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Abstract

The objective of this study is to develop an accurate and robust two-dimensional finite element
method to simulate drying and wetting in complex natural rivers. The Dry/Wet algorithm developed in
this study is Grid Reconstruction Method which requires the definition of new meshes and
renumbering of the nodes. Any drop of water level in the two-dimensional domain results in
eliminating nodes and elements. Several numerical simulations were carried out to examine the
performance of the Grid Reconstruction Method for the purpose of validation and verification of the
model. The accuracy and application of the developed model are verified by comparing simulated

results with observed values.

Keywords : dry and wet, dry/wet algorithm, Grid Reconstruction Method, eliminating nodes and

elements
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Fig. 2. Flow Chart for Grid Reconstruction Method
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Minimize Bandwidth

Table 1. Renumbering Result with Bandwidth Optimization

Renumbering Element No. Node No. Renumbering Element No. Node No.
1 1 9 8 1 4 5 7
2 1 2 9 2 4 5
3 2 4 9 3 2 3 5
4 2 3 4 4 2 1 3
Before 5 8 6 7 After 5} 7 8 9
6 8 9 6 6 7 5 8
7 9 5 6 7 5 6 8
8 9 4 5 8 5 3 6
Bandwidth 9 Bandwidth 4

o—0

(a) Linear-Rectangular (b) Linear-Triangular (0) Linear-Mixed

(d) Quadratic-Rectangular (e) Quadratic-Triangular (/) Quadratic-Mixed
Fig. 5 Controlled Element Type for Boundary Node Decision
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Table 2. Renumbering and Boundary Value
(a) Renumbering
Renumbering |Element No. Node No.
1 1 2 15 14 (b) Boundary Value
2 2 3 16 15 S Val
oundary Value
3 3 4 5 | 16 ioznd;ry
oae 0.
4 4 | 15| 2 | 13 p | a | h DOF
5 0 0 0 0 1 1 1 0 2
6 0 0 0 0 2 0 1 0 1
Before 7 13 20 19 12 3 1 1 0 9
8 0 0 0 0
4 0 1 0 1
9 0 0 0 0
5 0 1 0 1
10 12 19 10 11
11 9 | 18] 9 | 10 6 S B !
12 18 7 8 9 7 0 1 0 1
Bandwidth 15 8 0 1 0 1
Renumbering |Element No. Node No. 9 1 1 0 2
1 1 2 3 4 10 1 1 0 2
2 2 5 6 3 11 1 1 0 2
3 5 9 |10 6 12 o | 1] o 1
4 4 3 ! 8 13 0 1 0 1
After 5 8 7 11 12
14 1 1 0 2
6 12 11 13 14
7 11 15 16 13 15 0 1 0 1
8 15 | 17 | 18 | 16 17 1 1 0 2
Bandwidth 6 18 1 1 0 2
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(b) 1.0hr

Fig. 18. Depth Contour of RMA-2 Model
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Dry Area

(@) Refine Element

(b) Coarse Element

Fig. 21. Finite Element Mesh

0.3
Station 1
Refined element
o254 | mmm————— Coarse element
> > & Observed value

Velocity(m/s)

T T
0 0.1 0.2 0.3 0.4
Distance(m)

(a) Station 1

0.45

Station 2
0.4 o Refined element
--------- Coarse element

0.35 1 *> * & Observed value

°
w
L

Velocity(m/s)
o
P © N
Nooa
S
*|
*
.

o
N
@
1
.
.

o
[
L
%

\
0.05 - .

T T
o 0.1 0.2 0.3 0.4
Distance(m)

(b) Station 2

0.4

Station 3
Refined element
--------- Coarse element
0.3 - . > & Observed value

0.35 -

0.25 -

o
N
1

Velocity(m/s)
o
i
@
|

o
B
1

0.05 -

-0.05 T T T

0 0.1 0.2 0.3 0.4
Distance(m)

(c) Station 3
Fig. 22. Comparison Between Measured and
Simulated Velocities

2

#=S AAEAY. Station 12 AFHFZHE 22
Station 2% 3.1 m, Station 3& 3.8 mo]t}. Fig. 22
Z} Stationoll A e QoM o] mo|Autel A
sS4 B ARE F5 #S5H vk
Fo]a1, Fig. 232 7} stationol|A] =
TAaloll gk mejAel Azl g avgol o] 4l

oo > orr B

A2 B115% 20094 11H

0.35
Station 1
————— Refined element
L [, Coarse element
> >  Observed value
0.25
T 024
£
=4
& 0.15 -
0.1
0.05 4
0 T T T
0 0.1 0.2 0.3 0.4
Distance(m)
(a) Station 1
0.35
Station 2
————— Refined element
o34 | . Coarse element
1 > * ¢ Observed value
0.25 3
£ 02 -
g
o
& 0.15 -
0.1 1
0.05 4
0 T T T
0 0.1 0.2 0.3 0.4
Distance(m)
(b) Station 2
0.4
Station 3
0.35 4 ——— Refined element
--------- Coarse element
- > # Observed value
0.3 1
025 3 * *
£
=
§_ 0.2 1
0.15 4
0.1 4 *
0.05 4
0 T T T
0 0.1 0.2 0.3 0.4

