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Abstract

When Catastrophic extreme flood occurs due to dam break, the response time for flood warning is much shorter than for nat-
ural floods. Numerical models can be powerful tools to predict behaviors in flood wave propagation and to provide the infor-
mation about the flooded area, wave front arrival time and water depth and so on. But flood wave propagation due to dam
break can be a process of difficult mathematical characterization since the flood wave includes discontinuous flow and dry bed
propagation. Nevertheless, a lot of numerical models using finite volume method have been recently developed to simulate
flood inundation due to dam break. As Finite volume methods are based on the integral form of the conservation equations,
finite volume model can easily capture discontinuous flows and shock wave. In this study the numerical model using Riemann
approximate solvers and finite volume method applied to the conservative form for two-dimensional shallow water equation
was developed. The MUSCL scheme with surface gradient method for reconstruction of conservation variables in continuity
and momentum equations is used in the predictor-corrector procedure and the scheme is second order accurate both in space
and time. The developed finite volume model is applied to 2D partial dam break flows and dam break flows with triangular
bump and validated by comparing numerical solution with laboratory measurements data and other researcher's data.

Keywords : dam break, approximate Riemann solver, dry bed, mesh reconstruction, surface gradient method
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Fig. 1 Finite volume cell and Riemann interface
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Fig. 2 Reconstruction of adjacent cells
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Fig. 3 Schematic diagram for partial dam break test
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Table 2. Test conditions for dam break simulation with triangular Bump
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Table 3. Comparison of L4, L, and L, error for CASE 1
AR L %} L, 23} L, 2%}
B ALz Guo et al. B AT Guo et al. B AT Guo et al.
G4 3.32x1072 6.27x1072 3.73x107 9.30x107 2.39x1072 2.25%107!
G10 6.96x1072 1.38x107"! 1.89x1072 4.03x1072 1.93x107! 1.91x107"!
G13 6.78x1072 1.28x107! 1.89x1072 3.76x1072 2.40x107! 6.57x107!
G20 3.22x107! 3.77x107"! 1.64x107"! 1.94x107"! 7.45%107"! 6.90x107"!
B 1.23x107! 1.76x107! 5.14x107! 7.03x1072 3.00x107! 4.41x107!
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Table 4. Comparison of L4, L, and L, error for CASE 2

277 L 3} L, 23} L, 23}
B ALz Guo et al. B AT Guo et al. B AT Guo et al.
G4 3.40x1072 7.75%107 3.98x1073 2.24x1072 2.52x107! 6.06x107!
G10 7.80x1072 1.37x107! 2.27x1072 4.51x1072 1.94x107! 1.92x107!
GI3 8.20x1072 1.88x107"! 1.31x1072 5.58x1072 2.37x107! 7.50x107!
G20 2.40x1072 4.32x1072 1.07x1073 5.65x1073 7.59x1072 2.97x107!
B 5.45%1072 1.11x107! 1.02x1072 3.22x107 1.90x1072 4.61x107!
Table 5. Comparison of L4, L, and L., error for CASE 3
2 L 23} L, 23} L, O3}
B ALz Guo et al. B AT Guo et al. o7 Guo et al.
G4 2.46x1072 5.79x1072 1.63x1073 9.96x1073 1.63x107! 3.34x107!
G10 6.32x1072 1.46x107! 1.87x1072 4.69x1072 1.94x107! 1.91x107!
G13 2.34x107! 1.16x107! 1.21x107! 2.61x1072 6.47x107! 4.46x107!
G20 2.34x107! 3.76x107! 1.21x107! 2.83x107! 6.47x107! 1.03x10°
BT 1.39x107! 1.74x107! 6.56x107 9.15x1072 4.13x107! 4.25%107!
o] ASHR] GalME W BT 13~14% Fol| H B} ABoo M= Alkeel Zedles A5 fIgk s A
7} Aurax e g48 7P veReH, A & AR ZgollA 7I1ske Ao ddE). sHANE sl
7l =gk Suke] JRTF 718 ERSHA Eskal AR o] 23l A= CASE 209X4& 29| H}x%Uﬂm 3}

2 e 3} 35% BEoA G4ol el B

paze:|

_l

=

¢

wh] F
A 440 271} Yt oleld 2elduke APl A
S mFol fA A} Uehtom, o= G4 Aol 4k

=

s §7)2 0lF) slETe] sE9jdke] Tl dlEue)
Fo FA| A 7] whEolsal sk, v7H AR
A A=A G102 G49F FARE Ax) YE)

golg} 4=

EIE'ﬂ

Ak 719 R A= Gi3ole A7kA B9 =

i

7, AR
S K)

R

o

#erg

1l

‘T»A)\]

CASE 13} CASE 304 AllAla A544] vl
ztol7F YA, ol thE A AK(Brufau et dl.,

10]

