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Risk Assessment of Urban Debris Flow Based on Deformation Analysis .

Taking Lijiegou Debris Flow Disaster Chain as an Example

WU Gui-qiu', XIANG Ling-zhi'* , LEI Qing-ging' , SHEN Na', XU Wei’
(1. Hehai College, Chongqing Jiaotong University, Chongqing 400074, China;
2. Chengdu Geological Survey Center, China Geological Survey, Chengdu 610218, China)

[ Abstract] A large number of towns in the western mountainous areas are within the hazard range of disaster chains such as land-
slides and debris flows, making the safety and disaster risk of mountain towns a key focus. The landslide-debris flow disaster chain in
Lijie Gully, Lijie Town, Zhouqu County, Gansu Province was taken as a case study. Based on field investigations and remote sensing
analysis, surface deformation was analyzed using interferometric synthetic aperture radar (InSAR) technology to determine the source of
the disaster chain. The RAMMS dynamic model was then employed for the process and risk analysis of debris flows, followed by vul-
nerability and risk assessment. The research results indicate these as follows. The main subsidence areas within the basin are located at
the edge and top of the ancient landslide area above Lijie Gully on the North Mountain, with the main cause of deformation being the
seasonal freezing and thawing of soil. Based on the deformation results and remote sensing image analysis, the RAMMS dynamic model
is used to conduct risk analysis of the Lijie Gully debris flow under three rainfall frequencies of 1% , 2% , and 5% . The comprehensive
evaluation results show that the high-risk area accounts for 70. 51% , largely distributed in the loose accumulation surface of the North
Mountain landslide, the gully, both banks of the gully, and the accumulation fan at the gully mouth. Based on the risk and vulnerabili-
ty assessment results, the high-risk area of the Lijie Gully debris flow accounts for 13. 10% , mainly distributed in the gully mouth and
along both sides of the gully where buildings are located. The large volume of loose accumulation above Lijie Gully is still in a continu-
ous process of creeping-deformation-sliding, providing a large amount of material source for debris flows. The risk zoning results under
different rainfall frequencies provide a reference for the disaster reduction of urban debris flows.

[ Keywords] urban debris flow; InSAR; deformation trend; provenance; risk
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Fig. 1 Measured map of debris flow accumulation fan in Lijie
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o . /s ERE HERE
(grem™%) (m>-s71)
1.72 0.15 200 3 600 3x3 0.10

£33 AEEMMETITAZELARARRE
Table 3 The flow of debris flow in each branch of the

node gully under different rainfall frequency

Wil BRI WL Ve A i Uk e it e/
SR P/ % (m3's’1) (m3's’1)
5 0.52 0.92
X 2 0.82 1.77 1.45
1 1.03 1.82
5 0.52 0.92
Rt 2 0.84 1.77 1.49
1 1.04 1.84
5 5.96 10.55
= 2 9.54 1.77 16.89
1 11.92 21.10
5 6.79 12.02
X 2 10. 87 1.77 19.24
1 13.59 24.05
5 0.75 1.33
XA 2 1.20 1.77 2.12
1 1.50 2.66
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Fig. 12 Flow process line of each branch channel of

debris flow under different rainfall frequency
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x4 AEEMMETITESARAM—RNIELE
Table 4 The total amount of debris flow in Lijie gully under different rainfall frequency

s AT N ! — FEAEE—IK
I Z R SEIAS B/ mm it/ % Kok RN A3/ % Fiit/ s i it £t/
5 863. 89 1075.46
W — 2.40 4.41 2 1382.22 1720.75
1 1727.78 2 150. 85
5 875.63 3114.20
- 6.93 12.77 2 1 400. 68 4982.77
1 1749.59 6228.19
5 9997. 64 8 528.08
YW= 18.98 34.97 2 3 600 15 996.22 13 645.05
1 19 995.28 17 055.58
5 11 396. 64 9 747.43
Bl 21.52 39.97 2 18 233.95 15 596. 02
1 22 793.27 19 494.18
5 1253.06 1999.72
HIH 4.45 8.20 2 2 006. 24 3199.58
1 2506. 12 3999.31
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RAMMS HiC{E{ A5 750 $12 (1 118 e pA o Y R ke =X it 45 e
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Fig. 13 Block release area of simulated debris flow source
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FF RAMMS BUE AL, XS 185 38 1% |
2% F1 5% AT %N 43 0 AT 1T 58 5 A5 S o i
Ve i 1Y Je v HE BT B (B 14) | U 3 o3 A 1
BL(E15),

