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Fig.1 Sketch of earth-rock dam break process due to overtopping failure
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Fig.2 Relationship between dam top break and downstream notching

2 IR DU 1R RS EAR A

2.1 FEORDE®
15t 1 Pk R AR T /K il B8 77, 38 5 SRR} () oy 3 07 24 PR B A G, T8 TE (1) Meyer-Peter
5 Muller JRVMHFS 2 2UHE X Ty T HA PL . B AR SCR X — A 2O E IR v iR ¢RI,
Dy, o ﬁ L1
qS:O.Z(Dm) P nS (DS - 0) (1)

KH Dy, Dy, Doy 53505 5 30% ,50% 1 90% B Rk ki 4 s PRI JE s D oK JIEREE 5 S AR T UiEdk b

0=0.005 47 Dy, ( TLFiMEL) ,!2:62b 4(PI)"( L) . MIGABTUIN J7, PI M EEYE - SBVESEFR, b Rl ¢ M
N Q, M. Q. =1q, (2)
T8 2 Y VD RS R AT A B A TR 3G 5 Ar PN O T5E 11 A 1] i e % 3
Atgq,
A= BT = ny) @

P Py st R R s L D5t T SR AR 5 ny A SUIIUBA R BG FLBE LE. A 2R AN 2% BE 5t 11 T3 R A AN 3
5 R B35 RS T4 R, 1% 10 JE 0 14 e e o 5 R0y -5 3¢ 10 0 3 1 e bl R BEAS — B, PRk, T A R 35t R TR EE A
56 LIAR I oy e A e



5 4 1] Aok, S b3 TR 15t 1 & A R A 5 55

2.2 BOGEREES ,
REWILGTR 1T TR | it 1 32 B /K it 1 8 22 v ik & %x |
M) R D AIRE [ PR 0 35 i K AT A vk AR A R |

HBE T 2 A2 AR RS, 5t FRIR S 9B IE (ILIEL 3) . 3
o] N UNREE H, A5G PR H 35t FU R Az (Rl akor:
KA. I R BE H, ATl iR T7 S .
i1 3 W] 75
Wsinb,,, = CL + Wcosh,, tang (4)
A WA C O R AREER 1 L A BRI KL ;o LR NEEE M 0, M. W=

K3 R R SR R A
Fig.3  Sketch map of dam slope collapse

H, . v in(6, - 6,,,)sin(6,,, - . N
Ly e in(0,-0, )R E € = Ly SO OO0 20D s e sl
2 7 sind, 2 sinf, — cosg
IR

1 - cos(6, - p
T 0, ~ 0., =00~ ¢ M20 = (0, 4 ¢),Cmy, LT O = O]
2 4sinf, cosep
4Csinf,cosep
H = k=1,23.- (5)
Y1 = cos(t, - ¢) 1" )

2.3 REREFEBSIEMROZX

H T AU X SIS i 35 A8 AN W e R RIS T35 0 00 335 9 R RGIPR 853, SIS = S0 Ayt 2 TR T . DR, 7
Wt 1 SR R, IO b PR B0 — U SR 85 T BE 2 1 DR . IRl S 2 R B e T ) FLBR /K it
DRFFIE AR & 9 B89 U] ) ARG S5 B 0 Fr 1R Y. 24 & 4R
XFPE BN BT A (4 BT ) BRI 4
(47320, SR 5 Bl UK i

I 4 AT UL S B il 2 1] ROT o y, VR HITERE
AR LR IIATFLBR K IR T3 (F,) BRI AR T A BT
DI (F,) B AW 5T 0101 (F,) TR R AR

HORZH 1 (F,,) BB R FEG T4 01 (F.,). B, % 4 DR LR
H AR I & Fig.4 Sketch map of sudden collapse on the top of dam
Fu' > Fsb + Fxs + Fcb + ch ( 6 )

AXf. F, =0.5y,B(y, + 2h,);F, =tang[0.5(y - v,)ZUBy> + yBw,y, + 0.5yZDBy’ + 0.67y h,w, +
Y.ZD'By,y. 11 F = yKiangy;[w, + (ZU + ZD)y,]sF, = CB)[w, + (ZU + ZD)y 1 ;F, =2C[ W, + (ZU +

ZD)y, (B, + 2y, /cosa) |, HH1:K = } n S?nz,f% =B, + Hsina,ZD' = /1 + ZD" .
S1n

Iy, AN AR (6) MO PE, y, ARZELL I I IR BERS B AH, 31 , L3 IR R %3 (6) 19 40 P i 11
A4 BRGNS,
2.4 MBHOAR
el 18 TSP WU T 75, AR /K G ) 3P oo T — 72 i S0LTSU, A T D 9 TR X
PRI 1 1
Q, =3B,(H - H)"’ (7)
S Q, KT B, A BT GERE S H, Rk TR R
B2 W 2 24 H <H,CH, S LIRS ) i, AT PR I 5 OO 20 T o, B
Qb=3Bo(H—H(,)1‘5 +2tan(%_g) ([-]_[-](‘)25 (8)



