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Abstract: After the Minxian-Zhangxian magnitude 6.6 earthquake on July 22, 2013, debris flow occurred in
Fangjiagou, Zhangxian County. To reduce the potential damage of debris flow, a three-level check dam and
drainage channel were built in the gully to regulate the peak flow of debris flow and reduce the threat to the
downstream accumulation fan protection objects. However, The control project currently in place in the study area
has been designed based on the characteristics of previous debris flow occurrences, and its effectiveness for future
incidents remains to be tested. This study used the bilinear interpolation method to fine process DEM data of high-
precision remote sensing image, reconstructed the check dam and topographic model of Fangjiagou small
watershed, and adopted FLO-2D software to simulate and analyze the movement characteristics and risk of
Fangjiagou debris flow under different precipitation probability conditions; the effect of debris flow control project
thus then was evaluated. The results show that: As the intensity of rainfall gradually increases, the desilting ability
of the barrier dam for debris flow increases gradually, and the debris flow does not pass the barrier dam. The
limiting efficiency of flow rate of debris flow is 80.1%, which greatly weakens the impact of failure ability of
debris flow. The area with a high risk of debris flow is reduced by 45.34%, which effectively reduces the influence
range of debris flow. This study presents that the debris flow blocking project has a remarkable treatment effect
under the simulation condition of Fangjiagou dam construction, which can provide effective guidance for the
feasibility test of debris flow blocking projects in similar small watersheds.

Keywords: Fangjiagou debris flow; DEM data processing; bilinear interpolation; FLO-2D; hazard analysis;
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Fig.1 Development characteristics of Fangjiagou debris flow and geological sketch in the study area



2024 4F

AL, 55 B T DEMECE TUAL BE A /N S U8 A1 3 By i T AR RCR 230 A —— LA 8Ly B Jé A i A 11 - 209 -

TR S B, 5 LT I AR AN W BN, 0 R T A
Wef N 2% T 0 A T2 i B XL o

2 DEM #IEALIE

BT e AR 5 A (DEM) 50408 (9K 40 72 B D 1 4K
(RSO0 B3 2 SR ) v e M . XLk P 4 2k A B DEM
B 2 H TN 48U R XA (L 7 1, SHE LA (EDRG
AR BEECHE BE T 0] 8, #2032 RS T4k
A LRS- A 200 DR I R FH Rk M PN AR R 6 O R /N iR
B DEM %4l 4 7RG 40 A6 T Ak 3
2.1 A AEfLR AL R

DEM 35 4 4% 41 £k 4b PR = 5202 3 o GIS #5445k
S, B BRAT

(1) %A W55 X DEM 040 A A, 1o\ JC 132 )5 K 5K
P UL Sy 6if 5 2K

(2) 38 3 Z2 Y g0, 16 WU AR A, 16 BB B i Bk
HEAT T R A3 R 5

(3) Fe s I R /INHEA T BN F SR, 4 S A A I A R
(1) DEM $§ 405 38 1o 5 R FE A= s /N DEM £ 5

(4) F6 A 5% AL 47 (1) DEM B4 o7 &, 5 i 2 iy 22
R, MPEEAS 40 4L )5 (1) DEM B8 5 1
22 B IEE AP A

T 53 XA SO0 RT (i FH %) e T2 25040 2 A S m 43 R
DMS % AE T A= B 12.5 m oK B2 1 DEM e, Hi,
B 5T A LU T R AN o A e, 3 SRR U R
HHA PR R 0.5 m 1) 18 2% Raster (=45 15 18 B4 .

WS 1 DEM R85 kG B2 18 SRS AR 1 tif SO
S ArcGIS 3, B J5 Bt 4 38 85 4% X5 DEM 5085
HEATAb 3L

(1) 1) F 328 J% 52 A% 0 0 100 30 rp 45 122 4 30000 17
FHMEFARIC . H ArcGIS10.2 (1) 3D Analyst 7 R He 4
IBCIE S8 TR B R 2 m Y SR AE £, AR R bR S B s
X S R AT IB IE, (HR AT RS bR AR A o

(2) 38 1 18 Bl e 1Y) 55 v 2R B A TIN S B = £ )
SCHECEL 2), PR TIN SO 165 4 DEM, 35 Rl
XL M DA 4 2 4 L 1R B2 T v A5 B4 1 DEM 4L
PP, [ 7 0 B GA DEM B0 L 8 1785 40 Ak b B

(3) 94 ] ArcGIS10.2 4% %% ASCII I H- ¥4 K5 40 1k
J5i i) DEM ¥4 K J 45 K 411k DEM S5 46 o 5% ey
FLO-2D 4R R 51 1) ASCI SC 4.

