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1- Simulation of Sediment Movements In Water Intakes With Multiblock Option
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1- Computational Fluid Dynamics
2- Navier-Stokes
3- Live bed
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1- Finite Volume
2- Power-Law scheme
3- Second Order Upwind
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1- Free surface
2- Fixed- lid

Archive of SID

www.SID.ir

www.SID.ir


j-: 1jI ~ .....s ..:.-..:.b ~ y ..L.; ~ .J....:.~~ 01r>1} ..L.; ~ ,~ ~ } ~ u .J.)-P•.•..s ~\
• ...\;;;....ob vL.:>. .J~ ';L..j ,l5' •.•.~ L.",~.J~I

~.; j-:I ~ J e ..L..!. JL.s-I ,-:-,1 ~ lSuJ.,L lSl..r.lS~~ c.¢~~ I..\:.:I...rJ.J cr-I.J~

..:.......p,-.J~ u,,-:'J C'-jy ~ ,-:-"L:.:.. 0\ 01)-::--oS ~y. ..w..ly> c.¢~~ lSl)~;;' ';..:r-:.~ lSL.",J.,L

~U)..L.io .)~ ,-:-,\~ •.•.lS~~ ~.J~ L.",J.,L .jI...t.;1~ OSlS.J}>•.•.~~c5" lS~~

J~L......j>- lS~..r. SSIIM <->"",Lo.JJ...t....J~ '-:-'J-".J <$.~"-:-,,t.-. vU :'-:-'J-".J .r.~l> u'J~L....

l; ,-:-,1 ~..:r-:.....L....ou.J~ '-:-'J-".J..::...kli- 1..\:.:1..:.Jl>cr-I.J~ .~~c5" }.,:. .....I ''-:-'J-''.J ~ -Jl.i:;1

~ .J~ L.",...;b.h.....p )a.i jI ..r...~u.J.)-P •.•.'J~ l:.:--~ jI.; .~~~c5" "-:-,,t.-. l:.:--~

cr-1..I0J ~I.J jl }~Ii'; cr-I .J~ J .~ ~~ ..r'.r=>- cr-I .J~ ~ .k:IJ.J .s ~rc5" ci.J

.~~~c5"~ Jh....J~ J ~.J~ tf J~ ~;;, '-:-'J-".J ~ ·~rc5" .~lA.::....1'I'D •• J~L......~

0, ~I.J jI '-:-'J-".J ..::...kli- "-:-,,t.-. L '-:-'J-".J Jl.i:;1- ~ u 'J~L.......s:..s •...01yc5" I.JJh... .J~

k- E .u~L......jl .....s ..L..!.~ c5" ~ '--;-!.~ r, J ul.J~ .by4..- ~ .r: W ,~I.J cr-I .J~ .~.?~

...l:\ o" ...::........-,;~)_~l::......1

(0, )

r =.!:'l:..
T Sc

~);;, VT ·~rc5" ci.J ~.J~ \ ~}~ u.J.)-P~ J .~y. ~I~..ks:- SC ,\. ~I.J.J~

....::........1.~ .~b~ y 0 ~I.J .J~ .s ~~c5" lSI•.•.b.J

.~ "';1) ~ ~~ j .J~ '-:-'J-".J ..::...kli- ~ ~ (\ o,AY) JL....J~cr-I.J0u .h.....y \ \ ~I.J

.(r··Y .:rJJI) ~rc5" .~lA.::....10\ jI SSIIM <->"",Lo.JJ_lo.J~.s

(\\ )

1- Convection-diffusion

Archive of SID

www.SID.ir

www.SID.ir


~.r. ~ 't c '~ ~.r. ~ r ,I.:.:--~ jI; a \f.Y'.J d.J~ .k.....P ..,w d ,Jy! .J:.;I.J.J)

U ''7'' Y'.J ) '7"1 J~ ps ) pw ,j~ il)'l:) ~ ~ Y~ (J!Y'.J d.J~ <.f.. ~~ -SIr. ~ .}IT'-!

r.j .J:.;I.JjI ~ J~ ,,-:---,b...~ SSIIM ~l:.J J..l.o...:........1Y; '7"~ g ) '7"1 ~~ ~)

:-l: L..;if d ..•.::...,I

D U /p, -P.)g
50

P.

cn)

~ ) ~I) .Jyk:...~ :~T ~ ,-,jL...~ )~ .~l4:.....1 ~).Y' 1.S"'~L.jI ,-,\..G.d~

~I .~L..) .J~ oS cr .. £.) jl.JK....".) ~ ~~L..) ~l:;; jI ~l:.J JoM ~l:;; ~

JL;l5 .J) \..G.J.:L..) .-l:))' .)LA.::......I,o..l.ol..:........)~jly,.1.; .;. otS::...:..;\) ~).J~ -SJ)W 0~

'7"1 jl:.r. .h.,1r=-J) ?.).:.- ./V\ ..,w ~ ...::....>I~ ~ cJL.a.. ~ ? \ d:>.r- ~)? n J}o~

..:...........j :?.r' .J) ?~L... \ • ..,w ~ ) <.J"")\) ~ ~ jI -S1";1~1 "-!~ ~ .J...:,i~1 -.jL..o

~ ~.J)))).s...s ~ ~ "-!~ -.j1J.1 .i----'. ~ j:.9).r, ~L..j 01~ ) oJ...:,d) }} JL;l5 .}l::--

...:........1oJ...:,"'::""":'b.r.,...(.;loJ...:,...:..;.115'.Jl5 "-!~ J>b .J) oS ?.).:.- 'I' ..rJ ..,w
,..:........1~b~ jl:.r. .h.,1r=-~ -s1";1~1 "-!~ Jy> ~I -SjL...~ ,-.j..u. oS ~I jI

~ i )looGjL.. j ~ ~ Y ~ .-l:))' 0)LA.::......1,J...:,~if '~L.S:.l; 0 .JY"'~ oS \ J5:..:. -S \..G.-.jI)' ).J~ jl

~L.S:.l; -.jl)' ).J~ -S).J jI ~L... ~ .r" .J) (J!) -Sjr .h.,1r=-,\..G.-.jl),).J~ Lr.-I.J) jl:.r. ~L....