56 KoOHS kom0 TR

Eitd 2009 4F 12 A

AR FH R SR E R T AR (Q,) (B (Q,) FIZK K i AR AL B (AH) Z R SC AR

— NI (A 98] 4 A S AR R U R

AH
Qi - Qb _SaE
JH\IJ: AH:Qi_QbAt

S

(9)

(10)

S, KR H AL B 7K i AR (L K e SRR 5 RS )

2.5 TiFrrEKR

Xt W Rl R ARG (L 2) , Rl i T D SR ey R AR i R AR O, B

§0-5 4167
Q, = WP

0.167
n =0.034 (ﬁ)
305

(11)

(12)

K. S =1/(ZD) ;A HEEWEE A, P oIS JE ;0 HE T 2B D, NFERiAE

SERE(S) (1) A1(12) 2T HHEE R W 1 MK o
SR U 1 o SRR ALV EE () 5 T
mﬁﬁwnm%gﬁmﬁ{;?j‘.mﬁwmmﬁﬁﬂw?

0.5
0

U3 5% 1 ol T IR AR S BR IE | B AT 38 3 Newton-Raphson 12
S

ﬁ%%ﬁ%mﬁﬁﬁyp&ﬁ”=ﬁ—ﬂﬂyﬁ¢fwb=

SOA5A1,67

n

QbPON - ;A=0.5(B,, +Bmk>3’i(3uk B, G AR k%

B35 D T SRR %) B, = B, + 2y'tana;P =B, + 2

k i S*5(B. +B A  0.67
D () 20,670, 4~ 1.67 (B + B, )A™" Q,

coso po3 on " cosaP"
S**(B,, +B,)A"" A oyl e g M e
-1.67 s TR b RIEARIREL, A TR

2n
|y b < e(e TR RVFRE) Mk

3 2 I0E DU IR 1R R FE AR

Tt 1 A P 5 10 IR S R R ok R 2 DA G, T TR
SR IR B 3 4o 26 A5 1 5 1 R A4 - Ay 3078 THU e SR
Tt R R, A HH 5 i i i A . ELARE R LA 5.

K IVEZ A AR X <75, 87 kK ot A5 v o] g Al 5 K 3
- IR TS | 4 I8 11 % J e AR RN I8 1 9 e R AT T BB
0. BRI E KI5 24,5 m, TRAR R A2 123.5 m, JEE ¥ i 2
99.0 m, ¥ k38 T5 56 = A2 110, 34 m, M TR FE 6. 0 m, W TH K
2020.0 m. B,=0.1 m,S,,=7.62x10° m* ,PI=15,CA=0,CB=
0,n=0.03,ZU=3,ZD=2.5,Dy,=2.0 mm,n,=0.5,D,/Dy, =3,
y=1.90x10* kN/m’,@=37°,C=4.76 kPa,m=0.385. i1&1}a]

o

Y EAHEAH

H, =H,+AH'
H=H,+AH

KV

(AH-AH)/AH<g

| ﬁtHQb,HBminuBm |
K5 HERIR R A

Fig.5 Process chart of numerical simulation
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Fig.6 Break development and discharge hydrograph of Banqiao reservoir due to overtopping failure
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Numerical model study on break development due to overtopping
failure for earth-rock dam

CHEN Sheng-shui'?, ZHONG Qi-ming'”>, REN Qiang'”’
(1. Nanjing Hydraulic Research Institute, Nanjing 210029, China; 2. State Key Laboratory of Hydrology-Water
Resources and Hydraulic Engineering, Nanjing 210029, China)

Abstract; Overtopping failure leads to more than 50% of the broken earth-rock dams in China, so it is necessary to
study the mechanism of overtopping failure and the process of break development in order to forecast the discharge
hydrograph of break and the consequence due to dam-break. In this paper, based on the field survey data and
model test results, the overtopping failure mechanism and process of break development of earth-rock dams are
analyzed, and a numerical model which describes the process of break development of earth-rock dams is put
forward. The model has the following characteristics; the sediment transport formula of high-velocity flow
considering the physical and mechanical properties of the dam material is used to calculate the break-induced flow
impact on the longitudinal and transversal expansion of the break; the break slope stability analysis is made to
simulate the later intermittent expansion of break caused by sudden dam collapse; the balance between the flow
discharge through downstream notching and that through dam top break is comsidered to establish their mutual
relationships. Finally, the model is used to calculate the process of break development and the discharge

hydrograph of an earth-rock dam due to overtopping failure. The result is in good agreement with the observed data.

Key words: earth-rock dam; overtopping failure; numerical model