(4)i2 17 FLO-2D ${E B AR 4, Fr et i H , #4E
B ASCIL 341 Ry 22 il iy T 500 i 28 k3 [ o o
Wi S 45 e A O D I AT R 43, Sk W AR RO 1

JRIGRTIN

SRR

=
4 E~
P/ ‘ ‘

2 GHEEBRYKEALIE DEM BI/E TIN HIEx LR
Fig.2 Comparison of tin data before and after DEM fine

processing combined with remote sensing images

BER, PEH 5 mx5 m AYIETTIEAR M. S A G B
RSO, LABRE B S, O X i 2 DX AT i A
WA o o1 O A A0 EL AT B ) AR EL

3 TRFNEMSE

3.1 FLO-2D JEA 53
FLO-2D /& 1986 4F 3% [ B 5 2 55 5545 1wy 42 11
(R, SR — T R RS kK g B Y, TT T U 3R R
Az . PV k. Bk Iz M DL S A e 11 4 i T
I o] B B R 4DL Y FLO-2D (B 4 40 J2 35k T4 B 22
A3 R R A i A e SR i I AR 3 3 2= R Ak, B S 3 T
R CL)TH A8 H AH 205 A% ] 90 4% A 3k 8 A8 Ak, -3 2o %
ZLJTRE(2) (3) i Ve A it 0 o i <r A
Oh  O(uh) d(h) _

e AT S A 1
5 + o + o i QD)
oh  Ou ou ou
=N - ————yy— -y — 2
St = S Ox got ugﬁx vg@y 2
S,=S oh  Ov av av 3)

A IR A R TR G TR /m;
S— K I %
u—x J7 [ R/ (mes ™)
v—y I B R/ (ms ™)
—IF [ /s;
i— A3 RN 3/ (mmeh )5
Seev Sy, y J7 ] L= 1) BE 8 ke %
Sen Sy—x+ y J7 ] LRI
HJ5, £ E %% 0’ Bbrien(1993) X i S H} 1% 45 !
(U6 A AL L A T AR Ty AR R ik U,




- 210 - 7K SC L T

5544

T Knu n*u?
S =8, +8, +8g= — + —1

4)
Yol | Syt h

o S—Jm MR b5
S b
SRy HOR B
Je A A L E/(KN'm ™) ;

ym
K——JZ it B 2 %
8T R

3.2 AFEIMEZ A 9 R o

HR A [ R G Rl sk T L 1986—2021 4R K H
Rok T 2 500, SR IR 28 2 0 i L 1) 2 [ 4 1L 125 X 6
Bt AT AR B, PR TR L IRTE 24T, A5 T B X
R TR TR AU 2R (18] 3) 5 HLG 2030, 35453 50 45—
100 4F-— 38 LA e 200 4F — 38 R FR 2% A0 X6 1 8 7K ot o

H =54.76+62.13¢ 7" (5
Ao H——% W & /mm;
P—E I
EAKXEBFEMRER 96%-

100
= AR L AR
— AL
90 |
E 80r
= H=54.76+62.13¢ 273
3@ R*=0.96
& 707
60
50 C 1 1 J
0 0.5 1.0

e R A3
B3 EEMXEETENEUSHE
Fig. 3 Fitting curve of annual rainfall frequency in
Zhangxian area

50 4E—18 . 100 4F—i8 | 200 4F— 8 fA K X1 P (H
4 0.02, 0.01, 0.005, & A X (6) H W] 15 Hyy=90.7 mm,
Hi005=102 mm, Hyy+=108.9 mm.
33 BT E

SEABERN . BHIA TR, B 6 Fh TOL T i 5
K VR TE VAT T AR, o ke DTE B iR TR A A
T 50 4F 38 FE T A I @A TARAET 100 4F
— B TR A @TCBE IR TR AT 200 4 — il %
WA T @DF FiiE TRAMET S04 — i\ A
Wi OFBFIE LA T 100 4F — i [ R e £ 3 ;
©F B TR T 200 4E— B R IR A1

PLTHD. @. OFF Ky X B8 4 20 Fr i o KR I
AWERYE, D TH@®, &, @FF KXt AT TR
F S5 R, 3 3 EE 6 il TR R 30 R A U 4
BVEH, AT RS I 6 B RS
34 BISHCRE