3HA] oo, sMd7gAte]
(Zhou et al.,

Rebollo et al.,

HR Ao

2003; Zhou et

2007)2] ATAIE
71 JeEh = glo g Az

IR

}\
i

ASFART A ZojH ). o)A A
a0 MG Alo] SRETE EWE) 117
T2 wjolhal
2004). Fig 7(d) and 9(d)ollA] =

HEe] AFA G202 Y AAEIY

R B .4

A7t

2002;

al., 2004; Guo et al,
kg AT Ueppgict. olela Az

Sl 0.15 me] 54

o] wi-¢- &
Fig. 10 and 112
ZA7 QAAAZ

Water Level (m)

1.00

0.80

0] 73] dis)

51 AAEe] S4lo] HolXA 1o) J
ouz, e 4 WEo] WAISAR AF s AR
xS AnE noiFI.
77} geshwel v e 2a7
=4 RIS

S A9 l:ﬂ—z] o)

74

This Study
Zhou et al.
Bed Profile

15

20
Distance (m)

25 30

Fig. 10 Comparison of water surface profile

35 40

for CASE 2

S AR S8l AXE B ARl AASIIAE, =

This Study
Zhou et al.

0.80 ———— Bed Profile

0.60

0.40

Water Level (m)

0.20

0.00

10 15 20

Distance (m)

(@) t=5.11 sec

25 30 35 40

(t=9.7 sec)

This Study
Zhou et al.
Bed Profile

0.80

0.60

0.40

Water Level (m)

\

35

15 20

Distance (m)

(b) t=8.17 sec

25 30 40

Fig. 11 Comparison of water surface profile for CASE 3

204 H5BYE - 20094 9H

— 437 -



< Zhou et al(2004)2] Y AxFAZe} vlwate] e}
W Aoln, T AxtAzrt viwa 2 ISR ool 2}
o7} WSS B 4= 9t} Zhou er al(2004y= E AT
Ae] ®meolx77} thE Ax=Ay=0.05 m, Manning ZEAGE
0.01255 83l ARkelgonz ola)st Ao|st mejx
wjite] ofgte] Qap} wAshRE Zlo= dAdETh. Fig. 10
and 11914 & & dxel, 47 77t §715 EFat
Al YR wrEe] e g Aulditt 27]9
At A 8718 ERsHAA 8719 skl At
g AL, B Flee] el olHg AE T
AT, SlFTe] SRIAAZRAY AS, T S
o 2ol vk} AR HabEthFig. 11).
w2, A 717 EAlske | Sl tigk oA
= FUAAS H83 e go] AL vlEAAL 1
il vE 2 2E sexddiE & A8E ¢ deS B

S e

tooe e

i

4.4 E

= 9 geskes Wit
£ 2 e 9 ¥ R 428 S0 S s

A AR 2 7IE A7-anet viwsie] JpdE g
S vREAE Y daelEed i gge 3 A8
Assiirt & Al tig 8 dEL veat Zh
1.2 A7elre 22kl iAo side ffs) Azt
HAAE Fe daelss /sl A nige] 7
83t Godunovd 32 R8-S 7dsisi).
AL Bl vhdo] gle vlEsiER dulshe 24k #
o B3jsle] i3t |4 d2= TVD-Maccormack 7|
A&7 71E ATHEG TS e Ao BolFo
Ige] vhE ald darelEe] gede Assith
SPd7Ar B vhEe] FEE 23 A 871 A8t
= sh=el tiRh W B SiAE sie] g B A
Z200 w2t Al 71 BeE TEske] Zejsiglon, s
A Adxavt FdsHA A8 K3 ez o
e e ASAFE AR YA AN A5
oF vl F dxjee] JpERPe] Agate] )12 gl
AR AP TElal viEAls sy daelse] A4
A AEES & 5 AT
4. oA, RS | g AMEIE QIR A% 3 B
55 a9a vREsks EEsMdl avpxew 284
e ZoR AdEy, FF A7 AR A
)AL AAspdele] @ Fajel A2 B A|g gl
SEREES AN F e m¥o o] dasity w
L%E}‘.

o

N

o 1o riz il})l

R

o

v

o ;
Y

4

,d
o

N
r O
O:

= o o
tlo

m]I.

et
|
=

v b

kg of

LMol 2

B A= RN 96k = adwE el
oA SIEMAEIEE A 7]e8AIAR] (087]&8AIF01 )] <]gh
Ao 7 |E ek rete] Ata] x| 9lol o)s)] S=3)w

~ 438 -

I
rat

ink}

HANE, 282(2005) E12 ARl H87bsdt A0% e
WS 913 JWAEHAAR . stEREs| =2, tiE
=238l3, 2259, A3BE, pp. 223-229.

A7, B, AAH2003) WAF 7S o839t g
a4, shReAtelats] =2, SrAkdels], Al3ed, Alss,
pp- 777-785.

