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HEATRAE o MR AL b 1 XUAR R R0 R AP ) T R 43
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PHOCRLEE (SO 2 o SI250 - 498 1) BE A By B 5 46 s L
1,

F1 L T IRE AR ISR

Table 1 Physical properties of tested soil

TR K W S WUk 4 1Y, Particle-size distribution ( % )
s )
JZK Saturated hydraulic o ) S Hb 2 A
i o Specific Bulk density  0.05~2 0.002 ~ 0.05 <0.002 )
Soil layer conductivity ) . Soil texture
= O gravity ( gem - ) mm mm mm
(x107 mms™")
W = 4.886 2.57 1.42 9.43 49.20 41.37 3 I B
Eluvial horizon Silty clay
TERZ 1.197 2.54 1.35 25.49 33.93 40.57 Bt
Illuvial horizon Clay
Pz 0.835 2.57 1.37 23.51 52.48 24.00 Hy i+
Transition layer (1) Silty loam
=2 1.044 2.54 1.22 59.89 29.19 10.93 fibigE 4
Transition layer (2) Sandy loam
IS5y 2.180 2.54 1.27 77.56 18.32 4.11 R+

Parent material

horizon

Loamy sand
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§ 120 s 9l Experimental data (L1)
% 4 Fitted VG equation (L1)
g 100 o 9l Experimental data (L2)
% — — 4y Fitted VG equation (L2) e
'é‘ s 9. Experimental data (L3)
=5 R0F  ----- 3 Fitted VG equation (L3
2 A Fitted VG ion (L3)
E xSl Experimental data (L4) ":“;:
g — .= B4 Fitted VG equation (L4) Y.
o - -
gl) 60 - 9l Experimental data (LS) o
£ o
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Fig. 1 Cumulative fraction content fitted by VG model in

percentage
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Table 2 Correlation coefficient between VG model fitted parameters of cumulative fraction distribution curve and soil physical properties

28 TR K [ZAcis B o hL Hyi Rk
Parameters  Saturated hydraulic conductivity Specific gravity Bulk density Sand Silt Clay
o, 0.633 0.824 0.849 -0.919% 0.875 0.807

n -0.655 -0.081 -0.353 0.499 -0.199 -0.670

W R 0 H R IR FE0.0 LK (XU ) #10.057KF (U ) F i A5E, TR Note: **and * denotes significant correlation at

0.01 and 0.05 levels ( bilateral ) . The same below
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Fig. 2 Soil water retention curves fitted by VG model
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Table 3 Correlation coefficient of VG model fitted parameters of soil water retention curve and soil physical properties

28 (IR EE Y & RACT B o kL Fyki Rk
Parameters Saturated hydraulic conductivity Specific gravity Bulk density Sand Silt Clay
0Oy -0.484 -0.716 —-0.974%* 0.963 % -0.813 —-0.933%
a, 0.073 -0.617 -0.664 0.891* 0.881* -0.756
n, -0.506 -0.578 -0.939%* 0.924* -0.694 -0.968%*

] MEAH PO - ACRRAE BRI . T KA
TERh e my o ik 2, Horp— MR E 2 A5 5
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= 92l Experimental data (L1)
-
0.76 ,,o:, 114 Fitted VG equation (L1)
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0.74 et /
essennat » — — 4 Fitted VG equation (L2)
0.72 o o "F - & 9] Experimental data (L3)
an”” . .
s - — = {4 Fitted VG equation (L3)

0.7

th - 408

0.68
0%_+,‘#fr—_
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- &l Experimental data (L4)
- . = {4 Fitted VG equation (L4)
- 9] Experimental data (L5)

......... #145 Fitted VG equation (L5)
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Fig. 3 Soil contraction characteristic curve fitted by VG model
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Table 4 Correlation coefficient of VG model fitted parameters of soil contraction characteristic curve and soil physical properties

