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Velocity Profile and Reynolds Shear Stress in
Overflow Gabion Dam Crest

H. R. Sheibani and H. Bayyat

Engineering Department, Tehran Payam-e-noor University
Civil Engineering Department, Amirkair University

Abstract: 4 physical model of gabion overflow dams was studied to determine the velocity profile and Reynolds shear stress.
Physical tests were done under two different conditions of dam crest, overflow dams with impermeable and with permeable crests.
Instantaneous velocity components over dam crest were measured by an ADV (Acoustic Doppler Velocimeter) instrument. This
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instrument is capable of measuring instantaneous velocity components with frequencies up to 25 Hz. Average velocity
components and bed shear stress were extracted from ADV measurements. The results of this research show the effect of crest
permeability on velocity and Reynolds shear stress. The magnitude of Reynolds sheer stresses, horizontal velocity components,
and absolute value of vertical velocity components under the permeable scenario are bigger than those of the impermeable
scenario. Velocity distribution over the dam crest is different from the universal logarithmic profile.

Keywords: porous media — gabion dam — permeable bed — velocity profile — Reynolds shear stress — flood control — sediment — ADV

e s
Sl o s 3B (add 3 v ol laas A
Y S 3 S5 Ol 348 Sy Vg Zlas slaals Jad susles Dsq
sl b g o 5B gad] 5o v Jo ks g
NERRVREpry o JUS s O Ges h
LS G Al y P S kg
CS o3l alasly 55 s el 5 p g wﬁ L.;u[uj}ﬂ '
A e ug
Jsb e 3l mell oz e .
508 03 * S 53 3l gy o A u'vh
Silem 3515 v FRURIpCIe: oy
R P s Lo o (BB a3 u
S s L SRS Ty il gadd 5o ot Vb S e u*
Ay s 3l oIS 0L s = s pmaalltlas s [V] SIS dodde —

L e Jis s ullas gl 455 S odalin’ S (655
S e e 5 26 e sl Y (AT s
Gl ol cpl e S 38l S e 05 Ladls S5 il
53 o i AR 315 4 Ll il el o
G5 S el OIS0k 358 3525 s 4 26 e
)J.ajbcuch_w&bqs_}édb?al{ﬁmwgiﬁ
gl sk J555 Ol 5 Sl ey Sl g O S Sl 2
i O Rl S e 358y el Lame 0550 &
Sl ) Sl Il O S Sles @ s 358 51 AL
et Ol gy Sy Op5ee &S A 3 o dal 2l
03 5355 e 5yly Aoy CewsVL slad 31Ok ol sl

\Y’A? )j‘ij‘@":’ L\ g)la...:r LY? JLM LdM‘

ol yd o) Sy 4 Bdlas 45 Sins) 55 slaks

Al ol Sl (ol el lem b s L e sl
Sy LSy gy 3T Al 3 IS ke & L
Ao So s e ol baaal ol 5 Wb, s 53 OV
Sl ol jlam sy s asle S pus a b S g5
e Ll Ol 5 25 o sy 51 alil OF 0 e
ao S e e A 20 6 5l Bes Ol sV
oL o 38 KAl Sdils sy O35 55 e atilil Ol sy
J1s Ol 358 5 55 Al 28 iy sV sled
oo Ay pddsdh U w5l ey sl sal
St Ll U mla L b 3548 05,8
353l e s A (55 3l A8 0L Gl Ly et

\Y



=

=

i SR

\ R

(1 £ a5 =
S e =5 S

[¥] 81325 Sl sy 31 @31 O (o

I gy 5 S Oy (Ll

N g5 Ky oS S 3 0L bk il - ) S

35 S slinlasl 5s G ol Aol e 15
e wa S s S 03 Ol Gl L aS s S edalis
LSl e A R rl s g 0008l 5 S
31y mlime i LSE S 5 e ol e
Goios [O] o 5 sy 25 g iS55 35 e 5L S
JUK iS55 s s o5 55 sl 4 Coghans |y 55
S o GRS s Gl e olas a8 58
el 5 S b3l 0T aub 6l 5 sal sy
5 oS = o3Il SVslas 51 6 SIS L e a8
L sladslas Gises 53 cnl (ool Sllas plnil 51 o s

