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Abstract: In order to understand the indicative effect of soil structure on its hydraulic properties, undisturbed soil samples from the
Ziya-River basin in the North China plain were selected as the research objects. The soil water characteristic curve was measured
by tension meter method, and the particle size distribution of soil samples was measured by laser particle size analyzer. The fractal
dimension of soil particle size distribution was calculated based on fractal theory. Soil water characteristic curve was analyzed by
experimental measurement and model verification. The fractal dimension of soil particle size distribution in the range of [10 pm,
50 pm] is the key parameter to characterize the characteristics of the significant rising section of soil particle size distribution, which
is significantly correlated with the fitting parameters (a, 6) of the power function model of soil water characteristic curve in the
suction range of 0— 80 kPa. The power function model expressed by the fractal form of soil water characteristic curve in the study
area is: 0=100.78 X (3—D)S” " and the fractal characteristics of soil structure can effectively indicate its hydraulic properties.
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R LA e F 2 2% 1V o 4E 0 s A2 4k AT L
Bl & B WK A9 & B 2 A& (Mandelbrot, 1983;
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PR PSD ) 1Y 43 4 fig 1% 3% F + 58 it b S I 25 1) R
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M, 3 TR e B G2 8 25 4 LA
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Fig.1 Schematic diagram of sampling sites distribution
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Table 1 Geographical data of soil sampling locations

HhFRA R FE 5 G 5 A F 1 2 (m) PURE R BE (m) SR
S, 0.43~0.53
7D S, 114°34/36.10"E, 38°08'14.10"N 73 0.9~1.0 11 i SR
S 1.40~1.50
S, 0.87~0.97
17 115°17'55.42"E, 37°34'58.09"N 27 iEE
S; 1.1~1.2
Ss 0.67~0.77
HJ 116°07'55.00"E, 38°23'53.00"N 13 R
S, 1.25~1.35
S 0.7~0.8
DC 116°37'37.30"E, 38°39'32.88"N 7 R SR
Se 0.87~0.97
Sio 0.5~0.6
YGD 117°32'24.00"E, 39°00'48.00"N 2 VT I
S 0.7~0.8
Si 0.35~0.45
YF S 117°34'12.70"E , 38°59'25.43"N 2 0.6~0.7 TS J
Sy 0.96~1.06

SO 4 1 D S - RED b (TR V4R, 20135 MRk $ROF, MR B K R RO R 4
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(DC) R b 1500 T wh B 32 5T S5 M M 343
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- HERE S K S R AR
22 TIEPSDIE

A 0 3 K 43 R A 2R 00 R ) A R X R )2 A
FRER T IR A G 2 em B, H 4 50 ik
B Rz BE o A RE L A QT -2002 AU 3 B R
CRIER A R A A L LA, o ED WK A A R A
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PR 22 <<1% , & M 2 <1%.

3 4
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L FE 53 A 53 BT T8 H a8 7K Bl 1 45 08 FURL A2 78 4k
AT T B AT B R (A, 2016) . R [RR
= oS o ) B e i 5 A A B AN = I
X PN DA 3 LR R ZD R R B R U I IO R
B YF R A s, I 2 09 0L BE o A 45 SR UL IR 2. B
R0 o A il e S B T RURE 9% I Y L 0K 3 18 M
KB Ty A REAE, W b R B BE (KER A AE
[10 pm, 50 pm |0 X [E] ), 5% B 4 458 J00 67 3 A B
Yoy AE VT b, 7D SRR SR Y882, UKL E Y
FELT™ U 3 A DA b 00 L 1 D 2R U 0T DL K
Bl 7 A AR 55, A+ HE UL UKL B 4 A AR BE R AR
Gy AR AR AR RLAR S A 43k PR G B R R A R
B Ze ¥ RiAe 28 Ak He e gl m) b oo i e JL A
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Iy LR R R A oy dE RN R) R 43 Bar 4
H R A n] & 78 A (Tyler and Wheatcraft, 1992
Peng et al., 2015) :
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B (pm®), Vo oy 3R SRR (pm®) 3% GE FHF
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Table 2 Subsection fractal dimension of sampling point

