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Preliminary Study on Water Retention of Layered Soil by Laboratory Simulation
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Abstract;: To reveal the water holding performance of the layer and homogeneous soil at different water poten-
tials, five homogeneous soils and four layered soils (fine embedded into coarse, coarse covered with fine, fine
covered with coarse and coarse embedded into fine) were set up to study their soil water retention curves by
high-speed centrifuge method. The results show that the water retention capacity of the layered soil is higher
than that of the homogeneous soil under the same soil material ratio; the water retention capacity in the
treatment of coarse sandwiched fine is the highest, and the water content increases by 0.025 c¢cm®/cm® on
average; under the same external suction, the effect of the amount of fine soil on soil water holding capacity
is greater than that of soil structure; the soil water retention curve of layered soil can be simulated by the
commonly models; the fitting accuracy of van Genuchten model is higher than the Brooks-Corey and Log
normal distribution models based on the coefficient of determination (R?) and root mean square error
(RMSE) ; the simulated parameters of soil water retention curve by the van Genuchten model indicate that
the saturated water content and residual water content of the homogeneous soil are lower than those of layered soil,
and the shape parameter a of homogeneous soils is higher than that of layered soil under the same soil material ratio.
The results show that the water holding capacity of layered soil is higher than that of homogeneous soil under the
same material ratio, and the water holding capacity of fine embedded into coarse is stronger. In addition, the effect of
soil content with fine texture on soil water retention is greater than that of soil structure.

Keywords:layered soil; soil water retention curve; water retention capacity; fine embedded into coarse

JER A ARTE AR SRR B UL R e TR BV E I R A KRR bk T
T REAER . S EEAR ORI 1 T 0as g, AR A TRHOK AR n] R R S K AR Y RS
WA B B2 B E R TR R TR K e IR KU, PRI TE A XA B T R R

W im HEE:2019-11-19 & H#8:2020-01-09

BETE BEVE A R B R 3h 3 4 B R K M = B 5T 7 (Y20N008F12)

F—1EE R Q990 5 W N AL BB SE 5L, RN E IR 5T . E-mail:jiajunchaol63@163.com
BEESEKSE 1965, B, BRI A W+ R A, FENFERERY 5ESBENSR . E-mail:zhangxc@ms.iswe.ac.cn



% 6 3]

PR A < JRAR Rk e & B AP 5 91

VERRZ I E R £,

HHT T 2R L RoK MR C A 2l 2
AR A BT I JE TR | A AR JE R A 25 5 0 A A Y
IKAZ Y, Yang™ Fil kalet™ Z5 3 3 51 2 AR L9 A B
IR, NS B AZ 400 LY i K, kT
T T ANE] BT I J2 BB FRAE I\ Ry I8 2 5 BEXT T AR RR
BRI K ; Leconte %0 & B 1+ 2 44 1 JBE B X A
Bt B E) T A S AR R AR S B T AN R R
A ZAR LXK PR 52 ), 25 3 R B 2 AR AR /Y 4y )2
JEEES LA KRR AM K KR, Hachum &
FTRREBUKFMATRREA B R K& EA
BRI A ST LA RIENAB R, 4.
XF FHL R 4B AR REK RS R AR IS A Y 4 B
T AT AR K G iE B AR R R T A K
REJIE O T SRR AN M A A R AR i AR R BRI
TGP — o 2 B AT Bl T R Y SR AR AL R R 4 1
TR R HEOK iz gk 7 L JF H Richard J5 72 £i(E i 15
UM T AR B B AE . Huang 2505 i % AS [\ 45 4 )2
AR AR B 28 K PERE AT T, DA AN 18 2 R o b B 5 4
by A 2 A4 0T b 7 55 R 5T b 2R AR K 28 R R 2
FORIE TR 2. DL EAFSRARE A AE 2K
TR 3B AR B AR BE R AR T E R Rk