28 TRk ZAci B kL Hy i Rk
Parameters Saturated hydraulic conductivity — Specific gravity ~ Bulk density Sand Silt Clay
v, -0.672 -0.866 -0.898* 0.905%* -0.873 -0.786

v, -0.734 -0.928* -0.768 0.615 -0.739 -0.411

0 0.266 -0.172 -0.067 0.500 -0.506 -0.413

ny 0.790 0.514 0.820 -0.529 0.355 0.590

I SRR, FEAR KSR EE | AR MR
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TSR R M 4 5 A 3 AR AR i 22 1] 190G R M
(B FEAE R T e A ST 5 /0 o AR SCH Ao A 98 WA 40 R AR
4 5 A0k 43 A i 2 18] 2 B DA K S Al 3P S5 ] 1)
KF, KRR A R4 R ik ih 26 0 [a] e 4R Oy A
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HIE I8 T 45 35 th 2 S 8000 LU SGX e 24005
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o BRI L, WA FRAE AN L AR S 5004 52 2 ok
RRmth & S8 m, JF HiX = ih & S50
SRR L, AR ERN, BiRg e+

SRR B R LK BRI S IR 3 0 bR &
PRI AR R 2 ks R At 2
TR A KRR AR 2R, 1 SE Ao 2 U B = b il 2
SR S L S v R B — e AR, 1
IXRERIF ST 22 FH AR A A 56 56 22 R U B RN R 28K
SEORY EPE R R OC AR, T e p R L
(0] U A A S U

R it — 2 W 45 G 28 S B R D) R s S
B FEAR Y BRE ] (A C O R, il SE T [l 43
B, 43 B 4 2 800 B H: 5 B g 3 v o ] Ay Al
LR G, e RS, £sh ey
T BEKRE (p<0.05) , KiEi B EEEL
M BARET RS . WRSPALIEH, Kok
TiE HH 28 2 88 0, 5 BB DL B BORL 53 A i 28 2 8o L B
FR RARR A R, P R A H)0.998 Al
0.964; WTARFHE M2 2 8o, S0 RE B 20 — K
LM KR, T RBGEEH0.998; HRFFE
ik 2 80y 5 W0k A 48 2 8 B B 3 =k
LMK KR,

RS HMESHSVIEMRERIELERTTE

Table 5 Nonlinear regression equations

Ji e A 1 )y R .
Equation Nonlinear regression equation
R Quadratic a,=0.02838-0.18 x clay+0.3 x clay’ 0.998 0.001
K Quadratic a,=0.06145-5.722 x a,+141.2 x a; 0.964 0.018
=K Cubic @;=2.095+12.4 x sand-70 x sand’+70.73 x sand’ 0.998 0.027
K Cubic v,==63.227+55.781 x n,-6.276 x n; 0.959 0.020
3 %45 ® Ay PR 56 A PN AR I R, eV GARE IR A [ X

AR AL < o KA 0L R AR A . 7K AR
WA 4 AT a2 ] A9 R AL LA R = o oy 2k ) b G A5

PR BE Y AE B o 3 A BORE BB A L KRRk
LA AR it LB AT 1005, M i 24Ul 5 2 5m)
LB 3ok BE 24005 B Wy BV T ] F e P % Al R A
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filt, ULHIAR I AE b 7 KAk A B0k 4 BRI B K S R4
B TR K A3 R 1 22 R e e AiE it e 24T T
HA @ nl 151k

2 &

[ 1] Fredlund D G, Rahardjo H. Soil mechanics for
unsaturated soils. New York: Wiley, 1993

[2] Lan HX, HuR L, Yue Z Q, et al. Engineering and
geological characteristics of granite weathering profiles
in South China. Journal of Asian Earth Sciences,
2003, 21 (4) : 353—364

[ 3] Fredlund D G, Morgenstern N R, Widger R A.
The shear strength of unsaturated soils. Canadian
Geotechnical Journal, 1978, 15 (3) : 313—321

(41 X0F, spgom, Boh, %, sk 30 ol
AR AR AE . A ) o 5 TR A, 2010, 29

(4) : 842—849
Liu P, Zhang H'Y, Yan G S, et al. Determination of
soil shrinkage characteristic curve of surface soil on
ancient earthen architectures (in Chinese ) . Chinese
Journal of Rock Mechanics and Engineering, 2010, 29
(4) : 842—849

