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A Study on the Safety of Hydraulic Structure due to the Pit 

Migration during Flood (II)�
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Abstract 

 

    The construction material in Taiwan 

comes mainly from the rivers. Because of the 

improper management, overall degradation of 

the river bed occurs due to massive mining 

from the river bed. The downstream 

migration pits with depth over several meters, 

during the passage of flood, will result in the 

additional scouring depth around the 

hydraulic structure. This scouring depth has 

important impact on the safety of the 

hydraulic structure. Besides the physical 

model experiments, the numerical model can 

be developed to evaluate this additional 

scour.  

 This proposal aims at the pit migration 

problem and tries to develop a 2-D 

mobile-bed numerical model. Numerical 

solution for the problem might encounter 

some difficulties because of the rapid 

variation of the flow field near the pit. Hence, 

the goal of the proposal will be completed in 

three years. The task in the first year is to 

develop the 1-D uniform-sediment model, 

and to verify the model with Lee et al.'s 

(1993) experimental data. The task in this 

year (the second year) is to develop the 2-D 

uniform-sediment model for the purpose of 

considering the lateral deformation of the pit 

during migration. Furthermore, the 

two-dimensional pit migration in both a 
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straight and curved channels is also discussed. 

The target of the third year is to develop the 

complete 2-D nonuniform model, in which 

the hydraulic sorting and armoring 

mechanisms are included. In addition, the 

model will be used to simulate a real case to 

verify its applicability and practical value. 

 

Keywords: Pit migration, Convection period, 

Diffusion period, Numerical model, 

Non-uniform sediment, 

Non-equilibrium sediment transport 
�


������

�

����®¯°-±²³´�µ

¶·��	
,�¸z¹��2�"0�

º�	�z���	»�EM¼���

�����"0½¾I,�©¿À�Á£

�Â©Ã���1�Äp´z©Å��¶

 !�()1Æ�ÇÈÉHÊN/034

y�Ë�8%9:;¥¦��F4<=>

?@A��"� !B'�C*�DEB

'�C*��Ì·ÍÎWX�/ÏÐÑ�

4<=>?ÒÓÔÕ�Ö×��D�ØI

YZ[�ÙÚ� 

 Û× Lee et al.(1993)�PQ`ÜÝ

Ú���1�:;R�!Þßàá�xE

àáz�e¤(convection period)�\��1

�09$�%9âã��äåæ%9$z

ç�DE6èé�1*êëìí©gMx

bàáîz¥¦¤(diffusion period)�\Å

��109$:;ä%9$Ë�ïðñ8

%:;7�å1*ò7v�óôõö÷ø� 

 Iù��1:;�`Ü�©ú�Bell 

and Sutherland(1983)aûü�ýþ2ª«

¬�%�¬�-U��NsÚå�Q�=

�����å���©ª«�¬�-U�

2��1@A�e	
���z()�©

ª«¬�����D©ª«¬����

����Van Rijn(1980)���4�é�1

:;�PQ`Ü��º4e�	��$£

�����1��gh��Lee et al.(1993)

��Ec{|"}���1:;PQ`

Ü���EpIù1*�1����-

U��(1990)�F4e���1�� ��

�PQ���Yeh and Tung(1993)]FLee et 

al.(1993)��Q=������1:;Eá

óôË�1*gh�©!"¡(uncertainty)

���D'�Bianco and Gadin(1996)��#

ñÞß��12$%&e'ey�%�(

)ù*�+,ÝÚ-Þ�1�vó.6 10

/��10�7�Þ�1�:;gh�©

1)2KL� 

 Û×03�YZ[���z`aE4

*ª{�bcd",TNU�245ÊN

34%�Nsó4<=>?©Ã67�¾

2.8£�Á�,�©����1�F=

>?ÒÓ9B'C*����/ÏûI4

<=>?G#WX�:��ï;�²R�

ÄpNs�!��F��1�4<=>?