IR RRAE i 2k B9 P AR AR 23 AR R Ky
Al AR Ll i LG O R R T DL T R K TR
T30 M K k22 (] A L g, A mT AR T RIS
HERPKBE SRR 20 A5 RS 232 + e b+ 35
S5HE A EFNR BRI H AT, 3R K SRR
28 19 B B AR R 3 A van Genuchten (VG) 5 RIHNT
Brooks-Corey(BO)# #I™) Dual Porosity (DP)™Y #5 #1 K
Log normal distribution( LND) A& BI22) |- 34 4 7Y #
PLSS BT AR SR i 4 o 0 T 3F 25 57 A AR R U, AH DG 2
E 5T T AL 20T 1Y L 3K o3 4 Ak il A58, 431
ARG K Y R A £ AL A
F 77— BRARXT I 1 K 43 R AR 2 A 28, 2R 4
PR AR 18 T A A 25 4 A A RS R J2 ST T 23 5 T
FEARF KA S DR o T e B 7K 23 e A il ok i 58 J20IR £
A B 25 7K P 30 R DL AR, AR S v O AL i T A [
— BRREETR AN A 2R G548 AR AEAR R K% T T Y
oK I HTK T R RE B S8R G R LU R A
] 2 AR Z 48 A B 357K BB 07, ST IX i 52 B R v
L E MR AL SO R LA

1 MRSk

1.1 A4
W AT R KD ok A TRRVT RO R A T

Bevitnve . BT BRI 2 mm & H, -
BEAL AR 2 B AN 2 WL 1. o Ok R B Y
(NANOPHOXTM, f# [# Symaptec 23 @) il i& 1 %
HUAR 4 A% . FH 5 3 B 0 ML (CR21G. H A& HITACHI
28 T I RE 43K AT RRAE R

®1 #HiXTEWEER %
f8 b Wk A Zh A
Kb+ 90.47 6.17 3.36
Bt 6.51 61.18 32.31

AR B DL 1 A3 9 AN b3, RS b 3
EE 3WHA ] T R AT, 2 Al K -
JooJs R Ay B R Akt 12 2,1 1,2 ¢ 1 ¥
RAE.], Baiggt) . F,—F oA 2408, 25 4 R5ife3f
TI(E 5 em AERFH 100 em®) IR #8402 PR IE 4%, By 1k
R L o 2 U e R AL T B R R R AL
BRI L, WD R A A R AR WL 1, K
%+ I FRTTOA KA v, KGR 5 I8 T 8 A PR R
48 h J& 38 o B B O ML A TORN B[] AR VR R R vk
KW S 7E 1,10,20,40,60,80,100,200,400, 600
kpa B (4 0 f 75 K dE

L 5L I,
0 ] % M 1
N i

§2F it

~ o

M III

w3
5 B 4 il
¢ L R £(8) (L)

S:L=2:1 [0h s:L=1:1
E s:L=1:2
B1 AEREE

1.2 #iEAE
AR H Excel 2007 #5044, Sigmaplot 12.0
fEH.

2 RSP

2.1 TEEKH

P 2 SR AS TR 2 5 RN 20K M A 3T 4 8 5 K
F SN R 0L A B 2. mT LA L R 38 38 5 i 20k
A M2 A = K W B B 3R B BE B T A A K %
IO B AR 5%, X Fh R A WY - p R BN
F o B R AN A /N L BR A KOG LA [ Y W g X
B, FEAR W 7 DX A 8 5 K i I R Ok H R ALBRE, HL s/
W R A K 45 7K Y 8 X SF- % 5 7 v W g X0,
KR ek B /NI, 3 K Y N 21
JIT AR K 1 il 8 25 b i B A R0,



92 /N S O

52T B

700

600 |
[+
5500 |
~
R400 b
%300
00 |
.H

100

0 0.1 0.2 0.3 0.4 " 0.5
T HEEKE/ (em’ + cm™)

