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Fig. 1 Schematic map of study area
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Table 1 ~Main parameters of debris flow gully

WA EA/km® EBK/kn EWNRE/ % CFRBE/(C) RE(Q2%)/(mi/s)  RATRERR AR o BNk
BT 10.30 5.34 110 25 ~45 187.90 K th 5%
2 4 B3 0.25 0.90 100 30 ~40 3.40 ﬁﬁ N th 5 K
Eia| 0.23 0.60 320 45 ~60 4.80 s N o5k
T 18 1.50 3.50 230 25 ~40 21.90 i o th 5 %
E X 1.10 1.40 285 30 ~40 18.30 K h th 5 &
K 2.22 2.70 400 35 ~50 30. 40 i i h 5 %
Y5/ 0.33 0.97 290 35 ~50 6.40 i /N Y
| 0.29 0.75 240 30 ~45 6.00 7%% N th 5 K
ZRITK 6.71 5.64 217 50 ~70 113.50 ki i =y
T 3.57 2.00 255 35 ~45 49.30 B i 5 %
ENRY 0.43 0.80 490 30 ~45 10.50 i N e o %
T B 1.09 1.38 267 35 ~50 22.80 K Gl 5% %
LW 4.33 3.10 110 50 ~75 104. 00 i th (SR8
e LA 0.12 0.46 520 30 ~45 2.70 Fi /N % %
HxwH 40.40 10.10 69 35 ~40 1133.30 K PN =YY 3
a3 44.71 9.90 113 25 ~35 1247.50 K * B R
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Fig.3 Statistics of damaged parts of dam
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Tab.2  Investigative information of dam
R T Bk 1 WUF Ak 21 Bl L B LAV 1L
VLI A R R Wb HEAREE dAE ORI ORWP OB B EE EH % W i
/m T £ /il
A OASH REH TR T m WO AR W Eizd
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il WL 3 7.0~8.0 -2 1 1 - - 2 - - - 2 1 1 2
2 1 4.0~5.5 - 3 3 - - 3 - 1 3 - 3 3 - 3
PN 4.5~11.5 - 4 4 - - - 4 2 - 4 - 2 2 4
iFE X 7.5~8.5 - 2 2 - - 2 - - 2 - 2 2 - 2
5 7K 1) 3.0~8.0 - 4 3 1 - 1 - 2 - 2 2 - 4 4
/N 8.0 ~8.5 1 2 2 - 1 1 2 2 - - 3 3 - 3
B ¥4 5.0~5.5 - 2 2 - - - 2 2 _ _ ) _ 2 2
FRIT KA 8.0~19.0 3 5 8 - - 3 5 5 - - 8 7 1 3
Tl 4.0~8.0 3 - 2 1 - 3 - 3 - 2 1 ) 1 3
FEF AR 12.5 1 - 1 - - 1 - 1 - - 1 1 _ 1
HETH L 10.0 ~11.0 - 2 1 1 - 2 - 2 _ - 2 1 1 5
L 4.5~12.0 - 6 2 2 2 3 3 1 - 5 1 2 4 6
MILK— 1.5 - 1 - 1 - - 1 - - - 1 1 - 1
TN 12.0 ~14.0 - 3 3 - - 3 - 3 - 2 1 1 2 3
b 3.5~8.0 - 14 13 1 - 11 4 11 - - 14 10 4 14
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and damage of dam
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materials and damage of dams

4.3 MAEEX IR

PR 65 £ 8 ML I & 43 /N T 4 m,
4~8m(fFi4m) 8~12m(EFKEI12m) KF12m
PUAS X [H] o AR BE &L 6 B 0, 4% DX R X 07 424 44 40085043
k4 38 3138 .20 38 A 10 8, Hm AR AR R R
50% 45% 40% 1 50% . M GEit LB A , i 4 i 3
PRI 2y 5 BT 78 DX 8] U B B0 — 2, 16 B 300 5
5l A s B IR R R A AR OCHE . X 5%
BN 22 5 B AR, X2 R LAY S T4 o TR K
Toie R ARIN 3 2 v VAR ZE A5 5 KT 20K, AN RE K
2 R RS A TR, AN AR R O 2 AIG 300 AR AR



478 TR 38 &

354

30 - O C A
O RIR S AL

254

P

15

p

10

L] ]

