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Effect of Infiltration and Anti-scourability of Mixed-grain-sized,
Unconsolidated Soil on Debris Flow Initiation

ZHUANG Jian-qi"*, YOU Yong?, CHEN Xiao-qing”, PEI Lai-zheng®

(1. School of Geological Engineering and Surveying . Changan University , Key Laboratory of Western China Mineral
Resources and Geological Engineering s Xi'an, Shaanxi 710054, China; 2. Institute o f Mountain Hazards and Environment

Key Laboratory of Mountain Hazards and Earth Sur face Processes, Chinese Academy of Sciences, Chengdu, Sichuan 610041, China)

Abstract: Numerous landslides occurred owing to the Wenchuan earthquake, leading to the accumulation of
loose solid materials on valleys and slopes that trigger debris flows. The debris flows induced by rainfalls oc-
curred frequently due to the presence of the wide-grade-unconsolidated soil. The loose soils that were dis-
turbed intensively during the earthquake and mixed with rainfall after the earthquake became highly unstable
and resulted in debris flows easily under storm rainfalls. It was found through the experiments of the infiltra-
tion and erosion that the rate of the infiltration of the post-earthquake, mixed-grain-sized, unconsolidated soil
was 1. 5~6. 0 times those of the similar soils in Jiangjia Gully, and resulting in the loss of finer particles in
the soil and eventually the destruction of soil structure. The results of anti-scourability experiments show
that the anti~scourability of the unconsolidated soil was weak due to the intensive disturbance it experienced,
resulting in disintegration of soil agreggates and the soil was then eroded and transported away by surface
runoff. The frequent occurrence of debris flows might be attributed to the strong rainfall along with the un-
consolidated state of the soil. This phenomenon could keep occurring until the soil structure return to the o-
riginal status before the earthquake. The critical rainfall for debris flow initiation may also change during this
period.

Keywords: wide-grade-unconsolidated soil; rate of the infiltration; anti-scourability; debris flow

[1]

:2011-04-05 :2011-09-27

" 7(40971014) (973) “
”(2011CB409902)

(1982—), ( ) . s . E-mail: rockfans09@163. com,



44 32
s 3
b Y b b
“20080924” (2 “20100813” . ,
[3]0 [} ] 48%; 46.3%;
s , 36% .
10% ~ 309,
b ’
[1] 3
e
o 1
y 100
y ;R\: 801
i ﬁé 60
1 =
B& 20l
’ 1] L L N i
0.01 0.1 1 10 100
’ i #2/mm
’ 2
. ( , )
)4
H 2.1
N 3 . s
0—10 cm, s ,
o 20 cm X4 cm X 3 cm, ° s
) , [6]
° ’ ’
C D, 50 cm, 30 cm,
C 2),4 25 cm, s 10 cm
5.69%, s ’ ’
. 1.01%; . °
’ ° ’
. , 69 min, 3 min 10 s .3
s min 30 s .
s (mm/min) ,



4
2.2 1.6 , 6
] (7] 9 o,
s | mm 1.5 B,
’ (g/L) ’ ’
(87
10 mino ’ )
’ ’ . ’ (
. lg (L) ) .
t(min) ©), s .
C=Qt/m ( cm— ) R
3.2
3
« D,
3.1 y
3 o o
3 ,
. ( 5.5
mm/min) , ( 3. 0 s , s
mm/min) ; ¢ 0.55 , . s s
mm/min) , , , s
( 27 mm/mln) . ) H
(23 mm/min); s , , s
( 19 mm/min), , , R R
, i , , (o7
30 1
Tg Y — Ve
g seee VBRI E
. 20} —o-HFH /g /g Q/L  m/g c
£ } ESEARE R 213.5 186.5  2.98 27.0 175.4
B 319.6 301.8  4.52 17.8 271.0
% 463.0  436.2  3.00 26.8 180.0
10 20 30 40 50 60 70
B} [8]/min

[8]



32

b

’

b

220. 23,
382.12,

’
’
’
’
’
’
’
[12
’
’
’

]

[9-10]
°

[11]

[14-15]

°

s
’

’

°

’

’

’
o

[16]
’



4 47
L ] [M]// Chen Chenglung. Debris-flow Hazards Mitiga-
[1] s s . tion: Mechanics, Prediction, and Assessment. ASCE,
LI : ; 1997.1-11.
2010,42(5):10-19. [11] Chen H, Lee C F. A dynamic model for rainfalkin-
[2] , . “9 . 247 duced landslides on natural slopes[J]. Geomorpholo-
[Jl. , 2008: 16(6): 751-758. gy, 2003,3(51):269-288.
[3] “8 .« 13” . [12] Cannon S H, Gartner J E, Wilson R C, et al. Storm
[Jl. , 2010,18(5) :596-608. rainfall conditions for floods and debris flows from re-
[4] R s . Y5 e 127 cently burned areas in Southwestern Colorado and
(7. , 2010,28(3) :358-366. Southern California [ J ]. Geomorphology, 2008, 96
(5] . (3):250-269.
[JJ » 2001,19(1):169-17. [13] , , .
(6] , , ; 1. , 2006,
[J]. , 2006, 24(S): 25(1):106-116.
190-197. [14] Chen Ningsheng, Zhou Wei, Yang Chenglin, et al.
[7] [M]. The processes and mechanism of failure and debris
,1997. flow initiation for gravel soil with different clay con-
[8] s s .. tent[ J]. Geomorphology, 2010,121(3/4):222-230.
[Jl. , 2004,18(2) . 71-73. [15] Cui Peng. Studies on condition and mechanism of deb-
[9] s s s [(M]. ris flow initiation by means of experiment[J]. Chinese
: ,2004. Science Bulletin, 1992,37(9):759-763.
[10] Reid M E, Lahusen R G, Iverson R M. Debris-flow [16] Takahashi T. Debris Flow[ M]. Rotterdam: Mono-
initiation experiments using diverse hydrologic triggers graph of IAHR, 1991.
(&% 35 ) [17] . . .
[13] . . [l 21996,10(2) :38-45.
Il .2010,30(2) :92- (18] . .o
96. [J1. »1995,26(3) :114-116.
[14] [M]. [19] Le Bissonnais Y. Aggregate stability and assessment of
,2005:77-85. soil crustability and erodibility 1: Theory and method-
[15] ology[J]. Eur. J. Soil Sci. ,» 1996,47(4) :425-435.
[D]. .2010. [20] : .
[16] Williams J R,Sharply A N. EPIC Erosion Productivity [M]. ,2002.
Impact Calculator I :Model documentation[ C]. USA: [21] s , s
Agricultural Research Service,1990;20-28. [yl .2007,19(4) . 4-16.