B2 AELKELEARAOMEKkEZANXRHL

XA T Ts . B 1 A B AE A TR
IKW 3 254 Bt 5 3 0 B0 B 3G, & K B A TR
KX FEEH T PR & &5, AT 4e/h
AL R B T b 2R TR RR B K, 2 TG SR T X K o 1 I A
RE NV, XTRAR L F—F,, # & 5% ah i 3oy i
o/ E VO 1 R o/ 0 N TR 9= i o £
POKEERT ARG & KE X FEREF TR
MR A, 432 B A AE B A R AR AT REBHL AR T K
ST SBOK S R, B B al L 7R
AR BHEC E R, JCie ML I 4 . EAH R 40 gl i op Bk
A SR Z AR B T A AR R . S Ah TR
[ KW 3 #4954 Ak B Y 38 5 7Kl KB/ MR IR
K1 >10>1>0 >0 )2 R E S K BRI F > F,
>F,>F,, M DA 45 5 0] 0020 Joe b - 3 00 5 5 R 1
JREE R RS - K L A X L BT A2
AR AEA R KW ) &K HRAMRIR A T >F, >,
>F,>F, >0, >F >0, >0 A B fE R 4
K AR AR R T B /N AT 240 J5 - 48 % % 1
PRFE IR 052 ) 2R T AR S )

2 XA T A R AT RS R L 10~ 100
kPa + 37K W 77 22 [a] 38 B FR 2 4R 4= 0 & /K i 9 25 1HL .
B3R 2 AL 2R b S K TR ()RR L R Y
TSk E, K RS KE FoIb I B & 0.025
em®/em® L, Fy b T8 0.012 em®/em®,Fy kP T8 0.014
em®/em® L F T 0.010 em®/em®, XL 2 & &
K e 25 H AR E 22 L AT DAAS S B K o 25 A A K
JITN AR . X LA BT b - 598 R A 2 A X oK
T ZEH RN FE A, AT LAAS &K i 25l A2 1 1
A B SE N, K g 25 fH TN BE A 40 B 1 I S =
o, o D25 IR AT LUAS L AR A R A R EC L
TLER B E KRS T Y4, B 2RSS
A 7K 1N B AN [, G o oK e 20 45 4 1 415 7K
SR AR K A R T R T B R RO S Y
FEBR G AR X R 2 - B B b, 7
K JHJZAR L ARAE R R 2 L0 AR, JUH A e 4
JEAR A AT 7 K R 0 10 e

®2 HERIEMHELTERIEIRINEKEEE

cm®/em?

/J( Wjj/kpa 07'(1-'1*]2) 07'<F2*J3) 07'(1-'3*]3) 07'(1-'\*]1)
10 0.034 0.010 0.020 0.003

20 0.028 0.011 0.014 0.005

40 0.023 0.012 0.011 0.012

60 0.022 0.012 0.012 0.013

80 0.021 0.012 0.011 0.013

100 0.020 0.014 0.013 0.013

¥ 0.025 0.012 0.014 0.010
b2 0.005 0.001 0.003 0.005

22 ERAEIEMNSTRSHEMI

N H RETCH #4454 VG, BC Fll LND 58 5 %
FOK A RRAE I 173K 2 459 B [R] - 1A 25 4 Ak 245
BB ) D 8 72 B0 38 07 A iR 22 L B A B L 3R 3.
ORI RN BT A HEOK A FRIE T 26 VG 1 BC
B R 55 e 4D RS B, 45 b 3 RMSE ¥/h 1
0.009 8 cm®/em® , T iE REC R K T 0.991 3, #T
R*H1 RMSE %l 20 7 VG, BC Fl LND #8144
JEE, RTAN LND 5578 (30 A58 280 51 AH X 35 22, U R 8K
R* /N 0.954 2, X o359 5 A2k 4 (A 7K 43 R AiE il
LRI K BE O 22 5 0T LR 2R A A g ot 4 44
A, I8 TR Ry )23 AR A o S8 T A7 A T R IR 23
TEMZE M ILA RS B . 2563 2 FRATTmT 20 2R 4 ik A
AW 7 B B RN i K (B R /N S — S A
Fe 28 A X A AT DL add B 2R A AR 5 Kk BB K R )
) 725 Ak 2 R G R A L S PR IR 389 I - 9 UK A3 R AR 1 £k
B 0] DU OB LR £k . 28 B TR . RETC
AT LA SR AU A T2 0K A o 4 4 - K A R AE R 2L R
7 A0 355 L DR AS [) R AR | - 8 I e 2 bR 45 40 O AR
[ AEAE 22 5 J2 R A I SO0 B 01 18 A R oy SR 1 1)
FETE R ERRARBL AR . ok Gmad X b &8 VG B
TR B2 R A K W R K R 22 ) Y 06 R i 2R A&