.JJJJSC\J.sL:M\ Sy B e 8

dh U2 ul?
vy =peh T - PUZ LUy Gh@pu —uy ™)
dx gh gh

Glaadse (55.55.8) S (g S i) oSy ST
ol sl (6 Sl e 53 slad s gladasd Cs
das e Olis oSGl el Ges )3 ool Cosds s &5
St Sl S OLS  Ce Sho S 3 e e
S 55 L Sos Sl das o € ) Ges s s
Sl 1y g ies eSS e EI5 o 53 Ol
il s UV S g b S oS s 0L 34k
o S e 2 o o ORIA Gl e
o Sl SIS s A5 bbbl OGI L
=05 S b s G [P] s 5 o el Dl
Gylaes 50358 JUKS (oS 3l (6,48 0L > sl s

VO

(V) IS8 a)bs s i 1o 0 0L 2 2555 oLl 4L
s e 0L ) Al sl SSlad 5b

S 5ol e L JWIS 55 0L [V sl 5 S
2 sl i A LT adllas 5550 1y il 5 Jodsine
Galo S gl o 80 my oS 3l 0L AT
35 b Le (JUK CiS gl s a ST by e ol
O G 75 5 255 2,8 JUIS iS5 55 Bz (g4l
2L 558 g 655 2 0L gl aS o/ lade 5l S
b i S L AU gl /YA ol (golie 4wl Gols
ol slgl g Ce =5 Sl s sl Sy oS
sl
IR P AL

U K

)+A )

s

)L'\—E"ﬁ):*”—’éj’) kst."/Y/\).f‘J..:)Q.A)lSQ) w;@ K
el YNl 0TS0 5 sles <ol A 5 Dyl O
&L)‘bw‘df‘f)‘éw‘c.uc%ﬁ SZ&:.:JGJJ
Cwddo C,J«jw (‘f—)j; é‘f L;:.w)b c»lb DSO éo)L,b‘ (aj...u
JUK (iS5 as Slas das o 0lis (V) asles ]
5S4 oo Lge iS5 w]sjf.x.p bos oyl sy 256
)Jdgbgjbwﬂ@)j}é&ejbjbdk@uji
odalin (¢4 .55 <=l>.;:\ S5 e Lsfiyf Ol iS5 slos sdoes
n).kwgd).k:_u)umg;)lﬁ'ﬁw):d:;
Aol oy o et )UK b5l e 55 8 S

J_ﬁwbw‘ob)ww‘)bﬁw@wb)bﬁfj

\Y’A? )j‘ij‘@":’ L\ g)la...:r LY? JLM LdM‘



IV Tt P PER AR COP RV SR AN L PRI RPEES R L

2l el ces Gl s T Tl et 5 J S U sl
asl o ) 00 spd oS pa b B L ey 55 5500 edge
Cr s 33 (GlodiS gj O e S o el |y JUIS o
oLl U w1y 35,5 b 5 ol 43 5 513 JUIS 5 Leas
S S0l 2 a ey 51 5 5 p 5k 51 ny S
3 AS e Sgs 1 0L Ale ) lae sl
0L 2 Ll o 55 4 S 03Il gl aggeadla OL
5L U @ gy b 55 s S O 50 o 5l 2 &
Sladesd slaad 3o (5638l ol Kaun Javs 5 1355 oo 0 kils S
s g 31 Bl SBT3 g S 051k s
slaadlse 5353 e i SLluailedss 55l 4
OLSal iy o o atedin b5 s e (sl tand
s o) Lk ioa YO L Ll 5 L s e s,
aw 53OS CubB Gasnsl oK 01U Gyl el
Il 35 o o ge 1) JUE Ges 5 20 (Jsb g
o sl Bl Jil Lajg e oslrs 3 Ce e S
ol Bl 305 3y eylsa b S She s Sl sl =
Sl oslizal slezaly) 555 o Olse edes B il JBlas absls
Sl S S3an @V [V (Veoo SOy 08,0 55 452 o]
Lol cdy e U ks a4l o