..:........)j:::~ '7"1 jl; ,~~L..) -S\..G.d) jI 0)LA.::......I ~ ) (J!) .r" LSljI ~ ~ ...:........1ooMl ..:........)~

~ ,jl:.r. .}L.S:.l;-SlA-.jl)' ).J~ jI il..l5 .r" .J) ..::.Jl;..Lr.-I.J) .oM! ..:........)~ ~L.... \ ojL.r".J)

s (J!) -Sjr .h.,1r=-,~L... ~ -slAi\) Lr.-IjI il..l5 .r" J}o.J) oS ))) )y>:") ~L.... ~ .}L..j i\)

.r".J) ..:........)j:::~ '7"1 jI; ) .f.) k:lr=- oS ..:........I.?~~ ij'1 .)y, ..u.ly:. ~I.; ..:........)j:::~ '7"1 jI;

.J...:,~rSl;.. J'1j '7"1 .h.,1r=-I.; oJ...:,~ -Sl";..,t ~ 'i\)

j:::~ '7"1 ~ jI; ) (J!) )...li. \..G.-.jI)').J~ it.....; -Sl.r. J)I ~L.... .J) oSLr.-1~ ~ Y L ~

J)I ~L.., J) iyl9 ..::.......)j:::~ '7"1 jI; ) (J!) -Sjr .h.,1r=-Lr.-I.r.~ ,C\ J5:..:.) ..:........1j~ ..:........)

1- Stepwise

Archive of SID

www.SID.ir

www.SID.ir


LSI~I) ~ LSULSrd LSr.?.JIS4.J. 4 ~) .J..J..~.J ,-;-",L>..::;I~~.J J..L. 0~.? o.;J1S ~

...c..:.o.;J1S LSI~\'; 0 .jL..j LS~i~ ) ,-;--"l:...LS..r.j~ ~ J..l.o .J..l.o

u01 "':';)W; ) J:..........Jif ~ <f.~4.J. ('.r" ...:..,s.L...J~ '7' ) '-;-"',~I LS~-..JI.J).J~ , ~.J~

.J~ ~ "---:lL.o.J~ ~ ~~)..l...i. :r...rS LSI)~ '7' -..JI.J).J~ ...::.......-1~ <f.~)...lL. .J~ Jill

.jL..j ~ LS~('~ .J~ <f.~ ...:.;I~ .J:,).J ~-..JI.J).J~ ~~ 4.J. ~) o~y' ~~ -..J1.J..u~
~01 ...:.;)\.4; ) o~ y. .j~ ~ <f.~LSI)~ C) ...:.;,~I LSL,..-..JI.J).J~ ·..c..:.~if ~')\... s ~.J.J:,

.J~ j-!.I ...::.-.....-1:d -..JI.J).J~ ~ ~I ...JI.J).J~).J :r..1 jI·..c..:.4if ~ <f.~ 4.J. 0..l:---.J 0L..j .J~

·..c..:.4if ~')\... ~I.J).J~ '7' ....j1.J).J~.s..::.......-1Jl>

./IT

.."
./1

." .,.,.,
:;:

i 'f'~

~
·f·f

1./.,

' •. T T•. ' f~ ,.., , ..v ...,
(~l...l';'l.j

'/"

'/1

""l

:;: ·/'A

i ,{.t;

'I ,,·f1
-/-y

'/1 ~ ..............................................................•..........••

""l
1:,'/''''

t-...•./.,
1:

-j.y

,/1,.

./1

} ·f·A.J,

1. -,·f 4·· .. ··.... ~~ .... ·..
...; -r-e
1: ./.,.

r_f f~ 0-1' Y-V

(~L..).;Jl.j

r-f f~ {)-f' 'i'-V

h;....:L..)<.JLooj

l-\'" r_f 'f--b b-f f-V

(~)vL.j

Archive of SID

www.SID.ir

www.SID.ir


'~l:J J ..•.• LSIr.-1 jI ~ b .r ~.JI :j; "-!~ JI.;k1 J:> '-:".J-'J .J .:.>4? ':'>I~ (.$jL...~

.J 0l:r.- 01~ r. rSl>- ~I~.) 0'hlA.. .s ..::.......1~lAJyL. '" ~ .)J.)" ~L; LS~~

':'Y,f 0~L; (LS~~) LS~';" ,~I.} ,f..I.J.:.,:..J cP- lA01LSIr. ~~ '-:"'.J-'J

SSIIM ~l:J J ..•.•LSIr. LS.))J) oL..JU.I LSjL....o.)L..1~1.} c:.r...}r. 0L..j ~L. ~ ~L....

0L..j":;---lS" ~ ..A.A>:',f}} ~t; ~ IJ 0~l>.... 0L..j.J ~I~ ,0~l>....~.) .s ..t.=.~,f

'" .s .G~I~ •..•L;r. ~ .k....y o..t.=...:.>L....~ ,01 ~:. ~I~I Jl>- .:.r.? J').J 0~l>.... ~ )

J; "-! ~ '" 0..t.=.~:. j ~c::.JJ->", ) b .r .•.......J:' ..::.......1o..t.=.~ QBASIC 0~j '" .:.r.Al;.~)

rs ~cr+: .J ?..;:;L.... 0 x\ lAJyL. ojlJ.:.,1,"-!~ jI .}J.J:' j...<>1"';J:' .sLSJ}o'" ,..::.......1o..t.=.;r..J

?..;:;L \x\ LSI.GI..,:.-..I"-!4 -..J1.;k1J:' ~l:-- ? i J') ~~ J:' .J ?..;:;L '(/0 x \ .J...-,li 0..t.=.

jI ~ J:' ...,...L:L-0.J~.J ~L.....:. 0Jr""'" IJ ~ (.r.'uJ-> 0..t.=..};r..J '( ~ ...::.......1•..t.=.~

. .A.A>.),f 0L..:...;JL;lS"