Je A i3 Bh i AR AR, — K B K s R B TR
SRR B 1 S s i 0 B2, BT I U A T
TIE 8 B A0 R 5 I3 JER AR 1R, R S8 ST X R i
BRI A EE, ROWRYIEES. 201348 H 10
H R T 15 523 45 32 3 T X it Y K o 28
I 2 e 3 M R B T R T 2k A R T T AT U
T2 F2 98, VA Iy BN W3 N, 18 kK o 7 ) 38 R 3
R B B S I AR . e, AL R Ve A
TRAE K AT B B AR I . ST R IX A B 3 T A
X5 97t 38 X A AR (B 1) 6

FLO-2D 4T s S 80 & W T

(1) BE B (B B - 4l V1 A T Mk B AR BRORE 3
HRZEP A B E =193 kKN/m’, L HE G=2.72 g/em®,
B FLBR L e=0.705, (R R FE Cy=55%, *F L e b L
R,=0.76;

(2) Z T BH A RE: S B3I RFEED
BORE, SR TR M vk, 2 B R B K=2 280;

(3) J R 17 Ty B bty 2R 85 ARG O 1 S8, Bk
ST F B RS IR Y H7 7 05 2D R A
G — e b o - R - A Sk R

n=aeé
T, = @,&”°
R, = 2.25x 107070037610 )
R, = 4.56x 107 22(89co10"0™)

6)

i 1% [a, B an Bl 4 [0.000462, 11.24, 0.045,
13.42], A% [, 1,] 9 [0.224, 72.57].

(4) = MORLRE 22 500 AR 0 B 46 P9 48 1 A = bR
HURE 22 50 () 115 0R

n=0.033R""' "% Inh @)
AP % /m;
e V=R

T8 T R AR, SRR 2013 4E 7 R 1
P BRI N VR IR 1.0 m, fie K2R 5.0 mo MR I
FLD-2D {if F 570k v el 80 % 2 B3 (R BT 470 7 A 5
HREE, 27 Z2BURMHE 0.05~0.25 ZH .
3.5 Ui it AR 4

T ELAU AR R OK HL DX, 9 bbb 0 | B SR ARAB 34 A



2024 4F

AL, 55 B T DEMECE TUAL BE A /N S U8 A1 3 By i T AR RCR 230 A —— LA 8Ly B Jé A i A 11 - 211 -

I, B, 356 FH KRR B K SCRIF 9 T 44 HE 1 A 7R 3 B
A R R, o BT S 0 S BT AR X R AR 4
Breb B RAF 38 PR A e v B b DX T A3 4 4
AL SE AR, 5 50 4£—i | 100 4FE— 8 DL K
200 4F — 18 FEIK MR T O K 10 K SOE K i,
e iz sh it B b S A KRR, BA R AE
FH, B LA A7 R K B 3 A OK IR T BF=
1/(1-C), 1 i A i i 2 (F 4) .

S04F—itpER ( E78)

200 ¢ SOFE— PR (S214)
—— 1004F—iB &M (E15)
~ 160l = — - 1004F—il R (S34)
T 2004F—BRER (3238 )
“ 2004F—BFERT (3298)
E 120}
I
¥ 80t A
ES / \
: , \
E 40 g N\
0 0.5 1.0 1.5 2.0
Jilsf/h

B4 50 F£—iB.100 £—BRK 200 £—BREKFETEARFTE
AR BB LTS # 2%
Fig. 4 Generalized process curve of debris flow in main ditch
and branch ditch under 50, 100 and 200 year rainfall frequency

4 AEEWMMETRARIEGENRSN

FT B TR 24k, A FLO-2D #1415
PUTH AN ) 5 R 03T J7 08 Ve A T i JE TR 5 TR
U BUN O I ST R W I 1R R TR 10 0 < R R B
NG, VN 7 R0 T by 16 T R4 o
4.1 PEPEIUR R A BV TR A 2 B R
4.1.1  PIREEHIL

Pl 5 kg 3 Fh I R AR A TR R TRE A 7 K1 8

VaR/ IR S ]
B &L S A1 1 AT A1, A [R R FR 4510 T Ué A I e IR

(1)50 4 — 8 B RR : JCH2 P 5508 T Ve A it A HE AR
T R 41.44x10% m’, HEBUARIRFR 31.58%10% m’, F K iR
6.47 m, -4 LR S 0.76 m, 4] 11 A0 HE AR X i AL
11.23x10* m?, It # R 2 6 1 A 9.08x10° m*(55 7 R
), B IE S209 BV A WIRIE 0.3 ~ 0.8 my £ 55
TV A R AR 24.64%10° m?, HE R AR TR 25.31%
10° m’, Fz KIETR 7.64 m, “F-HHEFEE 1.03 m, Je A i
B — S P A R, X Ak R K AR iE S209
JERTE B . M T RIS T, AR EMT