H71E(2004) 2ol MEZet AS E4RE W HESEHY
N2 2, FohpAlstohetr, Auojsh.

Alcrudo, F. and Soares Frazao, S. (2000) Conclusions from the 1st
CADAM Meeting-Wallingford, UK. In Soares Frazao., S,
Morris, M., and Zech, Y. (eds.), Concerted Action on DAm-
break Modelling. Université Catholique de Louvain. (CD-
ROM).

Bai, Y.C., Xu, D., and Lu, D.Q. (2007) Numerical simulation of
two-dimensional dam-break flows in curved channels. Journal
of Hydrodynamics, Vol. 19, No. 6, pp. 726-735.

Bradford, S.F. and Sanders, B.F. (2002) Finite-volume model for
shallow-water flooding of arbitrary topography. Journal of
Hydraulic Engineering, ASCE, Vol. 128, No. 3, pp. 289-298.

Delis, A.IL. and Skeels, C.P. (1998) TVD Schemes for open channel
flow. International Journal for Numerical Method in Fluids,
Vol. 26, No. 7, pp. 791-809.

Fraccarollo, L. and Toro, E.F. (1995) Experimental and numerical
assessment of the shallow water model for two-dimensional
dam-break type problems. Journal of Hydraulic Research,
TAHR, Vol. 33, No. 6, pp. 843-864.

Frazao, S.S. and Zech, Y. (2002) Dam break in channels with 90°
bend. Journal of Hydraulic Engineering, ASCE, Vol. 128, No.
11, pp. 956-968.

Guo, W.D., Lai, J.S., and Lin, GF. (2007) Hybrid flux-splitting
Finite-volume schemes for shallow-water flow simulations
with source terms. Journal of Mechanics, Vol. 23, No. 4, pp.
399-414.

Huang, GF., Zhang, Y.F., and Wu, C. (2005) Analytical solutions
for 1-D dam break flood on sloping channel bed. Journal of
Hydrodynamics, Ser. A, Vol. 20, No. 5, pp. 597-603.

Jha, AK., Akiyama, J., and Ura, M. (2000) Flux-difference split-
ting schemes for 2D flood flows. Journal of hydraulic Engi-
neering, ASCE, Vol. 126, No. 1, pp. 33-42.

Lauber, G. and Hager, W.H. (1998) Experiments to dam break
wave: horizontal channel. Journal of Hydraulic Research, Vol.
36, No. 3, pp- 291-307.

Lauber, G. and Hager, W.H. (1998) Experiments to dam break
wave: sloping channel. Journal of Hydraulic Research, Vol. 36,
No. 3, pp. 761-773.

Leveque, R.J. (2002) Finite Volume Methods for Hyperbolic Prob-
lems, Cambridge University Press, Cambridge, UK.

Louaked, M. and Hanich, L. (1998) TVD Scheme for the shallow
water equations. Journal of Hydraulic Research, Vol. 36, No.
3, pp. 363-378.

Miller, S. and Chaudry, M.H. (1989) Dam break flows in curved
channel. Journal of Hydraulic Engineering, ASCE, Vol. 115,
No. 11, pp. 1465-1478.

Mingham, C.G. and Causon, D.M. (1998) High-resolution finite-
volume method for shallow water flows. Journal of Hydraulic
Engineering, ASCE, Vol. 124, No. 6, pp. 605-614.

Tseng, M.H. and Chu, C.R. (2000) Two dimensional shallow water
flows simulation using TVD-Mac cormack scheme. Journal of
Hydraulic Research, Vol. 38, No. 2, pp. 123-131.

Valiani, A., Caleffi, V., and Zanni, A. (2002) Case study: malpasset
dam-break simulation using a two-dimensional finite volume

R A i S



method. Journal of Hydraulic Engineering, ASCE, Vol. 128,
No. 5, pp. 460-472.

Ying, X., Wang, S.S.Y., and Khan, A.A. (2003) Numerical simula-
tion of flood inundation due to dam and levee breach. World
Water Congress 2003, ASCE, Philadelphia, Pennsylvania, Vol.
1, pp. 1-9.

Zhao, D.H., Shen, H.W., Tabios, GQ., Lai, J.S., and Tan, W.Y
(1996) Finite-volume two-dimensional unsteady-flow model

204 H5BYE - 20094 9H

for river basins. Journal of Hydraulic Engineering, ASCE, Vol.
120, No. 7, pp. 863-883.

Zhou, J.G,, Causon, D.M., Mingham, C.G, and Ingram, D.M.
(2004) Numerical prediction of dam-break flows in general
geometries with complex bed topography. Journal of Hydrau-
lic Engineering, ASCE, Vol. 130, No. 4, pp. 332-340.

(A=Y 2009.5.18/4A1: 2009.6.11/3AFFE Y 2009.7.3)

~ 439





