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Table 1 Topographic features of debris flow watershed zoning

for Wushikenggou valley, Shangguan Village, Heshui Town,

Xingning, Guangdong
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Fig. 1 The drainage area of Wushikeng Valley Watershed, Shangguan Village, Heshui Town, Xingning, Guangdong
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Fig. 2 Charators for the sources in the debris flow: (a) source of slag pile; (b) source of deposits
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Table 2 Stability characteristics of kinds of slag
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Fig. 4 Maximum peak flow once in 100 years
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Table 3 Statistics on the kinetic parameters of the debris flow
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Table 4 Evaluation of risk degree of Wushikeng debris flow
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#5330, 82 m’/s 3|, B 05E 5 AR 1.36 | B | > 1.3 |1.3~1.15[1.15~1.05| <1.05| 1.0
' ’ VTE K FEE 0.44 | B; | >0.8]0.8~0.5|0.5~0.3 | <0.3 | 0.3
(~r N
1.5 A%) , T 5 38 Bt B L FE 24h FKBERTHE (mm) 110.00 | By | > 100 | 100~60 | 60~30 | <30 | 1.0
%, VA TR BRI R e ek mir(E - ) | 3.00 | By | < 10| 2-5 510 | >10 | 0.7
FRM 67 (K 8d—t) |, e KM
BURHEIA 31.3 m; fEHEK 58 5 B HEERE R A
bt \zx Egi %1 EI/J 7':|:‘ E'J F, W {j*i Table 5 B judgment matrix and consistency check
JIL 7o 1Y I~ s
FELYE T G i M R B (R 5 S Bl B2 B3 B4 B5 B6 B7 B8 B9
B 1 1 4/3 3/2 3/2 7/5 10/9 5/2 5/3
y . El 1
ﬁﬁjF( %1 8f) jﬁlﬂ%ﬂgmj‘j - B, 1 1 4/3 3/2 32 5/3 10/7 5/4 3/4
T IR R 32 Ty W By e R B, 3/4 3/4 1 1 8/7 6/5 5/4 5/4 1
LT TR A T B o T B, 2/3 2/3 1 1 1 8/7 3/2 4/5 6/7
o Bs 2/3 2/3 7/8 1 1 9/8 6/5 5/8 3/2
IR By 5/7 3/5 5/6 7/8 8/9 1 4/5 3/4 32
N N7 et B 9/10 | 7/10 4/5 2/3 5/6 5/4 1 2/3 1
4 ’
4 {EE{”L{E jJ —ﬂt*% By 2/5 4/5 4/5 5/4 8/5 4/3 3/2 1 4/3
4.1 RAREHEE B, 3/5 4/3 1 7/6 2/3 2/3 1 3/4 1

B (5) HRARE AR

Ay =9.5985; CI=(A,,.—n)/(n=1)=0.0748; RI=1.46; CR=CI/RI=0.0512<0. 1,
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Kl 8 Je A ifiiz sh EBURHIE : (a) SCOATETR MR IEEAE ; (b) S8 ERHATERIVIEREE; (o) E0 PIFHEBUEAE;
(d) VHIEFFAE; () VLYRTERHIE; (1) PEIURFIE

Fig. 8 Hazard characteristics of debris flow; (a) erosion characteristics of branch gully source; (b) scouring and cutting

characteristics of upstream channel of branch ditch; (¢) accumulation characteristics at the downstream of the main ditch; (d)

characteristics of deposits; (e) capacity characteristics of blocked dam; (f) present situation of blocked dam

WE N 161 v/m’  WE(ATE A 368.93 m*/s,J& T
FERAURE VRV AT o UL T L (A T AR T AR
LT AR ) S 28. 6%, T N IX 58 R R B (AR IS AE,
2010) (FIIE BV EIHKBEE-J5) 4 0. 489, Ui B I
WHEENY
PRA&AT 5K AIC K 8h 1 44k . AR
T2 S BE (b BRI AR ) 4 0. 048 m, 3P
PR R 6.4 m®/m, FRIIA R AT A
SRR VMR M IR RE 01 D0 B A T SRR
4.2 RWEEERR
T 2R R R R LR AR (XA AR S5, 2009)
H24 Hl HI/G
+ + J (6)
H24<D> HI(D) H1/6(D)
K K A FTIRE R A5 I RE(1.2) ,H,,  H, H,,
624 h 1 h 10 min f KFE (222,55.21) ,Hyy ) s
H, ) Hyeon X ATRE R AE PR A Y 24 h 1 h 10
min PR AL (100 .40 .12) , AT 315415 52 TR o BE 45 4T

Rk

R=6.41¢€ (4.2,10) , KM% 0.2~0. 8,
4.3 BEMETINELXRHE

(1) VRN T8 b5 B8 55 A, o B0 s A0 A
(B) JAAYYEREL (B,) IR FL(B,) (EHER
JEPE(B,) EMEANA K E S EWK L (Bs) R
MAREE (By) JHIEIEZESE (B,) 24 h i KFEM & R
ATEENR(B,y) 55 9 Wifghr (K 4) , @ H T2
AT R A i 16 6: BE T B B AR R | SR A5 1
WA 7 B HIRE R (£ 5) o Brlefa T fa ko k& PR
A 10 (R AREE,2016)

WBi = (WBI’WBZ’WBS’WB4’W355WB6’WB79WBX’
WB9) =

(0.2171,0. 1663,0. 1083 ,0. 0879,0. 0866,
0.0731,0.0718,0.1117,0.0772)"

(2) fals BEVEMM A 5R . fal BEPPAN A2

Hy =Y BW, (7)
i=1
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A NP IR ARG B, A P IRE ; W,
NN T i A, B & TR R A LA (T7)
WA TR Hy, R 0. 6260, J& 5 B LR

