
2.1.1 nisfimrai:miu$ufiq ( general scour ) nisfimlai:ds:rnni~nq::Liimiumiuiiki 

arruniiE ~:~~nn~srlbr1a~:~~ldmiuij~~i$i~ii~zijfms~fir"i~u~i~6i$iu7!a1rin'miu aqoiwz 

~iimnis~dduu~~dn.~miu~ssuaiE l6~u-i douhnis~un ( flow condition ) ,finiw~i$iu7!ofiniw 

n i ~ ~ ~ f l i f i m s ' i i ~ ~ ~ i i m u ~ ~ u n i s n i ~ m ~ i ~ f i ~ f i ~ ~ $ i  ( bed material ) r~mnisLd~~u~~dn.r~d~~uu 

6oqd-1 ( bed form ) ~mzn7sldduuL~dn~s::6uiufio.12i!d11n~?u ~ I ~ ~ : ? ~ O U U ~ D ~ ~ ~ L ~ I : :  

( Aggradation or Degradation ) 

.i 4,. 
2.1.2 nis~ml0i:l~o41lnnis~u~7ua~ii~i ( constriction scour ) Luouiailnmu7i.J61$1 

~du rnabio~:~iuu~i~ii61 iil~u6imi?lnisl~nuo~ii6inm~~~~nzljlild~nisLdduu~~dn~ 

m~iud~ni~1un~~n:nis~ns:m'u~ibiiuu6im~bio a~~flunis~6un~iu~?~nislun~iudo~~ilrm 
a 

R:WIU m~iu~~~n i s~~ lnd~~u iu f i i u i ~n i i ~~~ i imn i s f im~a i : I  n is f im~aiz~:~ i~u inuuu~~~m 
3 44. wunn dnsqfijli.ru71dii idiliimu71~dijuuim1u~ij~nd~n7iu~~~fludni11u~fi~n7iunrji~ 

" ,  
uoqdiii ~~ni~diiju6~~~uin~vii1mii~~iiIM"~~mnisfim~~izuin~~~u 

2.1.3 n i s f i m ~ i ~ n i : ~ ~  ( local scour) nisfim~ai~~~~i:~~d~~i]~n~sfim~~i:sau~~~iim 

u7i.r i d ~ i i m ~ 7 i ~ ~ w n i ~ 1 ~ ; ~ i i m n i ~ ~ ~ d ~ u ~ ~ ~ n ~ ~ ~ ~ u u n i s ~ u n  ii1fi~iim4ud~fjn~~oui~iirnu~i~ 

un:iiinnirlun 3 rjfi d ~ ~ i l u n i s ~ u n ~ ~ u u ~ ~ u ? u  n~~u~n~~uum~o~nisf im~qizm'~.~~~s:~::L~ni 

~ i f lwns~u~i l ldu~~n~i~~nnis f imr~ i :  raaq.qinniq~iununq~uLiimnisfimLai::Lnwi::LLdci.r 

nit~m~ai~rawizu~~dtaumobiofi:~iu~~fii211~n~~d~a~n1bi~i]u 3 nsrii io 

(1) nisnirl~~l:n~i ( stable scour) n~~d'ifi~~~u~wna~d~n~m~1imiuns:~~~i'~in;;du 

~~ild1uu~~fim~ai:G~u1m~viifiu'ifi~~~~~~19a~d~nflnaan~inu~ufim~ai:71=~~ s:Kun~iu 

ijn~z~rodldmnom ihia 



4 4 
(2) nis~m~ai:~do~~inni~:d~u'~n~s~~1nounv'o~m:nou~o.161 ( clear-water scour ) 

P 4 
mqiuuuiuuo~ni~fim~a~~n~fi~ous~rbiu~iioudn"o~~i~inwunn~s~m~a~:iio~ni~~~~~~~~ou 

t ,  

inqz ( z, ) ~m"o~nisd~~~ni~~~idou~uo~taqfio~6i~~~:taqjio~~ilm"~~18~udu~~~m2n~~fiu 

m'ou'o Lvi7;u ~ ~ ~ ~ t ~ u ~ ? i o u d $ u ~ ~ u ~ ~  rnuinnii~~sq~ku~?iou5n~~ ta~f io i0 .1 i i~ i7u~~i io i i41~4 
i i v  

~ ~ d n i ~ f i ~ L $ 7 : ~ ~ f i p l i l L ~ ~ ~ ~ L ~ ~ L ~ ~ : ~ ~ ~ i L P I ~ f l ~ ~ ~ ~ i ~ i L L ~ ~ d ~ ~ ~ f i ~ L ¶ l : ~ ~ ~ d i g n f i ~  
Y L~~:ILIL~&~ uu~unisriol~~~:%~~muuoEii~~io~~o~~uns:~~~~s~~kuriioud$u~ou wmluuqufim 