TE LA RFAE X1 (jum) Iy B o AR
LB LE D, D,
S, 5~30 10~50 2.0003  2.3652
ZD S, 5~30 10~50 2.0396  2.1943
S; 5~30 10~50 2.3658  2.6791
S, 5~30 10~50 0.9633  1.4452
1 S5 5~30 10~50 2.2629  2.7393
Se 5~30 10~50 1.7807  2.1640
W S; 5~30 10~50 1.2384  1.6396
. Sg 5~30 10~50 2.3809  2.7906
Pe Sy 5~30 10~50 1.9700  2.4024
. Sy 5~30  10.000~42.603 2.6142 2.8728
vep St 5~30 10.00~38.93 2.7403 29180
Sio 5~30  10.000~35.573  2.7572  2.9229
YF Sy 5~30  10.000~35.573  2.7715  2.926 3
Syy 5~30 10.00~38.93 2.7833  2.9257

TE 2 X d KRR /N T 50 pom YKL JEE 3 A, IBORL A% de RAEAR A
DI AT 3 5 A T 7 DX S o~ S R FE AR

X O HEAT 22 K38 B 4 BT, 43 S0l 38 BN R B 43
SE DX 8] YA 56 2R B0 = PR AS X B [ 5 pm, 30 pm ]
FL10 pm, 50 pm JAE R RFAE DX R], % T 5 KR AR /)N
T 50 pm WYL BE 43 A, B KAEAE S IX 0] A7 i 5
TR X A YGD I YF SR RE 5, 3 18 ik 7 vk
PLA, HD 4y B 4 4 B0 D, 2 8 A X ] I 60 8RRk,
a3 T B X TR G B 4 4 an Bl 3b L 3e B
N, P XY g 4 A 43 Bk 2.000 3 F
2.365 2, W] W @ TR K 4> 4E (B 1.539 5, M Br U
G R B I A TR R, A By 4 BB Sk oE i R
fiE T 4 HE KL BE 43 A Jmy FB KR AE

BT LR B K AR FE S A
W E 2. F2Wm BB A0 B g
BB, AR R RE XA R R S B, DA T I
U B R W, U H R P R i Bt (HI~YF SR R
M) BE B ORL R R A, 4 B 4k D D, B R
PO AR KB e, JZ R YGD R BE S B 5 IR B 1Y
e, GRS AR R, 4 4 E K HT A DC SRR
AUBE E OB OBE BE O 4y 4k % /N, ZD SR M AR D, B
HWRER M AL PNHER, X5E 2+
ek B RO 4y A — 80, UL W OB E [ 10 pm,
50 pm | IX (6] R 4 BE o 4EAH R DL3R 4 b R
(= AN - A T S A (R e S
3.3 LIRS HFE B R AT

AR SCR IR 6 I s 5 S A G UE A 45 A 1 7 ik

XK A3 REAE 0 2 E AT 40 A, FH R T T i I AT ) S 5
28 W4 Gardner 5 PR (Gardner ez al., 1970) 425
N ERAE 4R, 2R AR

0=aS', (3)
Ao, S o 4 gL R ) (kPa) , 0 IR B K
H%) . afb NP 4S8

N I I 51 A D YN o = e 2
B S SR, SWCC Hh BE I 28 o SF 2%, % IR & 2 +
e R 22 RURE BE 43 A i 2R, Dl WA R B R
K B S AR A 22 R — e h SRR £
B K SR L5 A P R RT RO A B
TGV e W) — R HER B KRG T
{8 fe K (1) Gn 7 B 7K %k 38 %0 B, L AT JF 2
W J3 8.5 kPa, m BLF Ji X 2 24.6 kPa, i€ ifg °F 5
X K 62.5 kPa) , 3% & P Sk 4 38 v ok 5 5 14
il 15 40 /N FLBR & L BB BE 4P L AL AR A A iR
o e I (o QA A U o o ol s I G Sl
AR R E K RN, N 2k WA ST 22
FE 1L AT R ORT R X R AR M L R R
K,EENKS, RABTP R KES HEH, 1%
HAL A DR KAE R, SWCC & 3 — @ W 1 A
BE W )l w5 oF R 20 kPa LR ) 1 W 7 4
KRB FZMFES MEEE LETE”, X2
Bk b /N LB B A T B, K A B HE