[ 5] Z9%Mm, AR, B, 55 ARM0FIE 2 LAY T B0
WIS, A £ TR, 2008, 30 (1) : 118—122
Luan M T, Wang D L, Yang Q, et al. Experimental
study on drying shrinkage of unsaturated compacted

. Chinese Journal of Geotechnical

118—122

soils (In Chinese )

Engineering, 2008, 30 (1) :

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Nielsen D R. Development of pedotransfer functions in
soil hydrology. Geoderma, 2006, 136: 470—472
Haverkamp R, Leij F J, Fuentes C, et al. Soil Water
Retention :
Science Society of America Journal, 2005, 69 (69 ) .
95—104

Mohammadi M H, Meskini-Vishkaee F. Predicting

I. Introduction of a Shape Index. Soil

Soil Moisture Characteristic Curves from Continuous
Particle-Size Distribution Data. Pedosphere, 2013, 23
(1) : 70—80

Sang I H, Powers S E. Using particle—size distribution
models to estimate soil hydraulic properties. Soil Science
Society of America Journal, 2003, 67 (4) : 1103—
1112

Mareschal L, Turpault M P, Ranger J. Effect of granite
crystal grain size on soil properties and pedogenic
processes along a lithosequence. Geoderma, 2015,
249: 12—20

Rahardjo H, Indrawan1G B, Leong E C, et al. Effects
of coarse-grained material on hydraulic properties and
shear strength of top soil. Engineering Geology, 2008,
101: 165—173

Braudeau E, Costantini J] M, Bellier G, et al. New
device and method for soil shrinkage curve measurement
and characterization. Soil Science Society of America
Journal, 1999, 63 (3) . 525—535

Arya L M, Paris J F. A physic-empirical model to

predict the soil moisture characteristic from particle-

size distribution and bulk density. Soil Science Society

of America Journal, 1981, 45 (6) : 1023—1030
LG AT = 7/ R 7 K | - W | 20 NE= <3 1

2009

Yi Y L. Research methods for soil physics (in
Chinese ) . Beijing: Peking University Press, 2009
FNME, BTy, X, 4F. Van GenuchtenBEBITE
TR RHE I 2805 23 T A R TS L A A
Jt, 2009, 27 (2) : 179—183

Wang X H, Jia K L, Liu J H, et al. Application
of Van Genuchten model to analysis of soil moisture
characteristic curve (in Chinese ) . Agricultural Research
in the Arid Areas, 2009, 27 (2) : 179—183

Zhuang J, Yan J, Miyazaki T. Estimating water
retention characteristic from soil particle-size
distribution using a non—similar media concept. Soil
Science, 2001, 166: 308—321

Peng X, Horn R. Modeling soil shrinkage curve across a
wide range of soil types. Soil Science Society of America
Journal, 2005, 69 (3) : 584—592

Van Genuchten M T. A closed-form equation for

http: //pedologica. issas. ac. cn



588 + 1 2% Eile 54 &

predicting the hydraulic conductivity of unsaturated scale solute transport in a heavy clay soil. Water
soils. Soil Science Society of America Journal, 1980, Resources Research, 1995, 31 (3) : 517—526
44 (5) : 892-898 (23] BREA, WS, S5 0 b O 1 el A e vk 1)
(191 XMk, THC, ZE58uk, 4. SPACH i B i T L 0 23 R Sk AL A=, 2015, 46 (6) @ 153—
IO REAE I 2 ML, B, 2016, 53 (2) - 159
355—364 Wei Y J, Wu X L, Cai C F. Spatial Variability of
Deng Y S, Ding S W, Cai C F, et al. Characteristic Soil Shrinkage Characteristics in Profile of Slope
Curves and Model Analysis of Soil Moisture in Collapse Disintegration Body (in Chinese ) . Transactions of the
Mound Profiles in Southeast Hubei (in Chinese ) . Acta Chinese Society of Agricultural Machinery, 2015, 46
Pedologica Sinica, 2016, 53 (2) : 355—364 (6) : 153—159
[20]  #EWIZZ, BB, MR 2 A S sREoT. o [24]  AkBE, s, TERE. AU B & 08
4, 2003, 40 (3) : 471—474 i - SR PERYSE M. R, 2016, 53 (5) -
Shao M A, Li D Q. Experimental study on soil 1138—1147
shrinkage characteristic curves (in Chinese ) . Acta Lin L, Han S J, Wang E H. Effect of organic matter
Pedologica Sinica, 2003, 40 (3) : 471-474 and clay content on compression-rebound characteristics
[21] Rayhani M H'T, Yanful E K, Fakher A. Desiccation- of black soil (iin Chinese ) . Acta Pedologica Sinica,
induced cracking and its effect on the hydraulic 2016, 53 (5) : 1138—1147
conduectivity of clayey soils from Iran. Canadian [25] Indrawan I G B, Rahardjo H, Leong E C. Effects of
Geotechnical Journal, 2007, 44 (3) . 276—283 coarse-grained materials on properties of residual soil.
[22] Bronswijk J J B, Hamminga W, Oostindie K. Field- Engineering Geology, 2006, 82 (3) : 154—164