x3 AELEERBUSRELR
b3 HE BB R ¥77 #i% % RMSE
VG BC  LND VG BC  LND

Ji 09978 0.9995  0.9949  0.0057  0.0027  0.0087
Jo0.9997  0.9967  0.9969  0.0019  0.0067  0.0064
Jo 0.9997  0.9955  0.9555  0.0019  0.0071  0.0223
Joo 0.9965  0.9920  0.9779  0.0019  0.0093  0.0154
Jo 0.9988  0.9913  0.9542  0.0036  0.0098  0.0264
Fio 09995 09973 0.9959  0.0024  0.0058  0.0071
F, 09989  0.9962  0.9554  0.0037  0.0071  0.0244
Fy 09992 0.9954  0.9610  0.0030  0.0073  0.0213
Fio 09990  0.9952  0.9661  0.0033  0.0074  0.0197
- VG, BC Al LND J2 4 JOK 53 ¢ AE i 2L, 23 JI AU van Genu-

chten, Brooks-Corey il log normal distribution,




% 6 3]

PR A < JRAR Rk e & B AP 5 93

VG HERIBEA B 4% R 25 4 - 38 K 43 % 0 RE
R RMLSHFE 4, T LR A S KR
(0, KWk, A FI A BHEC LR 2R £ (F—Fo sk &
FOKR R+ QT O MR X 2 H O 2R 4
b 1 A B A BT T K 43 3t DT i B A K
BRI KR (0,) 2 R BE RS AR R A R K
FoK A B ARG A SR FRORE T R o5 A5 R A
T4 4 () R Ul S R A B i 5 i
FE 7K AR A TE AR G, 3R B T3+ B 5 4 L 2
N HEBALBRE R, o EEM PR S
B, HAE K/NAT L3R L HEh oK B S BE o
1 BE 2 AR [ TR S 800t mT DA R 1 1Y
R, B AR o (65 RHER L 2 KA B
AR DG DG 3R, 5 91 R A0 SR AR 3 R 5% e U IX 6 R
W HE 37 R)Z EA £ I K SRR AR 2
48 L 2 W - R0 ORS00 8 A 8 K o= RNAR R B K
AR K MRS E o EARTET s S he e 250 iF
I8 T RS R RD 25 14 2 I A ) - R K A3 FRAE 2k
SRR o HEMAD A & B R IEMK., ARK 2
T EYR LRSS EYS o HEIEMX, U+
HERE K I, AR ARG R 3 0 o (H
KRFZRAE M F 0 o [HERTF ], RPEZR L
7K 53 DKL J5E b 2 i) S5 ) B, g K G B A PR

x4 VCHEMERENBESH

6,/ 0,/
JigL] ) ) a/cm n
(em® *em )  (em® » cm™?)

I 0.0257 0.3874 0.0451 2.1156
I, 0.0465 0.4181 0.0481 1.7403
1B 0.0571 0.4295 0.0483 1.4938
14 0.0793 0.4525 0.0688 1.2868
Is 0.0910 0.4862 0.0660 1.2157
F, 0.0814 0.4229 0.0459 1.5923
F, 0.0941 0.4658 0.0527 1.4796
F,; 0.0904 0.4415 0.0458 1.4577
F, 0.0945 0.4745 0.0631 1.3468

VG /& van Genuchten f2# 0, F1 0, 43 5l J& 58 4% & 7K &t F4f Al
IKEE s Hla BRI TE R S5,