VAl 'i..,.u •..t.=.ci.J ~ J') J}o '" ~ y ~) J}O ~ J:' 0~ J:' • ..t.=.dA.::......1e-lA.. :.I..uc

,,(.,I, " J.)~.b)=:-ti:jy~u~J.)~I",*y~ ..)y.)~\.\ '~.r-~J.).J

:.~ of. \ ••• J..\..oLS...IA:••.......~ J') lAJyL. JS" .)I..uc ,.:'y 0l:r.- J."-" -W>J:' \ •• ) V· ,0' ,i,

~:. j J:' ~ .b)=:- ti:jy i..,.u U5 J:' ~ .r" 01~ 0.)y ...,...L> '" ~ y ~ ...::.......10:'y

~ ~ '" .J 'l~ J') •..t.=.~y ~ jl •.)lL:....1l: ..::.....1•..t.=.ci.J ~ J:' .}.:.? ~

4GB ~ l: RAM ..wl>-.J Pentium(R) Dual-Core 2.50 GHz ;:';'jb.x '" ~ .}~lS"

J~ '" j)J .G~ V ').J..l> lAi~ jl il~ -"" LSjr .h.:lr=- ~ ~1 ~L..j ~y LSjL ~

ij'l ,'>";.)y ~L ~ i~ ...::....U> LSI):. lA-..JI.J.JJ~ jI il~ -"" .s ..::.......1Jl>- J') ..:,:1.~~I,f

...,...U r. .jlJ.:.,1,f. ..rt: ) •..t.=..:.lL:....I J..\..o0..r.---1y:::llS"LSIr. .;.. ~ LSlA.jlJ.:.,1jI as .::.....1.?~'"

...lo1.::......)'" 0~l>.... i~1 0L..j ) ~.)

Archive of SID

www.SID.ir

www.SID.ir


Om r;Om \/Om

~I~ ~4?..5....s~ ~b.r.f' ~4?~ ~ ~~...J1."k1~.J'" ~, 4A..Ny ",jl...~

~~ LSj)", .1.:1.,...:.,-.:;......,1.~ d~ .:>L.:..;\ j>:.;,.J~ .s ...;}'.:>w :SSIIM ..,...,4) J..l.o jl .~L.i:;,...,14
.J~ ) .~ ~ rSl...;... ~l... ~ LS1.r..k.O L...c.JI}').J~ LSL...

i
l5'jI il..tS" /' .J~ -.:;......,~.:.r.o L, ~T jl; )

~ y ~T LSjl...~.J~ rSl.:- .,t;).J)) <f-I jI '~~0"" U)l.4.:.. LSj)", .1.:1""':'<f-I .h.: ~L...

':>~r. )~.,.......;jI ~L. ~ ,-:--",L:... LSL...~ jI .~L.i:;,...,1,c.JI}' ..u~ .Jl5'.,t;L...d- LSL....:>l:r.~

....s -.:;......,1~ LSL.....r).J Jwl ~ .}K\; c.J1}').J~ LSL...il5'~ ",L.:... LSj)", .1.:1.,...:..J~ .Jl5'.,t;L..

.r..j ~ ..r).J ..:r-I.J~ ~~.:>~ "----! .-.:..-.I.J.....J..~}' ~~ ('1'•• 0 .:>1).5:..•..•••) ~.h.....y

•.s-A.J JJ.....,o.) ~r0"" ~ '~40"" .?\; ~~ c.JT" il..tS" /' .s ~ LS~I..u; '" c.J1}' .).J~

~L:;) ~~~lF'" I~I c.J1}'.).J~ .:>L..j U.A. 4 .r.1.r. .:>L..j u..l.o LSI.r.L...~~ <f-I jI il..tS" /' LSI.r.

.~r0""~I~.r. ~T ~ ;51...l> .}L..j

~, ~ ~lh.. ~\; LSL...~~ 4 ~ .)~ '" c.J1}'.).J~ LS~ ....,.:.L;..s .J..;S ./';

.~r0"" 1r.1 Q2)Q, LSL...~~ LSI.r.~4..J J.A. ,~T ~ j:S'1...l>)..li. -:rA LS1.r..~r

Archive of SID

www.SID.ir

www.SID.ir


•..

jI Q2 J QI <..>!~ ~I.r-.J~ ~Y' ~T o~ ~y )~~ ~.;"->. C2J C1 ,t js::...:..J~

~L.. 1.5~1.J~ ~\ ~ I~I ~L..j ~ .rJ.J.J~ ...L.:.~d' en js::...:. ~Kl; -..j1}'J.J~

~ ~';;b ,jL..j ...l.t.;il5' .J~ ...::..-..1SI ~ .r.1.r. .s ~~}'d' ~ CI )~ ~ I.5J.JB .J:u; .J~ II

0Jl...4; .-:..-...1 o...L..!.o~b ,jL.:.; t; ~ .s ~Yd'~ C ...hi; .J~ C2 )~~ I.5J.J.r. SI ~\

~';;L.::..1.5u.,jL..j iL....; ~)..L..i. ~I J o...L..!.~ t ~ .J~ ~t ~ I; J II .:.r.:; ~L..j

~I '~~~d' ..jL;I,j\ jI...l.t.; .k~ J C ...hi;.J~ C2 .Jb~ I.5J.J.r. o..L.:.l.5.;:!ojl...t;II.5L",~\

C2 )~~ I.5J.JD .......hi;~';;b ,jL..j ..:r..1.r.l:.;'~~d' <\AI~It2 ~L.. 1.5~1 "->. ,j...l:---.J\.; ...l:..:1';

.~y. ..tA1",>S2 .r.1.r. ~T ~ J 12 ,jl....A~t L ,j..L.:. ~ jI ~

~I .sv....;..s- .sJJ.r. ';l..oj ~ ..rJJ JL.s-1 .~ -!. Js:..!.
·.......,4J J..I.o ..5...S ~ .~ .s~.jl..ljl