\YAP _;ﬁj@.‘ir ) ;_;Lwiv AVd de cdﬁim‘

) 3ER S gt slaasl b e 5o L@l Llazals
s S oslgld S 6l

u—ug =any+52

U K 0z

+
0y oz

Y (lL
4dus K oz

)? ()
6‘5J)'|L5J'l—<6l—€$liﬁu-<1jj)4—:-“ha|j—i¢—w)ﬁ);
ol 3 ARELGT Dllhs b8 o idos g
LS)JJ—{W*—*JUG"Jﬁ St Jo el u;cﬂy
sdalie S 6)5 dn g 3 I8 0L Saisl Lyl 3

dal.f.‘ﬁ.ll.oﬂ Ol g = ¥
¥V dyb 50Y oo Xe slil L S (S5 A
Grestlw Vo x Vo x YV S0 a slaates & sa etle
slad a8 e Glaaein Lol IS Gl 5 5
S 3,8 rllas b Cledd wtle zegle off x o/F
Jslae () s 5 paddia VA Ll (dsg) dawsie s L
il 1 iy sl Jas (1) ISKe ileds o/ YT
Gos el OF (50 b LT ol s iy s s
SHJLE oS culsds oslajl 3 e 7 Jsb 5 zaile VO

).) ‘5‘4_?5_:).3 )‘;&-w‘ C,.-w‘ 4..;..:..::)‘ QT 5)‘-—‘\;‘) ;Yj.e w}-

\&



ﬁi@bS}dCqubW}ﬁ:\ggsﬁcuﬁWJﬁ —“Jﬁ

Aas e 0L Iy polde (O)Ji,:‘.usda o

Ny g sl - F
e S AL mslee 655 2 Ol Gln S s
V) dslrs pollas oz, TSRS PPRWES P
A 5K lenl polie 4Bl anw s Ol Gl LS8 S

M0/0)°/Y\ ).3‘].36.,:3';4.9

Ut =Lyt +a W)
K
ut="L vt =Y
Usx ’ A%
) u
1=— Y+ nu. +uA =—=In2 +B )
K Vv K K Vv

BE A‘} U*J..:_QL_LO c(?) J&.ﬂ c% J—"‘J" BE GJQKJ._..:_LA)T

Lpd o gl ) S e L s Al

K= °/f\

— = V/YVO o= Tb =pux = o /AN 1N
K ) In2
ux = Y/AA M

S

B=""Ln us +usA = FE/YVF

V-V R VAV
K o

\V

o3l byl ol Plus ol a il esls e
Al Bl ol G ol 55 el plonil sletale]

Db S A gl e 51 el /O

bl 7 2 - ¥
Sl s sl 31 el VoAbl & JilesT alais
= el o a3 Sl s Ly Sy S e (5,831
Oles el sdis Clsal 4l s I YAN0 1l 0L >
Foo Voo Ll Calisee Slads a4 labesd Cs (680510
5ol olsml 4B FYeo S ¥Foo TVeo JAoo Qoo
G b Qoo 51 2y slgley Obsl b el ol el
35 g 03l Lo it (gl 0l ol Jasze olie s
SS el ey gl m B8 0l Olge s Oley cpl eopl ol
Ao il Sl g s Ledolesl ol s glabasd Co e
O b 28,8 o iy 358 gULd s pdili3s8 2L L
pobae dbols Gla e 6oy 1h Ly ZU 55 Ol 358 U
(U 3 5 (S G55 Ay s () S5 55 8
ol onls iles cidiies el 5 5 O SSlaci jgas
ol = 5 (s =Sesll sjj»éafu): oL > Cujjl.g;“A
Jds s e 55158 el £/40 ps5 Sl 3 s AP0
o bl (gl slge ) AT pls bl