(3) RIEB B, B 7 A0 A |3 A PRI A
K2 ST, AT I DXAR il ek 3 R R G K
TRWEX A7 DX B B B AN Bt i, i b
i 350, Zab FREARE—ARERE, EHE
UATIRAL T55AE I B, SEPR g Bl 5 1R e
L RA A

5 Z5iB

(1) 5 WUER R 0 i 78 Jfe A U 1 T ML ok o <
FEIX I A9 IR % K i Sk b Y 2 A4 1, [T it 2 )
PSR HTHA £ AU T 1 55 ) D b A b AR5 i 3
TR S 3 (37) , 93 4 T I It ) R iV A HE i LA
WA HERY) S FE W IR AR (2 SRR N R Y
W R AT L) , 8 R g B R iR 1 5 IR T A
ICAETEYNIR R Z TP U 3 R AR, WU K 2
RN =i S W L SR SR &7 e R R cY SR/ TR
3l BZIE I E BT B R AT I, 6 R TR R
W UR AT It KRR 114 B e R 3R RN 3l g 254

(2) 5 KUZE I A i I A U 1) 3 0 AR ik A Ay Bt
USRI I T 5 KR R K I M AR U 400 15
TEREIE IR BB A5 FRAR 2 v 10t DR i p ) R )
BB U A D R, 8 A U BT Y v B
RIS 8% K s J8 SR D i BBEOR A8 4 5 B

(3) LR BT BT KT8 Ps R=6.41 K4
HLF 0.2 ~0. 8 FIFERE Hy, M 0. 6260, 1% e A1 i b

FARR B, Ja i BE G B e A T . I Bl X
A AR A T BEFR IR R R A1 it , Hofe
R WO BB, e S B B R i 4 AT EORE SO
B R4 AT I AT I BIIA IESE
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Formation mechanism and dynamic characteristics of
mine-slag debris flow in typhoon rainstorm

——Take Wushikeng gully in Xingning as an example

HUANG Jiahua" , FENG Wenkai®’
1) Guangxi Traffic Engineering Inspection Co. , Lid, Nanning, 530299 ;
2) Chengdu University of Technology, Chengdu, 610059

Objectives: Typhoon rainstorm is an important rainfall type that induces geological disasters in the coastal
areas of South China. Affected by the landfall of typhoon “Utor”, the typhoon rain directly triggered the extra-—
large slag—type debris flow disaster in Wushikeng Gully in Xingning, which caused huge material sources and great
potential harm. At present, the research on the slag debris flow in typhoon and rainstorm is still at the initial stage,
mainly focusing on its formation mechanism, disaster characteristics and other aspects. There are problems such as
narrow research scope, single method and few achievements. Therefore, it is of great significance to study the
formation mechanism and dynamic characteristics of the slag debris flow in typhoon and rainstorm for the disaster
mechanism and hazard evaluation of such debris flow.

Methods: We collected, sorted and analyzed the geological environment background. The Wushikeng Valley
in Xingning is a typical typhoon—rainstorm—landslide —debris flow disaster chain area, which is a high incidence
area of debris flow. The volume and physical and mechanical parameters of the material source were explored
through measurement, drilling, density and particle grading in—situ tests and laboratory tests. The channel deposits

accounted for 81. 9% of the total material source. In combination with the material composition and deformation and
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damage characteristics of the slag pile, the stability of the slag pile was calculated and evaluated by the slice
method. We collected and analyzed the rainfall data during the typhoon period. The rainfall and rainfall intensity
exceeded the critical rainfall index for triggering debris flow in the region. Calculated the dynamic characteristic
parameters of debris flow such as flow velocity, flow rate and fluid impact force and their change rules, further
analyzed the characteristics of debris flow movement and accumulation process, and quantitatively analyze and
evaluate the debris flow activity trend from the aspects of debris flow activity duration, rainstorm intensity index and
risk assessment.

Results: The formation mechanism of slag type debris flow in typhoon rainstorm: its unique watershed
topographic characteristics are the basic factors for the formation of debris flow, the rich slag type material source
mainly composed of channel deposits is the basic condition, the high intensity typhoon rainstorm is the direct trigger
factor, and the joint action of mine mining, random stacking of slag and other factors has expanded the disaster
scale. The formation process and dynamic characteristics are summarized as follows; early heavy rainfall-landslide
debris flow—slag debris flow—typhoon rainstorm—channel blocked and highed-collapse and scale enlargement. The
comprehensive debris flow has a strong rainstorm index R =6. 41, occurrence probability of 0.2 ~0. 8 and hazard
degree H of 0. 6260. The debris flow is in the youth stage and belongs to highly dangerous debris flow. Typhoon
and rainstorm often occur in this basin, and it is very likely that large—scale debris flow will break out again. Its
harm and impact range is larger. Therefore, the prevention and control of debris flow should be studied.

Conclusions: This paper takes the debris flow in Wushikeng Gully in Xingning as an example, takes the
geological environment of debris flow as the research background, studies the formation conditions and mechanism
of debris flow, and studies the dynamic process characteristics of the slag debris flow in typhoon rainstorm through
theoretical calculation. Typhoons and rainstorms occur from time to time in the basin, and it is very likely that large
—scale debris flows will erupt again, therefore research on the prevention and control of debris flow should be
carried out, which provides a reference for the disaster mechanism of such debris flow and the prevention and
mitigation work in similar disasters.

Keywords: slag debris flow; typhoon and rainstorm; formation mechanism; dynamic characteristics;
Tieshanzhang mining area in Guangdong
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