~ai:nmdini7~rs.~tbiu~?iou5n~~ ~~ni~lMna~7LauaLiludoulunisl~n~inii"?nq~~zii2fi~~m 
2 

mqiui4nnisKmrai:q~qm nisfim~~i:~:~iim~u~~us:~:~~~iu~u~~ns:~~~~~utjnfimr~~:~~~lug 

nixauqn iium'o 

(3) nis~mL~i:Ldo~~inini~Ln~oudu~~m:noun"o~6i ( live-bed scour ) Lfhinn7s 
c, Y Y imdouduoqm:nou m~iu~nKm~~~:~nwi:~~l i~ ' lmmmuuodi~s~m~f~~~~1:~~u~dmiuni~~un~~o~ 

m?iu~nnisKm~a7:auqn an~~:ni~m8oudr~i luga~qn~~o~~~i~uni~~un~~iuo~m:nouni~~i iu  
" 

ufiiu~~uqufimia~:i~~~uquKmiai:~nifi~~u~m~m:n~uoon~inuquiim~ai: @&nua:n'o+lii 

( O ~ ~ ~ ~ I ~ T ~ ~ ~ I ~ I ~ L L ~ U D U  ) mnom~uuqu~m~ai:r~u~url~~riimnis~~n'uu~~~n~~~iu~n~'o~u~u 

f im~a i :un :~~n i rn~u i~1~ iu~u~r lu~~~m~iu~nn i~ f im~ni  Laid m?iutjnfi~u¶i:~nn'u , mqiui4nfim 

m:qqqm 



2.2.1 $~L$ub7n ( initial phase ) I :d77ng~qUi~nl~~~?7iY$U~410.JfiB4$i 87U'ISnlJQQ 
' Y 

rfiulm"5mr~u ~~n:ma~un'n~qun'm~¶i:~:~~u~uud~~~~mro'a 

2.2.2 iuf4u6n ( equilibrium scour depth ) ~u$u~n?~u#nl : ru ' i~n&~nla :~u~~~odni~  

~mr.ai:~dnirjiunuua~rfimm:nouru"i~~~ufmra~: oinsin~sfnca?:knmn~iin:~~i~flni~:d 

iiinu~:m; l~d7ma7u#nn7sfimLai:~q~n~qns7? 

2.2.3 k4 tyu9m ( maximum scour depth ) U q u f ~ ~ ~ i : l : W S 4 ~ ~ ~ U ~ ~ ~ ~ f l n 7 ~ : f l ~ q ~ 7 ~ o ' 4  

d o u l ~ u d  i~~z~nis~mra~:do~rn:o'~7mn~~un'n~m~a~zq~qn~1orn'mdaulud&u.rq~n~trinm 

L%?:: ~i1n~iu#nA~qnri~:iilud1~~iun'nni~~mi0i::q4qm 

213 na~7sm~n7s&raiz ( Mechanics of Scour) 

n~~fmi~llaiz.roumodo~:~iu~ilu~nu7~inn~~~u~rruu~yu~u ( vortex system ) d4'1bi~n'm 

~u~do41innis~~nrn'mms~~o4ruu~ou~motj~ n ~ o ~ u ~ u ~ u ~ u ~ ~ ~ ~ u a ~ u a ~ u ~ i i r i i m n ~ ~ r i m ~ ~ ~ ~ d  

~imoriutiiwuiio~h ~ 4 ~ ~ W i 4 n 7 7 1 ~ n l : ' 1 ~ ~ ~ ~ ~ 4 u ' 7 4 6 i ~ ~ ~ t ~ : ~ ~ ~ d ? ~ d 7 ~ i ~ d ~ i l 1 ~ ~ n 7 4 n i ~  
J ~~nqnn~uju~uuruqsiudfio~ii ~fl~fio4i77:rmoud1m~nis~unni4~~lu1u~~u~n~ai:~mU 

uyuau~oudiiuu'~~motj~Iur~u~~u n i ~ l u n u y ~ ~ : ~ i l u ~ ~ i i o n U " ~  ~ ~ L I z - 2  



sd .! 2-2 nls~iin Horseshoe Vortex dm'ild'ilgdns.rn~zu'iln 

A 
nlqvlm~lu~?~~~u~nq~ ( shear velocity ) i4flnl~:duu~% clear-water npl: fln1l::wou 

'lu live-bed f l1Mls~Ul' l~~ln~2-3 

~ ~ d i n e d  shicldl c u m  
(y.lin and Karahsn. 1919) 

gd 2-3 Modified Shield's Diagrarn(G0VERS ,1987) 



~ i n q d ~ ~ ~ m ~ n ? i u ~ u f i u d ~ : u i ~ ~ ~ ~ n ' ~ u u o ~ m ? ~ u ~ ~ ? ~ ~ o u  Lrfi: pi?~?fl~npilir,luofvQ~ 

oqnim ( Particle Reynold Number ) &~m&ufmer Sheild ~~fi:Pioui)Lkhnidhd~~Tmu Yalin 

I% Kalahan ( 1979 ) ~m: Govers ( 1987 ) ?&Lu:dlqd 2 - 3 i%o~q7n~~uni9d%d~q~~&? fno 

clear-water ~@l:mn~dIm"L&~;~ ~~fi:dou~~ Live-bed ~mq:mn~ld~u(;D~&u~u d.lldUbi4 

n&i? z o l i h  Threshold of Movement 

fl~riium?iufia~;ou ( u.) P11vumIn~m~iu6uw'~d 

 do F ;a d~kuuoqn?iuL$?~~ou : p ~om?iuvuiLt~uvnd61 ;U. Aon?iud?~iiou ( shear 

velocity ) ; 

61 Reynold number uo4oyim , R 

2.4 ~ 4 ~ l ~ ? z n a ~ ~ ~ u a d a n ~ ~ n ' ~ L 0 l z ~ 0 ~ ~ 1 2 : ~ ~ 4  ( Factors Affecting Local Scour ) 

2.4.1 ~n~m:uo4rnozio ( Pier Characteristics ) 

- m?lun~w~o~floria ( width of piers ) s ~ ~ n 4 = n ~ ~ m ~ m ? 4 P i f l ~ ~ ~ i i m ~ $ i :  ni4~gu 

m ~ i u n ~ ~ v o ~ r n o d o ~ : ~ u f i ~ i ~ ~ ~ ~ i u ~ n n i ~ i i ~ ~ ~ i : ~ ~ u ~ u  