<4 4-8 8~12 >12
PPN /m
Bo6 MEEESEHNBRERLREITSHE

Fig.6  Statistical analysis figure of height and damage of dams

BT PRI
4.4 IR HE X 3= 1 IR 15 82

PRI 2L ik 2 A5 B S TR RIS A R A b
JENG BV TE Y R PR RN it XSS A K
PR B BT SR AR A8 S50 o AT T 0, 30E:
Ve G YRR 52 58, o5 IR A 2RI 80% ;30
BEEEEREAGIE R 8 1E, A AR 12% ;3
EIEEAGIER S, & AN 8% . i —
o3 A AT, IUE S B 42 R 0B R R AL
38% ,FEA G LA 42 R I A R BT = 46% , 1
U B A G PR B0 422 12 3 4548 R g 3k 100% , HL
LEE RN b ) ISR = IVACID =Y BN 8 3 N
Y e FE A

60

[EENEE RSP
O E =gt
504
40
!
§ 30 1
20
101
0 -
et HAE G
ek oy

B7 SUFEN S EEMBRERLL TS RE

Fig.7 Statistical analysis figure of location and damage of dams

4.5 1S F0E AL AR 4748 T X 42 2 AR R 2

IR FHE A 2 UK fe 75 5y 18 52 AR R A6, 2
DR SR AR 22 4 i) G B . INIET 8 AT, X L i
R4 (U o9 55 B0 5 A IR PR3P 40t ) i 428
iﬁl 22 JE N A Al AT ORI AR 038 G X

JE RIS H A i B A WUR £ B AR 4
?éliw B 9% s xF BER AR G, HORE I A A
IR LAt PR 4 AR 42 PR 8% o W] ILIK
3 o 3L R At OR A AR Y S, 34 RR R K JE 4
THIMA 2 4

40 -

ORI R et
35 DOBREILS

30+

25 1

20 -

PR E

0 - 1]

HUH PP RIS

PRAPERAL

B8 MBI B Al R 3 5 2 AR IR
18 S it 5 i B
Fig.8 Statistical analysis figure of abutment and foundation

protection with damage of dams

4.6 FE AR AR 2 Y A 1R 5

BATH RN A MR E AR RN 3 RS
Wi AR EFE (MBS ERINAZ 550,
AL O R, R R 30 1S T, HOOE 4 Y 3 IR
HR, EARURE 2R 2 o5 3l R LR B 1Y 67 % , i TR
RS I, — J7 RS R T WU ZE K A, N e e A
T BT YR A N A T B 0L g A kT ¥ R U
A7 YT Vi I R IILE ) A B R ok B R S —
J5 T AR 1R U6 A I BARE B O, B UG X T Ui Sk
AP A o AR B SR A R AR R R 26 G, 3L
X2 P AU R 85, A0 E 38 24 o A P R R 0
BOE Y 38% , F BRI L, R R H A D VR
W5 25 BE R FE R 00 19 38, HOGH 2 P AR 54 X A0
WA AL AR 2 5 25 PR P B 1Y 26 % , 32 2L 0 A
WURIUR 09 J5 3 o A2 DA IS 17 B9 AS [8] By B, LA



PRAT A I A 23 A B AR AR SR

LA Bl g 7 S A X 4] 479

mE Nz Ny
O RIS S

: |

P A e

AL

B9 ERRMREEHNBKRELRITSTE
Fig.9 Statistical analysis figure of storage capacity

siltation with damage of dams
X B o i 47 O

5 RGN 0 A

TEE IR ) PR AR 2, 0 4 L A5
FRAE, EEBL NI 3 ANT7 1 X A TE LA A
A [ B A7 A B A DR P AN 2
5.1 xFENRTE

TEFERIN BT, % 2 800 18 ORI 57 e
S0k (RIME, 28 H i 1 5 22 96 2% UM D7 ik B B 52
J, BB N R 4 28 56 o — Se it A48 AR, th T A
[7) L lb N B3 B [R] — 38 T8 A AL 22 A R . T
B BT RR B A K OR S, R 9 5 24 R, &
ANE VAT IR R
5.2 kB SEFERE

PRI G B EE S B AE LR 3 D5 T — 2
ARG AR R 2 e PRI A, b Tt L JE
A AL, il T 22 AN 2 SR A ) AR SR (A
A IS LS AT ARG A ) A7 AR B BB
S X LA P KCE NN R, PRI
TSI T R K A 3 LA B ) S
R AR R R RN, 28 0, TR
fi fi o
5.3 RiFHEELRY

