R 74 By ok 4

4.0
—a—9=1.50 g/em?
35 ——y=1.40 g/cm’3
——y=1.30 g/cm?
3.0F
o
i
=25
AN
B 20F
L5
10 : : : ;
0.1 02 03 0.4 0.5
3 & KFE/(em? em™)
(a) SD

F (X)), A FAH IR Y AL AR R W T 2544, 8X £
FE B S R AR R B AR KA 5 24 A
[, SR 25 E ) SD Fil SX - AF L& /K R R B
Jg 1,50 g/cm’ A PR A K (1. 40 g/em’ 2 B /N, AT DL
BN T A B A ) Ay R g, LK RE ) S 1
BHEIFAAAE G IO R, X Rl Tl ke L
KA AR 22 57 I B

®2 BAIEPTETEFENEL
Tab.2 Variations of soil bulk density during dehydration

g/cm’
W F3/cem SD SX
0 1.30 1. 40 1.50 1. 30 1. 40 1.50
10 1.42 1.50 1.51 1.38 1.45 1.54
50 1.45 1.51 1.55 1.43 1. 49 1.56
100 1. 49 1.52 1.57 1.48 1.51 1. 60
300 1.55 1.56 1.61 1.57 1. 60 1. 66
500 1.59 1. 60 1.63 1. 60 1.63 1.70
700 1.61 1. 60 1. 64 1. 64 1. 65 1.71
1000 1.63 1.62 1. 66 1. 64 1.67 1.74
3000 1.71 1.71 1.73 1.78 1. 80 1. 84
5000 1.75 1.74 1.77 1.82 1.85 1.89
7 000 1.77 1.76 1.81 1.84 1.87 1.91
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Fig. 1  Soil — water characteristic curves of selected soils
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Tab.3 Expressions of specific water capacity of selected soils

T RE/(grem™?) A B C(h) R?
1.30 0.6224 0.146 1 C(h) = =0.090 9h ~'- 1461 0.944 4
SD 1. 40 0.5954 0. 1602 C(h) = =0.095 4h 11602 0.944 2
1.50 0.6232 0.1365 C(h) = —0.085 1h 11363 0.925 1
1.30 0.5917 0.1449 C(h) = =0.0857h 1149 0.989 8
SX 1.40 0.5797 0.148 7 C(h) = =0.086 2k~ "-1487 0.980 0
1.50 0.6266 0.1348 C(h) = =0.084 511348 0.958 2
AR o fiF,SD A1 SX + 1y F B % & /) (1,30 g/em’)
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Fig.2 Relationships between linear shrinkage ratio and soil moisture of selected soils
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Tab.4 Fitted values of parameters in Logistic

model of selected soils

+ i a b ¢ m R?
(grem ™)
1.30 93.21 5.40 -7.55 0.00 0.9916
SD 1.40 61.92 11.45 -1.06 0.04 0.9965
1. 50 92.53 879 -0.79 0.00 0.9652
1.30 83.71  9.12  -3.14 0.10 0.9746
SX 1. 40 72.71  11.86 -0.80 0.10 0.9679
1.50 126.10  8.38  -2.44 0.00 0.9759

1 : Logistic A1 LA K 6, =a/[1 +exp(b(0-m)) ] + ¢,
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A URRCAR RIE AR R 4 it w] AR 5T
ikt T SD b BE, A TR (130 glem’ B &
1.50 g/em’) JEARF T L pARasE M 4F T SX L E, 25
FI (1 1.30 g/em’ 8 % 1,50 g/em’ ) 7F — E FEE
EAMT EMREE, XX T 2 AR TP LR &
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Tab.5 Soil shrinkage characteristic indexes

of selected soils

HE/

T+ 8./ % 8./ % 8,/% e
(grem™?)
1.30 20. 49 21.69 51.24 3.13
SD 1.40 16. 47 18. 67 44.76 3.30
1.50 15. 10 17.27 41.89 3.32
1.30 25.77 23.09 56. 09 2.76
SX 1.40 22.95 21.84 52.94 2.89
1.50 19. 65 19. 40 47.80 2.97

ABFFE AR 3 b FOR RS, R DR
P R S AT AR BOR 25 e, X R A A 2
FOS R R R4 - S ORE 5 B HEAT PR T (R 6)
MF 6 AT LUA Y, AR &, 1 AR 8 - (SD) W4
1IE 2505 Ry R R 6 5 B 2 ) 48 5 PR 5, B o
RS - (SX) Wi AE B80S R AL & 2 [A] (i 3
PEAHR 2 P SRR 2 A S

g g A AR R 4 AR 5 S R
Bk MEb R & R B B A, B =S
B 5 A S IO RE 56 06 &, R R RO L e B
EAHOCICFR o XF T SD il 1) R0 A 1) W 46 g 78 B AR 55
LA 3 A G (p < 0.05) R Bk 46
AR bR A — E R LB M (p <0.05) ;
X T SX b AE il A% A FR U 4 R AR 1 bk
R EM(p <0.05) , 53 Sb, Al 1 A0 A B 4
AR R i R S B S A O (p < 0.01) T
= SRR A R 2 ] G OB G, X 5 YULE
VO R T 4 R B — B, FIINE % SD A
SX 2 b3, Bt 5 7% T A Ak, b S0 4 4 A 4 AR S
FIEORE 2 18] F R 56 Pt Bl =2 8 1, 2 A G JEUER A
R, R EAMS SRS AR ALK
iV SR 8 R 8 e 5 2 A B T K R S
FCM R )2 B X S A R LA BT
DRI 7E 3 i 0, 398 A 4 A A0E 2 805 - 49 ks
S22 ) A S TT RE & A R Ak, A AR A T b
8% e Wiz 40 725 Al S i) PR 2% B9 BF S AT 5 S8 3% o

x6 THEUNFHESHETRANZIETINSEN
LEES i
Tab.6 Correlation analysis on the relationship between
soil shrinkage characteristic parameters and soil particle

composition of different particle sizes

A/

SRS S RRLO R BMESE DR
(grem™)

0.978*  0.980°  -0.906

1.30 5, 0. 909 0. 902 -0.903

5y 0.935 0.926 -0.975

8, 0.974*  0.968°  -0.984

SD 1. 40 5, 0.954*  0.954°  —0.881

5y 0. 947 0. 946 -0.879

s, 0. 946 0. 950 -0.852

1.50 5, 0.879 0. 868 -0.923

8y 0.819 0.812 -0.777

5, 0.819 0.993**  —0.963

1.30 5, 0. 949 0. 898 -0.951

Sy 0.872 0.994**  -0.971

0. 945 0.916 -0.964

SX 1. 40 5, 0.936 0. 933 -0.971

5y 0.819 0.994°*  —0.964

s, 0. 846 0.975*  -0.953

1.50 s, 0.832 0.956*  —0.932

8 0. 820 0.995**  —0.963

T o o« P FRRTE p <0.01 F p <0. 05 K (OUM ) %tk 25
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