- m?iuu??uo~morio ( length of piers ) ~ ~ P i ~ ~ ~ : ~ u n n s ~ n u ~ ~ m ~ i u 6 n n i ~ i i m ~ a i :  

~ m o z i o ~ i ~ ~ r u ~ n i ~ ~ ~ u a f i u ~ ~ ~ n i ~ n i ~ I u ~  r~n:~i~~ni~nir~u~iiyud:n:f iu~1orion~i~~~~m~ 



' Y 
ziau7n&u"unn~:nuann dyud:n:mlo~fun~7uu~~mod~~~uuu 2 lv i~  ~:~12Gm71'u~n~quiimrn 

1aI:liuds:ulm 33% 

- @~l4Ya40Id~ ( shape of piers ) ~ ~ ? I ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ L ' I I ~ : ~ & ~ U V I ~ ~ ~ D ~ Q  

L ~ o L ~ u ~ I ~ R ~ ~ ? ~ ~ ~ \ ~ ~ I I D ~  Horseshoe Vortex ~An71~~n~lsfiml~7: V d h h " l ~ 4 ~ ~ d o l =  

~flunis@wn?7ullo4'~04 Wake Vortex m~ajod~Itiuid~u~uu?:dn?~u~nn~sn'~~a~:~~~hd~:u~m 

20% &uinni~morio&umu un: u7nni7mou'oqdnr~ns:uonu%morioItiuuu 10 % 

2.4.2 6'ninum:uo~n~s'lun 

- ~1~ iu inn7r l~n  ( depth of flow ) Zunn~xnu~moms~n'un~~uin~qun'm~ai:n~r 

~iunq~u~nn~s~vns~uir~1~iun~iui3nnir~m~a~zroumo~oun: Abutment 

- m?iu$qn7slcm ( velocity of approach flow ) m~iu~h~~uinm~iu~nnisf lm 

~ai:il&uin dni~rtrw~ini~?nq8u"4ong~nii?nq~~:A~~ns:n~oio~~iuinn~r~m~a~: 

- yuYo4n7slundd:n:maajn ( angle of attack of the approach Row to the piers ) 

iiwnns:nuoEii~uinoiom~7uinnisfimla~z lunsrij,dmodoG6'nwm:~flu~ddcu~uu~uw"~ uoilu 

n i ~ ~ n ~ i ~ a u l . i ~ : u z v i i ~ ~ : ~ i i ~ m a a j a i i ~ ~ n n s z n u o i a n i ~ ~ ~ ~ ~ ~ z o d i ~ ~ s  ~oq~~rnoajoh~urizr 

uu?%wwn7rlun 

2.4.3 6'n~~X:Y~4?kW!fio41 ( Bed Material Characteristics ) 

- Y L 4 i A Y a 4 ~ f i ~ f i M $ 7  ( sire of the bed material ) YU7m~~4Si€1467dn:~~u91 ( L L ~  

G ~ ~ D ~ u L v G ~ ~ u ? )  ~:An~~ui3nn'n~ai:~nnii~io~~id~ilunr~u unn~:nuuoqcrm~dautlddd&~]fiud 

~ ~ ~ 7 ~ i d ~ $ l 1 ~ # ~ ? i ~ ~ ~ f i ~ l ~ 7 : ~ 4 ~ h  n~iuin~im~a~:Pg~~mdjlns~u~ilufio~~~~:l.il~~ni~iluii? 

b14 1 ~ i f i i ~ f l ~ ~ " o ~ ~ i l f l  cohesive soil ~~w:A~~~.~I~'LwIL~uTu lh.4 M%I ~fl~fld?:L$?i$1?7~fh 

rim~aixq4qm 

- 6'ninum:6'm~luuodm=nou ( bed form ) 1U6767ddns7ulilu~(4~~1)4ii finurur. 

Wo.1fio~61~11~~1fl~ ripples dunes plane bed 11% antidunes ;dil~uo~fiuni7n7:1iu1uim 

uowr7ufiofio.~61 d~ul~n~s1un~~n:m~iuuiimn~~lun ( fluid viscosity ) ujninuru=~odo~$~oi~ 

Ld~uu?ln dunes dl4 plane bed $8 antidunes ~ ~ ~ ~ 7 4 ~ 1 ~ 1 ~ ~ ~ i ~ ~ ~ n & n ~ ~ ~ ' ~ ~ 6 7 I ) 7 9 ~ ~  

silt LLYY: clay rjn~m~fio~~i~:~unn~:nuiryPi~ 
n ~ ~ u ~ f ~ n ~ s h n  ni~fim~7mmnu~~1y:n~sfim~ai: 



d o  d, Aon?iu~ncrqufim~a~zfiup!n : g 'io rrw~6uriwuoq?t?n ; p P~~IUUUIL~~U~~IJ 

: u7 ; p AD ~~iucrii~~nnifimfuos6~ ; v 50 n ~ 7 u f i ? ~ ~ d u n ? ~ l t r n ~ ~ i l n ~ m u s j u  ; y 4onmuGn 
: 2. 

nqslun ; d,, n ' o u u ~ r n r ~ d ~ ' o u o ~ ? a ~ n " o ~ u ~ n ~ ] ~ u ~ ~ t ~ n n i ~ ~ u f f ~  50 % ~moIiiuiin ( The mediam 

diameter is the ~ i z e  of sediment for which 50% of the sample is finer.) ; L a0 T:u:~I~ 

szuiwmosjo ; D Ao~&uciiugu6nn1~ua~m~sjo 

n7srinra7:soumosjor~u?~o~fi~crd7v~~~iu3 ud?o u?n (mass) P117N07?( length ) 

nnz r?n7 ( time ) di~iduT?r~d3~fls: 9 di? fl7~1snnmfl~ilun4uK9~~1171~fiW~63 ndumiunqwj 