Archive of SID

www.SID.ir

www.SID.ir


oW .,t;lo';"'; JL::-- ..::......-1.)..:...............,~t oj I.,t;I ...,CD ......b.;i.5).) .r. ~I) .bli; iL..; ~Ir. ~I ~

i.5L.>.......b.;,-;-,[>,,:;1..., .r.-:.... o~L.. ,f).) ~I ...::......-1ci~ JlA:.;\ B .J..A:; ~ yo ..., C .J..A:; oS i.5).,,1

)L{.,t;L..d- .)~r.~Ir. )~ ~T ....••.•...Y i.5jL....~ ))2:....., C
2

) C
I

i.5L.>.)~""";jI CD ) AB

~ ~L.j L; x.:T.; ~I ...::......-10';"'; o~b ~L..; (0) ~)~ ,f).) ~I jI d ..i:. 1~.';"'; ..u.ly:-

;-; ~ .....b-,;A )~"....; i.5)) .r. I.) .....b-,;A .T' )~ 0';"'; i.5..20jl.,t;1 ~T ~ .)I~ oS ~y. ..u.ly:-

.~.? i.5..2 ojl.,t;1

s .
2

C

8

~ ,f).) jI ...l:.~) ~.r. o..*- J"'; ,f).) jI .)Iy~ --.!I)').)~ Jx; ~L..;, .)~ ).) ~I jI

o~b .)L.:..;'\ js::...:. .)~ ~Kl; i.5L.>.--.!I)' )~ J.",.; ~L..;, i.5..PJ1.~"....; dA.::......1~T i.5L.>.~

) QI ~~ ~Ir.)~..r--Py ~T oyA>- •••.••.•.••y )b"""; ~,;..., C
2

) C
I

N ~.)~ .....::-..10';"';

~T J....s- I~I ,~T i.5L.>.J....s-~ ,f)) )~ .~ '\ ~ ~Kl; --.!I)' j)~ jI Q2

)~ .~y. ..u.ly:- SI ~ .r.1.r. oS ~~)' if ~ CI )~"....; i.5).) B .J..A:; )~ t, ~L.. i.5~1 .)~

~~)'if i.5..20jl.,t;1 C .J..A:; j>..-.)~ C
2

)b"""; i.5).).r. II .)L.j ~ j;l:.:..o ~T J....s- ~.....b-,;A

~I oS 0';"'; ~ LlS ~ S; JSI ~T ~)...IA.. UjLA.; N ~)~ ...::......-1S; J~L.....oS

.)1jI ~ .bli; ) C .J..A:; .)~ C
2

)b"""; i.5).) .r. 0';"'; i.5..20jl.,t;1 ~1 i.5L.>.~ it....;' oW )...IA..

.~~)'if .uk-I

Archive of SID

www.SID.ir

www.SID.ir


s ..
2

S ..
I

s' ..
I

A
t - t WL..j
I 2

-slA~ ~ ..rJ) Jwl .~ -V ~

.J..l.o..s:...s ~.oC -s.;:f.jl..\J1 ~I
.;~ -SlAJIJ J)~ -S~I - i ~

.JJ:} -.>U)~

Jw.1 ~ .:>y ..u.ly S2 0k.>. i1S ~ 0..t...:. ~ jI ~ D .....6A.;~ j;L:.. ~I '-~ .:.r..1..r.~

"-: ~Io..t...:. Jc.. '1~ ..:-.... "-:~S ojl~1 "-: CD ~ c.SJ.J ..r.c:!IJ J,li; iL..; ~ ..rJ.J .:.r..1

J.:Lo..; A ~.J:> ..rJ.J.:.r..1 jl dA.::.....•1 ~ .-.::........1ci~ Jl.4:;;1 B .....6A.;~y "-:C.....6A.;.s c.S~

C2 J C1 c.SLo.):>~ jI CD J AB c.SLo.~ ,-;-,l.>.;:;1"-: ~ o:>l........rJ.J .:.r..1 .-.::........1o..t...:. o:>b

(01)5:......, J ~) ..t...:. ..u.ly .JLr~L..d- 0~?- ~I.r-.J:> ~I ~y c.Sjl......y .J~"-:

.cr .. £.