F U8 A T BB B AE T 6.27%10° o, W2 T 19.8%, {H I8
A1 I e KU TR AT U U 43 ) 38 0 1.17 m A1 0.27 m,
BT — SRR I 7

(2) 100 4F— 38 W : JCF2 P4 2508 T U A It i e
T 1 48.76x10* m’, HEFBUAIR TN 46.29%10° m’, 5 KU I8
7.03 m, F-EIHEFURFE 0.95 m, 4 1 ZbHEFR X 1 FH 17,68
10* m?, Ji 8 R 2 T AR 10.08%10% m*(68 TR E ), &
18 S209 [ 1 e A1 LR E 0.4 ~ 1.6 m; AP F IR A
R HE AR TR AR R 27.2x10% m?, HEFRIARAFR 38.34x10% m’,
He KPETE 11.47 m, ~F B HERURBE 1.70 m, Jé 47 i Bt
— PP TS PP, X A R e
i S209 I A i LM o AHEE T RS SR, A
ZAF T R A UL T 7.95%10° m’, Wk 2> 17.2%,
R A 3 fe U TR R 35 98 TR 43 ) B4 i 4.44 m Al
0.75 m, — S PEPIYe A R PR TIRE T 58 4 e 2k, Ml
Hahn T Z SRR B A 1A

(3)200 4F— B [ TP 5500 T I A it s e
T 66.48x10* m?, HEBURIRF 57.92x10° m’, I KU iR
7.45 m, X HEFUR B 1.15 m, 74 11 HE R X H FH 28.81x
10* m?, Y3 R 72 6 1 AR 10.92x10% m*(80 J R ), A&
1B S209 % TH Ve A1 i IR B 38 0.65 ~ 2.06 m, [A] B 34 %€
ICRCREEENAIS: - ST REEEEF: 3 Lo W W AR s Y]
F130.96x10* m?, H#E BUA KT 59.60x10* m?, fx KU IR
14.67 m, “FYHERURE 2.12 m, A1 kit —, =5
PRI R = S B PUET, X H A R KR
S209 FF AR KE UM . MHEL T IEEEPY R T, AR5
PFF B U8 A LB AR T 6.88%10% m?, 2L T 10.3%,
R A U fe KU TR AT YR TR 43 0 38 I T 7.22 m Al
0.97 m, — ., "SP4 R IA I REC e ek,
[RS8 I T = S R 0 B 36 £ 4H .

BRI F, TR TE A 2R 5508 A £ 2 0 & A
T, B R G, A MR E L R ok
Ye i . VB0 TR LA Bl iy T B AR AN T K, (AR
HPEPYINE, T PR e A I E R
FHUET, AR B8 AL, KRBT 1 1R Jr R
DX A [ AR 5, R I B2 i B AR E TE B o
4.1.2  WURXTRBREL PR T

SRR FE ALY I U8 A A5 U 04 5 ), K Al A5 4

TSR, 15 B[R] B 25 76 T A 2 P9 IR 100 m 4k
JeTRF T (5] 6) o

— S IETA T B, 32 W S e B K, B ke
WA 200 4 — il BEW A F N 1Y 1025 m, fe /D RIR R
50 4F — B T & T Y 5.33 m, YR IRTE 3 PP IR &1



- 212 - 54

(d) PHYIMGEAFSOFE—BIRATIE () PRI F 1005 —BIRAMIEE () PRI F2004F—B T A eI

[ ] w2 kz [Oo] Sma [ ] wis200 [0 ] MERE [ ] s gism
|

PH/m I
0 0.5 15 35 7.0 15.0

5 AREHIBEZGTARERRARRATRRBRITE
Fig. 5 Comparison of mud depth of debris flow with and without retaining works under different rainfall frequencies
F1 BEHAEIER S0 E—B.100 £—BIURK 200 F—BEFMEG TRAMIHER
Table 1 The characteristics of debris flow under the conditions of 50-year event, 100-year event and 200-year event rainfall with and
without prevention projects, respectively
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Fig. 6 Change of mud depth within 100 m in front of check dam under different rainfall frequencies
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Fig. 7 Comparison of debris flow velocity of different rainfall frequencies under non-blocking Engineering conditions
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Table 2 Different debris flow velocity ratio with and without ptrevention project under different rainfall frequencies
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rainfall frequencies with and without prevention works
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