\YAP )ﬁj@.j ) ;)L«.«iv AVd JLA gd)&.&.&A



b CewdVb anol sles

- : :. /
oSN
AL e S
ATt ag
AR ITDELT
)

30 cm

SO e V%S
S O P
it

S ISR ED

Tl 69y ndildeds axio

iy SVl ail sl

s

30 cm

Y

SeqSEeT Y
e ia meaee.
PRSI

ORSSSYENSS:
O ORI
e e s w P NTw s

= 2OV -of' < < -
AR G A T RO

(P
"QV.{ 3’“”
O AP
] s ¥ <
AU A
S e e
VR8s A SYAG SO S TaTe:
eacneitiaiee
ORI ) ORI IS s
R A M P

4!4 898,

<« 52cm

20358 70 Ly O ol 5 pdsld el ZU L Ay Jsb ahads Loy pdsd i zU by Jsb ahade Y i i giSS - F S

\Y’A? )ﬁj@":’ 1.\ ;)Lo...:r LY? JLN Ld%‘



\4

A
4 _ A
A
3 _
y A
(em) 5 |
A
1 A A
0 T T T
70 80 90 100 110
u
S
5
4 oy A
° A
[
Y 3]
(cm) .. A
2 -
A
1 A
0 T T T T T T
8 6 4 20 2 4 8
v &5
N
5
A
4 . ° ®
A °
[ ]
v . :
(em) 27 N
14 N
O T T
0 5 10 15
— u,v’ sz
® AL gy 2 0L C)

A pdlog gl by g, 2 0

X g s 2 5N B PN 5 g S 5350 5 A1 laadl e — 0 IS

\Y’A? )j‘ij‘@":’ L\ g)la...:r LY? JLM LdM‘



90

’,'/’A‘A
A
s
u 80+
cm .
70 f
10 100 1000
S
cm
40
30 + a
A A
A -
Ut 201 e
10 7
7
7
//
0F - - ‘ S
1 10 100 1000 10000
+
Y

Tl ey O gl e, s

A ay pdlse 20 59, 5 0L S

e s 55 b b 05 2 ARELT Glge e polis anlie -V IS

I &;,g,qﬁtwwyfﬂ)@@,:p%w
Slg Seslasl .ol =08 o=l 3 Sl sed (1) adalee
Ll 3 iy o psboles (A3 Slides o AR
368 0L sl S O ot 4S Wlesls LIS A
AR INCIIEY) § I VR PRSI NPV S N EE IR AP P
S35 = s oS dslan 53 3 5 5 Y e slas
P e e A U 5 K e L

)@‘obﬁ\%&\}é‘dwquw‘pﬂw

\Y’A? )j‘ij‘@":’ L\ g)la...:r LY? JLM LdM‘

£y PRy =05 b AT Gl anglia b
CUbJ_qhgj)ﬁc,&J_wﬁal_quS;y& OJ%.) cC,\.GJ.w
LS o ) ox s s 4l ) gt ealie p L34
ol osls (ALl (V) o s aelie ) a0 sy
]
ey 358 20wl b (655 0L Ll s L
L a5 oS Llesls OLLS 8 Oldlas oS 555 e 0oL



4 A “e®
e,
‘.

3 -
Yy
(em 2

1 -

0 T T T

0 5 10 15 20

— 1! C’Vﬂz
uvy )