?rns?z~%% ( dimensional analysis ) Tmvl4fi~uds p , g unz y ~~judi?Lrd?&~ ;'1:fi7~1~nl$~uu 

f l ~ f i & ~ u ~ u n ~ ~ ~ K u ~ ~ m ~ ~ u i j n n i ~ r ~ m ~ ~ i : ~ u ~ d n ~ u f i ~ ~ ~ d t ~ ~ ~ ~ ~  (dimensionless parameter ) 

16648 



Lacey (1929 ;?~7.rii.j(u Chan, 1980:3) ~&~au~fiuni~~~a~6diu3:~iiiui~n~iu~nnirfin 
2; 2 

mi:: Lacey 16 ~~u:iidin~iuinnisflm~a7::q~qm ( d,, ) ~ u ~ L ~ M ~ : w I ~ L L A : ~ ~ L ~ ( u ~ ~ ~ ~ ~ ~ P I ~ ~  

8.3 (constriction area ) fi7~1511~1~7~77n 

d,, = CR (2.10) 
Y P A 

d,, ~onaiutjnrSmrai:qqqm ;c uuadfiuwun2rlfimu~i~uo~Luidiu's~~~a:wiu i l p i i  

B~S::M~I.) 1- 2 ,  R ~ ~ ~ ~ ¶ Y Y A I ~ ~ ~ ~ ~ ' . u ~ ~ ~ ~ ~ ~ ~ ~ I . I  ( hydraulic radius ) 

Inglis , Thomas LLR:: Joglekar (1939) ~ & ? i ~ . r i ~ w ~ n i s d n ~ i ~ ~ u u i i f l o ~ ~ ~ ~ ~ i ~ n ~ ~ f i ~ i u  

uimr id~u ~~~a"di~~u~~uuli7na~m~ri'ofi:wiu uimsid?u 1/40 1/65 1/105 LLYY:: 11200 Irnul3 

~ m s i n i r I u ~ u ~ i u ~ r i i  m o r j o r d u ~ g n i i ~ ~ ~ d ~ ~ u ~ 4 u ~ n ~ i ~ ~ ~ ~ s ~ ~ d i  fiqr\ilIunsio ddt8ud7u 

q u ~ n a i q ~ ~ i ~  0.29 uu. nm~~ail~m~ii in~i~sia~di~~"o~"~u~LuasiuL~ii~u ~uns~iuusnniq~rsn 

~dou6rnsin is~unu"~~l~ .nmr~d~m'm~inir~cr~3uin~u~&iiinisnnr\a~frn~'1ri~5:~n"o~di k5nisuyu 

~uuo.~m::nou n~iuinn~sfim~~i::~::Sn~~mdKumari~6iiu~~iiadi miun~iuKu'~~idfi.14 

lnglis ( 1949 &I'?.~~JIU Raudkivi , 1976 : 289) \&fi~ulgms lnglis-Poona 646 



148 d,, ~om?iu~nfimi~llal:qqqm ; y zo n~iu$nni91vn :L ko projected length un: Fr 

~~61fl~rn1XuwoQ 

Chitale ( 1941 & 4 5 4 1 ~  Raudkivi , 1976: 289 ) ~ & ~ I L ~ ~ ~ I ~ ~ ~ ~ Q J  d4i'iaqd?:fl461~~ 

~q~8nui8n'iwnuo~nisfim~ai:ni~~iu~~ilo<~~~n:~u~muo~nsiuoi~nisr~n1ai:mobio moljod 

~.tilunisnrnno~rilu~~d~viuuijufiim~iui 0.925 dm nfj14 0.6 dm rrnzp1n~.~m+11~.~n~u L ~ Q  

i i n o ~ g ~ i i ~ m a ~ o I f i r ~ i j ~ u ~ ~ ~  4uoiq<i1~no7~1uuim11li~i~u~nni.~ 0.32 uu, rrn:~rmnoiiilfiu 

$n 4 uui'lmzo ~ ~ u t i i u ~ u ~ n n i q ~ ~ d u  0.16 , 0.24 ,0.68 LL~ :  1.51 uu. d iu i~%sou~ morjo l%o'msl 

n i~ lun  q mqd = I qm3T?u~ji/Yjm Lrn:nQiu.lanuoq<iLdR'uuL~dndq7n 0.5 Yjm& 1.45 dm nis 
j A 

~nnoq~~~niu Im"dou~n~~:d '~r j in~s~nnoun~~~m:nou~o~<~ uoin:nimmno~nr:~ioioLdo~ 

~ u n s : ~ ~ t ~ m i s f i m ~ a l ~ ~ ~ ~ m s ~ u ~ m o r i o  4-1 Chitale flqdl&6J6 

Y A I. nis!~miuirua~~nu ( axial flow ) m~~u~nnisfim~$~:q~qm~Rmuun&umodo nisfim 

~aizd&iuu"i.rma~n~:~o~niid~um~biods~ui~ 5-1 5 % 

S m x  
2, o'msid~u~:uii~m~iu~n~m~ai:q~~mfi~m~iu~nnis~vn~usi.~i ( - ) ~lf l~146'2~ 

h 
n ~ i ~ & ~ ~ u s b ~ i ~ ~ i u ~ o ~ m ~ i u ~ 9 ~ I n A v ~ u f i m ~ a i r : ~ o ~ s i ~ ~ i  

