
*23F *6Ba · 2003+ 11� − 551−

� � �³ ¤ Ü Ó � È L � 7

*��F *�%aÁ����+ ���

SS� ��� a ���

Ï'~Âö�&��>Ò�'�;çO;��Fê

'HULYDWLRQ�RI�'RZQVWUHDP�+\GUDXOLF�*HRPHWU\�(TXDWLRQV� IRU�$OOXYLDO�5LYHUV

�«C�Á1JFSSF :� +VMJFO��

Lee, Jong-SeokÁPierre Y. Julien

····················································································································································································································· 

Abstract

This study analyzed downstream hydraulic geometry equations for alluvial channels using the flow rate, flow resis-
tance, secondary motion, and particle mobility. The data set used to test these equations consists of 1,485 measurements:
1,125 field measurements for calibration and verification, 360 field and laboratory measurements for validation. The data
set covers a wide range of rivers including meandering and braiding rivers with sand-bed, gravel-bed, and cobble-bed sub-
strate. The regression equations define bankfull conditions for five dependent variables as a function of three independent
variables. The calculated downstream hydraulic geometry from these equations is in excellent agreement with the field
and laboratory measurements of channel width, average flow depth, mean flow velocity, channel slope, and Shields
parameter. These equations can be used to predict the downstream hydraulic geometry of sand-bed to cobble-bed chan-
nels with a range of channel width 1.0<B<1,100 m, flow depth 0.1<y<20 m, flow velocity 0.1<U<8 m/s, channel slope
0.00001<S<0.02, and Shields parameter 0.001<τ*<20, respectively.

Keywords : secondary flow, meandering rivers, stable channels, particle mobility, downstream hydraulic geometry, bank-
full discharge
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�ÚöBº �S �(1993)" F²� �(1993) 5 �

(1995, 1999)& Ï'~Â~ Fò�ÿ, ~çîV æz 5

~çæz º;ö &� ��~&�, ª«ê" �öÆ(2001)

f ²�Î Ï'>�~ n;~� 5 >�ö &� ��~&

b�, ��Æ" �f�(2002)º Ï'~Â~ n;~ê ê³
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.

� ��º Ï'~ÂöB >Ò�' ;ç O;�j 2Nö

;ç~~~ Fï, vª&�, 2Nvª 5 j6OW ÆÒ�

ÿ~ V��ö "�~� Fê~�¶ �
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Bæ>~ 5B >Ò�' ;ç O;�� Fê>î
. 6�

FêB ;ç O;�f ?f ¶ò¢ �Ï~� ¦;·ëj

>¯~&�, 360B *Ë¶òf 
þ¶òº >�
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ÏW {�¢ *� ¦Ã·ëö ÒÏ>î
. �
 ";j

Û� FêB ;ç O;�� Ï'~Â~ >Ò�' ;çj
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2. ��' Vã

��W Ï'~ÂöB òBFï~~ n;>� ;ç O;

�f Fï" vª&� 5 2Nvª, ÆÒ«¶~ �ÿWö

&� V��(Julien" Wargadalam, 1995)j 'Ï�b��

Fê� > ®º�, �
7 Fï" vª&�ö &� V�

�f 
r" ?
.

Q = ByU (1)

(2)

�VB Qº Fï(m3/s)��, Bº >� �(m)��, yº

ï�>�(m), Uº ï�F³(m/s)�
. 6 βº ç& Æ>
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;ç�~��~~ çF>�ö 'ÏB vªOË ~ç*
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τθ = CρgyS (3)

� (3)öB B/y 8� � >�¢� 
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ï�>�, ï�F³, >�ãÒ 5 Shields 
Bæ>~ 5B

«³æ>ö &� ;ç O;�j êÂ~&
. � (2)öB

æ> β = 1/ln(12.2(y/D50))b� Manning-Strickler &�

O;�~ β = 1/6ö çw~º 8�
(Julien 2002).̄ , &

� O;�b� Manning �j 'Ï � r β = 1/6j Ò

Ï~� FêB � (10a)~(14a)¢ ;ç O;��¢ �
.

� ��öº � 1öBf ?� C 1,485B~ ¶ò& Ò

Ï>îº�, �7 �~ Fêf ¦;öº Î¾, ¶., ^;

ò ~çÒò~ Ò¯~Â" �ç~Â ¶ò& ��B òB

Fï vª��~ *Ë¶ò 1,125B& ÒÏ>î�, FêB

�~ 'ÏW {�¢ *� ¦Ãöº ~Â;ç" ~çßW

� 7º*~² ��B 309B *Ë¶òf 51B 
þ¶ò

¢ �� 360B ¶ò& ÒÏ>î
.