N

2358 U e b g d 55 S g b O @IS s A JSS

SN S5 Ly b Sl s 4 0L bk 4S A e
agd ol Jol Sl s syl Jlesl s g e Lol 2Tl o
sl Ko L g blbd 4 jten 53 S 01 i
S 55 5abl agd Gl @by Gl AL s (605 RIS
s Jaows 0555 51 6048 0L 2 i 03 [V LS
sl ol 5 AT laasl, S8 G K o5 A
Md))ﬂﬁfﬁ)‘m‘;d)))}b")}}L‘*s
WQLFJJ&ACM‘MNCJQ)JJ‘J}.\J&Aoijj.ﬂ
sl o ol o B SIS el A LT Ll 5 ansiles
’J—SQJHJ‘—QC[—?C}JJJ‘LSMJ"G’)J&“M
Seay S s s 5 ledS e i O Sl

D, e S8 3 pde

23sE b S L g Ay gy S i - O
Gl Byl (S o5t gb S 3 0L 356
o=l e (sl 55T e 3 g e Ol e L Sl
=P b AT sl e o Glamlis (i Ll 2

Y

Jos AU A b 2U Ll it 6l &S o S a OlS
S92 o Sl ZU gy 358 L Ll s gl s S
3] G |y S

Soo 35 adlae 55 [0] (x5 ser 5 dA] s 5 S
e B8 coos s glhae (g5, 5l 008 0L
b bl 6 s, sy 5 5 e | e o
= o ol e (Ges 3 s, S NS slie
i e ole Bl e 5 L35S 3550 0 58 S5
Ol A3 8 (et 553 1y b s e 53 5 S (S5,
BUE 5l osliied b o sy ol caslin 45 2615 6 5L31 Oliioes
o=l 03 35 g0 AKELST Sl 3,8 Sy e 4 Snp
L Jsdsiie bose 4 SKon 5 ol s il Ll (5 G
ol udls p LG o 5 5 5l srla 5y cnl 5l eSS el
SHA) S8 s s eslinal oLy gl e 40 o5
ol ols A5l (e e oSG dhal a1y T skes
Sos = i S s S, B R e ol
e e e |y S
—uvp =-uvy=g =)V/¥o om®

52

T =—p uv = \NVF N
m2

Ue = | =¥y em
P s

\Y’A? )j‘ij‘@":’ L\ g)la...:r LY? JLM LdM‘



28 8 =033D,,"
0z = Dy, .
&=2D, A
26 A S - =
] L4 V3 XK o= =
LA N x&*aﬁ&-" ——_ﬁﬁﬁ 0z =3Dy, *
U & =3.25D,, X
24 & =4D;,
&=5D,,
5 =5.58D,, @
22 T T T T _
0.25 0.75 1.25 1.75 2.25 2.75 % =6Dy, +
+ 0z
In(2%)
k

s

Q}u:.o 6\.&6Z 6‘)‘4"}1'1'.’-3}4“\“’Cu I p S e.\.ﬁﬁybjﬁéwdm -9 JS..I-

sMh}ud})ﬁ‘;@:ﬁ)@ sl.ﬁ,w c_}_,: AJALQB)AA K ‘5\.«:..0\:ﬁ.>u~6 -\ d‘gu\’.
DSO:\//\ cm ikt 6\.&8Z 6‘3‘4{

6z K A
+/¥* Ds °/AA Y ¥/AA
D50 s/VY Y¥/YV
Y D5 /00 YY/Ye
¥Ds o/ ¥¥ YY/0)
Y‘/YODSO °/\c\ Y\/V"
¥Dsq o /Y7 Yo/VY
ODSO °/Y‘° \Q/r\c
O/OADSO °/Y/\ YA/ON
#Ds5 o/YV VW/AQ

Py lar s JSBskie L o a8l slaadl jo &S ol (5520
Slaadlze pl 5 ds o golant] s iy Jidse 4 00
3yl sy oy slael b gyl 31l S5y Gee oled > B
Jliie Bz ﬂ‘wcbdb_ﬁwbafbbéﬁélﬂé
1 dlen sl sy 550 Gl 3 Olies ol 4l 51 (5 2

y +0z

22 In( ) e ogliie sladz gl an Jb-aa 5 ls

S
Mﬂé)j AJJL.\A)J L@;Uﬁbuﬂcg)])‘)o.k&mm; U+)"‘J"
alie (1) Ul 5 Lgaomin () S .l skl s (1)