D

A

Archive of SID

www.SID.ir

www.SID.ir


~~~~
.s .!}:>0w :~b ISIA~4? ~ ISI4.il.,::.....1"'!~J.»~.Y' ~j .)L.j ~y ..r"'!f.

..:....4A plJ.j 0L.j ISI)~ IAJI}' ..u..I.:A .:r.1 of~ ,...L.:.d~ .)L..:..;\ ~ .)lSJ; .sIAJI}' J.!..I.:A.!~

.h).r":' .sl)~ lAi~ .:r-I jl iUS ./' ...t,;lo...L.:.o~j~';; ~L.. ~ .)L. j .slAi~ 4 J o~y. ...:..s-L

JJI ...:..s-L..-S~I l; L>!~.s ~I jI ·...\.:...!.4of ~~ ~ cr" ~ ...:.......~j::. ~ ~I jl}" J L>!~.sj..r"

j::.~~T jl}" J L>!~-Sj..r" .k.ol..,...:.4 .s~ •.•...<5"'~.! J..L. ,...:.......10LS::: lAJI}' J.!..I.:A of~ .!~

J....~}' o.r.::1lS'? ·/..o'i J~k.-Sr.j ~ J -sl~t; 0 .)L.j -SlAi~ 4 JJI...:..s-L...!~...:.......~

A l;!" ~) ~ .)L.j -SlAi~ jl ,..r- ~ -SlAojl..t,;lr. 0J~.s...:.......1 I~~ij'l .(0. ~)

[j .....4.11-\• .slA~.!~ ....:.......1o...L.:.dl::...•1 J..L. .).r.--I.r.::1lS'-SIr. L>!.r".! ~ .k;IJ.! r.! J (~t;

J L>!~-Sjr .k;.1""":'~ ~)"~ '.s 14.i1y:.....1 ~~ J.r-- ~I o.}-> ~ .)L.j ~y 0 -\.

~I~ .)~.r.-.k;.1""":'.!~ •.....\ [j .....4.11-\~ -SlAJI}'J.!..I.:A ~ -SlAi~ ...:.......~j::.~ ,-;-,1 jI;

. ...:.......1 o...L.:.d~.)L..:..;

.; ro

1" r·
'I, TO

~ T·

:!, 10 0;
,. 0/
o J

o

o ~~L.jT~l:;

1.5.)~~1.:;.i
_' 0

T· ~.

..$..,.S ~ JJI ~L..» .s1';1.,:..1 "!4 J,.,.,..~1 .j.> J..s- ul~ ,,",-!lA.. - •• ~

.•..•.•.~L.) J •..•.••••4.> J.J.o ~\.;;

Archive of SID

www.SID.ir

www.SID.ir


".
,; :::
'1 ';:
~ A·

~ ;
1- :: •~

,.
:: 1
'+I~~~~~~~~~~~~~~~~

'Q~tt Litts
"a~~A Litis
•• Q_AI" lItia
"a_'l'l Litla
~ Q-" Lltl.

. I

Q_nLll/8

a_~ALlI/S

"Q.ArLlt,.

"O.!.ylli/S

.' .

y

0_r1 litis
va_VI Llt'a
.•Q_,.vlltla
~O·A' lItts
,a_or LIt/t:

...All

, .

-I

".,1, ,

~'
~ ,.
J ,.

, .
..

"0-1'1 Lltta
O-n Lltla

a a_OA lItia
"a·or Litle
"O·i· lItta

a.nLlt,.
"Q_nUt,..
••Q.'I'llhll

~a-J.\Lit,..
-Q.,·.,llt/a

-SlAilf -Sjr ~Ir-;~ ;If,,.\j\'' .J4~.;.....;"""":"",.~I.}> ~ .)\..j~.f ;I~""';-\' ~

>-\ ~ ...J1.lJ;~ (~.~\ ~ ...J1.lJ;~ (r.'~\ ~ ...J1.lJ;~('-:" •...All--\~ ...J1.lJ;~ (...All

.•-\ ~ ...J1.lJ;~(' J

Archive of SID

www.SID.ir

www.SID.ir


~
1-

t1
-

'c
),.

t.
\.

'c
1\

t
.r

1(;
'

~
~

t
f

f
~\

c.
,

.t:
1

rif
t

\.
~\

t
~

,~
r.~

~,~
:

tf
.

L
c-

\
c.

t
'~

r
.

~
~

,.
e

c,
1

('
.

"f
v

.
i'!

;-
,-.

~
'-

'-
f

,-.
,

-"
.

,r
.

C
.

-\
(f,

-
't.

'-
"

..
r

~
C

,-.
'-

[.
'-

Q
!;

-
'-

,-
.

.
."

Q
"

-
~

~
-

c-
,.

c.
,~

'
.

r
.r

c-
,

-:f
\

~
"

""
\

•
c.

<,
,'

f'I
'i.

[,
,r

•
f"

r
•

'
c'

'-
,-.

.
['

[~
,-.

'~
1

G-
-

'-
~

c·
.L

~
',E

t
_

!
"',

~
'"

~
)

,t
r.,

r
.r

(f,
,,

to"
)

,.
,

s;-
,

'.
.,
r

\.
..

~
~

.
,.

c.
t.

.r
c
-

.-
\

l:-
i7

"
~

c
-

r
'~

.
,-

"
C

<;,.
..

!;
-.

~
-

-\
,

c.
"

,r
,.

-\
~
.r

'1
;

\..
.
1

"
.~

f
.~

-
c

~
f

[,~
"'i.

f'I
'-

'r
~

~
.'"

\
-',

1.
'"

,r
"

,-
.

.
\.
..

E
"

(f,
5.

-
(f,

.
.r

•
'-

.
~

<t
.

,,\
...

'
i7

"
.

c·
v'

..,
,\.

...
'"

~
t.

f-
':,'

,~l
~
[,

E.
'""

~
~

tr
C

~
~,

•
~

~
~

0
Q

~
~

.
-

~
Q

t:,
{

G-
"r

",
'

t
""

"
I'r

.[
;l

'
S

~
.,

-
!:

'
\.

..
r

\.
..

.
,

~
~

.
~

e.
".

i7
"~

."
'-'

~
.~

"
~

rn
c-

\.
..

..
-\

I
c.

...
t·

to
'-

f
G.

.
~

~.
"

.~
';

,~
£.
l

,r
['

"
'I

.
c"

_'
"

[,
-

'i
'"

L
"~

~'
~

c.
r\

..
.

--<
'

~"
'-

f
.

~'
<t

.'
..

~,
~

~
"

•
f-

-
\\

....e
(f,

,.
0

•
~

c\
...

·
.r

(,
~"

'('"
~.(

~
"'

r.
c,

t.
::

'
~
I~

c
,~

L
'-

1
\

t
\..

..
~

.
.-

.
,r

~
F;

~
.

~
~

'-
c,

~
\...,.

c,
~

.-\
~

,.
't
..

~
~

E
"

,
~

~
'i.

i:'
(

~
"

~
S~

r\
't

'r.
C

\'
:

1
;

~\
E

!;
-

-:
E

,t
~

'c
~

r..
t

E
'-

c·
.\r

'·.
t

'E
.~

'
,

\..
."

.
C

1
\..

.
,

r-
\

t
~

-;t
,

Q
~

~
c'

~
,t:

;'
.~

~
~

.
~.

c.
'i'

~
.,

'1
'

~
f:'

"
~

c,
\'
f'

-",
t:

"
';-

f
"

C
t"

t,
r.

E
'i.

b.
.t:

~
o

.r
~

r
~

'.
~

.t
:.

,t
r.:

'
.

'.
---=

\
c-

c-
'

:;.
C

'"
.•

c-
~

,-
"

,.