PRI 245 WU PR30 Ak R 37

HUR BRAP A B0 254 2 Rl o, H— 2
AR e 25 D A e (3 PR AL )2 ), LR TOUAE 3%

JZ TR ARG 3, 25 S e A B L TR
SRR T JE A IR AR KA AR R 18 Sl i
T RN b AR

Sy DA ik AS B8 A I 4 ok, 7R 24 00 KN
g, B 72 R UiF 10 ~ 30m i [B A& A il L,
P ol 8 S AT BRGE 2R TR MR, B D £
o PP E TR U R TR FE B TR AL, N
AR AR AR, 368 44 /I R B e AR A s o, 7 0 A1 I
KA ol bl A B RIR T B A 5 KA U U
B A B A B BE B BT , AR ME IR BT W LA 4R e
HE i T DR A L U LA RS, BT L 9 00 A G ) Al
I 5 T TR L, T e A e B R g 5 i B T
i B E A IR o LU Q908 S VA SR A B AR
A IS

6  Biiax RS

6.1 NERMARAEEEAEEF

(1) 5. 127 #u 5% DA, 5l 44 e A it B 98 #F 5
CEEAS b yh B R 32 1 T 2L IR 2 2 0 8 SUER I
FH Hb R 0 RS AR A 5 R M AR O A 5
275 LRI b 200 R e, gl g/ £k T
TR PR ST , 4030 45 F4 o &1 b BEAS 2047 . U8 A i iE PR
TR AR A M TR H o LAk .

(2) 1R ZF2 £ 40034 B 45 BBk 2%, 18 B 1 1 30
FECE ANAT R CIR, BN BT B3k (AR IO
B 3 AN 6 I Tk B IR, 4B 5 A Y TE
19 19% FIEA 2P 9% ) |, 25 DA J5 191 1 4 210
Y BRI ME . A R AR 22 R LR IR
JE— KU A TR IR, T e B B B A A R T IR
DA, 96 B TR 5 B R AT RE TR R 0K (&
TR AT ) TR TG #4732, & IR 0 i
BHME R o J5 W1 2 R0 4k 0 2 e A1 I VA B — 3 4
IO 91 TUGE G, B M R 1D 0 58 L A R A
6.2 NEEMHEHNEREHAIEETF

RS LR 22 TR) A BE R A, AR M R R S
PRAP ED ORI o A UL, g 3 400 o7 2% e —
AR ST IIR R A AR TRE. &l 10
JIE 3 2P 30U ) (AR R 10 4 ) A6 3 8 R R L i
(BONATE) 5 3 0 H R R FH 8 57w n [ 5 5 7K ) Rz
4P 305 R Ui 4G R (R R, i 2 ~ 3 A,
I a1 E B R ) .



480 1

¥ i 38 %

K
:ﬁ7 (:J\E:Qﬁ
|
Eial

i

= HA—

|

Hhg
GBS

B
N

H32
EiabzE]

FEPHIP- 1 A P

= Z3
= NIk [ — ]
Fl 32 GV F
PRSI 5] i

10 #= A R ig it B
Fig. 10  System design of dam

6.3 MHEAFHFENERATEETF

BHB XY AT 196 B 3 e B B — |, X TR 4L
AR T7 ¥ 00 B EE B s o A G R ALK
ST 42 808 18 8 i i 18 3% 2 T8 JOR BEAR I,
BRI, 5 | HE— L6 H AR R 7 5 8 AR
ML SR B I . IR A
SESLE RN By 30 4, BE 5 6E s (o 2 g% AT
12) /NN , SO 2 A R IETR BRASCR

X F AR IR R B, W NI RS A, RITE
FEPH I T T8 4 i 07 BRSO — 6 22 4 B 37 45 il o
W AL I A I X {8 T O A AR TE (o i) RCR
S e PR A JRy v 3t T A A T BREIR o

7 4hig

ARG T O A ERIMB ST S, 45 1 R0
R TRRESM A 583, — 5 1l Al AR D 40 Ak TR i
TR , 5 — Ty BB AR B AT B LR LS, oK R
JE AR BRI 5 A R R R RIIE . 15
708 (1l

(1) 38 32k X 2 #B X U8 A U 2 4 3004 5 08 0
Al R P AE A b B (R EThRR) R
DEIN R N E Y SR N T R E AR 2 & !
S I R AR GE T Y Oy 1 8 HG e A5 A A e R F) )
HERF I IS i BR A b B ) 4

(2) 422 25 00 45 Dt IR 73 i B < 422 5 300 A Tl
P G YA A A RRAE U ST TR 3 30
PRIENE LR AL B S Gl R 4 R A T AR AR A OO
K.