3, m?7u&uw'undlA~inn7mmnoqddi~6 

la?: , Fr ~~d~' lmSU~uoh~~nis~ua~n6vq~Km~ai :  ( Froude Number, Fr = - 

Laursen ( 1954 .ei4ii4 Raudkivi, 1976:290 ) l ~ a n ~ 7 ~ n n ~ : n u u o ~ n i d 7 ~ ~ n : ~ n ~ ~ :  

u o ~ ~ ~ q f i ~ ~ ~ i : 7 a i o n i ~ f n ~ ~ i :  Laursen WU~I v ~ 1 ~ i n ~ ~ n i d i ~ ~ d ~ u n s ~ i ~ n i ~ f i n ~ n i : ~ ~ 7 ~ f l u ~ n  

1ATm~iw~iu~nnis~m~ai:: n ~ i u ~ n n ~ ~ ~ ~ r ~ i z ~ i u ~ n ~ ~ u o ~ r i u ~ 1 ~ i u ~ f ~ n i ~ l v n d o ~ u i m ~ n ~  

~ ~ o i n i m i P i i f n u ~ n ~ l ~ w ~ ~ ~ ~ n ~ m ~ ~ ~ ~ i o d o ~ ~ n : n ~ ~ u i n n ~ ~ I ~ ~  o'Plsinisfim~ai:s:~diq 

m ~ u r ~ n i n ' n . r : v i ~ ~ u o ~ ~ ~ n ~ i u ~ ~ ~ n i ~ ~ ~ n ~ ~ n t " l l u ~ m ~ ~ ~ ~ m d i  



Laursen Us'. Toch ( 1954 $7434 Raudkivi, 1976:290 ) ~&LL~=~7LncU~fl77Q~nlL~U 
Y ,,Y 

d ~ ~ ~ u m ~ ~ u ~ n f i m c a ~ : ~ ~ ~ m y o q n ~ . ~ ~ ~ n ~ 0 2 m * n ~ ~ r . d I d ~ n ~ ~ ~ m ~ ~ ~ d ~ ~ ~ m : n o u ~ ' o \ 1 ~ ~  n.ru 

Garde et. at. ( 1961 $14ii47u Chang,1978:14 ) ~ 1 ~ ~ 4 ~ f i l ~ ~ ' i 7  P ~ ? ~ U ~ ~ I B W ~ T \ M ~ U " W I Y  

n?mu6ouu1nmsn?7uann1?6mla7= Garde WU$I m?iu~a~a~nis~vn~fluo~6d~::nnudibi~y 
i 

uqnni7 ~~~ird~~~i~n~s~m~~~:'lmun~a:n"laiiin~s~nnou~.uoilmznou~o~~~m:n~a:ddn~s 

imdou$vo~n:noufioqIyi7 

Laursen( 1962 $74%1u Shen,1980:5 ) lbian~7na7u&u%u<d?M%ji7~7un7?fm~a?zd 

nodo~m:mofi:w?u di~~n?~diin7sfi~1w~m::nou~u'~p%~~~n'm~a~:: ( scour hole ) malut%J%ua' 
4 ~~qnfiwui~~:~i~)~~::c1~1diio.1nmno L L R : : ~ ~ ~ ~ ~ ~ ~ ~ : u ~ Q ~ K Y ~ ~ ~ w ~ ~ u I I I ~ ~ ~ ~ I C I ~  n~7unfj74 

slo~c1qufim~~~:iszu~~~riiKu 2.75 ~rii~o~na~u~nnirfim~a~: 

Anrnachalam ( 1965 6145dU Raudkivi,1976:301 ) \&~u7~~f l ' l ~ f l 740on l l~~  dqLfll4 

, n7~r?ufiunimo.~ Laursen Toch L L I Y ~  Lacey 1hhu~u646 

Carstens ( 1966 ) 1&~7f l lSn~IYOq1~t14~7n~74 0.80 XI. U77 21.0 U. ?74moLkI 3 5udA.1 

nnwo&i l4nnuumnPiwriu 4 wu7ngj~S ~~w.j7uquirnn7qLtldo = 3.08 , 1.52 ,0.52 U I Y ~  0.26 

uu. 24irujnn7drnw7uo~mznou ~un7d~dua~oqiiuma7uijnn7ofim~a7:ii~q$ 

do ZF, = llr4q~IY7fl( drag force ) + L~flUflo5? ( lit3 force ) 



= [ f ( sediment grain geometry ] N: 

2 do C, ~ o 6 u ~ s r ~ n s u s ~ q ~ n l n u u 4 ~ ~ 1 ~  ( drag farce coefficient ) . C, jro6udxi~n8 

ruilunmiuo~oynifl ( lift force caefticient ) . Kt $o,~d~lrmof~~?~vo4~r(n1~1mrnou ( Aud ) , 

rc, ~o~rdpIrrno~~+i~u~~uyni~~m:nou ( f i ~ i m o  ) . ci 3ouu1muo~oynipim:n~u, p ~ D A ~ ? U  

M U I L ~ ~ U V ~ ~ U ~ ~ . J ~ U ~  LLfl: y, , yw ~ ~ ~ I U ~ ~ ' ~ ~ I ~ W I ~ U ~ ~ ~ ~ ~ ~ A ~ ~ ~ Q U L L ~ : : U ~ ~ Z H ~  V I l N ~ l ~  9ln 

maiu&u%ud5~n61a~::'Ldi 

Ns rflufiiwisiljrrnof8uni7 Lwumrnnu ( Sediment Number ) 
" 