AN [F) a6 TR 430 3T 71 VA e A T ) HE AR TR B
Mgt ange 5 pron, NI 14 38 5 w50, B AR
M 1% 3EINEN 5% , e A1 I 14 fe K HEBRUR BE FoF- 34 4k
IR/ 9 i 9.94 1. 60 m FEMEZE 7.27.0.90 m,
Wit 5 3% TR 6 32 ) 24 K, V) T N e R ME BR R B A E|
9.94 m, #H VA EHE S 2. 94 m, 216 % I HE S A
SRS S IE R I HHER X HERRE T 1 m 1
U A 49 e VL T T8 BE T 95% , T LARE TG 3 1Y
RSPl 3G

N ] e NVl E A R 5 B T 8 = RS
g 6 frs, MK 15 3K 6 AIH RERIR N 1%
HENNE 5% , Ve A I ) 5 R Ik 2 RN F- 347 3 3 43 ) R
16.75.6.93 m/s &K% 13. 61 5.39 m/s,
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Table 5 Debris flow accumulation depth under
different rainfall frequency

.y [EaE) HRHERR T HERR
W/ % HIE/m YR/ m
1 9.94 1.60
S 2 8.92 1.33
5 7.27 0.90
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Fig. 14 Debris flow accumulation depth under different rainfall frequency
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Fig. 15  Flow velocity of debris flow under different rainfall frequency
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Table 6 Flow velocity of debris flow under
different rainfall frequency

W R/ % RRWHE/ (mes™!)  PIRB/ (m-s™h)

1 16.75 6.93
AR 2 15.69 6.33
5 13.61 5.39

PeATR A R AR 3 AR T R AR T
RAMMS BT A5 45 42 IR A1 i otk B 4] 736 7,
et o o K 3 AR X, A5 3 575
x7 RAREEINSER
Table 7 Classification table of debris flow intensity

2) NIRRT T Je A i fa b e
e it o BE T B 3 o Y A 7 A I T A 0 AR
FEVEATVRAT , 084 98 A1 A [R] A I 5 HE R R s

REWERE  WRAm OEFR ﬁfﬁfﬁffﬁ/
m *Ss
= h=2.5 5% vh=2.5
h 0.5<h<2.5 H 0.5<vh<2.5
1% 0.0<h<0.5 H vh <0.5
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Table 8 Standard table for classification of

comprehensive risk of debris flow
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Table 9 Building vulnerability index standardization

SEH ERER WS
iy b WE bR fabr W& brf
+ AL 4 1.00
fik R4k Hy 3 0.75
G LEF 4 1
EHEH BRGH 2 0.50
IR 1 0.25
0~100 m 5 1.0
. 100 ~200 4 0.8
A
WY 0.75 200 ~300 m 3 0.6
300 ~400 m 2 0.4
>400 m 1 0.2
—Z 3 1.00
ERYER 2 0.5 —2 2 0.67
=2 1 0.33
JERA R 2 1.0
EHYTS }
RIPE 1025 ek 1 o5

®10 ERIEFRRAELR

Table 10 Standardization table of road indicators

EH Et-Sii WEARDR
W febr AE bR bR RE bR
il 3 1.00
SN2y 2 1 K 2 0.67
1A fi% +4 1 0.33
FFEAK 2 1.0
ENIES U L o

F 11 LTiistReRELR
Table 11 Standardized table of land indicators
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t3 i
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2
1
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