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Erosion damage and rainfall infiltration characteristics of loess gentle slope in western Liaoning//MA Donghe',
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Research Co. , lLid. , Changchun 130000, China; 2. College of Construction Engineering, Jilin University, Changchun
130000, China)

Abstract: To solve the problem of serious loess gentle slope erosion caused by rainfall infiltration in western Liaoning, site
investigation, laboratory physical simulation experiments, and SEEP/W numerical simulation were combined to monitor the
development trend of the wetting front within the slope and the variation of the volumetric water content of the slope soil,
and the characteristics of loess slope erosion and regularity of the rainfall infiltration were studied. The results show that,
caused by the rainfall erosion, the cross-sectional shape of gullies of the loess gentle slope can be divided into four types:
V-shaped, U-shaped, trapezoid, and triangle shapes. Along with a continuous rainfall, the depth of invasion increases
gradually, but the infiltration lines of rainwater in the slope are not parallel to the slope edge lines, showing a law of less
infiltration at the top and more infiltration at the bottom of the slope. When the western Liaoning loess slope is eroded by
rainfall for a short period of time, it mainly produces surface erosion; but for prolonged rainfall erosion, the base of the
slope becomes hollow and sinkholes appear on the slope surface, finally inducing slope disasters.

Key words: loess gentle slope; rainfall infiltration; slope surface erosion; physical simulation experiment; seepage

numerical simulation

2013 4F 11 H
Nov. 2013

B T 2857 1 REUR R, 2 B BOH AN R,
N RO 2 1 2 B 02 Z I A DX R, R B B
TREAYE R H 453 2 8 A B AR E
LS T b — R AT 3l S T B XA [ R
GBI T R R AR, #H 0 B IFEA s t
P ARSSE PEREAR , S BOR A A b idy K3 SR
P, T R e BB IRIE S 3k — 2205
FRZRAEIYE BRI E JUAE, DL R o M A8 2
TR SRR EVE IR R X,

HEWH  FHEARPEEE S (40972171)

PRAT GB50025—2004( i [ 4 B + il X 2 5 3t
TRV 1 ORI T PR B8 R i 2 X, H ETY
B DBEE G XZ M XA T TR R
Foster %5 DRV H RS £A B0 3 42 b 3t R 40 o0 4
T (B 42 b 0 90 42 ol 19 A B B 5 R 3 0 45 ) o 8 -
e BRI R AL FEUEATRIEST B R 43 A I ok |
Fl A LA BE ER X A i 1) R A A T F
58 BOREET X AE b iR R T B b R AR R AT
T WG KA & R R ) JE S K50 VOB U B

YEE A AR (1986—) , 55, HoN DA, TR, i+ EZNFE 1 1% 0F% . E-mail : 123madonghe@ 163. com
WEEE . TR (1966—) , B WiTTAXN #8214, FENFH L % 5%, E-mail ; wangem@ jlu. edu. cn

KA K A B ,2013,33(6)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://kkb. hhu. edu. cn + 29 .



BRI 3 Aol AELOR X AN [w) 3 B 4 4 ThT e b R A 247 X
OF o MET I FTAL VY B M XA /N R 3 38 ko] 1)
RO, AR SCE IR BRI P B S D 7 1 A e %
Py BEASIES: , 0B S i BB R K T A B
fiE, IR H] SEEP/ W ASH 37 4 A AR ANE T
R AT FEIL V4 B - S S i ks R R A

1 SR i Rl AR SR 4 E

SERTLR: Iy o -0 R U TR L AR L b2 AR ]
AP S AT A L SRR 2 ~ 15 m, FeoRnl ik
30 m, FLAME R DX P B DAy B T A et
WA By 22+ HAe o] 1 BRIV & TERE IR
TS A R, FERTRIY, B —E S BERY
[EERTSNE K245 rE 2 (OB AT w2 N R v [ 4
2SR ICI, ORI AN B IRSCRR 7K 207N Y ok R
PRI, ), SR AL I8 7 A BUK 12T )
YRR 23 BT 3 sl T R J2= A i
W e g IR, B —E R ThEE
o ST A e A Y N B — g N, JCEA 4k
SRORFFBUZ K, TEAR T X BB Wi B, I
(R VR T HER SR v, TR PV — e o0k 24030 b
TE iy ey i K g ik S B