Distance(m)

(c) Station 3
Fig. 23. Comparison Between Measured and
Simulated Depths

Fig. 24 U3 QWM meojAyz f5

HEE dehfa gle

985



BooFEE
LLﬁoH,wﬂ_% OEH_AIJ
&Jmﬂ_aﬁlﬂg o =
)
/nn Annﬂ_.ﬂw ™ quEdl
L BN i R o o Uy
Ty I = ) 39 B0 s
z ) RCAR = oy 3 oy wo ~ o o e
N < Z I=x wE S G
i X LE Ariﬂmfm%}Aﬂ T X5
e 53, Pyriilal D4
S . - L1l @rurw@ﬂo %%ﬂ%ﬂ Fa = oap o
ot R %wiuufﬂ#u. )
. 2t “ELiTiii. izt
_ [ el - T < —_ ol m 4 1_,mo o = S "
x Mo m o o o of = o 2o = =
~o© 3 T Nwﬁxﬂn_ﬁngmﬁ%ﬂﬂl
i = 2w ﬁﬁﬂp&@rml imﬂlumwo
% it ﬂ,ﬂ.ﬂu o © = m ﬁ @Ho# Mo< W
< ‘_o_%ﬂ] %Eﬂﬂn%ﬂﬂkﬁxd%mﬂ_
s o B RO N NoAr o= R R IR RO o
o 8 Noo e ® 4oﬂo§gﬂ7ﬂ1urwﬂ/ﬂﬂ/x
7] ZLJM o Eolﬂ&nbo%ﬂ%
. 3 - AL K T OB X4 = o = ) G+ B %
@ — ° X - :
o . T HH%%%V%& T W e R 2
£ c ]_616 X i ~
=] & _H 3 o:u jo o Lt
> sE T, oo’
° 22 Eaal 8
me = L < S © =
8= 3 - mwm T 9 B
N b < e < o _ N of
s g 3 & 2 WA TS %0
= eu ].6&#] L.O]rL
= put o 3 o T T (NOY e 5w
2 £ 5 % o o = ol - B do o
< o g3 ﬂﬂ%ﬁ@rmﬁmﬂzw oo
= —_ —_ . g ©
2 3 ] ™ = ﬁeiﬁwlu%io_a}_drm ﬂxoﬁL
» = .Qlum Mﬂm,ma.z%_x%_aﬂ] A
g 2 28 Hag ﬂ%%f?om B
] D 1\ = J.‘_IFL ]]ﬂ7 X0
. 4 = S n@rea T Em,ﬁc#oﬁ n_Alﬂ.H__o7
= = - (%) S =y S : OO
S 5 E S Ea ﬂghﬂq Al 2w 2o
: o L~ g S 5 B o npndﬂ] N Xﬂ olp
. S _ Sﬁo]ﬂ; Ll ;3 1o N
0 > 5 aoo,mﬁu%r e P e
S BN 3 ﬁ;tﬁi#%QHﬂur%# MW%%
+2 — ) U
8 & " WB%%%W%CMQ% _tmﬂaww
o) Qal 7E ‘_HA L.E o) = 5 ~ ] %) U‘.* in ol
. I - XD or oj X ooy X
2 i ] =) anoﬂnﬂﬁ/uoqo%ﬂli Vi_nf_ou&
: if,E;E: N
2 (— — JAOEUOﬂF.ﬂm N __E
W - ) M o o o oo M W q R & ﬁ = w
& - Eﬁ?mﬂgéﬂlﬂmzﬁﬂl T/ _ural
- Nlﬁﬂﬂdﬂm‘*ﬁawﬂﬁ%a w
ﬂ,o’iLﬂ_olll o N
auywmm@www#qi
o 1%%?
RPN
N
TS SS
o
<t N
o o

SmIEE

&
EE

__]J: bl :FLZl—oﬂ }\1

[e}
BEKEES

Q A7t 0.2% %

986



E4o] 4 o]FojAu e AN
T

= e R ) Ell\ﬂl -y o
o MR T o o
£
i)

i)
>
=
E o
b y
K
2 for
kD

o

=)
alid
~
L
oo
o
o
)

o
fru
td
1o,
o
fd
30,
dlo
o
dot
rO
i)
S
30,
ot/
i)

fe
e
-
=2
_>L
)
iz
[t
o
=3
il
~
R
[o
e
!
ACh
ot
lo
o
o

4

B

£ e i)
N
R
rlr
>
et
-
il
K-
=
é"
td
Lo
[t
1
>~

I
=

N

N

1o,

>

2

=2

S~

1t Ho
B

i)