3 &

(1) HFEMEBC R 2R B RKEE N E ST
Y 4, FHORE e 40 20k A SR i Rk B . AR IR AR
TR 3 0 15 R I bt e 4 e X R K M
AR S N e oy . N

(2) VG 5 RUBL L0 &2 BE + 1k 1 58K 7 %t
Al 15 G 2R I e R A B A v L 2 R S b B I 1 A AR T
BEAT REAR K 23 R A 1 22 00 40054 152 4 [ 64 RHC L

JZEIR - B AR R 5 K R R A 5 K R AR A B R
JER B B A B A PR K R, G ok e A 2
REF TR BE T Ik, DL EWFsR g Rl 522k +

L8 R X2 - A K 52 S 3t s BE Al

S 3K

(10 Fdr 5P 2R S M0 IS, 25 A TR B A6 BE X2 R £ A8
HUEE A 2 m BE 5 (7). 95 /K HEBE . 2019(5) : 63-66.

(2] ARAIAR, s B, 4 242 A (W) 28 20 2 4R 0 39 45 7K e ) i
FELI1400 T AR 24,2013, 29(19) :104-111.

(3]  FRILPEATTER , BE/INE 558 4 15 Je OBl 42 0 T - 8K
ps [ A8 ST ] OK B . 2017, 28(4) :515-522.

[4] Jannis G, Christine S, Liicke A, et al. inverse estima-
tion of soil hydraulic and transport parameters of layered
soils from water stable isotope and lysimeter datal]].
Vadose Zone Journal, 2018, 17 (1). DOI: 10. 2136/
v2j2017.09.0168.

[5] Huang M, Bruch P G, Barbour S L. Evaporation and
water redistribution in layered unsaturated soil profiles
[J]. Vadose Zone Journal, 2013,12(1).DOI:10.2136/
v2j2012.0108.

(6] HEMIZe. ey 3 =ML at . @ 55 808 Mt , 2006.

[7] Yang H, Rahardjo H, Leong E C. Behavior of unsatu-
rated layered soil columns during infiltration[ J]. Journal
of Hydrologic Engineering, 2006,11(4) :329-337.

[8] Kale R V., Sahoo B. Green-Ampt infiltration models for
varied field conditions: a revisit [J]. Water Resource
Management, 2011,25(14):3505-3536.

(9] sk, E30ih. EER. S AAWRRZMNIEAS
T L] A0 TR 22 42,2004, 20(2) :27-30.

[10] Leconte R, Brissette F P. Soil moisture profile model for

two-layered soil based on sharp wetting front approach
[J]. Journal of Hydrologic Engineering, 2001,6(2):
141-149.

[11] Hachum A Y. Alfaro J F. Rain infiltration into layered
soils: prediction[J]. Journal of the Irrigation &. Drain-
age Division American Society of Civil Engineers,
1980,106(4) :311-319.

[12]  E3CE k4= R R 5500 2 78 38 L b g BE /K 44 K s
BRI AR TR 4R . 1995, 11(1) - 104-110.

[13] Chen S, Mao X M, Barry D A, et al. Model of crop
growth, water flow, and solute transport in layered
soil[J]. Agricultural Water Management, 2019, 221
160-164.

(147 o3 itk o e, 55 200K 1B 4K EFHid B Lucas-
Washburn #8103 iy J & 1E [T]. 7K 3C Hh BT T 72 Ml Bt
2018,45(6) :85-92.

(F#% 99 1)



% 6 3]

AR A < JH T U W R )

55RO B Y I 25 AR AR AR 99

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

SR VK, R R B T R R G IR A Mt
UEBE Iy AL AL T [T 1B P K] . 2018 (1) :8-9, 11,
AR A DR R T AR LT ] i R A 2
#,1990,18(4) :113-116.

Carling P. The concept of dominant discharge applied
to two gravel-bed streams in relation to channel stabili-
ty thresholds[ J]. Earth Surface Processes and Land-
forms, 1988,13(4) :355-367.

e TRV T I S K V0 AR Ak M R e PR 3R (DL B PG
B VAR 2, 2017,

W L B2 A0 AT T T 3 T T 3 A B A T (D] VG % T
LT R, 2017.

TR W 52 R TR I U O K BE ) S W TP
AN R G FR B S LT ] K R K E R R R A B A R
2007,5(3) :227-232.