Gardner T BB B AN, S8 a .0
BERI RS, RB(RY) R A B PUE 5 520 4
M1V S U N (1 5N e o s & e 2
5 2 20t iz U B K A R AE il 2 LA I
U BRIZRAESAN, KR RFER R R T 0.9,
PR 4 fF 3 AL, AR (3) S H etk
BT MR RE R B 4 S K R Rl I
S TR Al O - [ N 2 - R
KR Jy B oBR o, AR Ak B2, onp P R X
(Se~So) .0 fH vk 72 il £ 19 7 B, b i K, il £
BT B oo B, o By R X T R X
(S~S; . Si~Su). S ¥ a F1 b K/ F B2
T M (A R R AR YRR R & &) .

4 HE

41 T EPSD % 5 SWCCHIES#HMWME
XXR

BN BER 45 SRR, LIS 5 I
KT PE T O R B (R & 258, 2009 5 F Al
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Table 3 The fitting results of empirical formula in different

sampling points

Tt e RS O A 4
a b R?

S, 56.4553  —0.162 38 0.916 6
ZD S, 70.747 4 —0.3154 0.9227
S, 55.502 7 —0.330 1 0.950 0
S, 180.8036  —0.5291 0.767 5
1 S, 77.985 9 —0.213 4 0.850 5
S, 1143357  —0.4123 0.979 2
H S, 2138441  —0.5349 0.987 7
. S, 4489158  —0.147 88 0.973 3
be S, 52.9838  —0.150 55 0.949 8
) Sy 42.0662  —0.047 56 0.9457
Yo S, 47.767 4 —0.038 6 0.937 3
Sy 39.3256  —0.116 05 0.966 9
YF S 40.956 4 —0.048 6 0.9818
S 49.236 3 —0.060 2 0.947 8

=

Fa TEENSUES T -KIFE B LIS S A Pearson
HEXRH
Table 4 Pearson correlation coefficient between FDs and

SWCC fitting parameters

1 [ D D, D,
a —0.494 —0.89%* —0.901%*
b 0.16 0.901%* 0.906%*

R WA TE p<<0.01 7K LA 254 5

KA R A S 805 R AR X TR 2 B2 4 B
AW FE M SE R R, U RS R E A e
[ 10 pm, 50 pm | DX 8] P /9 53 BE 73 4 {5 A O 6 &

220 n
a=-100.78D:+329.48

200 R=0.8118

180 P<0.01

160

140 |-

s 120
100
80 [
LIEPSEp

o0 A HL "

401 95%H fi5 iy

20 1 1 1 1 1 1 1 1 )

Bk, a5 ok Bk dE B R U G, A dE (B
N a MR 0 5 o B dE B R SE IR A OC, o 4
(ER NI NI S s B T I e s A
JE 43 A Gy 2 5 K 4y R AE 2R 2 8 A e D
F PR 7 A X U R b R AR [10 pm,
50 pm ] DX [E] PR B0 3 A R B0 M 4E R E O~
80 kPa it [l A 4 4= HE 7K 43 i A th 2 8 AR, B i
SCHT N R BURL B o3 A B B E BB (IE 2) &
B A b HE K o R AR il 2R (K 4)
42 TEPSDAHRMET-KIFMEMEINESH
- OB 23 A FAL B 45 48 1 B R RRAE L
FH Y 5 JE 45 #9 47 Sierpinski # F | Sierpinski #1 £ |
Menger ¥ 4 LA K Koch i £k 55 ( Tyler and Wheat-
craft, 1990; Baliarda ez al., 2000; Bird et al. ,
2000) , A7 B9 SWCC 7 B 150 1 75 22 2 FIA A5
KFCO,) FRAR T KA (0, B A% S H(de
1985; Rieu and Sposito, 1991; Tyler
and Wheatcraft, 1992; Bird er al., 2000; Xu and
Dong, 2004 ) , %} F 5K J7 31 o i JC % 00 45 3 £ B
MR M aR AR E KRG R Tk it ).
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