Q

'
~

~
.r

z
;

_
,

,,-
»>

'c
I"

~
t

I"~
\'

"
.[,

~
,r.

~
'l,

q
';-

f"
r

\..
.

[,
.

1-
'-

,'t
.,

f
~

c-
\..

.
(

.
-

~
.

,t·
v.

(,
f

['
c,

~
.t

'\.
..
.

,r
-.

~'
t'

~
'"

.
r.:

.e
~

"'"
~

v:
~

-\
.,
r

r
-

.\
...

. ~.
,r

~
,.

-"
(,

~
~

.
1

rn
--<

C'
C

7
•

t
~

..
-\

f
\..

.
0

~
_~

I..
...

~
_

~
fi

'-
....

.!
"

~
1.

.
~

_
...

...
.'t..

.
~

1-
§:

r.
l;

c.
C

7
,.

•.•
•.•

~
0

"
0

c.
'-.

-
0

~
.~

.
II

.~
~

"~
".

'i.
'r.

t
C

~
.

"'
.

,
c,

S
L

'
r-

~
'\.:

O-
fI

~
~

r~
rT

,.
0

·f
r.:

V.
r.:

f
~

"
Q

'-
i7

"
c-

\.
t'

~
l

.\
's.

.
V

:;.
'"

'"
r;

'"
~.

'E
,t

~.
r.:

t
.---=

,
~

A
rc

hi
ve

 o
f 

SI
D

w
w

w
.S

ID
.ir

www.SID.ir


\Y.

::: ••• d;.)~~~
If •.••••

:; :~:
-{ :::. ,.

A·

~ ;:
1.:: .>~

r· ,"

;:f~t-.~~__~~~~.-~~~-_.~,-~~_W.-~

\Y.

".
~:: IIIfIC(.),.-...a 4.:i-L.:. 11I-1..-

.\ :~:

::: J .••••f"'$..,~~.,....,=..:..,.:::."'L.:.:::.. -I.~II<I"I----__ --'·.s..JC1'J:.;;-="":::·-=L.:.:::.·----~.I,

".
:; :~:
r;;

" •.•• It,.:...lojilf!.W

-u:~(!'t;;;

:;: l .••••ft<f~)~,.••...,"--"•.••;..:.l.L.:.•••.• -I.~I"I----__ ~ddJ"'''')'-'4",,;..,-,L.:.'''· -I~~.I
".
Of •

.\ ~::
-{ :::. ,.

A·

~ .
:!. ::

-.~/---------
"

/i
,.. ~ -,j,) ••••/l"W

':+f~~--~~~.-~~~-.~~--~~
r· f. ,. IT. \6. \". fl· ft. r•••• ,. •. '1"'1". 1'jI.. ,.\. ft. fO·

(~)~I..j

1"'. f. ,. IT. ID_ lA' fl· ff· f\". " •• n". I"f'. ",. H· f/l_

(~J)o,Jl.j

':":";(,-:-,,......ill-IJIJJJ.J.,A':":"; (......ilI.(,$1'-'1.,,::..-1~4 J~ ~T.)> ~ .)l..j •.•••...,;-,,~

.•-1 JIJJJ.J.,A .:..:..; (. J.)-I JIJJJ.J.,A':":"; (~ 't.-I JI)'JJ.J.,A .:..:..; (t. ,y-I JI)'JJ.J.,A

-">- I J .)- I ,u.]1- I ~ 0~? lSL...ul}' J.J..l.:-'>~ ~~.J J..t.. jI .MI ...::.....,..)~e:: L:.;~

,...::.....,..1 ..:,; J\i:... L...,j\ .J) ~ I.f.) ~ 0..l:--.J 0\.. j .k.O J .) Yo 0~ ~ I.f.) )...I.i. L...01"--'" .J) oS

.J....:. j-<>l- ~ I.f.) ~ 0..l:--.J 0\..j L; .....:~ ~I ~ ..I....:>.J)Vi L;VI ,:r...; oS )Yif •...lA>L.:...

.r:J Ai ~ C I ~ ul}' J.J..l.:-'>.J) ~U .r. .r:J OA jl ~ I.f.) ~ ~ oS ...::.....,..1Jl- .J) .:r-I

jl ~ ~ I.f.) ~ 0..l:--.J 0\..j L; .MI ...::.....,..)~~I ~ ,~I ~ ul}'J.J..l.:-'>.J) ~U.r.

Archive of SID

www.SID.ir

www.SID.ir


'&
~

Ir.
't..

\.
~

.L
"

'-
(F-

e
,-

.
i;

\.
a

.~
E

-
,-'

1..

\.
t

Co
\:"

"

\
~:

.L
~ .t

.t
1.

.
~

~
~

'~
:

~
s:

t
r:i

·t
E

~

~
~.

't..
.

.~
.r: (F- i l

'r,

~
~

'L
~

1-
.r:~ 't.
.. V. r.:

~:
~

'" " A I
~

~
~

~
.~

<.
".

"
-,

·t
r:l [\

r·
<.

~
I

~

'"
'1:

.
fi

~
•

't.
.

.~
t

r...
e

~. t
t-

·t
(,

~:
.t

;,
r

~
I

~
.ly

-r.
b~

'
.

r
.

~\
-

f.
~

r..
t,

'"
~

~
~:~

i
~

~
:l
'

-
~

r.
r..

b
I

-;
.-

:;
t

'Ir
.

~

·t
f

(.
~

c-

c- \:"" ", " "

•..
~

,~
,

'" ~ "

..s
').

.I.
..£

J.
I.o

~l
;;

-:
'"
':"

:'~
~

'!'
'':

'-
~

~
:

-:
:"

~
:-

~

h \ \ \ 1\ " x x .\\ \
\

\ .\

..
s.

u
..
.l
-~

~
t;

.-
:,

",
:"

:,
~~

~,
,:

,-
~~

:~
~~

~~

•.. ,~
,

~
>

~
.

[(
<

!\ \ \ \ \ \ \ \ \
"

\ ."
.s.

u-
£

JJ.
.o

I!-
!l;

.i

:-
:"

:'~
~
~
":

'-'
:1

':7
~

}~ .[
,

.
~ E

~

~\
). \\ \ ~ \ \\ .~ \ (:

1\

.s
~J

.l.
.o

~\
;j

_
••

••
••

•
o-

.••
••<

>
~

.
_

..
•.

•.
••

..
..

..
..

..
..

..
.

\
I

\ 'i\ \ \ \ \\ \ .\ ~\ (~

.s~
J.L

or
!!

."
"

.:
:":

'~"
!'~

":'
-':

-:'
::~

:c7
'~

\ \ \\ \ \ \ ..~
\

t· ~ .lr c;, " c· f 1'; e, L

ti.. ~ " ~ l

t. .L c.. J\ c;,
~

"
!l<;:

:,

.r: l
.~

'- c-
s:

"",-.
l

c·
~
-

0

.~
:

~

1';
.f

~
1

l'
'

r
~ t~

c- r '"

A
rc

hi
ve

 o
f 

SI
D

w
w

w
.S

ID
.ir

www.SID.ir


J)j ....,.:.L:,);) ~4) J..lA ~L:; lSlk>- ).AA... .J...!,...v.1..,>lk>- ;)~I J.. 'i;) jI ~ .:r.-"') ;)Yif

.;»);) ~ ~ lS;)'y-p....,.:.L:,);) ~) ~ <.f.;)-.j)b:.1 ':"1j:A~

)'lh>~t.,.. \,..-~ )I..LL u,U;' J.~)I...U...":"JW C-!.\:;;),R' ).J.J... 0~)uL.j IJ?<J~ .ro )I.J.J... ~;t.....j

