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1.1 FER LRI EMELX 5

FET KA AN L A4 B b U R USRI 2, %) 1954—2018 4E[a] v = T ER 54T 1 23T, 65 4
W)L 0 3 541 B8, 4R 54.5 JE, AEHIBRIIE 6.3/10000, 7% 1 Jg4F 10 4EAS [R]HIAR K 126 i 30050 dak AR 2 5t
B31BE U 1% 1o

F1 19542018 F 3 M ERAYR NG
Tab. 1 Dam break statistics of three stages from 1954 to 2018

Bt A4 FH /) Fp /)RR JN) Y/ 7N/ A/ i /% AR %
1954—19604F 64 156 129 349 10 0.0574
BELHBL 1961—19704F 27 156 407 590 17 0.067 9
1971—19804F 2 26 282 1728 2038 58 0.2347
1981—19904F 4 46 214 264 7 0.0317
B E TR
1991—19994F 2 28 186 216 6 0.028 2
2000—20094F 5 9 34 48 1 0.005 5
B TRETE
2010—20184F 2 10 24 36 1 0.004 0
At 2 130 687 2722 3541 100 0.062 9

e AERYIIUR R K 2R B (A JRE) BUE 73 314 : 86 85201%(1954—19804F ) | 83 38721(1981—19904F ), 85 120%(1991—19994F) , 87 8731(2000—
20094 ) 98 822(2010—20184EF ),

MAFR T AN, FE AR I NIRRT IO 48 R A, B ILEER 3 409 8, 5 LLIAE 96.27%. #7 LA
AR BINERAE A NS A, T FE S URRAE 2 B0 T 0 S A AR AR B BEARRAE , XA AR R A R A S A T
K & R B VIR E, AR5 3 BB .

()T & B BE(1954—1980 4F ), H3H5 301 2 977 J3&, (LR 85%, 1950 4ECAI 1960 ALY 4R
Bt = 5/10000 A2 47, 10 1970 AR B4R 5 853K 23.5/10000, Herb sy W4 19] 1973 4F 4 4E 15 oK e
554 J, X —BF A AR T “75-87 RERUK, SEER E JTEE EAUCA BT SRR K R (HOBR K % . A8 ME 7K e )
WU, H R R AR A R
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Fig. 1 Dam failure statistics from 2000 to 2018
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Fig.2 Regional distribution of dam failure
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11.9%; BB st ot =5 0 4 %0 45 i 22 148 03 4 vh T 28 08 -T2 LA RS X3, R 43 M A S B0y 2 XL Ry
e WA X, [F] B R 2 2018 4F, 3X 2245 40 O /K R A3 | A 1 000 82, Forr, g (14 092 &) | YL7Y
(10 809 Ji& ) W44 Ak 7 JAE, Tt WA & e 22 () DU 48 K RS0 8 239 A

MAEBIER -, 2000—2018 AEHAE], B, Hl . 5l TEAE 4 4 (IR X)) AR08
3/10000, H:HUHT R AR P IR S 18 6.25/10000, S 4 [ - PE ) 15 f5 . XFH 1954—1999 4F [y 15t I3
I 20 AR E U D URAT AR 2 T EE I . AR 1A AR T TG AL X, kbR
ME KB P S 5 A 2 KU X, 400 mm PR Z5(E 2R DAL, o R Oy il 2 AR 5 30 [ by b 3 & 1

CERISE” P WG
1.3 ZIMBSGH

7% 2 X 2000—2018 AF WM 74811 DIt RIS, + 3015 FL 2 88.1%, ¢ 1999 4 LATT
() 93% A FTREAIR, X 53R LI AR 17 L BUE AR 2 W BUIR EEEAR DG, A s gk [m) 3% [ R 2 4
PP P B A E L0 [ At 35 0024 U A0 455 X HE 3T (2000 4, S M/ iyA K e, 30T 28.0 m, /N(2)
) HEA (2004 4E, T TE @R /INVKEE, 35 11.5 m, ZN2) B | SIA(2006 48, | AR P 7k 2€
FL, 085 14,1 m, /N (2) BY) | JREE L [ (2006 47, ) A B8 T HR TR — 2%, M5 8.5 m, /N(2) AY) 4%, X Ui B
M FIRE 1950—1970 AEARABE A /K B K HR 43 O3k B s T BT AR R, B AR TREE 155 TR 5 1 & Ak
R 3 ) & 5 20X UBS: (A5 EE A0