(3) P Ay Bt 2 N HELE BT . TR 3 58

AR R BT B BOR FH 7 vk A U 7 TR T
HOE T B SR B TR A T A — B TR
TP FE LRI MU A 38 A A 45 58 R R IR R BT
FORMBELE SR — DA HI B KAR R, 70 IF )5 B —
TE AL AR BE PRAIE B B 22 4 5 3B 15 AR FUE 7 1 19 B
A FEPRIUETR BACR A JE AL |, e R R BE PR3P R85

2 % 3Lk ( References)

[1] CUI Peng, CHEN Xiaoqing, ZHU Yingyan, et al. The wenchuan
carthquake ( May 12, 2008 ), Sichuan province, China, and
resulting geohazards[ J]. Natural Hazards, 2011, 56(1) ; 19 —36.

(2] HRZE, 5 sk, 55 525 98 A0 B 10 LR 5 % 45 37

BFSE[T]. % 2 2%, 2020,35 (3): 102 — 109. [ TIAN Shujun,

ZHANG Jing, ZHANG Shanshan, et al. Effectiveness evaluation of

disaster reduction for debris flows control engineering after

Wenchuan earthquake [ ] 1. Journal of Catastrophology, 2020, 35

(3):102 =109 ]

ER. A E PR AT S [ M. bt B2 RCEE, 2004 195 —

211. [ KANG Zhicheng. Research on debris flow in China[ M ].

—
w
[

Beijing: Science Press,2004:195 - 211 ]

(4] JA@ L. PATR BG4 7 [ M. L a0 Bl 24 Ak, 19911 - 2.
[ ZHOU Bifan. Debris flow prevention and control guidelines.
Beijing: Science Press,1991; 1 —2]

[5]) 8. Yo o HE 5 SB[ M. Jbut: B o Rk, 1997

150 - 167. [ LI Deji. Theory and practice of debris flow disaster

mitigation. Beijing: Science Press,1997:150 - 167 ]

B ORA G B ik, S A SRR B A TR — LU

BEERIE 2 AW B T]. a0 e 5 TR,

2005,24 (17) :3137 - 3145. [ ZENG Qingli, YUE Zhongqi, YANG

—
[=)}
[

Zhifa, et al. Functions of check dam against debris flow; comparison
of two watersheds of Jiangjia Gully, Yunnan, China [ J]. Chinese
Journal of Rock Mechanics and Engineering, 2005, 24 (17 ).
3137 -3145]