.,J;t;.:.-St...:,t..j ",1""L.:...~j f::-:..,j i.S~~..:..L:-l>w ~.ro'-! ~~ ~ JI.,l'j,-y>.s .
jll,;-"! -s4..:.iI ). "'t.,....~ s J !"Ii1.J.AL.:.... 0L..j)~~i ("""L..) """';.r (4";(; .>!r.J)

.:,,,,.-I.,.,.,llS (~)J) fjl~ 0L..j 0L.j;~iSj'~t.;.u ~.,J;t;.:..st..

(~).» (.•...•),)~ ..:..1.aL..:....

r· IV n ·i~,A"'.9 r 'rf\.! \ .y ...<.1- \

IT \~ j , ·!v,n r r,f'f Ar .,....\

\ j' ~.=-S \;' J;..5 r ·1''1n r \,V ~A ~\

" rf rr 'IV~r rl\~ \ .v ,- ,
\~ r:: Tr ·/I\~' • c r ,~ , .y ~,

~~..s - .-
(\ ) J)~ ) \ '\' ) \ \ lSl.A.~);) SSIIM ~~) J..lA jI •..lA! "::""";)"," -Sl.A..?")? "'" =-y ~

:J:,:>.J if J..oG.. »: ~L:;

l.A.-.jI.J))~ -S;).y-p ....,.:.L.;.);) ~4) J..lA -Sl.A..?")? .s ..::......1.:.,! p~ ...lA! ..::......:>"'" ~ L:; -

-.j1.J))~ tf "'".))j ....,.:.L:,):> ~4) J..\..o ~L:; -::..j;) .)) ..::......1,-;,..,> )~ ~I.r. i~ );)

-S;).Y-P ....,.:.L:,);)J; ",:4 J>..-);)~! •...w-..:...........;.s"::"""I.)G..);).:r.1 ...::......1~I) .:.,~?

...olif Jl.4;1

~ ~I) -.:Jl»;)~! •.};- ~ ~y ':":>.f J..\..o <.f.L;lySSIIM lS~ .......,~4) J..lA -

-.j1.J))~ -S;).Y-P ....,.:.L:,);) ~4) J..\..o ~l::.; -::..j:> ...::......1);)I) .:.,~?-.j1.J))~ ...::...;..:;':"L.j

)}:>"'" j;L:.:.. -sl.A..:.,L.j);) <S"'~L.) ) ~~) J..\..o ~L:; -.j)b:.1 .)S' -.:Jl> );) ) ..:.......1,-;,..,>

...::......1...l..<»:> \ jI .rS v- \ ~ ~)\.. -.j1.J ))~ ):> ).AA... ..:r..1,J...!,Lif ...l..<»;) '\'. jI .rS .k....P

-S~Il; ,(...l..<»;) v , jI ~) ..;1...v.L.:..,.~~~! •...w- ~ ,..;l:--b... ~L:; Ll"'U..r. -

~~ ~! ~ ,-:-"b...);) ~4) J..lA -slk>- ...olif Jl.4;1 ':"4? -.j1.J))~ -S:>.Y-P ....,.:.L.;.

,\ ,\ 0 ,\V ..r.1..r.~;~ e-' \ l; WJi- \ ~ .:.,~?-Sl.A.-.jI.J))~ ...::...;..:;~ ~L.. -S~I );)

.J...!,~if ...l..<»;) '\'0 J H

Archive of SID

www.SID.ir

www.SID.ir


jI ,-;-,\~ jI;.) ~~ ..sjf' .1.:1""';'~t.. ~ J:l~~L",-.ll}'.).)~ jI ~ Jx; -.,>.~.)~ -

~ s ~Ycf .r"iJ; ~~.) J..M .)~ .r.>-t ~ ~ .1.:1""';'~ 0:1 c:L:; 'J.)Y~ ..s~r--" ...::.Jl>-

.~)~ ~ ~I.) -FI..l> .) ~ ~~ u.)U; )...li.o~ lh> 0:1 .jI...(.;1.~~}'cf lh> ~~I ~~

tj.) .)t..j .)~ <.J'" ~~ .) ..s~r--" -.,>.L.:..)~";~l>... c:L:; ..:.j~ojl"'(';l./" ~ .)Iycf ~

.~~ -LAly ~l5 J.)Y -.,>.L.:..)~lh> .)Ij:-" ,..L.!.~ ~ ~ ~~

~~ ~ .)~.) .)t..j .)~ L",.)\u.)U; .) '~y. .)L..S:,. L",.)\~ ~~ )...li.o..s ~L",-.ll}'.).)~)~ -

.1.:1""';'.)~.)...:.....:.I~-LAly ~ u.)U; ..s~r--" -.,>.~..s~I.)~ ~\ ~)...li.o ,..L.!.~ cs" ~

-.ll}' .).)~ ~ .) ..L.!.~ .r-S -.ll}' .).)~ ..F.~uI~ ~ /' ,~ ~~ ~ .)~.) .)t..j .)L<::

J-I ~ ~ ~~ )...li.o0:1.r.~ ....:........1;:-S ";~l>... s ";I-LAL!.....r..~l.i.u.)l.4;,..L.!.~ ;t'-').,.

...L.!.~ cf I)~ I.)~\ ~ ul~ .)~

LS)I~~
;,Sf' ~ W.Y. Chang .)~L;\.Gl...:-- ..s.)~ jI..t;..;bcf ij'1~'y.r. ~I.)~ .)l5'~y

~?~ ,.)Iy-L;.)~Hsinchu ..s.))W.) u~ S.)~ High-Performance Computing ~

ul1~) Jr.--.)..;..c.... 1.S. Conaway .).)~ .~b ~ u~ ..slaYl ~I~*?~.) ~L.:..;

~If'.) .~~ ~.Gl...:-- '~f'\ ..sK....'1\ ...::.J~I.)~~\ u~ ~-USGS .)t..jL...

~t.o
1. Chang, W.Y., Lai, 1.S., and Yen, C.L. 2004. Evolution of scour depth at circular

bridge piers. lournal of Hydr. Engrg. ASCE. 130:9: 905-913.
2. Conaway, 1.S. 2004. Summary and Comparison of Multiphase Streambed scour

Analysis at Selected Bridge Sites in Alaska. U.S. Department of the Interior,
U.S. Geological Survey Publication, Scientific Investigation Report, 34 p.

3. Dehghani, A.A., Esmaeili, T., Kharaghani, S., and Pirestani, M.R. 2009.
Numerical simulation of scour depth evolution around bridge piers under
unsteady flow condition. Pp: 5888-5895, In Proceeding of 33rd IAHR Congress:
Water Engineering for a Sustainable Environment, Vancouver, Canada.

4. Esmaeili, T., Dehghani, A.A., Zahiri, A.R., and Suzuki, K. 2009a. 3D Numerical
Simulation of Scouring around Bridge Piers (Case Study: Bridge 524 crosses

Archive of SID

www.SID.ir

www.SID.ir


the Tanana River). 58: 1557-1561, In Proceeding of International Conference
