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Abstract: For accurate analysis of the spatial distribution and spatial variability of infiltration characteristics of aggregate
mass fraction of different particle size on slope

gravel soil, the self-made double ring infiltration apparatus and gravel screening instrument have been used for testing gravel

the permeability coefficient of gravel soil and different depth of gravel soil
moisture content. Software is used for spatial interpolation of the discrete test data through the Kriging interpolation method

The cross tests are used to select a reasonable theoretical model, and the precise interpolation results are obtained. The results
show that Kostiakov formula is used to simulate the infiltration process of gravel soil. The highest spatial interpolation
precision about the gravel in different particle size sections is Gaussian semi-variable function theoretical model, and spherical
model for the permeability coefficient of gravel soil and the moisture content of gravel soil at different depths. The gravels with
particle size larger than 10 mm are mainly distributed in the top and middle slope regions, and the regional spatial variability of

infiltration rate is relatively large. The small gravels (size of 2~10 mm) accumulate in the slope foot. The permeability

El

increasing depth. The research results lay a theoretical foundation for the establishment of the prediction model for gravel soil

it

coefficient of gravel soil along slope from top to bottom has a gradually decreasing spatial distribution trend. The moisture
content at the slope waist is higher than that at the slope top and toe in shallow soil (0~15 cm), but that at the slope toe is
higher than that at the slope top and toe in deep soil layer (15~25 cm). The water content of slope increases slowly with the
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Fig. 1 Self-made bicyclic infiltrometer
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Fig. 1 Gravel screening results of different particle size ranges

(%)
WA >60 mm 40~60 20~40 10~20 5~10 2~5
mm mm mm mm mm

1 24.71 6.17 13.66 16.54 1455 2437
2 30.66 8.95 13.86 1548 11.43 19.61
3 21.05 10.04 15.02 1577 1488 23.23
4 23.45 11.96 2328 1493 11.01 15.38
5 22.81 11.53 22,18 1480 11.13 17.56
6 11.76 16.30 2846 18.20 10.08 15.20
7 9.75 20.49 2031 1639 13.88 19.18
8 16.62 16.40 2412 1823 10.17 14.47
9 31.31 8.02 18.18 15.69 11.12  15.67
10 15.26 17.01 2721  15.37 9.69 1546
11 21.88 1475 2594 16.89 9.16 11.38
12 34.72 12.45 16.26  11.61 9.66 1531
13 22.89 15.23 2123 14.26 8.15 18.25
14 27.72 17.22 2745 1236 6.46 8.80
15 36.87 5.78 12.34 1414 10.73  20.14
16 48.41 6.46 15.59 11.43 7.48 10.63
17 12.76 9.98 2825 21.85 1241 14.75

18 16.33 11.42 30.44 19.14 10.57 12.09
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&, BAHSE RECS HRAR ZEVE NI R AR A T NS
AL, BE S BERR. AR RGBS
HARYSE M, [ E RHAT 70 X 38 2 A BEHLEL 6 4~
B AT NIBREE - NS S5 1 78 X I B HE
BEATREEE 3. R RN R AR R SR
FIBIB R IR K, KR B BB M AT B S
JiT AT 38 R B8 10 7 ik It A BR G L 2 i e
HARHEAT IO B, SRR BERTS S AT R, TR
P A5 DX 1AM A R B A T VA5 3 45 TR R M o
FEVHME, DA E R IEAT 50 R AU 3 B R
Ve .

IR B A A5 B, Kriging JR{HIARES
JE AR 2 MM R, SOVl O AR 515
AR IR, SR AR 5 bR ROk RAE AR B 1) 23 A 45

EN, M, BT A HBERE. A
[FPRLARIE A R 2 AN RIR B R A LS K3 it
AT MRS (KS test) o A EIEFFAIES D AE, WAT
B I8 W Kriging 4 00T 70 B0 2047 45 19 4
BB ESA AR FN, EfEEER
R R R BHESHEA (BRR. . B 5
Kriging T3 347 28 XCHAE, o0 #r 27 248 22
(ME). “FHFrEiR % (ASE) 134 7 Hii% 2 (RMSE),
M43 A A R B SR AE A Y, 3 I A (R AR (B RS
J& o B JE RIS 7E 45 7 Tl kAT 2 1) S 1 LA
o

2 WHALINESHFMESHR
2.1 BAEANEQARMIE

MR = AMAEA L XA NZ RS, FIA Philip 4
L5 Kostiakov BEAU0 -l s N2 &R (LI 2) 3474
G AR RGBT RREE TS, 5 R
® 2. Hrp A NS AKX

Philip £ %!