2 E A RIEBIK IS

2.1 KEEE

FH LI w56 2 P P AL 0 S A
RIS HOT R e R B0 - b
T AR AR TR, 283 F AT IR T /0N 300 33 B4
RN R 2 PN 0 39 3 T oo A e B 03K
s E R A CREM BT UK RS HOK RS
TR I R G R A 2R, AN A 1 R

AL
A A A
TR 3 /5\
RS
TR A
N « o Lk
O Nt
HOKERSE .
R
HF?J(%?}E

Bl EREBKREE

2.2 HEEFHIME

i R IR A5 SR A B BRI 4 — SR
Yoorb——r 95 SCg R 3, I3 73
FE A EEE 10 em B E A SE UG, RS
fiERASCTE 75 S0 R N S8 ) R, DA o g )2 I A R
SRR — 3, MR SEER S KB A )RR AT
B, AT R AR SRR A R e

W 5 R J7 3K, DUE B [) 35 52 7 38 T A HE 7K
1, TR T2 — S AR I W Iy (G i e i 5 1) 2R
CIGRRL) | DA W35 1 AR T i
2.3 AWER

i T B AP I I A 5 = N AL g
oA ) ) TS 25 BT 2R (/N T RS T 40°) B
A RET 4 ML T 4 FOEZS .V IE U B BB
K =AMIE i 2 frs,

NARFAYS

(a) VIE (b) UJE (c) BhIE d=mE
2 WEAAEEEERS

X 4 MBS MIETE—E R e T ik
e e B R AS [ B BRG] R R .V
T i) 32 AR VA R A= Tk B B 30 67 T 3 T 1Y)
TOUER , H 3 TV 7K 70 3 1o 48 b i 30 D10 0 B B vk
iR I OAR B2t A R i 1 2 N WIS R LA by N2 @ RE )
PR XTI, B BT IR R B b By VR ppil R
SRR MR SR I T B, AT A A B
AP, B A v AR A AR S Ok 2 1
NiTR(A A T REA R I 1 i Tl ) B A E S N B2
DIE] PRI A0, 24 U T b iy 6 4l v inh 28—
FEFREE KR YIB 9855 , A8 G5 ) 4 1 YA Al
JEHR AU | 76 Y0 Al TR B — A< AR, BV T
IR, =R e B Y R B S 0, b
B YA R 1 A A R L F 3 T A B BE AR 557, iy
PN - ARTE 1A F T ] il ) & RS, B
RS BN, R A, SRR, BT AR
DALY R R B 7K T e S 5 4 0, IR AR R
KSR T 46 S35, I35 0 B W B Y Al o) 4
J'&, A R AR AN 3 B BE AN 1 A
MRS 4 s,

3 WEMKNERE

TEEAT 38 N B AU 06 P, A 1A SR 7R T
ZRUCARBIL, A SR e 0 A e e, R 0 A
JEE A AT LWL e 3 A P R T KA B L
P 5 S e 128 A R K 3 o A v 40 i 39 i 4 )
KIEREH 1 ~8 B KRR L S5, BEE
2% T s ) 8T, 39 Tk 255 86057 " 1) - 1A ¥ 1k 3 4
I 2R 255 | L SWORE R/ it | 5 BT A4
AT T, 10 52 MR R T S O TR, ST LA S o B 00 )
M BRI AR 3 M 2

TESEAR PR FR A EL 5 7K R IRk (kA DL

- 30 - KA K A B ,2013,33(6)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://kkb. hhu. edu. cn



(a) P Al i

S

(b)HJ.IJF& UALRG

e R

M CIRH” PBHRXR TR

(d) HHILBRTE iy (f) Pl BTIE

© =kt
3 ZWWEMEBIRET S

B E R R

i /em
NN
S W

0 10 20 30 40 50 60 A0 80 90
K /em
E5 40°iRiEELEERE

5) e B AL AR AR R KR B AR 4R dn
K6 7R, TERETR 46 04 350 s ] P, 3% AR 1
B 7K A U (1 o 380 B — RS {5 AR N B
BRI AR S AR R K A [ TR 1Y
R, T HE RO W 1) R RS S KR A A i 2k
FH BE LM S AR R