on Civil Engineering and Environment (lCCEE 2009), Venice, Italy.

5. Esmaeili, T., Kharaghani, S., and Dehghani, A.A. 2009b. Numerical Simulation
of Local Scouring Around Circular Bridge Piers Under Unsteady Flow
Condition. 3: 114, In Proceeding of 8th International Congress on Civil
Engineering (8ICCE), Shiraz University, Iran. (In Persian)

6. Esmaeili, T. 2009. Hydraulic and Geometric Numerical Simulation of Scouring
around Concrete Bridge Piers (case study). M.Sc. Thesis, Islamic Azad
University south-Tehran Branch, 170p. (In Persian)

7. Kothyari, U. C., Garde, R.J., and Range Raju, K.G. 1992. Temporal variation of
scour around circular bridge piers. Journal of Hydr. Engrg. ASCE. 118:8: 1091-
1106.

8. Mendoza-Cabrales, C. 1993. Computation of flow past a pier mounted on a flat
plate. Pp: 899-904, In Proceeding of ASCE Environment Water Resources
Management Conference, San Francisco, U.S.A.

9. Mia, M. F., and Nago, H. 2003. Design model of time-dependent local scour at
circular bridge piers. Journal of Hydr. Engrg. ASCE. 130:6: 420-427.

10. Murillo, J. A. 1987. The scourge scour. J. Hyd. Engr. ASCE. 57:7:66-69.
II. Olsen, N. R. B. 2007. A three dimensional numerical model for simulation of

sediment movements in water intakes with multiblock option. Online User's
manual, 166p.

12. Olsen, N.R.B., Jimenes, O.F., Abrahamsen, L., and Lovoll, A. 1999.30 CFD
modeling of water and sediment flow in a hydropower reservoir. International
Journal of Sediment Research, 14:16-24.

13. Oliveto, G., Di Domenico, A., and Comuniello, V. 2007. Temporal evolution of
live-bed scour at bridge piers. In CD-ROM Proceeding of the 32nd IAHR
Congress, Rom, Italy.

14. Roheds, J., and Trent, R.E. 1993. Economic of floods, scour and bridge
failures. Pp: 928-933, In Proceeding of ASCE Environment Water Resources
Management Conference, San Francisco, U.S.A.

15. Shafaei Bajestan, M. 2005. Hydraulic of Sediments. Ahvaz University press,
Third Edition, 370p. (In Persian)

16. Yanmaz, A. M. 2006. Temporal variation of clear water scour at cylindrical
bridge piers. Can. Journal of Eng 33: 908-1102.

17. Zarrati, A. R. 2002. Hydraulic Factors in Bridge Design. Amirkabir University
of Technology Press. Second Edition. 183p. (Translated in Persian).

Archive of SID

www.SID.ir

www.SID.ir


J. of Water and Soil Conservation, Vol. 19(2), 2012
http://jwfst.gau.ac.ir

Using time invariant flow condition for simulation of local scour depth
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Abstract
Local scouring around bridge piers had been considered as an undesirable event

and against the bridge safety. In this process, the 3D flow patterns in the vicinity of
bridge pier have important role and cause the bed material erosion around bridge
pier. Embedment of the foundation in the depth deeper than the maximum local
scour depth according to the design flood has been proposed as a conservative
solution. However, implementation of the pier foundation in a deep depth from the
original bed level is not an economic solution in practical cases. In real cases, the
variant stream flow of floods is the main reason of bridge failures. In this study the
evolution of local scour depth around circular bridge piers under unsteady flow
condition of hydrographs has been numerically simulated using steady flows. The
results showed that during the rising period of hydrograph, the scour depth
increased steadily and more than 70% of final scour depth occurred at the rising
limb of hydrograph. The results also show that by using the SSIIM program, it will
be possible to evaluate the local scour depth in the end of rising limb of hydrograph
with a satisfying accuracy.

Keywords: Local scouring; Flood hydro graph; Unsteady flow; SSIIM model
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