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Evolution analysis of loose debris slope under condition of extreme snow hazard
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Abstract: In the beginning of 2008, South China encountered the rare extreme snow climate; and in this period many geological
hazards happened. In order to study the correlation between the extreme snow climate and geological hazard, this paper explored the
evolution characteristics of homogeneous loose debris slope in the condition of extreme snow hazard. The landslide triggered by
snowmelt is compared with rainfall to obtain the similarities and differences and then the general law of snowmelt triggering
landslide is analyzed through a specific example. Two physical quantities named degree-day factor and snow rainfall equivalent are
used to establish the simplified effective snowmelt model based on the characteristics of extreme snow climate in Southern China.
The evolution characteristics of the debris slope are simulated from seepage, stability and deformation under the different snow
rainfall equivalent proposed above. The results show that a certain snowmelt rate and quantity have no influence on the seepage of the
slope. With the snowmelt continuing, the metric suction in the unsaturated zone decreases gradually which causes the whole stability
decreasing. The horizontal and vertical displacements of the slope surface increase gradually and the deformation of the front is larger
than the back in the horizontal direction as well as the down dislocation in the back and protrusion in the front. After a time of
snowmelt the slope fails and slides.
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Fig.1 Schematic diagram of rainfall and
snowmelt infiltration

UK RSB FIAL AR S B R SR ABL, - (HLL
ANGEAANE], TP T R S T TR I TR
AT o UK Rl BT K 55 K R K fE
IEPSREEFT R, H R > NS BB AN TR A
AR CBREROR 1 L AT  JE T vey
DURATREGIAR) s AN TE TR, AN RS
WA BT AR MK ). @B e R
RREVERIY , JESLBURE I KA TR AT ATE 70 A
B SRR s, Hi T ERAGR %, IKE
LSS, EBURRIA S A B, A
BEEGAR, B, SEEmAL, HohE s
TERRIZ I JR . S22 . OFERBA F X,
T A (KUK T 78 ot S 30T R AT IR, (SRR AR
WAV FHOES »  AESG ISR B[R] I 9 1 L PR
J3o B, RO B HILIX AEM K S K H 5 T
B R AR T AR R A F R IR B



1

ZMpAE: WImUK T ICE LA T A BOER AT S 2 B 149

2.2 HRIHEBI T

T FE 48 2 52 AR T KR I 3 5 A 7™ i HL o
PEFATUR (PIHIX o T IR b DX 2R b 37 S et ST
R AT I, AR oK 5 S RIS R PR 3 Ak LA
JREBFE A 3, RIS UK ST Rl o) i A K S (1)
AkzRrk,  HARH A 1R A TE S IR S A
BIFATOERAR b, WA R R TR i i AR A
IEAT o AT S HER R R R G LRk TR - L&
TE A A2, b DI T AL X X
JIN AU e 3 T T o L AR S

AN FAUNE H 3 3 T ) A 2950, AR EvELy
112 m, JaZkmfEsy 500 m, HAKETIZ) 5000 m’,
ARRE TP L Z T VA2 T, AHITH A HTRTE
gk, 2% R BE. BEMUEL, 400, ik
FEZ1h 50°~55°, REZA 60°. WARMIAL A
JREARW, WISy AR RS LI, A
TR AR, R4 3~T70 m ANGE, 1
P& moh 70%. ] WA s, AtEThRiES
FAe g, ARSEE . WA LR
B RA Vel

2008 FILHZ G, FANR AR AL L [ H
PUBINT S URFN . MR RRTE RA . JudfE 1 A 13
H2 5, B, AL 3dRTH2)h, AfFs3
BN . RS ERRMUKIGSE S KA, UK
P2 2 H 15 HEhW, Fram ik 41 d Z A
G A2 T AU, AR B TR R, oK
KL IEEA B I, NI A/ AL 8 B
VAT SR AL T+ EE AN &, g
Wik 2 Fros.

B2 DNEAEESR IR RS
Fig.2 Complete picture of Xiaowangxianling
landslide-debris flow

e UK T I A /IS FAL i e A U P e

H:
(1) BPYIAR . URF RIS B 1 A R O

BUASKE, i TERai 2 m s A2 vRR, SLEANET
WK, ikt bR, NIBRES T

(2) 383 d BTN 3 AP, K5, H
RN VK R, SRR BSR4
i (ROK TR STy WUE], R AR RR 3 FH K
BEAR, 3E R T AR A I A2 2 (LK 3D,

E g
B3 b KR

Fig.3 Picture of snow-covered vegetation

(3) vKEEAE, TR, KT AR
W, TOKWES AL, ALk, HPR RS 5%
A&, WS R EEHHE M, Lok [ EARREHE R
B LT I RREE, O, ANBRSLBUKAES A A
AP TV P R 11 P el N E B £ OE i
%, IR EURBHERRANT N ORI SR i e AR
2 (K 4,

K

B4 ECERERAEES)
Fig.4 The sliding of loose debris

(4) TSR TR I, FRE M 1
UK, AR 1 A BUK 5 R
TEISAT BB p B0, KR T 5 e 3
B U, TG A L 5D,
R ARSI P R

ST R PR T B TR, K T

T AN TR T O R, AR E N TR B 1Y
TR TSR A T R Y€ TR R AN



150 b +

FIHE P4 HAZEFE Niwa 2571 1990 4
N RIB RN & TR SRR,
Kazama P02 ILHIT TAEIE, @07 (145 L il
FEA TR B (snow water equivalent model),
TEREAHET N RSO S EAR, T i A