£2 RUUINAIGT

Tab. 2 Statistics of dam types of dam failure cases

o , 1984—19994F 2000—20184F
ik —aa% BB % BRI %
1 TR 12 0.35 1 1.19
2 A 33 0.95 1 1.19
3 +m 3221 93.17 74 88.10
o) Y5 440 2977 86.12 59 70.24
@ Zh A 11 0.32
) B0 181 5.24 8 9.52
@ T ARAM 19 0.55 1 1.19
® HoAth, 1 0.03 1 1.19
© NzS 32 0.93 5 5.95
4 HeAm 31 0.90 1 1.19
5 HoAthy 4 0.12 2 2.38
6 gNsS 156 4.51 5 5.95
=xis 3457 100.00 84 100.00

14 RESMNESS5HT

PR ST, 78 2010—2018 4F 1Y 84 ALt U=y, /NELK FETT L LU AR LE 1954—2018 4F A7 I T I,
TR K RS LI S T o ST AR, ISR T RN K E TR s A7 A FR RS DB 8 8, KARUK %
PR ILRNE i B4, I K PR BN DL L 22 2% | e S AR B W R 43 B0 T T, v UK R 25 5 e B, 83 Hb
X HRIKZERAA “H EAS R, WA B REE, 5 RS T o

BAali )N 75 B I N B 58 4 SR JEE () 35 0URURE 2, DR ik — 25 AR B 300 e R AT e T, el 3 BT
TNo TE 2000—2018 4F15t P 1) 84 LIt W ZE 45 vy, 5 4 (] s K0 23 B 25 TCOLD X g L) 5 5L, S 401 vy i ik
15 m BR300, 4 44 )86 AT gl SO, o5 Fik B 52.38%, TMAE 1954—1999 4EH Uiy 3 457 /K31
15 m DL BRI Y 38.74% . 3R 1E H RG4S R LR 20 7K e RIS 2 0 = SR, e AT 44 365
WS P 4 P TR RDK EE, SRR AR ORI, AIRPRIE s AU (%) n) (A A 1 FE
Mo ZEfBl 1993 4735 i AN B J5 /K FED /N () BRI, (AR 2 71 m) 189 ST xE LAk T . 76
2000—2018 4E AT E v, 4 5 K BE R IR AT 30 m, i, i T 8474 B A A AR v IE B A%, 1t
WP ] A T4 FR PR 5 0) 3 KIS ) Oy A g e — 4R 5 58 35
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1000 56 030, = AR 130 0p TR 135
900 g -5 26.41% - L1 55 SR R 130
800 LN I, \

” 700 + 20.54% 120 < 20} \ 125 =
= 600} = = L ) {120 R
500t 1152 Baspp A7 2
=400} X 2 . 11.90% o115 X
= ool 10.67% 882%{103x = 10} el 11.90% O8] 0 B
4310 "159.52% A
200 | \431% i BE S5t N 2.38% 1.19% /
.1.88% 032%  0.09% / \2.38% 1.19% At
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Fig.3 Height distribution of dam failure cases
2 2000—2018 435 HU Ak B AFAE

2.1 SRIMBKEEAR 2

FEGRA ST T AT A — 5 U R B, AT L& BRI 30U 2 ph 2R R A A S I 300 o AR SO S 19 15 301
BRI FR A B 5 R SE IR R . E AR 22 S R A T 4020, — et 15
WU RIA G R 3 K2, BV AR R . TRRZMACHE R, Hi, JOVHRUIEETE A Y . IR
2, S p N A SRR ST U T — e ik e, A AN AT Stk i e SR, TRER R MK R AT
Gi—ANRRZE . AKFH R K PRSBSP40 500 5 K2 16 /N0 Z2 iy 2 380 14280 Rk 5 e T i 30
A — ECR X — 43 28077k . ARSCR T X LURIFFE IR 20 4538 Em AL DA ) A8 Ak 35, Xhimt Rl P4 4324
WA T %077, 2000—2018 4EH I 483 W2 3.