2. n i s a n ~ ~ ~ & u % u n ~ i u ~ n u ~ ~ ~ ~ u f i ~ ~ ~ ~ a ~ :  , Carstens fiuq%i ~LI~I~UQ~MQ~& 

rai:rfluKnwm:un4ns7unKufiq ~ ~ ~ 3 i u ~ v i ~ f i u ~ ~ i u n ~ ~ ~ u ~ ~ m o u ' ~  ( b ) ~~n:5~1qiu$u&iu 

fi~ii7.lLviifiu~urfii;usniwuo4;ifi~~i~~~i ( 0 ) un:Lrsuimsm:nouu~~~qin 



Shen , Schneider , Karari ( 1966 ) IL8: Wang ( 1983 ) \b i l f l~Bf l~nlT nl?fi~?L"L':~!% 

clear-water 643 

Shen et al ( 1969 $ 7 4 3 4 1 ~  Shen , 1971:23-8 ) ~bi~17n7snmfifl~~mu~~s?7~t7 3 3% 

I. s i 4 t i ~ m e i l d i M ~ u ? u  n h  6 r j m  Sn 1.5 dm 1~8: ~ 7 1 6 0  r jm  I%noriontii.~ 0.5 dm LIR: 

%~MTIU d,, = 0.24 uu. 11~1:: 0.46 Uu. 

2, swtqnrjw 8 vjm iin::u-n 200 dm I+Plnu1wfun~znuu~~liiun?7~ ( dunes ) vio~qufim 

rin: 1~in~~if~in?lu~n~mu~~m~ui~~~rn~oud'Ldmlu??4%7llF1:1~~l~6mm7~til9uo\1n"B\1?74 

%7 morion514 0.896 dm u8:Iqnsiu d,, = 0.24 uu. Lifu:: 0.46 uu. 

3. owtii1mu1~s4~~~~7u~n 5 dm um 180 vjm ~ $ n ~ ? ~ d , ,  = 0.46 uu. 

~~nuwn?Tnrnno.luBq Shen fifl166\1* 

Y I  
Maza Alvarer LLat' Sanchez ( 1964 0'14n4'Lu Sirnons,l977:689 ) b%.hdl4flufl'l? 

" 
uflq Jaroslavitisiv (1960 ) ~??ua=~~umf l4 i i  



d7u Neil ( 1973 ) ~ & ~ S d P S m ~ ~ ~ ~ d ~ ~ ~ ~ u r n u ~ ~ ~ ~ 4 m 7 ~ 1 ~ ~ m u n ~ ~  



-- --- 
Suggested .A1 lowance 

p i e r  Shape i n  P r a l i i e  for Local Scour - -. 
P i e r  1 = 2 .0  
Pier 2 = 1.5 
P i e r  5 = 1.5 
Pie r  4 = 1.2 

a )  Square-nose b) Rwnd-nose C) Cylinder 

U  P U L  4 d 
( Scour Euler Number ) = - wzdirTflu~m'~u~uaf ( Reynold Number ) = - LWDM Jzz P 

QHO 

U 



k' 2. 
Jain LLR:: Fisher ( 1979 ) IA'aptii ~~1ut3nn1~~m~a1:~o~mori0~~nn~~Z~n1~uinb1nis 

~ ~ W ~ ~ : ~ ~ U ~ N L L ~ ~ ~ ~ ~ ~ L L ~ : L ~ U ~ ~ ~ I U ~ I ~ L ~ U ~ ~ ~  Froude Number ~~WM=UO~~~€ISD.~$I '~?~I 
4 

2fi~~mnisii~1r~i:?u~~ni~Em~ai:q~~m~rn:n~n~i~d16~mi~~)~~~1f~ni~1~n~~~uu 6qaunis 

tiio d,, #o nqiuhfim~ai~q4qm ; y #on?iu~nnis!un ; Fr +?a~iivi~nGuruoJ ; L i n  
4 J 

projected length ~ i u ~ u n i s ~ m ~ % i : q ~ ~ m ~ m u n ~ ? ~ ~ ~ n i s i n ~ ~ u n ~ o ~ m : n o u ~ ' o ~ ~ i  ( clear- 

water ) 

Chen A Han ( 1980 ) ~&inimmfio~uiuuinu~.)~ry~~n~~i:soumdoa~wiun~~nn~ m 
2ioa~ jfinisanfiifimf ani~urnn~u~n~rr~~Lo~~i(u ( AIT ) ~mu~.a~sio 2 uuim i l ~ ~ i ~ r r i  d,, = 1.12 

UU. ,ag = I .24 , 4  = 32 LLA: dS0 = 0.30 ~ a .  ,ag = 2.04 , 4 = 29 rrnr2~moriogdns~ns:uun 3 

Yu7m ~un immno4~~u~n i~ rdou~~  live-bed cmni?dn~i~rnm4'tfi~~u7'ivu7m~1~n~d~1~n?:~u 

eion~iut3nuquripl~ai:: a a ~ 1 n n 1 s d n u 1 ~ h w ~ ~ n n 1 ~ ~ n m ~ ~ ~ ~ 8 n ~ 1 u ~ 1 ~ v i 1 u ~ u i ~ ~ u 1 m  

uo~m::nou2\j~wnns:nu~o~~i~~nu~ufirn~~i:: r rn : I~~qm~n iWi i~ i~n~ i~~nuq~~Kmr '~~ i~ lu  
4 i n i ~ : ~ ~ n ~ s ~ n ~ ~ u n u o ~ m ~ n o u ~ o ~ ~ i  b~Gn~iu&~fluB~~.~tlui~~m:nou &nunis 2.29 ,in:: 