I(t) =St + At (1)

A, T ABEBRABE (cm), ¢ NEE (min), SA
TR EE (cm/min®), 4 NEEEZE (cm/min).

Kostiakov 1% %4

I(t)= gt“ , (2)

X, b NBIERE (ecnvmin), a NZENBTREL

HHEE 2 nAL, BEEXKRA (18 AMRES 0 %Ik
R FH Philip 24 2R A Z BRI LEF FH Kostiakov
ARIAE/D, 1 Philip 23U H R ZE (RMSE)
Ik Kostiakov ANE K. [FIRS, TEHFFCXILAMEHL
EHUH 6 MRS S Kostiakov 2B LK Philip 24
AL SN BEARtZe . b, X TR
FEME, KA Kostiakov A X AR NS #2808
By HEA —eiErE, eREEEEIEGEBER
BN 3515 R AL

=1 o2 A3

147 54 <5 »6
+7 8 -9
~12F %10 =11 =12
g 13 +14 ¥I15
o 10+ <16 »17
(=1
— -] ey
< 8
%
6
=
& g
Bk
2
Yy |
0 20 40 60 80 100
5} 8] ¢/min

2 90 min RRNSESLNE

Fig. 2 Measured values of cumulative infiltration in 90 min
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Table 2 Comparison of fitting results of different infiltration functions at different test points

5 Philip #5575 Kostiakov 157 . Y S
= Wiz 3 (R ES RMS 2 % F iﬁl N RMS 2 C B R %ﬁ

Jemmin®’)  /(cm'min") /(cm*min™") R /(em's™)
1 0.310 0.075 0.116 0.998 0.3422 0.792 0.059 0.999 34 0.004192
2 0.302 0.049 0.214 0.988 0.3419 0.743 0.165 0.993 35 0.004102
3 0.196 0.004 0.119 0.961 0.2990 0.572 0.110 0.966 31 0.003891
4 0.311 0.025 0.362 0.942 0.3785 0.671 0.327 0.952 35 0.004542
5 0.175 0.100 0.116 0.998 0.2240 0.884 0.094 0.999 32 0.002856
6 0.134 0.014 0.117 0.971 0.1587 0.693 0.101 0.979 36 0.001905
7 0.078 0.004 0.019 0.996 0.1100 0.618 0.016 0.997 32 0.001403
8 0.378 0.005 0.138 0.982 0.6300 0.546 0.126 0.985 37 0.007560
9 0.278 0.009 0.143 0.976 0.4047 0.593 0.125 0.982 22 0.006361
10 0.381 0.001 0.188 0.962 0.6629 0.525 0.184 0.964 28 0.009203
11 0.207 0.033 0.182 0.982 0.2341 0.739 0.147 0.988 37 0.002809
12 0.058 0.063 0.022 0.999 0.0359 1.086 0.035 0.999 37 0.000431
13 0.124 0.114 0.119 0.999 0.2310 0.921 0.111 0.999 26 0.003637
14 0.249 0.054 0.261 0.982 0.2620 0.782 0.277 0.980 27 0.004746
15 0.098 0.003 0.041 0.945 0.1490 0.434 0.047 0.927 28 0.004766
16 0.224 0.122 0.136 0.999 0.2970 0.880 0.120 0.999 28 0.004686
17 0.475 0.003 0.344 0.934 0.4650 0.548 0.332 0.938 34 0.010395
18 0.202 0.016 0.129 0.980 0.2190 0.659 0.113 0.984 28 0.004614
1 0.222 0.010 0.147 0.965 0.3218 0.606 0.145 0.966 34 0.003942
# 0.002 0.082 0.065 0.999 0.0820 1.000 0.065 0.999 33 0.001025
#3 0.077 0.013 0.020 0.999 0.0851 0.752 0.020 0.999 40 0.001021
#4 0.206 0.017 0.270 0.965 0.2689 0.636 0.137 0.972 24 0.004078
#5 0.317 0.002 0.879 0.965 0.5881 0.505 0.848 0.965 30 0.007822
*6 0.272 0.070 0.152 0.996 0.3020 0.798 0.095 0.998 30 0.004017