=3 1954—2018 FFHEFRIMRE S

Tab. 3 Statistics on causes of dam failure cases in China from 1954 to 2018

1954—19994F 2000—20184F
=] P S TR JIi AT B30 BATTHEN AT BN IBAT N
B WGl BEEE HBle  BEEUE Wbl BUEUE HBl%
1 - EARIERE K 424 12.26 293 12.43 45 53.57 2 55.26
UERE AR 1348 38.99 832 35.30 2 2.38 2 2.63
T )it 121 3.50 93 3.95 5 5.95 5 6.58
2 TR B 889 25.72 713 30.25 20 23.81 18 23.68
TR 281 8.13 163 6.92 4 476 4 5.26
HE 40 1.16 32 1.36 2 2.38 2 2.63
- ‘. ?’Ea‘}"@FFJIE 62 1.79 31 132 1 1.19
Thi LT R K R BR 15 0.43 11 0.47
TNEH 51 1.48 38 1.61
P X B B SR T 66 1.91 50 2.12 1 1.19 1 132
AT 81 234 58 2.46
4 s TR AR Y 20 0.58 14 0.59 1 1.19
Fiffedas 5 0.14 2 0.08
HoAty 5 0.14 2 0.08 3 3.57 2 2.63
5 JE AN 49 1.42 25 1.06

At 3457 100.00 2357 100.00 84 100.00 76 100.00
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22 FKELR 20 FRWAEFHES T 5118
221 ABAFRBEKRAKEZ TR &G EE  ERET 20 428, 18 TARSK 2 e 5200 530
R (3R 3) 0 XTI 1954—1999 4 18 T st U, PRI g DA i J 3508 Tt A0 L) o 2580, X 53K
F 1998 AFR VLI 7K 5 T JR 1 224k YR I Rl 657 7K P B B 3 TAE 28 UDAH DGR, i At /K 2
R P L 7K 2 18 TR e £ 35 PR, 2000—2018 4F48 1999 4F il DR M bR v 1t /K S 350 i) 18 T3 35 30 Lo 461) R s J28 7
15, IR 95.74%, 1 2013 4F 6 A PU)IAA % T 11 & & IXAE— IR SRS M AR J5 , 30 1 /N (1) BUKE | 3 J3E /N
(2) BUZK P PR B AR T /K 4 St ks AN 2018 458 sh H VA7K R RAZ LK BRifE Ry 300 4F—i8, {H 28 520
AT AP KARERE I T 1 000 4F—itf 3% 5 4Bk AR A 1 A B it it o TR 45 ¢ 58 H 25 480K EL
P i O =R AR A R PPAR A5 D20 < vl [ A sty R T 50 AW it 88 I Y- 347 56 5 AR b i o T {1
BB B B, AR I S 2, TR 20 tHAD 90 AR, AR R i L ] X R, 7

AR AR XK R TR, IR X K R T 7™ A A & B i B8 AN e 2 5 R AN 4 8 = 521031, R3]
AR RN | PR SR SOAEAR b, B T TRRRHEEK R, 3R T3 K A A 2
PE, 45 A TR K SO el B i sOT ARV TR L Bt s 5 TR A B 5 8174 T i 22 1k
PRBEAT M 6 XURSL 18 A, -t 25 1 B /K T2 R 3 22 4 B b K RIS 0 . A8 A7 R BE | 7 2 T 8 S e T R it
My EPE L AR ST B ok TAROMERE, JUHIR A T3 [ pg i DX AR g . VPG L I ) AR S K R
KA TR 5| R
222 IRREFEHAOFTMEAARE  HFE 3 A0, 2000—2018 4E 1], PR T A A Sy 30 5
34.52%, % kb 1954—1999 4 [a] ()% LA 37.35%, FRifl L& 25K, HFE 1954—1999 4F: ) 15t 0 58 451 i
W TIRE R 20 42 50 2 70 440 B I R e, 30 4 1] RAEHE AL 4SS OK TEE 79 500 B, 2 (5 K R BRI
80.4%, R 1 52 B AN 28 B R R S5 R BOX SE /K B TARRAFAESE RAS 212229, OR3P TR o i [ A
B SR 21 2t DOk, TR DK A 54 B T RE, Qnt Ak, 3R E SR IR 2 K
TR, AELZK 2R PR TR ) A A T 0 7 LA R L TRDEATE AR 2 M X S AR K BRI N [ T AR A AR A 1
R, BT i T A S BRI E | B A TR T R e ) A AR G