2.30 

b 
For - > 650 

Da 



~onawfinvqu6m~'111zqqqm , d,, Zon?iufinvquiiol~a~zauqn , b 8on?lun.f14 

v2 
TU~GIU~Q , - ?to Mv?n?iWLj'? ( velocity head ) 

29 

Ruadkivi A.J. L L W  Ettema R. ( 1983 ) ~ & ~ i n ? w l ~ n 0 ~ 1 ~ h l ~ 7 ~ s ~ U m ~ d ~ n s ~ n ~ : ~ o n  
A J 

n~uIm"n~~:d;lajljn~sLnnnunvo~mznnun"n~$~ f m o l $ n s ~ u ~ f l u ? ~ q n " ~ ~ ~ ~  4nihyn8upu n ~ i u # n  

~u~nvo.in~sr~m~~~zd~1~~~~u~u8'6unisn~:~iu~uimv~~rjnq~o;]$i vuimmduuo~5fiq5ii;1$7 

vuim~&ucj~uquGnni~vo~modn n~iufinnisl~ndn~iu&uw'u~~~vu1mmnriu~cn:uu1m'jt3qfio~ 

$7 w d l ~ i m ' 4 6  

Chang Sin Zee ( 1987 ) ~ b i f i i n i ~ n m ~ o ~ ~ i v u ~ m ~ o ~ v ~ ~ l i m ~ ~ i z ~ n ~ m ~ S / n ~ z ~ ~ u  n4 

S;oqdaan~sannifimi nni13irmpl~u~nii~~u~~o~~u ( AIT ) ~mur i in i~~nwmsf im~aiz~wi~zd 

1ddn~~l~~ou~uo~mznouSi0~~7nrnz Steady uniform state T P I U Z $ ~ ~ ~ ~ J ~ € I ~ I L ~  uniform sand 3 

vu7m l&i~~ri n s i u ~ u i ~  dS0 = 0.97 NU. C T ~  = 1.94 : 6 = 32.5 , nmudiunni.a d5, = 0.43 WU. , 

o, = 1.61 , 6 = 29.0 , n~~un:$um d, = 0.19 UU. ,G, = 1.47 , 4 = 26.5 u n ~ l ~ ~ n m m o d o  

6 z w - 1 ~  2 LLUU modo%L]nsqn?aan (cylindrical piers) unz m o ~ o ~ d d i u d u u i l ~ i d n i u u u  

( blunt-nosed piers) ~ ~ n z ~ ~ ~ n ~ ~ n t ~ u n ~ ~ ~ ~ v u ~ m ~ o ~ v ~ ~ ~ m ~ a i z 6 ~ ~ d o ~ ~ i ~ i n ~ ~ 1 u n i s L ] z n z  

~ o ~ n i s ~ i ~ r n o r i o ~ d ~ ~ ~ d u ~ l i ~ w " i d ~ i u ~ u ~ n b i ~ u  



- 2 ;  
A, nowu~Mqufimr%i:ug4~m . F, ~nPiiri~mrjibllunsirn4m~rin( Froude Number at piers ) 

v - -  VL 

- & , R, f ~ d i ~ ~ ~ ~ ~ 6 < b l l ~ ~ f ~ f l 4 m ~ b i ~  ( Reynolds Number at piers ) = - , L 7% 
v 

Projected Length un4mnrjn 

unnlin% ujan~i i i~n~si ln~l~un~sr im~nir .  ~ m ~ ~ ~ ~ m ~ u d i ~ n i j n ~ ~ u n ~ ~ f i m ~ a ~ ~ ~ ~ ~ ~ i u  

u~imndo ~~~nwm:vqu~~~i:~f lu~dm~il '~i lnnu ( semi-circular ) ~~n:ni~hiufiiumnrjn $4 

4 
&n'nu~:Mqiblfim19i:~fl~~d~14.194? (senli-elliptical) njflunis 2.32 

Richardson at al ( 1987 gi4~4lu FHWA,1988:41 ) ~hiiinis~?uT9u~nyrcn?iuIjn~qu 

~ m r a i : ~ u ~ n w m n ~ ~ ~ ~ d n i ~ : n i ~ f i ~ r ~ ~ t . d ~ i ? n i ~ m d ~ u ~ ~ n ~ m : n n u ~ i ~ ~ ~ ~ ~ ~ n ~ ~ ~ ~ n ~ ~ r ~ ~ ~ ~ ~ ~ : d  
d i?ni,,nnnunun~mr.noufin.~di r a o ~ ~ ~ m ~ n ~ ~ i i ~ u ~ u n ~ ~ u ~ n ~ ~ u ~ m ~ a ~ : :  d~~j lun~ im~ni4  csu 

( The Colorado State University Equation ) 

d, ~nn?iuWn~qurSm~qir. , y fon?iuWn~i~i7urmilmnriu , k, fio~~~dp:~n~hid%u?ipJ 

9'-1~mnLjn ( correction for pier shape ) , k, dn ~~d?:~~fiPiidF~~~?iyu1~:n::rnnrio ( correction for 

angle of attack ) , b ~~n?lun~l4un4mo~a. Fr ~ n d ~ ~ l u o i (  Froude Number) = v:/(~~,)"' 



@+i~murio 

mozinqddldiuu ( square nose ) 

moriodniuuu ( round nose ) 

moriaqdn~~ns::uan ( circular cylinder ) 

mori~dniu~runu ( sharp nose ) 

m8do2dn~~~s::llonlfl~nf$ ( group of cylinder) 