2.2 BATEERBSTRENEZXEEARESHK X AL

KEKO M
H TSR EAT R (2 () ) AT, O e
F B IE FBEEAR K, R IR ORI 7V o R
WA L213 RO AR IX ], IR A L
NEHE.
IRFRIRA R A XKIEM T
(1) HEZEH| S B
x, (k) (k=L2,---,m),
x (k) (k=12,---,m;i=12,---,n) ,}
X, xS ERZRFA], xR ERF.
(2) B HARE B — AL B, FF 0 AT 13
S X EHEA T BT o
BIEA
x; (k)

y = (k=1,2,,mi=0,1,,n) o (3)
Zx,.(k)/m
=

x, (k) —minx, (k)

" max x, (k) —min x, (k)

k=12,--,mi=0,1,---,n).

)
(3) KRS
&)=
min {min | , (6) = 3, &) |} + & max {max | v, (k) = 3, () |

| 3006) = 3,k) |+ max [ max | v, (k) = v, () |

’

)
X, o NAPTREL — B 0.5, REEREE ()N
B i NI kA R LU 2R yih) 5 275 i 2 yo(k)
AR Z20E
(4) MR AN

=S 12 mi =12 s ©
m =1

A, I yi 0T po ORHRE o



55 8 Y] HOM, S RO ERIBGRER B IR A 5 R 1505

MR HE BB AL 5 X RME A P P 40 A 3 7 V545 31 %
KA R BME, &8 5153 KB RESR
T 0.6, MBI RECGE WAR L KB/ NI RARIX (A]
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Table 3 Permeability test results of grey correlation analysis

PR ] i’ﬂ@t lZ@ faft LIPS
BN BN FE
>60 mm 0.705 0.707 0.706
40~60 mm 0.646 0.640 0.643
20~40 mm 0.666 0.633 0.650
10~20 mm 0.725 0.763 0.744
5~10 mm 0.693 0.654 0.673
2~5mm 0.655 0.607 0.631

3 ANEHFMEMZESHmETEERMY
3.1 BUERL

XF 18 AN AL B B 24T T I R
TR KS i, S9R5IT3& 4. SWHSHLY
NP, B R R R R . AR
KS frgn gl CR2E/KFH 0.05), SLIEHET KS H
BT 0.05, Sl Byl B AT & IR S A s A

R 4 DUAENNBHRE S T EHIEER KS 63

Table 4 Statistical characteristic values of field data and KS tests

REZE AR

T H YIE/ % o, 25 KS f
KF 60 mm 23.83 9.92 042 0.6
$if% 40~60 mm 12.23 431 035  0.46
Hif% 20~40 mm 21.32 5.90 028  0.58
Fif% 10~20 mm 15.73 2.63 0.17 045
$if% 5~10 mm 10.70 2.25 021  0.64
hifE 2~5 mm 16.19 4.15 026  0.68
0~5 cm VR E 12.46 4.35 035  0.59
5~10 cm VR E 12.55 5.33 042  0.55
10~15 cm iR E 13.27 4.73 036 044
15~20 cm & 12.54 5.41 043  0.59
20~25 cm K JE 11.77 3.76 032  0.66
BB R em/s 4.6X10%  0.0025 056  0.96

3.2 FTWHREHIFLIEBMIE

JS2FH A Kriging $ (EIELE H BN T 705l
FIERTE 4555 v SR Y 47 2 18] 4 B 52 XA 96 (AL
R 5o M BHEXTEEA R ASFIREL B KA ANFKE
XA R BE 8 #0 198 0 R B 2
PR RERTERIR < . B A8 7 bR B R AR
RMSE {5 ME (%) &#%ET%, RMSE {65 ASE 14
W, oz DB o B Bt #4723 Al
KA .