v�G#óôI<=�>3� 

�

��������

�

?µe@¡}H©RAB¡�åCD

�z"T�EAF�G24*��H��

I4Agh�J4*ª{�#ñ�èU�

d��èU2K(L�MNOþ%RP

z¢ 

h h
d

t
h ud h vd1 2 2 1 0

∂
∂

∂
∂ξ

∂
∂η

+ + =( ) ( )
    (1) 

 

∂
∂

∂
∂ξ

∂
∂η

∂
∂η

∂
∂ξ

u

t

u

h

u v

h

u

h h

h
u v

h h

h
v+ + + −

1 2 1 2

1

1 2

2 21 1

= − + +
−g

h
z d

db

s b

1

∂
∂ξ

τ τ

ρ
ξ ξ

( )
       (2) 

 

∂
∂

∂
∂ξ

∂
∂η

∂
∂ξ

∂
∂η

v

t

u

h

v v

h

v

h h

h
uv

h h

h
u+ + + −

1 2 1 2

2

1 2

1 21 1

= − + +
−g

h
z d

db

s b

2

∂
∂η

τ τ

ρ
η η

( )
       (3) 

 



 3

Ué� ξ£η = ª$0ÞK(L��MN

QMh1 = ξ  ���êRST*,Mh2  = η 

���êRST*,Md = 4*Mu = ξ  �

��	���Mv = η ���	���Mg 

= JFV	�Mρ  = e@U�Mt = 7vM 

z
b
= V"WèM τ

s
i
, τ

b
i
= 4P$XYF�

V"XYF2 i �����M"=" = 4*

ª{Z[� 

�@�"¬��}�\]�èU¢ 

ρ ∂
∂

∂
∂ξ

∂
∂ηs

b

b b
p hh

z

t
h q h q( ) ( ) ( )1 01 2 2 1

1 2

− + + =                                   

(4) 

Ué�ρ
s
=^�U�Mp=_`aMq

bi
= i�

���"b5��bed-load flux)� 

 ¬�c��èUé�"b5�(q
b
)�

dX��� Van Rijn (1984)�¬�-U¢ 

q s gDD
T

Db s
= −0 053 1

21

03
. ( )

.

*

.
ρ    (5) 

Ué� =*D ��efgghM =T ¬i:

,M == ρρ
s

s �jJ� 

 2¿4²øb�kC6èé�z©ª

«�¬��z��Då¬��Ylm��

nK�YNU��Bell and Sutherland (1983)

�©ª«¬�-U¢ 

*)(

*
])1(1[

s

xxk

so

so

s
qe

q

q
q oe −−−+=         (6) 

Ué�q q
s s
, *=óôx9�o6p��©ª«

�ª«¬��M
o
x =©ª«¬�Zq�r

sMq q
so so
, * =

o
x 9�©ª«�ª«¬��M

k
e
=tba*,(loading law coefficient)=©

ª«¬�óô�u,�åé©ª«¬�ó

ôº���rvsä��109$�ó

ô� 

Å§¨fgw�x�y�(α < 0)²z

�y�( α > 0):;7�{y0�%&XY

FYym��|K�YNU��Van Rijn 

(1987)�%&XYF�{y0�nKU¢ 










<
+

>
+

=′
0

sin

)sin(

0
sin

)sin(

α
φ

αφτ

α
φ

αφτ
τ

d

d

bc

u

u

bc

bc
 (7) 

Ué� ′ =τ
bc
{y0�V"%&XYFMτ

bc
=

ª " � V " % & X Y F M

α ∂ ∂= =−tan ( )1 z x
b

V"y�}~M =
u

φ z

y0������~M =
d

φ xy0���

���~� 

�

��������

(1)�����bc��1�:; 

 z����12������bc:

;gh�µZE��1�p�Â���p

��E6�������67�?µ��

p�z 50-.���1p�z 17.5-.�

6�ó�� 22.5 -.9�,TNs��v

���PE¶�� 

 � 1 zNs 30 ��Ë�e	��

����4e	�2e���1£Ë7

�V"Wè��gÀ�ef��()g

h�Å4ee���109$7���V

"y���g���e	���û�Bû

 MÅ4ee���1�7���54$

ã�V�2F��e	ø�M�Ë�4e

e���1%9$7���V"Wè0�

��54$ãø��¶/e	�ÀV��

�'¥¦�� 2 z��1�Eß�$�

+9ævV"zEª"��Ns 30 ��

Ë��éR���Ú1�V"IkC�

�a��� 3 z��1�09$xEß�

$�+�$�e	ø�ÀIâãû �� 4

z��11Ë��$�+9ævV"zE

ª"��Ns 30��Ë��éR�Ú1Ë

V"IkC��a�� 

 

(2)�����1�:; 

 z m�����1��:;��

z�YZ[�� de Vriend and Koch(1977)

���PQG7�?µNs���Pb¶

�� 



 4

 � 5zNs 60��Ë�e	����

�é��De	�gh���á���(

)��1�e	gh¡z2¢�\e	e

�1�1Ë{1V	�ÀEe�1�

e	£��Bû �e�1Ë�e	J�

'¥¦�� 6 z��11xbß�$�

�éR���Ú1�V"IkC��a

��ÀE'��¤���V"Wè<��

�¥��WèÉ¦���4ee���72

¤��kC���¥��� 7 z��1�

09$xEß�$�+�$��1�gh

��e	ø�ÀIâãû '��é��

1�¤�âã�V"Wèj¥�W�� 8

z��11ËxEß�$��éR�Ú1

ËV"IkC��a��ÀEkC1��

�C*67§¨��¤���/0Ns=

��©����¤��kC���¥��

����18¤����;� 

�

	�
�����

�

xbuª¤w!�<y°�I¢ 

1.ÒY�
�«¬��� 

2.bc{|}��1:;NU��~ 

3.NU�P£®"�Q� 

4.¯°±² 

xbu�`Ü¯°�³w#Z´ª¤w!

�<y� 

Y`Ü�µ¶2·¸`Ü�$�¶a¹

�4*ª{bcEºh��1:;,TN

U�RNsbc��1�g�:;�»¼

2½������²��é�¾¿�1

�£�	²�}�"£À,TNU�`a

ÀÁ�Yz¡Â��!�� 

2<è�Ã0�µ¶�RS�YNU�

�~�F���1234567�å:;

g� !å@A4<=>?²ÐÑ�B'

C*��I<=´��dX�DE!�

F4ü�ù�Ä2����²ÅI4<=

>?�ÐÆ�G#WX0�{IJ��:

�ÇT� 

 

� ������
�

�����Bell, R.G., and Sutherland, A.J. (1983), 

"Nonequilibrium bedload transport by steady 

flow", J. of Hydraulic Div., ASCE, 109(3), 

351-367.��
�����Darby, S.E., and Thorne, C.R. (1996), 

"Numerical simulation of widening and bed 

deformation of straight sand-bed rivers, I: model 

development." J. of Hydraulic Engineering, 

ASCE, 122(4), 184-193.��
�����de Vriend, H. J., and Koch, F. G., (1977), “

Flow of water in a curved open channel with a 

fixed plane bed,” Report on experimental and 

theoretical investigations R675-V M1415 part I, 

Delf Univ. of Technology, Delf, The 

Netherlands.�
�����Lee, H.Y., Fu, D.T., and Song, M.H. (1993), 

"Migration of rectangular mining pit composed of 

uniform sediment", Journal of Hydraulic 

Engineering, ASCE, 119(1), 64-80.��
�����Lien, H.C., Yang, J.C., and Yeh, K.C. (1996), 

"Simulation of bend flow by a depth-averaged 

two-dimensional model." Hydraulic Software VI, 

ed. by W.R. Blain, 195-204.��
�	���Van Rijn, L.C. (1980), "Computation of 

siltation in dredged trenches", Delft Hydraulic 

Lab., Report 1267-V, Delft, The Netherlands.��
�
���Van Rijn, L.C. (1984a), "Sediment transport, 