Nandana Vine1 , U.C.Kothyari URZ Morteza Haghighat ( 1994 ) l&4inisnmno~nqsKm 
" A 

~ai::suumorion~uniu~~~ni~::~1d~n~s~pIduu~~u~m::nuu~iu~riino'm~ni~1~n~i Tmulii~uqm 

m::noufldilflua 1d~usi46iui? 25 wms n'ii4 1 lums Lln::$n 0.30 wms iiivun~?iunim~uJiu4 
Y ;I So = 7.83 x lo4 ~LI' i l f inW~~::m(lbj~lU~7 ( full pier group ) l : : ~ o ' ~ 7 l n l t f i ~ ~ Q i ~ ~ ~ f l 4  

ds::uim 40-75 % ~ o ~ m o b i u ~ u ~ i u i ~ d ~ u  ( partial pier group ) u~n=mnrjo??~tiiyu 30' I%./% 

n i ~ n i s l u ~ ~ = l ~ ~ n n i ~ ~ m ~ ~ ~ i z ~ ~ ~ m  

k, 

1 .I 

1 .O 

1 .O 

0.9 

1 .O 

~ s u s m ~  anmu ( 1998 ) ~ti~nmwq~nssuni~fim~~i:~uumurium::w~u oir~duwilin 

?fl~Jiu~&~~Elunsiua?fuai~\iiuinn::~u ~uu~d~nisanuiuun~flu 2 n~cii an nniazduuh 
d 

clear-water rln::fln7a::l4nuh live-bed ~ P I U ~ ~ L L U ~ ~ I ~ U ~ ~ ~ ~ U ~ ~ W N ~ O : ~ ~ ~  3 Yuim lunl7 

anuiianiq:: clear-water un:: live-bed ~ ~ ~ ~ u u ~ ~ n ~ ~ m u r j o ~ i i i ~ v ~ u u ~ u ~ " ~ ~ ~ ~ u u u  aQfiOYrn?~ 
dqu 3 o'msidqu lwni~anwidnni~z clear-water ~ i n n i ~ ~ n ~ i r r u ~ i  fi~rrddf5niiwnaio~~u 

Lla = 12 

1 .o 
2.5 

3.5 

4.3 

5.0 

L/a = 8 

1 .o 
2.0 

2.5 

3.3 

3.9 

8 
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Lla = 4 

1 .o 
1.5 

2.0 

2.3 

2.5 



fim~a7:lunn~azdouv clear-water l&~tri ~ d i w  vu7m yun7slvnd:n:morio rnmu~nn7slcm 

na~uG?n7slvnt~& vuiavaq~a~SioqC7 un:n7snr:s7udi?uaqi~~fiaq67 t~~:luan77:d'~u 

13 live-bed miLtdsd~~n~~ndou~urim~a~: ~ ~ ~ t r i  p1i14 vul~lmorio yunis\~nd:n:viozia 
" 

rm:?eiqjio.r67 

Robert Ettema . Bruce W. Melville and Brian Barkdoll ( 1998 ) ~&8n~wnfl9:nLl~O4 
d.4- - rn~~un5~~m.orio~uonfiwnnio~a~uinu~ufim~n~:~~wi:~~u~ W U < ~  ~1a7u~nuqurTm~ni:Wirna1u 

fiuGu<~qa~idmsq fiun?7un{i~morio ~nu\ri1firfiuuifiuu~d4q.~mario n~rrctru L L A Z ~ f l ~ f i Q 4 ~ 7  

A aqn7si;lnwrn:q6~nuq~u97~$7 ~ ~ n : ~ i l u n ~ ~ ~ i n d ~ : ~ ~ ~ ~ ~ ~ n ~ u n u ~ u  uoiwnnisAnwi~uh 

IlfiGnirnflfl7nmf wod~ztiluttuani~1un7~m~nm::t~~~u~mta~:do1d nqranu7d1&~qismi 

rn~7ufiufiugvoqdia~~dod1ql Kurnaquinvqufim~ni: ~ i ~ 6  

d U u 2  y D p u D  
"=#(- - - -  t o m  -) 

D uc 90 D d P 

Manin Vide J.P. Hidalgo C. UW:: Bateman A. ( 1998 ) ~ ~ ~ ~ Y ~ ~ I ? ~ L ~ I ~ L Q w I ~ L L ~ ~ ? D u  

* 4 "  m o r i o f i ~ w ~ u ~ ~ ~ ~ u ~ ~ ~ f l ~ ~ i n d ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ? ~ ~ n ~ l n ~ z n  2 hu iumuflq1?ruq5~wnns:nu1nd 

~ n i ~ d u d i j S i ~ a ~ ~ t z b i ~ v i ~ ~ ~ i i u  &nmnoaluania: clear-water b u i i i v ~ ~ l ~ a ~ 6 o a ~ ~ i l 6 n 1 ~ ~  
-* " 2 vu~madi~fi~t) ~in:~~u~a1un5157~vnamorif1 d ~ m ~ r i ~ ~ ~ ~ ~ n ~ ~ ~ r i ~ f i u m n o m m ~ r i ~  3 9a mqu 

--I* aun 1 a = a,(l-n) + a, n (2.38) 



d o  f(s) a8 weight function i d o l ~ u Y ~ U ~ U ~ h ~ ~ " i ~ i 7 ~ ~  1 

?inni~an~12%fiun7~ Colorado State University ( CSU ) 

zd 2-4 ~ ~ ~ ) N Z ~ ~ J ~ S S L S ~ I A $ ~ V B ~  pier-piles group n ^ L d r ~ ~ l ? ~ ~ ~ B S  
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