PR TR BT a7 A B0 A L 2 5] v, DR8] e 35 5 300 15 LL 23.68%, 73 HME 4 A T2
SRRE BN G (3 3) v, DRI T i it AT T g o S 54 1 T e A 2 AR I B T
TR M LREIR AR, IEZE I 5™ B T H A B L), 35 I () RS 0 1ot 0 3 A (A T A6
T, Forh DIEr AR | ok E S 5 WUARSS G 30 S o U S GRS ) S B0 USR] B i ol 22,
2013 A7 s i = /K AL P R 520K % L 2014 45T PE 7S BEK I | 2016 4RVLVE SR IR | 2018 4F N5 3
B B KSR, i A T HLBCE S W A i, 2 WU AS 178 T e i © B 1 29 3% B i /INBDK B KA 43 1y
AR A R ) SBT3 it 1) 2 % S IUAC 16 1 BB B0y, AL it T 8s A A i oy 7 A4
JEE 95 T B R U T SR B I, U0 2004 AR\ — K | 2005 AR T SRR K L 2007 A5 H R /N
TR B 2007 4P 52 i i 7K A5 250 2 A0 7K P B3 I o [ 3 R v R M BB R AN J2 | TRt Tl | AT K
AR A D DR AN 7 A M P s ) R 1T 3o St 3=
223 BATEEIRLRATNEFHEZHFE NEEEFHE, BT Y — 5 R — AT
ZMEZER . 753 3 s T A S 2L AR 3.57%, BEHEEIFIE R A TR —2 R, F
A A A B L — B B IO R A A ERIR BRI R T, PR A5 st 0 A HIBL R AR

IBATAE BRI KIAAE, A5 PR K AL A8 AT A5 R A U I A 5 S Bt 3l . 2003 4F 7 H, NS¢
T DL TS TR I P R O R 35 L, (LK It R B AR A S PR A T B i /K o ) 22 Aok A5 AN B 2
TEBLIBEAJE | KA ko e, LT A9 =FL I TR AEIE B TR 2EA T U e S EOINK

JIHME 2000 A5, FE KA T Z2 B ARTRIYI DR AS B R ) 5 VS0, e R BRESin [ #2647 el e
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TN BT Z RG], BABRAE RS ARTIYK B P52 5 T 3 K 2R B I A £ |
W TUE AT B EE . N SR D7 T AR W] R A 2R 1
224 BIAFONFLAALRE ARG RIS EBINGIHHEIE, TURBIRAA RS AT, EE 5Hom K
Bk S BT R ko 22 A UK P95 5 S5 B ASG . AR UALR 5 1,  [E Pa s+ S A+ 5
i DT 30 AR [ K SR RFER A A B IR OGS P B 2R 1 0L A i 4 v SR B AL . - S AR i
SR K = AN T T AR S S BRI PR P 2K PR BE - R SR A 05/ RN, 32— 25 52 Wk 7K T
M AR B 4 A A 2 2 AR 5 SO R S (R KA AR TR 5 R R 3K S i 25 97 9 AR L™ A 2
B, WA T BB R R SRR S8 BN, AT H R RS 18 S IOINE U 22 4 A i 53R 36 TR AR 520 1, 37 TP it
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Analysis of dam failure trend of China from 2000 to

2018 and improvement suggestions

LI Hongen"?, MA Guizhen', WANG Fang"*, RONG Wenjie?, HE Yongjun"*

(1. Nanjing Hydraulic Research Institute, Nanjing 210029, China; 2. State Key Laboratory of Hydrology-Water Resources and
Hydraulic Engineering, Nanjing 210029, China; 3. Hohai University, Nanjing 210098, China)

Abstract: At the end of year 2018, the total number of built reservoirs in China reached 98, 822, with a total storage
capacity of 895.3 billion m®. Reservoirs are not only important parts of national flood defense system, but also are key
engineering measures to optimize the allocation of water resources. However, once a dam failure incident happens, it
will involve major public safety. In-depth analysis of the historical data of dam failure cases is of great significance for
preventing dam failure and improving the management level of disaster prevention and mitigation. Based on the
collection of 3541 dam failure cases that occurred in China from 1954 to 2018, this paper focuses on 84 dam failure
cases that occurred from 2000 to 2018. Detailed statistical analysis of the dam failure cases is carried out from the
perspective of spatial distribution, reservoir size, dam height, type, failure causes, and other aspects. The trend
characteristics of dam failure cases since 2000 can be summarized as: (i) Over-standard flooding becomes the main
cause of dam failure cases of overtopping; (ii) Dam failure cases caused by quality defects at different locations of
reservoirs significantly increased; (iii) The dam failure rate in the western part of China is dramatically higher than in
other regions; (iv) Improper operation and management of reservoirs has become an important reason of dam failure
incidents. Based on the aforementioned analysis, suggestions for further strengthening the dam safety management are
proposed including that more attention should be paid to the impact of climate change on reservoirs, the engineering
construction and operation safety supervision system should be continuously optimized, the management and operation
conditions in the central and western regions of China should be intrinsically improved, and engineering measures and

non-engineering measurements should be taken into account simultaneously in the field of dam safety management.

Key words: dam; dam failure trend; exceeding standard flood; engineering quality; management and operation;
improvement suggestions
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