* 5 Hi# Kriging fR{EERTUMIREN L
Table 5 Comparison of related parameters of ordinary Kriging

interpolation method

PR TR 2
i 7
A ME RMSE ASE
Bk 0.081 4512 4.431
0~5cm iR/ Eif 0.091 4.512 4367
R 0.254 4.612 4.357
10 em IR Btk 0.021 5.471 5.800
R 0.031 5.466 5.787
JE y
R 0.041 5.456 5.770
10 15 e 1 Btk 0.044 4.757 4.598
SO i 0.043 4.756 4.530
JE )
R 0.044 4.757 4.522
LS 20 am ERIR 0.050 5.158 5.162
STROCMIE i 0.049 5.138 5.176
JE y
R 0.052 5.178 5.147
205 e IR Btk 0.025 3.205 3.272
ﬂcmbk e 4 0.025 3.204 3.096
JE )
R 0.025 3.204 3.267
Bk -0.276 12.113 10.872
KT 60mm &= -0.239 12.008 10.715
R -0.317 12.041 11.047
BRR 0.261 4.559 3.604
40~60 mm =i 0.261 4.559 3.604
R 0.261 4.559 3.604
Bk 0.267 7.195 5.107
20~40 mm =T 0.254 7.190 5.059
R 0.267 7.195 5.107
Bk 0.075 4.908 4.398
10~20 mm T 0.053 4.906 4.278
R 0.100 4.908 4.480
BRR -0.017 3.776 3.362
5~10mm =8 -0.021 3.782 3.269
R -0.014 3.763 3.395
B -521X10° 2.55X10°  2.74%X10°
BERE Eml 423X10°  2.81X10°  2.65X10°
B8 3.22X10%  3.12X10°  2.49%x1073
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Fig. 3 Spatial distribution of gravel quality score with different particle sizes
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KFWEA L MABIE RECATIE 90 min) AFZ X+
Ky 23 [0 At B e 0~15 em RSB + &
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M, R KNSR 3K, WO T0 5 45 M 1) 5 /K R B
&L EREINEEE . SRMEEIMERT, W
KB R 7 M R AR T R E RS, B16~25 em MR JE
(R IE0  JE 5 /K AR B T S S I Bk e vy, HL )
)& K 2B IR EE (3G gz 18 Bt &K ER M E
FHFE I PUBT R N FE, T S 75 R ORI
I

& 4 HRFATIEERKTE S HE
Fig. 4 Spatial distribution of the permeability coefficient of

aggregate gravel soil
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H13% 6 Al 28 RBHER LT (R
BT TR )~ 2R VG T AR SR I A DX 3 2 1)
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Table 6 Statistical results of infiltration rate of gravel soil in

different directions

. L BERY s 2 5
JifL FEAHL — PR 2 2
FALTT 6 0.004214 0.0011750  0.26
RVE 5 ) 3 0.004214 0.0008760  0.19
T 6 0.005474 0.0024488  0.45
e 6 0.004628 0.0035736  0.77
] 6 0.003581 0.0010001  0.28

R7 BHBEALEKEGIFIEE
Table 7 Statistical results of moisture content of gravel soil in

different directions

= N EES s A%
WAKIA FEASL — PRk % 2
Elvan 6 12.52 2.45 0.20
FEH T 5 12.52 0.53 0.04
—YETT IR 18 12.52 3.69 0.29
=y 90 12.52 4.67 0.37
4 % i

(D X THERBA LS, KH Kostiakov A3
FiR KNS ISR i H A SN, A& R
5 W0 A2 B R B /N B A R AR X TR I 10~20
mm-, >60 mm, 5~10 mm, 20~40 mm, 40~60 mm,
2~5 mms.
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HIZ HE Kriging fAEEN A LB RS H 0
AT ()AL, A E e 201 S R O S T BE S T 1
b6 AN [F R A RLAR X B RO AT 8 43 AT 2 Al 4
B, BRRAAZ 5 bR OB AR AL B 08 TR U i A 132
%R AR LS K E AT A AEE,
SEI T AN [RIRIF FE 0T R B R A TR R

(3) KRRfERA RifE>10 mm) | Z 940 T3
TS X, A/ MEA Chife 2~10 mm) JJZE
FEI AL B . A 350 2 O 30 1 7 18] 73 A B
b E IR ANRARTE A B e G 2D i 0~
15 com IR 2O 4 2 85 7K 38 H I T 5 350 10 5 7Kk 2 2

&, 15~25 cm PRBER3IN 1 JE 15 7K 38 EL I T 5 35
FOKRE S, BB S KRB E R I BT
= LTt

(DOWEF LBIE REG BRI ARTE 4K
SPIRURT = 425 0] R AR e, RiE>10 mm
(1A A S M 3 T 5 394 305 2R 00 JHL 2 [ A S P A o
K 5 R85 0N 45%, 77%) .
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