,~|)_i,~6u,w,gLwoiﬁ,é\ﬂ.mvomb@u

\Y’A? )j‘ij‘@":’ 1.\ g)la...:r 1.\‘9 JLM LdM‘

S3 2 Ol S w55 L 5 5 (V) dolae o o &l

ut :ilnkl+8.5 @)

K s

y+

FO) 1y U e () s e

S

V_M') In (
(25 il Jat S T e sty oS i ailin 5255
o2 3 Sl s el e 5 S e A3
L Bldal gl o 1) adsles ol oo Ol 5 o ool sty Jast e

s S (S55 ds 0303 5 855 2 Obr 35 Jeol sl

Yy



30

* X
”] . * o0 ©
U+ 20
sl e
10 ‘ |
1.25 1.50 1.75 2.00 2025

+

X k=041 y 52)

[ J x=0.28 ks

Josl S my

das o Cands [¥] Joasl (b o Walas amsl b p&le3T 0s VLS Glgms p dmslie — Vo K3

[T s Jodse s 655 2 0L~

L Aol ons VL5 les o o (5,503 sl
ot g G Ol e S s el
555 s (4) Walen S oslinal ool od plol 1S e
Sl s 48 555 n sy el 0 03,51 (V) Sy
Lo S adsles 45 lge o 55 5 AT sl Vb 5
Sl 93 L e Bl () O A YT Lot
Sz 3 w555 et sles oS il (sl
S b Jbie e 53 Ol 558 U nl s das e
s e LS Jases (8 5l 6008 0L > s iolis

odal Cowdas gl 5lie aS Sed e She Col o
Gt (S 5 058 bl 5 ol (V) Jadr s
i sl Ll Olse & T 51 0l el 5 Sl 5>
0 g g2y S (S0 5 Ay Jidste lame (555 5 D
0355 ;1 5590 50 Ol cpl asdllae cpl 53 Sl as 5 S 5L
5 35 s Gl anslie Bdas Gdos Dl ol
Aoy U e Sl (S s Ll s 55 s 155
Tl dens Ll (Sl en g ki) e (S 605
C N5 5 5503 54 CUCE.NJJ O 352 Ol &8

Yy

Al slan s (S5 Slasiie 5 Gl

=¥\ M  Dsg=)VAcm . ki=)VAcm
S

Lie S5 S JBs g oS B e DL () e
0 el Slay sy S ESG Bd w8 S Ay e
e o /E s 1 K ke S22 /10D, slsl & dols
82=0/0ADy, &3l am 5 das o Cdas | O =l sl
ST Jessl (L sS aS (ooldie om0 /YA il K Sl
(Vo) JSi s o ool s sl sy 355 sletules]
slak b alisloslsad 5Vl 5 glgme oo 4l
OLS Y] Josl 8 s s 0 S |y S IG5
Ao e G 0505 L3 0L (STssdes kol 5 e e
2ol Sdods Ll o Lol ol 5 S o8
sl S5 3 edes e J S iey L UK
S ol olge v s AT s Vb S sl
S 8l glaadd go LS e s A Gies 93 pl slas
L L o o (S (5,5 iy Jodsine 6 53 0L~
029530 Ay 51 A8 5,5 b s sk 5o Ol s e
35 b S S e S g el

\Y’A? )j‘ij‘@":’ L\ g)la...:r LY? JLM LdM‘



30

o o oo o0
20 +
u | = Em =

o+ [ .
0

1

pa

° P CEA P RCPW kx_

= Josk B S g sl s
T g s 2 W s

25 g 5 2 o2 @55 b AEELST lge 4l - WY IS

e i A3 S Sy 2 O s e B A5
el 3585 Oy Ll Lo o e Bl add g ) e

5 g s hlasl s, se slade gl 0L (3B adlse -
Cie polde (r S mhaw 53 3580 59205 Ok Ll 20 6
Sl &S b s aas o jolastiset w |y S5 s Jo
s @S Al go 358 Ay U6 g, Sl S Ok
esyls 1y (g i (Glas 5 08) (S5 L s e rlis