3.1 O;�~ Fêf ¦; 

>Ò�' ;ç &ê�~ .º ^òj Û� �Ï� >

®º�, *;'� .º >� �" >� 5 F³, >�ã

Ò& òBFï�¾ ï;Fï 5 �ï�FÂï~ �b�

��B
. Fï 6º >�ãÒ òj ëãæ>� ~º 1B

æ>�" �
 2B æ>¢ ëãæ>� ~º 2B æ>�

� ô� Bn>î
. 3B æ>�b� ~çÒò¢ º&�

�" ��öº V& FÒ�V� Ú'Û" 7ïWª��
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�V& ÒÏB
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.
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Fig. 1. Definition of Alluvial Meandering Channel



− 554− ³¤ÜÓ�ÈL�7

æ>�B ;ç &ê�j *Ë¶ò 382B�¦V Fï(Q),

~çÒò(ds), >�ãÒ(S)¢ ëãæ>� ~� >� �

(W), >�(h), F³(V), >�ãÒ(S) 6º Shields 
Bæ

>(τθ
*)¢ .G� > ®º �j Bn� : ®
. � ��

öBº � 2~ � (10a')~(14a')¢ V� ��¢ ¦��,

� �~ .G;ê¢ Ëç�Úb�� >�
ZöB Ï'~

Â~ >Ò�' ;çj .G~º� �Ï� > ®ê� ~

�¶ � 1" ?f ¶ò¢ ÒÏ~� î�Ú &ê�j B

n~&
.

� ��ö ÒÏB C 1,485B ¶ò7, �~ Fêf ¦;ö

ÒÏB 1,125B~ ¶òöº Griffiths(1981), Churchf Rood

(1983), Heyf Thorne(1986), Higginson" Johnston(1988)~

¶ò 764B �ö Emmett(1972), Williams(1978), �(1999),

Kodoatie(2000) �~ ¶ò 361B& º&>î
.

6�, Ï'>�~ ;ç O;� Fêöº ~ÂöB vª

ßWj &Ë ¾ &æ� > ®º "º 3B ëãæ>� F

ï, >�ãÒ 6º ZNö Shields 
Bæ>, ~çÒò¢

�~&
. �Ò� �
 æ>¢ �>� ~� FêB 5B~

� (10a)~(14a)¢ Bn ��¢ ¦��, �º � 2f ?

� >� �, >�, F³, >�ãÒ 6º ZNö Shields


Bæ>¢ .G~º� �Ï� > ®
. �
 Bn �~

Fêöº SAS *��Î(Release 8.02)~ PROC NLINj

ÒÏ~&�, Bn �~ ¦;f V� �ö ~� .G8"


G~¢ ;ï'b� jv�b�� ��Úrº�, � Ö

"º � 2 5 �â 2~6" ?� ¾æÒ
. 

Table 1. Verification and Validation Data Range

Notation Verification data
(1,125)

Validation data (360)

Field(309) Laboratory(51)

B (m) 1.44~1,097  2.32~610  0.220~2.44

y (m)  0.04~16  0.10~13  0.005~0.244

U (m/s)  0.02~7.1  0.04~4.26  0.110~0.86

Q (m3/s)  0.0478~26,560  0.1370~11,546  0.0002~0.227

S (−)  0.00001~0.081  0.000044~0.0508  0.00023~0.0172

D50 (mm)  0.01~945  0.02~343  0.011~2.30

τ
*
 (−) 0.00092~35.5  0.00093~12.7  0.01337~5.89

Table 2. Downstream Hydraulic Geometry Equations for Stable Channel

Hydraulic
geometry Author

Derivation Verification

Equation Eq. No. R2 Equation Eq. No. R2

Channel
width (m)

LEE B = 3.0040Q0.4265D50
−0.0029S−0.1539 (10a) 0.8268 Bp = 0.8701Bm (10b) 0.8707

J-W W= 1.33Q0.44ds
−0.11S−0.22 (10a') Wp = 1.5223Wm (10b') 0.7719

Flow
depth (m)

LEE y = 0.2013Q0.3364D50
−0.0251S−0.0605 (11a) 0.8574 yp = 0.9237ym (11b) 0.9250

J-W h = 0.2Q0.33ds
0.17S−0.17 (11a') hp = 0.7742hm (11b') 0.8050

Flow velocity
(m/s)