4 A1 JEBINS RmEER

T AR AT, LR B SR BE S T LAE i3
B0 ZRPRBOR e, MR L R BT UKL 2 (8]
2 BT TET K, — B St A B A oK i
WA, 25 T ST 2B IEK I E , K 18 i
et BT, 2 AR E RN, Y
FLBK ) sy BN, B2 1 28 Bl s ST 7848, 8

40r -l B2 a3l o4
35| 5% - T ——8%
30+
25+
20 +
15+
10

B KR 1%

0 16 26 3‘0 46 Sb 6IO
[ 1&] /min
6 40°in 3 HAFRRSKENTH

B RBGHE— 0N AR E RE T WO T -4
A IR AR B S K T DL I R AR
TKFCEFRAE, TNNEE R B MERE BOR  (BAAFR
Py KR AT L3 i S Ay ok e

4546 % NN K S P BB RS0 AR5 1Y [
S BLAE, #57 SEEP/W 1 i BB A AL, 4Kl 7
FR , B AR bR R i SR 2 22 00 B KRR
ARFR I ORI 22 B S R A i BT A
FE SR BT P B S A B 5 1345 45
Ao P AB T 251 Boe B EF A B &AL
N TR B 3 EARAMNSZ BIRE R A S TR T AR
NGB ARG, T e I AB mEOR, 1355 H]
AT G AR ZE (KRR ZR) W&l 8 PR 4
S A KEFIE 2R Gardner A3 TG

45
40
35
30p:
250
20HH
15 H?
104
sBR

Y/ em

0 90

7 SEEP/W &im#{EEE

— Gardner A Y51
S sy

RAE KR 1%

0 1 10 100 1000
L F1/kPa
B 8 Gardner & i & 7K 4FH4E Bh 22
FEAEE RN 9 Fr7R , 10 min J& , 3% 033 17 L
TR ABIREIIFE 1 em 247, HIEA AT TR RN
TR T S AN AL P 0 B 114 e S EE i, i AN AT

KA K A B ,2013,33(6)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://kkb. hhu. edu. cn - 31 -



FIB LI 110 ~ 60 min 1] WL K R L 1
VT VR HL e, 8 T T T 45 ot 940 4R £
60 minUJE L HEA BRI 05 90 S IR 2 ol
IR FLUK P N 2, bR, £
LIRS 7RI, YoMl 1A £ IR K T 4
Wit IR b MR | B T RCH T I S , B G
FEIV 2 VR M 1) L, 1 S PR

45 - ‘

4

30
25
20
15
10
5 L

B /em

0 10 20 30 40 50 60 70 8 90
YK/ em
(a) 10 min 15}

ey,

40 f
35 F
30
25
20
15
10

Yl /em
N oa

(b) 60 min s}

A5
qoprrrrrr v v,
35
30
25
20
15
10 |

Yl /em
T T T
ol
oo

T

1 1 1 l: ;I
0 10 20 30 40 50 60 70 80 90
YK /em

(¢) 70 min i}

B9 AEEZ 40° 8 FLEKENEEL (BLAL:kPa)

5 4 it

a. ARIGEF SN BT A -5 5 PN T o A AL 3
B 2R, 1074 M DX 2 IR i 3 kA T 4T 2
RECR8 VIE UIE BIE = MIE X 4 Fhia it
SR R 1LY L R R
FRIAN ] B BN fia) B AN ) 7

b. 1 A B LI w7 R FE 46 A4
JELISF ] A i 1A 14 35 7K 38 WA i L bR s Jon 1)
BE—RGE H; TSR A A A DX Il ) AR 5 7K A B
GGG T Bl A AR 2, /KR T TR R
BN RS b AR AT Tl ek,

B2/ % W /NG P -8

c. SR FN-E AN I BB AR R X o T 21
AL PG G P TN K A B RRAE AT BB AR . 5
AR (0 ~ 10 min ) 3 T0AHE 71509 A B IRIE
el emZi Ay, HEAEAT TR WL AL 5 (10 ~
60 min ) 3§ NIRIELE (1) & R % 7 5 7R T TR IR A,
53 PR I 25 SR AR — 3,