Sl 5 o 3 O (LIS Wi el 5 s -
i Sl S sy k) s Sl alake
ol 358 pde Lyl b ot Lol S

Syt oo (S o500 2l » e Jds -
S0 = Ok 03 S s par ol (i 5SS
Lo S lei o3l Opaven B i o doie zu
S Ll b Sl i pl 5 el Sl (YT Lot
O 635 Ol 538 Tl 3 b iy Jodsss 6y 3 0L >
2 A s SR A Gl e e ke S
D @ly Jodoie glelaces 5 ol b anylie

Ol 03 Cs e a5 bl ool sl -
A8 0L o sl B o ol (sl s (695

S o Bles Snu 5 A S

\Y’A? )j‘ij‘@":’ L\ g)la...:r LY? JLM LdM‘

S gl a0 2 b i 0308 L &S Jsenel Ll 2
) eS0T e a4y e rlaw OF 1 4 0L 354
Sl Ll 53 Olsm 4l (Gl S o oS 4yl
Pl o Sl Soiss 5 A gl gl 03 0L 358
S3leiny Ll S ol BT 5 sl o 2 a0
Je gl sy 655 2 Ol 03 Co s 5 dolee Sl

S gad Geo Ly (535 51 6508 Ol sl sk o

S S aomS — F
o Ao Jhs (G slealesl Sl adel sy ol

ol o313 s by 3 3500 T 505 2 i 3 S

SR P I IS SN T T SIS R T P
Olis Al laze e sl Lol ol oz I8
Shedal Cwsa slie 51 i 3l slge e 45 Wilosls
SO e o8 w55

i s ik gL s e miS -
T Sl p e n oS s 5 L sline
S a3 3l el Vb slge el AL 58
ol o8 w5l S 0 1) sl e Sl

(S S5 M S 3OSy 23 508 5 alie Lyl 3 s -

YY



Yo

ADYV (Acoustic Doppler Velocimeter) 2.

Kells, J. A. “Spatially Varied Flow over Rock Fill
Embankments,” Can. J. Civ. Eng. Vol. 20, pp. 820-
827

Sheibani, H.R. “Hydraulic Analysis Modeling of
Gabion Dam With Sealed Upstream Face,” Ph. D.
Thesis, Amir-Kabir University , Tehran ,Iran, 2004.
Gupta, A. D. and Paudyal, N. G., “Flow over Gravel
Bed,” J. Irr. Drain. Eng., ASCE, Vol. 111, No. 4,
pp. 299-318, 1985.

Maclean, A. G., “Open Channel Velocity Profiles
over a Zone of Rapid Infiltration,” J. Hyd. Res.,
Vol. 29, No. 1, pp. 15-27, 1991.

no slip condition 3.

ML; oj‘j

sampling volume

&

. Chiew, Y.M., and Chen, X., “Bed Shear Stress in

Open Channel Flow with Bed Suction,” XXIX TAHR
Congress Proceedings, Beijing, China, 2001.

. Chen, X., and Chiew, Y.M., “Velocity Distribution

of Turbulent Open Channel Flow with Bed Suction,”
J. Hyd. Eng., Vol. 130, No. 2, pp. 140-148, 2004.

. Nortek As (2000), Nortek 10 MHz Velocimeter —

Operational Manual, Nortek As Company.

. Cheng, N.S.,7and Chiew Y. M., “Turbulent Open

Channel Flow with Upward Seepage”, J. Hyd. Res.,
Vol. 36, No. 3, pp. 415-431, 1998.

\Y’A? )j‘ij‘@":’ L\ g)la...:r LY? JLM LdM‘