LEE U = 2.9968Q0.1989D50
0.0077

S0.2429 (12a) 0.5351 Up = 0.8943Um (12b) 0.8941

J-W V = 3.76Q0.22ds
−0.05S0.39 (12a') Vp = 0.6506Vm (12b') 0.8745

Channel
slope

LEE S= 4.9819Q−0.3460D50
0.9554τ*

0.9669 (13a) 0.9151 Sp = 0.9023Sm (13b) 0.9263

J-W S= 12.608Q0.87ds
2.03τθ

*1.02 (13a') Sp = 1.3107Sm (13b') 0.8568

Shields
parameter

LEE τ* = 0.0901Q0.4238D50
−0.9656

S0.9127 (14a) 0.9588 τ*p = 0.9589τ*m (14b) 0.9599

J-W τθ
* = 0.121Q0.33ds

−0.83S0.83 (14a') τθP
*

= 0.3141τθm
* (14b') 0.9340

Fig. 2. Verification of Channel Width
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3.2 O;�~ ¦Ã 

Bn � (10a)~(14a)~ ¦Ã¶ò�º � 1öBf ?�

C 360B& ÒÏ>îº�, �7 *Ë¶òöº Brownlie

(1981), Andrews(1984), Bathurst(1985), Collazzi(1985, 1989),

Collazzif Ireland(1985), Colosimo �(1988), �(2001),

Peter �(1999), Castrof Jackson(2001)~ 309B& ��

>îb�, 
þ¶òöº Kodoatie(2000), Julien(2002) �

~ 51B& ÒÏ>î
.

6�, �
 Bn �~ ¦Ãö ÒÏB ¶ò7 *Ë¶ò

º � 3" ?� ~çÒò~ �Vö V¢ D50<2 mm�

ãÖº Î¾~ç, 2ßD50<64 mm� ãÖº ¶.~ç, 64

mmßD50� ãÖöº ^;ò ~çb� '' �ª~� '

Ï~&
. �
 ¶ò~ ª�º*º Ò¯~Â 5 �ç~Â

� 
·� vª��� 7º*~² ��>î
. �Ò� B

n �~ ¦Ãf Bn �ö ~� êÖB >� �, >�,

F³, >�ãÒ 6º Shields 
Bæ> 8" 
G~¢ ;

ï'b� jv�b�� ��Úrº�,� Ö"º �â 7~11

" ?� ¾æÒ
.

4. Ö" ªC

Ï'~Â~ vª" FÒ �ÿW � 4B V��ö "�

~� FêB Bn � (10a)~(14a)º òB vª��~~

Fï, ~çÒò, >�ãÒ 6º Shields 
Bæ> 3B~

"ºæ>� �W>î
. �
 "ºæ>~ ��> ;b�

FêB Bn �f Ï'~ÂöB~ >Ò�' ;çj .G

Fig. 3. Verification of Flow Depth

Fig. 4. Verification of Flow Velocity

Fig. 5. Verification of Channel Slope

Fig. 6. Verification of Shields Parameter
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~º� �Ï� > ®ê� ¦;" ¦Ã·ë� >¯>î
.

¦;" ¦Ãf V� �" Bn �ö ~� .G~f 
G

~¢ ;ï'b� jv�b�� ��Úrb�, �
 ";ö

º 1,485B Î¾, ¶., ^;ò ~çÒò~ Ò¯~Â" �

ç~Â ¶ò& ��B *Ë¶òf 
þ¶ò& ÒÏ>î
.
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Table 3. Validation Range in Field Data (309 measurements)

Parameter Sand (D50<2 mm; 45) Gravel (2ßD50<64 mm; 138)  Cobble (64 mmßD50; 126)

B (m)  3.62~610  2.32~594  4~104

y (m)  0.15~13.28  0.11~8.84  0.10~3.13 

U (m/s)  0.10~2.93  0.04~3.32  0.26~4.26

Q (m3/s)  0.5377~10,222  0.40~11,546  0.1370~650

S (−) 0.000044~0.00275  0.0001~0.026  0.0003~0.0508

D50 (mm)  0.02~1.44  2~63  64~343

τ * (−)  0.04242~12.75 0.00093~2.08  0.00176~0.15

Fig. 7. Validation of Channel Width

Fig. 8 Validation of Flow Depth

Fig. 9 Validation of Flow Velocity

Fig. 10. Validation of Channel Slope
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Fig. 11. Validation of Shields Parameter
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