Part I: Bed load transport", Journal of Hydraulic 

Engineering, ASCE, 110(10), 1431-1456.��
�����Van Rijn, L.C. (1984b), "Sediment transport, 

Part II: Suspended load transport", J. of 

Hydraulic Engineering ASCE 110(11), 

1613-1641.��
�����Van Rijn, L.C. (1987), "Mathematical modeling 

of morphology process in the case of sediment 

transport", Delft Hydraulic Communication 

Report No. 382, Delft, The Netherlands.��
�����Yeh, K.C., and Tung, Y.K. (1993), "Uncertainty 

and sensitivity analyses of pit migration model", 

J. of Hydraulic Engineering, ASCE, 120(6), 

693-705.��
���������(1990)�����	
�������

������������� !"#$ 

 
PE ��16�������Ns�� 



 5

 
�% 

Q 

(cms) 

 
�& 

d 

(m) 

 
'( 

L 

(m) 

 
') 

B 

(m) 

 
�) 

b 

(m) 

 
�* 

h 

(m) 

 
�( 

l 

(m) 

+, 
-. 

D
m
 

(mm) 

 
/0 

S
0
 

320 1.75 500 50.0 17.5 5.0 50 14 0.005 

Pb ��16�����Ns�� 
 
�% 

Q 

(cms) 

 
�& 

d 

(m) 

 
1. 

R 

(o) 

 
') 

B 

(m) 

 
�) 

b 

(m) 

 
�* 

h 

(m) 

 
�( 

l 

(m) 

+, 
-. 

D
m
 

(mm) 

 
/0 

S
0
 

1.2 0.3 
0

90  6.0 3.6 0.4 11 1.4 0.003 

�

�

�

 

�  1 �����bc��1�e	��

� (T=30 min) 

-2

-1.5

-1

-0.5

0

0.5

1

0 10 20 30 40 50

Width (from Right to Left, m)

E
le

v
a
ti

o
n
 (

m
)

water s urface level

bed level (T=0 min)

bed level (T=30 min)

 

� 2 ����È�$50�1�É�$V

"Wè�4$�gh� 

-8

-6

-4

-2

0

2

0 10 20 30 40 50

Width (from Right to Left, m)

E
le

v
a
ti

o
n
 (

m
)

w ater surface level

bed level (T=0 min)

bed level (T=30 min)

 

� 3 ����È�$51�1�09�É�

$V"Wè�4$�gh�  

-2

-1.5

-1

-0.5

0

0.5

1

0 10 20 30 40 50

Width (from Right to Left, m)

E
le

v
a
ti

o
n
 (

m
)

water surface level

bed level (T= 0 min)

bed level (T= 30 min)

 

� 4 ����È�$61�1Ë�É�$V

"Wè�4$�gh� 

 
�  5 ���bc��1�e	��� 

(T=60 min) 

(R-RI)/B

B
ed

 a
n

d
 W

at
er

 S
u

rf
ac

e 
L

ev
el

 (
m

)

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0.25

0.3

0 0.2 0.4 0.6 0.8 1

wa ter level

T=0 min.

T=60 min.

 

� 6 ��È�$48�1�É�$V"W

è�4$�gh�
 



 6

(R-RI)/B

B
ed

 a
n

d
 W

at
er

 S
u

rf
ac

e 
L

ev
el

 (
m

)

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0 0. 2 0. 4 0.6 0.8 1

wat er level

T=0 mi n.

T=60 min.

 

� 7 ��È�$50�1�09�É�$V

"Wè�4$�gh� 

(R-RI)/B

B
ed

 a
n

d
 W

at
er

 S
u

rf
ac

e 
L

ev
el

 (
m

)

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0.25

0.3

0 0. 2 0.4 0.6 0.8 1

wat er level

T=0 mi n.

T=60 min.

 

� 8 ��È�$61�1Ë�É�$V"W

è�4$�gh� 
 