AT

B a0 N

B 5 WA AR
Fig.5 The formation of the landslide-debris flow

FINEHR T a, @SRRI BT 1 Cr
PR IR TR . SR 26 s AT e
a=11x2s (D
Pw
Krh: a HIIANEHRBET (em/C « d); p, AEH
fEs p,, MIKERE . BB ECRR 1 g H
TER

®1 BAPHREEER
Table 1 Monthly average snow density
N 11 12 1 2
BT/ (gem’) 0.134 0.173 0.136 0.100

1 AP s, JSHEHRE ek
a=11xL 21130 51496 em/(C - )
o, 1.000
50 N FH W Y &= SRE ( snowmelt rainfall
equivalent), & X A=y W IR) =5 @ik Bk 190 H

M (mny/d)o AT R TR 6 .

e ML ANBEEIRER
Fig.6 Schematic diagram of simplified
effective snowmelt model

0 2 2012 4
P =5 5 G i e, 15
aTp,=SRE -p,, (2)
EEp AT R
SRE=aT P> 0149 6x 2307 c00r (3
P 1.000

A 7B WREE CC). BRI K
THRCFELMR S, WAERE. HAEAR R
%=, THHREEFEENO<T<15C,

4 B JFORR HCHERAR I S

NS A+ TR AT A GEOStudio 1
SEEP/W LUK 5 Rl AL I AN [/ R 25 4 R
A ECHE R AL BB M FAE . AR BEAL b, N
SLOPE/W #ierh Bishop % FR 117 4> #ridi, ¥
SEEP/W # it 5k B S B R4 2
SLOPE/W BHerf, W55 HA 45 B 220 1 e Ak 3
FoEtE 2. fJa N SIGMA/W BT AN [ i
TN E P IABOER R AR TEAT SRR . A SO
HOHERR AR I 1) 38 3 AT TN TSR &5 A ke
Ky M ILAE R I UK T K A AR AL o
4.1 BRST

R /N A 1 3BT A 1) T R STt o, %
JEILAE R UK K S N R IR B A K AR
SASHEIR, Iz B S, R, ARSCERXT
W A B R ST T — 34 SR BCHE AR AR
PAE AWK . AR D A R SRR L, )
SRR AR G e Ay, SLAE RO i 7 B
TRo AR FALUE M BeA E T Ok A 11 % IR
KRR, WESHNE 2. BRI E LR
FAE R BRI e gy, Ak e K kil
Fit, IR 0 AT, ARSI A fl S NiB
TEHAT AU Z QTSR AR IX I AR5 iR
BUSE RA B S RIETHE, YIRS RN 1 Al
PRI ARARMURI DX B T ) (R LK R ) 1k
BT A o V2 238 FORE SN LA A R 6 3
W JJEAT I I I, AR RIRGA T — IR
T BCEG h CRAL: kPa) P AT
RO A2 B R A2 30 5 B R o el L
DRI, BRI A6 V5 it 2 BE B )t T A X
FEIA, a8 frs.

ARUFER - SEINEE 6 R RS, WE 3.
B LR DI 15 d, 8RB 2, iR
12h @, 12h Aphe.



51 G MOmIK T K FEAAT T FA B R AL A o B 151
0 N, 10 B T
60
50
g
x 40 10 1 =—SRE=0.6 mm/d 4 —% SRE=2.4 mm/d 1%k 1~5
B 30 K 2 -mSRE-12 mm/d 5-% SRE=3.0 mm/d
= 5 ¥ 513-aSRE=18mm/d 6-e ¥l
=
R .
10 SESEISEENIE < 130
0 & s
=

0 10 20 30 40 50 60 70 80 90 100110120 130
JKPHEES X/m

B 7 3R AR A S A R
Fig.7 Numerical model of homogeneous
loose debris landslide
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Table 2 Parameters of seepage simulation
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Table 3 Snow rainfall equivalents of seepage simulation

T T/°C LA T T/°C LS
/(mm/d) /(mm/d)
1 0 0.0 4 9 1.8
2 3 0.6 5 12 24
3 6 1.2 6 15 3.0
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Fig.8 Initial pore water pressure in the
natural state (unit: kPa)
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Fig.12 Whole stability of slope vs. snowmelt time

T LUE Y, B R (e, FAROER A
3 RS e TR R B, H AR E REON R R
A fatE, RIS 1) 12 h KRB B
43 BT

A EPETHE, IEAEN ] SIGMA/W FEAsiH
T SRE =0 (RIANEEE ) F SRE =3 mm/d B4
BICAIRS , R BEAR SRR AR . RARIRES T,
AR AR SO AR A R KPR A i 13
N, I EACEAI R B A R Rl R R OC R
3P 14, 15 Fios.

K 13 &0, ERRIRA N7 8 B 2
BN > oot o N aEe )] L Bl 2N NP T4 L1 VA
BN AR, X 5 AR B SEBRIR S R AR & 1
Bl 14(a). (b)ULEH, BEAERLEFRESE, B bk
PR, HArgB KT JE%. Kl 15(a). (b)
Ui R R R RRLE, e R A WG o, H
TEJR SR I NS, IMAEATSR I R . & 14,
15 5E 12 LFEGH, AT 9d 2 )5, KA
R m AR SR RE LK, PR IR AR

KPR e R
0.02
0.01|: W
0.00 g0 L L

130

IKTHEES X/

B 13 RRBRE PR A R 678
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