ok

>,

o

1

N\

[N
o
ol
2
k=)
il
o X2
H
it

=2
=
=
ko
B~
=
A
e
X
-
ox,
o Ho
S
o
=

oo o oo B oo

NS

PN
oo
~
_H_l
aoko
‘Eoﬁ

o lo = N o

o} x93k
et T
dste] vt

4
oL
Jo
oM.
o
2

o,
N
)
i1
2
X
ot
fllo
ox
fot g
ol
ol
X,

fu
)
r_g{_:
ol
o
o H
ol
)
=
o
o
B o
ox
o X
off
o2t
o e
L.
32 M
o X =

o
s
i
>
%0,
32
v

Al 2

¥ ATE AE1ERt EAsa wAde] A%
SRS BAI A e AW 2147] ZEE]
AP/ RAMZ 239 ot 2 e
(A E2-3-3)el ©J3) S5 ek

= —_
A (1999). wgste FA7EE o83k sk Aol
sl L sAekeleE, AR,

—_

0-20.

) E (1997). F8aagel 93 e dEo Ty
Shabsf A, wabek9l =, A5k, pp. 8-16

WG (2006). s EFalAS 913 3AF FATES
Foarmge] AL SR, ZARdisha, pp
6-11.

&4, 1HEE (1994). “FESWMS-2DHel| 9]¢t &7
el FEEA A HEtESEE =R, Al
149, A4=, pp. 847-857.

FEE (1982). “Fratasnel ofdt ggutel|ae] EAje]
T FARY” HSESES=RY, A2¥, A%

A2 B115% 20094 11H

o
2
o

o
1% o
i)
o>
o,
e,
§
X
4
fru
2
>
1o,
[N}
24_‘(
r.(
4o

-|[I o2l
e
o

=

HHE (1983). “A7Ivhdisie o] M2xA g3k st
ESsts| =23, A3¢, #1235, pp. 97-107.

A, AAE (2000). “Petrov-Galerkin 719 el &g
shrolAe] o]F-git Al tEtESStE =23,
#2048, A2-BZ, pp. 45-53.

g, 1789 (1982). “Fxdle] ok nhjjo] 24k
TrEe 34 shmAEEE =2, AlbY, A
4% pp. 167-178.

S, v, WE (2003). “SU/PG 71l 93k sf
AEF] F3tatsy @ I He” HSESES| =
23, #2494, A3BZ, pp. 193-199.

A, o) FH, BhlE (1996). “INZEHe] AW 2 F
W BT gk f3ka A I o] W £X|¢HR
4 EA e AtEEs =23, 41299, A4S,
pp. 167-178.

Sad7)EATY (199%). o1xHd 3 =y A
(1), KICT/9%5-WR-1103-1, pp. 8-19.

Akanbi, A.A. and Katopodes, N.D. (1983). “Model for
Flood Propagation on Initially Dry Land.” Journal
of Hydraulics Engineering, ASCE, Vol. 16, pp.
489-505.

Berger, R.C. and Howington, S.E. (2005). “Discrete
Fluxes and Mass Balances in Finite Elements.”
Journal of Hydraulics Engineering, Vol. 128 pp.
97-92.

Boe, O. (1993). “A monotone Petrov-Galerkin method
for quasi-linear parabolic differential equations.”
SIAM Journal on Scientific Computing, Vol. 14,
pp. 1057-1071.

Han, Kun-Yeun, and Baik, Chang-Hyun. (2006).
“Finite Element Hydrodynamic Modeling in a
River.” River Flow 2006, pp. 670-689.

Hervouet, JM., and Janin, JM. (1994). “Finite
element algorithms for modeling flood propagation.”
Modeling of Flood Propagation over Initially Dry
Areas, Proc, Specialty Conf Co-sponsored by
ASCE-CNE/GNDCI-ENEL spa, Milan, Italy,
ASCE, New York, pp. 102-113.

Katopodes, N.D. (1987). “Analysis of transient flow
through broken levees.” Turbulence Measurenents
and Flow Modeling, Hemisphere Publishing Corp.,
Washington, D. C., pp. 301-310.

987



Leclerc, M., Bellemare, J., Dumas, G. and Dhatt, G.

. Propagation over Initially Dry Areas, Proc,
(1990). “A Finite Element Model of Estuarian and Specialty Conf. Co-sponsored by ASCE-CNE/
River Flows with Moving Boundaries.” Advanced GNDCI-ENEL spa, pp. 127-140.
in Water Resources, Vol. 13, No. 4, pp. 158-168.

Tchamen, G.W. and Kahawita, R.

(1994). “The =EHE 09-079 A4 2009.07.07
Numerical Simulation of Wetting and Drying Areas T LA 2009.08.27/09.11
Using Riemann Solver.”

AAFEE: 2009.09.11
Modeling of Flood

988

BEKEREERHNE

5 & afff