L R T o Il 5 K VD A o R OC R F Y
(K BEU8 5K TAE 24,2006, 17(3) : 79-82,

FWET ISR AR AL T T e T B i R i
P B B e AT 80U B e A [ ]88 W A 5, 2018, 43

[19]

[20]

[21]

[22]

[23]

[24]

(2):55-60.

Wolman M G, Miller J P. Magnitude and frequency of
forces in geomorphic processes[ J]. the Journal of Geol-
ogy» 1960,68(1) .54-74.

Ma Y, Huang H Q, Xu J, et al. Variability of effec-
tive discharge for suspended sediment transport in a
large semi-arid river basin[J]. Journal of Hydrology,
2010,388(3):357-369.

Roy N G, Sinha R. Effective discharge for suspended
sediment transport of the Ganga River and its geomor-
phic implication[ ] ]. Geomorphology, 2014,227:18-30.
KR T R S WK IS S RO P R i R
ikt AR Ak e HORE ) R 3 [T ] K RE 2= E R, 2018,29(3)
331-338.

AR - 4% WM L 24 B8 . = Iok 2 P2 TS T 900 VA i =
WEELT ] K AR R . 2018,29(6) : 788-798.

Benson M A, Thomas D M. A definition of domiant
discharge [ ] ]. International Association of Scientific

Hydrology Bulletin, 1966,11(2) :76-80.

OO VOVAVAVAVAVAVOVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVOVAVOVAVAVOVAVAVAVAVOVAVAVAVAVAVAVAVOVAMV

(E#%F 93 1)

[15]

[16]

[17]

(18]
[19]

[20]

[21]

Cui G, Zhu J. Prediction of unsaturated flow and water
back{ill during infiltration in layered soils[J]. Journal
of Hydrology. 2018,557:509-521.

Chu X, Marino M A. Determination of ponding condition
and infiltrationinto layered soils under unsteady rainfall[ ] ].
Journal of Hydrology, 2005,313(3):195-207.

Corradini C, Melone F, Smith R E. Modeling local infiltra-
tion for a two layered soil under complex rainfall pat-
terns[J]. Journal of Hydrology, 2000,237:58-73.

w8 5. LA MR E RO R L 2000.

van Genuchten M T. A closed-form equation for pre-
dicting the hydraulic conductivity of unsaturated soils
[J]. Soil Science Society America Journal, 1980, 44
(5):892-898.

Brooks R H, Corey A T. Hydraulic Properties of Por-
ous Media[ R]. Fort Collins, USA: Colorado State
University, 1964.

Kosugi K. Lognormal distribution model for unsaturat-
ed soil hydraulic properties [ J]. Water Resources
Research, 1996,32(9):2697-2703.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Durner W. Hydraulic conductivity estimation for soils

with heterogeneous pore structure [ J ]. Water
Resources Research, 1994,30(2):211-223.

Li ] H, Zhang L. M, Li X. Soil-water characteristic curve
and permeability function for unsaturated cracked soil[ J].
Canadian Geotechnical Journal, 2011,48:1010-1031.
TRIGEAE TR B BRZE 2R 38 1Al A0 2 B R AT 1 i I K
PRAKFFPELT ] A T 2244 .2014.30(14) : 115-123.

Jia J C, Zhang P P, Yang X F, et al. Feldspathic sand-
stone addition and its impact on hydraulic properties
[J]. Canadian Journal of Soil Science, 2018,98(3):
399-406.

SC B g D XA W Y L K B D 2R A DL
VG 5 < PO AL AR BRFHEE K2, 2012.

van Genuehten M T, Leij F J, Yates S R. The RETC Code
for Quantifying the Hydraulic Functions of Unsaturated
Soils[ D]. California, USA: Salinity Laboratory, 1992.

R E I R RNy | DO WA e o) 7 e s W= I R N <)
D1t 5 o B R B R, 2019,
TAPREL, Jk AL 3 T ANN (98 B £ 35K 4451 il £k
BT F e [ 40k TR 244, 2008, 24(10) : 15-19.