53 YBAT A LA A0 23 AT B A A 0ok SR —— L Bl g T A X £ 481

[7] XN e, M8 2% oA R E R RE E M E ki of 3D visualization technology to debris flow control engineering of
W] AR LR 24 - B AR R, 2013, 36(s2) :43 - 46. post — disaster reconstruction in Zhouqu County [ J]. Journal of
[ LIU Jianbing, YANG man, XIAO zhifeng, et al. Calculation of the Glaciology and Geocryology,2013,35(2) ;383 - 388 ]
stability of the gravity dam in front of debris flows [ J]. Journal of (137 5K, W5, M40, 4. Ve A W wb a7 oL AR 5 3k 47 16
East China Institute of Technology ( Natural Science) ,2013,36 SIS HRSE [T]. 2447, 2018 ,36 (2) 271 - 279. [ ZHANG Li,
(s2) .43 -46] YOU Yong, LIU Jinfeng, et al. Experimental study on characteristics
[8] T/, £, M, 55, 3 A 122 24 30U 58 1 36 380 M A e A Vil ok 58 of debris flow deposition and the uplift pressure of a check dam
HHEAF R[] R0 TR - & L4 ff T, 2015,42(10) [J]. Mountain Research,2018,36(2) :271 -279]
69 —75. [ DING Xia, WANG Qi,SUN Nan,et al. Stability checking [14] W, A EFE, B8R4, 2. ST R AR A Wi ERH T IR & -
of stone masonry landslide dam and the application in debris flow PRI Jy 2T s [T]. k3l 5 wh i, 2019,38 (14) .
disaster treatment [ J]. Exploration Engineering ( Rock & Soil 161 -168,238. [ LIU Chun, YU Zhixiang, LUO Liru, et al.
Drilling and Tunneling) ,2015,42(10) ;69 —75] Dynamic behavior of a concrete dam impacted by debris flows with
[9] EFHEm, LR, T ANSYS I A i £ 4 3035 3 B 4 1 - & M rock[J]. Journal of Vibration and Shock,2019,38 (14).161 -
BT, Hl Bl 222448 ,2016,28 (5) .56 —60. [ WANG Xiuli, LI 168 +238]
Anming. Development and application of ANSYS based debris flow [15] AR, ot o, B v, A Gl 212 A% (M —TR) e
blocking dam design software[ J]. Journal of Gansu Sciences,2016, BB EARBIF [ R]. H o4 Bl 24 B b Tt B 58 %K F By i UF 5%
28(5):56 - 60 ] fif ,2006:50 —54. [ ZENG Siwei, ZHANG Shiwu,ZHAO Hongtao,
[10] F/NE BRI , 507, 55 . e A o 422 10 300 HE kL A8 1k B2 5 et al. Key technology study on NO. 212 national highway at Long
R 5 [J]. B AR 5 LR, 2016,16 (9) .28 - 34. Nan distract[ R ]. Geological Hazards Prevention Institute, Gansu
[ WANG Xiaojun, CHEN Xiaoqing, XIE Xiangping, et al. The Academy of Sciences,2006:50 — 54 ]
optimization of debris flow check dam drainage hole and its [16] =30k, InsR B AWM EED PR R o PERERFSE (D], 2%
numerical simulation Research [ J ]. Science Technology and 22 M BT K 2%, 2016 33 - 44, [ LI Wenxia. Research on
Engineering,2016,16(9) :28 —34] impact performance of reinforced flexible protection net of debris
[11] B2 ki, Bar g, 5. Atk e A A 8 TR ACE B[] flow[ D]. Lanzhou; Lanzhou University of Technology,2016:33 —
At Ji27,2007 ,28 (1)) :389 —392. [ MA Zongyuan, ZHANG 44 ]
Jun,LIAO Hongjian, et al. Numerical simulation of viscous debris [17] 5K, B0 EE o , 45 A% 5 0 28 32 24 07 1 0 b 7% o IX.
flow block engineering [ J]. Rock and Soil Mechanics, 2007, 28 WA MIEI TR HT]. %4538 TR ,2013,20(5) .
(Supp) :389 -392] 11 - 14. [ ZHANG Yafei, XU Guangli, XIE Shumeng, et al.
[12] K 4 X, Fhi4 5. =4 AL EOR 1 3 il IR IX KR Application of gabion dam to the regulation project of debris flow in
TAPR AW E LR R[], k% +,2013,35(2) : Yushu seismic disaster area [ J ]. Safety and Environmental
383 -388. [ WU Hong, DONG Jinyi, LI Ruidong,et al. Application Engineering,2013,20(5) :11 —14]

Investigation of the Failure Patterns of Debris flow Retaining Dams
and Optimized Engineering Countermeasures
—A Case Study at Wudu District of Longnan City, Gansu, China

LIU Xingrong,ZHOU Ziqgiang, DONG Yaogang, WU Weijiang, WEI Wanhong

( Geological Hazards Prevention Institute, Gansu Academy of Sciences ,Lanzhou 730000 , China)

Abstract: One of the engineering problems in debris flow control projects is to find out the failure patterns of
retaining dams ( check dams) and correspondingly to optimize their designs, which is challenging investigators. In
this study, it made a detailed field investigation and statistical analysis of the damage patterns and the associated

forming conditions of debris flow retaining dams, which was located at 16 gullies of Wudu District, Longnan City,
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Gansu, China and suffered serious damages due to debris flows. The results show that; (1) The damage types of
retaining dams are mainly grouped as follows (in order of percentage of damages from high to low) : auxiliary dam
breakage, abutment breakage, overflow mouth breakage, foundation failure, erosion sabotage (loss of function)
and jointing cracking. (2) By analyzing the damage characteristics of retaining dams, it is concluded that the
damages are mainly relevant to the properties of debris flows, masonry materials, dam height, dam site selection,
dam abutment protection, dam foundation protection and storage capacity occupation. (3) The main reasons for the
damages of retaining dams are summarized as follows: poor understanding of gully formations, structural defects in
retaining dams and improper design or layout of retaining dams. According to aforesaid investigations, some
optimization countermeasures for retaining dam prevention and control engineering are proposed in terms of the four
approaches; theoretical exploration, construction management, design of retaining dam complex and the application
of new technologies and new methods, etc. This research would be helpful to debris flow prevention and control

engineering in China.

Key words; debris flow retaining dam ;damage types ;statistical analysis;optimized countermeasures in engineering