Correlations between Characteristic Curves of Physical Properties of
Weathered Granite Soils

XIA Jinwen WEI Yujie CAI Chongfa’
( College of Resource and Environment, Huazhong Agricultural University, Wuhan 430070, China )

Abstract [ Objective] Researches on moisture content and contraction characteristics of weathering
crust of granite are the basis for evaluation of stability of granite soil and studies on erosion mechanism
of the soil. However, direct measurement of the two parameters is very tedious, time consuming, and
errors prone. Therefore, a number of indirect measuring methods have been developed to predict soil water
retention curves by means of determining particle-size distribution, but most of these methods often yield
intermittent soil moisture characteristic data because they are only capable of predicting soil moisture
characteristic at individuals points along the curves. It is, therefore, essential to explore for a new method
to plot characteristic curves of soil water content and contraction of weathering crust of granite. For that
end, it is a first priority to understand relationships between soil moisture retention curve, contraction
characteristic curve and particle-size distribution curve, as well as relationships between all the three curves
and physical properties of the soil. [Method] To comprehensively understand the relationships, soil samples
different in weathering degree were collected from Southeast Hubei for analysis. Based on the similarity of
the soil water retention curves, contraction characteristic curves and particle-size distribution curves, the
Van Genuchten ( VG ) model was used to fit the curves of the soil samples different in weathering degree
and explore fitting parameters of the curves and linear and non-linear correlations of the fitting parameters
with soil physical properties. [Result] Results show that, the VG model may well fit all the three curves

of granite soils different in weathering degree. Certain linear relationships were found between the fitting
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parameters, particularly between parameter o, of the particle-size distribution curves and parameter 6
of soil water retention curves ( r=-0.884, p<0.05) and but highly significant negative linear ones were
between a, and parameter v, of the contraction characteristic curves (7=-0.990, p<0.01) ; Meanwhile,
certain linear relationships were also found between the curve fitting parameters and basic soil physical
properties, especially those of the parameters of water retention curves with soil texture and bulk density.
And the linear relationships of parameters v, and v, of the contraction characteristic curves with basic soil
properties were closer than those of all the others; Besides non-linear relationships also exsited between
fitting parameters of these curves and between the parameters and basic soil physical properties. Significant
quadratic nonlinear relationships were found of parameter a, of the water retention curves with the clay and
parameter a, of the particle-size distribution curves, while significant cubic ones were between parameter o5
of the contraction characteristic curves and sand, and between parameter v, of the contraction characteristic
curves and parameter n, of the particle-size distribution curves. [Conclusion] In this paper, the VG model
was used to fit paricle-size distribution, soil moisture content and contraction characteritics of granite soils
different in weathering degree and analyze linear and non-linear relationships between soil water retention
curves, contraction characteristic curves and particle-size distribution curves, between fitting parameters of
the three types of curves and between the fitting parameters and basic physical properties of the soil. All the
findings will certainly be useful to future study on relationships between the three types of curves and have
demonstrated that it is feasible to predict soil moisture content and contraction characteristics of granite soils
based on their particle-size distribution and physical properties.

Key words Granite; Particle-size distribution; Soil water retention curve; Soil contraction characteristic

curve; Van Genuchten model
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