SE Lk

[ 1] ReLlER. ARG E RN K BHAHART]. AR,
2011 (4): 69-72. ( XIONG Shanming. The causes of
highway slope disasters and formation and control
technology [ J ]. East China Highway, 2011 (4) . 69-72.
(in Chinese) )

[ 2] EWW, MR MRS 55 1000 Ml DX Y5 B 5 A A
FRPELD]. W MOR 2 22 40 HUER P} 24 1, 2010, 40 (5)
1104-1109. ( WANG Changming, MA Donghe, LIN Rong,
et al. Shear strength and constitutive characteristics of
loess in West Liaoning [ J]. Journal of Jilin University:
Earth Science Edition, 2010, 40 (5);: 1104-1109. (in
Chinese) )

[ 3] EWH A B2 A, 55 1074 e LR R e it A
B OMEE A AE A [ D] W AROR 2 2 i . M BR B2 i,
2011,41(2) . 471-477. (WANG Changming, LIN Rong,
CHEN Duocai,et al. Collapsible deformation characteristics
and its changes in microstructure of loess in west Liaoning
[J]. Journal of Jilin University; Earth Science Edition,
2011,41(2) : 471-477. (in Chinese) )

[ 4] MA Donghe, WANG Changming. Three-dimensional
characteristics of the Loess’s microstructure and

comparison before and after collapse [ C ]//2011

International Conference on Remote Sensing: Environment

and  Transportation  Engineering. Curran
Associates Inc. ,2011 :4683-4688.

[ 5] FOSTER G T, HUGGINS L F,MEYER L D. Laboratory

Nanjing :

study of rill hydraulics: I velocity relationships [ J].
Transactions of the American Society of Agricultural
Engineers, 1984 ,27(3) ;. 790-796.

[ 6 ] MORyFI, mor . 8 i R phad Fe S [ M.
P2 PP R H R ,2000.

[ 7 ] 25, R AL, B /NP 3 5 48 i R BRI I 30 B¢
BT[], B TR, 1999,63 (3) : 82-85.
(LUO Bin, HU Houtian, LU Xiaoping. Study on cutting
slope surface erosion of granite eluvium in the south of
Chinal J]. Journal of Rail Way Engineering Society, 1999,
63(3) : 82-85. (in Chinese) )

[ 8] #pr . L Pidh X + TRAEEMIXSFR[D]. K
R ,2007.

(TF#% 51 1)

-+ 32 - KA K A B ,2013,33(6)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://kkb. hhu. edu. cn



(7]

[8]

(9]

[10]

Huimin. The effects of types of flow on Manning’ s
roughness coefficient[ J |. Hydrology,2002,22(6) ;22-24.
(in Chinese) )

W, EANGE, EAERE, A, F 0 ALY R AT M
B E RS S I [0 ] KRR i R
2011,31 (5):64-67. (LI Li, WANG Jiahu, WANG
Jianqun, et al. Application of adaptive random search
algorithm in roughness inversion of mathematical model for

river networks[ J |. Advances in Science and Technology of
Water Resources,2011,31(5) :64-67. (in Chinese) )
ZRELHE B KR, K TAR R 22 25 A T R IR 56 5 T D s
BOETTIE[ ] KRR R ) ,2011,31(6) :14-15.
( LI Hongying, LUO Yonggin. Roughness correction
methods for hydraulic model tests on combined discharge
of multiple pressure tunnels[ J]. Advances in Science and
Technology of Water Resources,2011,31(6) :14-15. (in
Chinese) )

/IR XN, K ) 2R, S5 kT A DA Ao T T A
R R 2 5O [ 1] 7K R K L R R, 2009, 29
(6): 2124, ( XIN Xiaokang, LIU Gang, ZHANG
Xiangdong, et al. Investigation on parameter identification

for river network model by using genetic algorithm[ J].
Advances in Science and Technology of Water Resources,
2009,29(6) :21-24. (in Chinese) )

ST, A5 BRI . I BORASTT TE A ) i R R S
REARAIER [T]. AKMK R R, 2008,28 (1) 20-

(11]

[12]

(13]

22. (WU Hang, SHI Bing, CHEN Zhijuan. Relationship
between height of vegetation after deflection and roughness
coefficient of vegetated channels in submerged state[ J].
Advances in Science and Technology of Water Resources,
2008,28(1) :20-22. (in Chinese) )
Wi S 51 A T i ) s 3R 2 i R R 5% ik
(37, KRR s Rk 3 ¢, 2005, 25 (2) : 58-61. (CHEN
Yaozhong. Summary of two times’ prototype observation
results of roughness coefficient for water diversion tunnel
from Luanhe River to Tianjin City [ J ]. Advances in
Science and Technology of Water Resources, 2005, 25
(2) :58-61. (in Chinese) )
EL W, s Rk b o R 9 R R R R BT Y
[J]. 7K )1 % B 24402, 2007 ,26 (5) :75-79. ( MA Jiming,
SHI Zhe. Research on the absolute roughness of the
typical channel of the south-to-north water diversion
project[ J]. Journal of Hydroelectric Engineering,2007 ,26
(5) :75-79. (iin Chinese) )
W% B 2RMED) A ARSI N T B H Ry
AR AT [T]. KRVLR S BEBE i, 2011,28 (1) :34-
38. (YANG Cen, LU Zesheng, LUAN Weigong, et al.
Experimental study on friction law of artificial rough-wall
rectangle channel[ J]. Journal of Yangtze River Scientific
Research Institute ,2011,28 (1) :34-38. (in Chinese) )
(KR HH.2012 -12-17 4% .38 &)

(L% 32 W)

(9]

[10

[

[11]

[12]

BB, BUDAN. B TR SR ASALL R ol R 2 WF R
RITT. KRS, 1997,4(4) . 105-110. (HUANG
Yi,CAO Zhongjie. Modeling erode rainfall device by using
moni-spray gun to change rain intensity [ J ]. Research of
Soil and Water Conservation, 1997,4 (4) . 105-110. (in
Chinese) )

XU 77k, S HiRA1, 45, SB-YZCP A TR R A5
BRI RN RS (1], BRI 5K LR R,
1998,4 (2): 47-53. (LIU Suyuan, HAN Qizhi, NIE
Zhengang et al. Study on characteristic and application of
SB-YZCP artificial rainfall simulator [ J]. Journal of Soil
Erosion and Soil and Water Conservation, 1998 ,4 (2) .
47-53. (iin Chinese) )

WR3CsE, FE e, SR BIEFAN N TR RIS B[ 1], K
+RFFIF5T,2000,7 (4) : 106-110. (CHEN Wenliang,
TANG Keli. A new SR style field artificial rainfall
simulator[ J ]. Research of Soil and Water Conservation,
2000,7(4) : 106-110. (in Chinese) )

[N | v O N VR iR RS
R[], &S B 4, 2000, 20 (1/2) : 86-90. ( GAO

KA Kb A R ,2013,33(6)

[13]

[14]

[15]

[16]

Xiaomei, LI Zhaolin, JIA Xue, et al. Development and
application of artificial rainfall device [ J ]. Radiation
Protection ,2000,20(1/2) : 86-90. (in Chinese) )
RIS XU, SRELIR,, 45 % NN TSN i 1o 30 A
FELI]. A stboll K2 2 42,2006, 28 (5) : 52-58. (XU
Xiangzhou , LIU Daqing,ZHANG Hongwu, et al. Laboratory
rainfall simulation with controlled rainfall intensity and
drainage[ J ]. Journal of Beijing Forestry University,2006,
28(5) : 52-58. (iin Chinese) )
XA ZREET IR0, AR A A K AR i AT 5T
[J]. T#2 8 %¢,2002 (3):8-11. (LIU Yanhua, GONG
Biwei,SU Hong. Study on characteristic curve of soil and
water of unsaturated soil[ J ]. Geotechnical Investigation &
Surveying,2002(3) :8-11. (in Chinese) )
FREDLUND D G, MORGENSTERN N R.
variables for unsaturated soils[ J ]. ASCE J Geotech Eng
Div,1977,103(5) :447-466.
FREDLUND D G, XING A. Equations for the soil water
characteristic vurve [ J ]. Can Geotech J, 1994, 31;521-
532.

Stress state

(VR EH.2013-05-02  ZwkE. 9% )

Tel:025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ;//kkb. hhu. edu. cn +51-



