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The meel-w,ics of loeal scour is a /!-tudy mderta.ken with the ,S:Jponso:r-

ehip of the U. S . Department of Commerce• Bul·eau of Public .P...oads ,. 

Divis ion of Hydr1t11ic Researchi for the purpose o.f developing mttthe·n a.ti -

cal equati.one f r ecou.r from basic principles of flL\id mechan1c i'$ . 'I'be 

study is planned under a three-year progr1'\111. . In the first year m th-01:ough 

review ot litara.ture was to be ma.de pertaining to local .scour, along with 

a st1..1dy of the fu..'1..d.amcntal equations for th.i.·ee-climensional flow and scour 

process . The e~·peri.m~ntal facilities were to be <lesfgned and comitrueted 

and if po3sibfo, te.Jting of some 3b'.:1.ple georne.ttic shapes ol abstractions 

were tc be und<:?rtaken. During the second a.ad third years, development 

of the ba..,;ic equations for scour are to be cornpleted. 
This repoi"'t constitutes the terminal report for the firs t year . The 

_u. :1.ecompli~hm·ents are listed as follows: 

1. .H.eview of available literature.,. 'domestic and foreign., hat" be-en 

completed and an evaluation of the state of knowledge ou local 
s cour v, pre~-sented . 

2. Study of the theoretical approach to 1-ocal scot.tr is un<lcrway ~ but 

no eq_uations are p1·eBen.ted 1n thi.s r epol.~t.. Several tocmical 

discutt::!.iOUlj ha.ye been held with the co-project leader nnd advi .. 

sor s ~onc~rning the theoretieal study. From these discussiV4'"1.':> 

a m<\i:thod o! appro::ich to the theoretical study has evolve l . Tbe 

th.eo1 .. etical study will begin with developn1ent of equa.tioora d~a ... 

cribing the flow and cU.strJ.bution of ~locity around a circular 

cylindrical pier in h.or.izontal flow for conditions o.f f~ed bcurid-

1-r:y ~:!! o r;etry. 'fhe s cour patt(-rn wtll define the bou11-dary geome -

try . ,1n.<l ~xperimental measureme-nts of velocity and p.t'eosw-e 

distrtbut!ons will be mnde to s u .• plen-1e-nt the theoreticnl study·. 

These v lc,city and pressur~ mear:n.u .. oment6 will be ma-tie by · 
11fixing 1' the b oundary at succe~stvc periods of ttrne d\.tring the 

scour pl"OCC:..,S until equilibrium c onditlons are e s tabli.i>ht:.:d .. From 

i i 



the res ultin.g theoretical equation. for ··c:uW' depth a.s function 

o! tin1c I various other obs tructlt)."1 geometric will be studied 
in s irniLv manner. and through su.ccc,3oive aclaptatiO!l, evolve 

a. gcr:.c-1·:1.Uzed equation fol:' local r.;cc:ur . 
3. The m:periment:il flume l"v.w been d(!s i med .1.nd is practically 

completed; th~ pump w1it fol the JllJJn¢ will be de-livered by · · 

the manu!~turer in Ja.".luary. The f~ility cunsists of v .. 60 ft 
lon.g .flume 8 !t wide and l ft deep vlth a reces:~ e<l te:~t !lectfon 

15 ft long located 30 ft clownstrca.."n frmn the u pstream c1.1d . The 

appro:.itch di!5tancc of 30 ft was rcquu~ed to enable eBtablish-

ment o! proper flow and sedi.m.en tr:,.-n:,,port conditions at too · 
test section. The equ.ipment i$ puwu-rc-.,. with a multiple speed 

pump and is designed in s uch a way ai' to enable control of tli.J3 .. 

charg-e .t depth and water surface le---vel iri the flume so tlut the 

etartir,{5 and stoppitvJ of flow 3.t var lr:u · ti.mes can be ei'..f~cteu 

with no diBturban.ce of the bounci.ary geunwtry. 

Culorru.lv State Univers ity has participated in the conztruction 
of the cquipr.,ent by prl)viding fund :::, nu materials . 

4 . Tet.> l 5 of ~imple ob.stntction ge ornctries were not conducted in 

thi.:=.; fir ;;:t year,. however . the~e test:::: s hall be undert;:iken as 

soou ll.!:1 the equipment is completed. 

The autl O:t'6 winh to express their appreciatioa to the follo,tring indi -

viduals for thc1r ctntributiou and direct ns.sh~t ~ince .i.n the conduct of this 

stuoy i:n this fir st year; to Drs . YevdJevich, ~im ons and Cerrn"'.Jt for 

their advice and t.ruld::mce" and to Mr . ~-1':il'kcvic ~ Dr . Binder an.d Mr· .. 

Yano for their nt;r.:i i stance ln tranzl::ttion o! fm:·eign literature. Appre-

ciation is e;!prc::1i:!ied afao to the Library Staff ,1.t Color~do State Univer-

sity I the st~1.ff vf the u • .::1 . Geological Survey at Colorado State Univ-er ... 

sity, the U. s .. Bureau of H.cclamatiun Technic:).l Library in D:enver, the 



Denv~r Public Library, the Librarie:.:; at the Universities of Co1'1r0rlo,. 

Calif or-nia at .Berkeley and Stanford , a.ad the Bureau oi Public H . .oads 

office.rs in We.5hingtoo and Denver. for asuista.nce in acquisition et m&"ly 

ref er enc es . 

Special ac1':n.owlcclgements ar_e iue to th-e following i.n<l ivtdu:.ll.s a."'l<l 

the institutio:m in rt-DporuH? to .requeti t for lite.r·.1ture and refe.rcnce..1: 
Iv r . I\. . Paape , Wa.terloopkundig L,:i.bor atory , Delft, 1 ·ether.lands . 

Dr . Y. Iw.iga.ki , Kyoto University; Kyoto , Ja.pan. 

Dr .. H .. R .. Va.tllentlne, Univers ity of ·re.w South Wale~ ,. Austral.ta. 

Mr . s. V ,. Chllatc, Central Water a1 ... d Power Research Station , 
Poona,. Indh. 

Dr . f/!u::it.:i,q Ahm ad ~ Irriga tion Heae:1.rch Ins titute jJ Lallo..i:·e, 
Pak.ist 9.tl . 

Mr . c .. rt. Neill, Alberta Highwa.y Department. Edrr.otJ.ton. 
Afbcrt:i > C.matla. .. 

Dr. \V. L . ?-.·foure ,. Ut1iversity of l'e1t::.ts " Aus tin., TeJ,aS a 



NOMENCLr\TUJ.E -----
Note : This Nome·nclature applies only to t.h:e fi.r s t pa.rt of thh,. 1-sep,01'-t .. 

It does not apply- to the .Bibliograph,y and Abstracts . 

a experimental coefficient 

b · width of obstruction measured ni:u;·rruu to the mean flow p9.th 

c coe.fiicifmt 

c rncu.n concentration 
c' coef!iei.ent 
d s co\lr depth measured below n.orm.ill h~d level s 
.e base oi natural logal'ithr.a 
f Lacey cdlt factor 

g gravitational. accelcr ation 
h tailw·:1.ter depth 

j portlon ot bed ax ea e~posed to he~u· 
k coefficient oi velocity diBtri.butkm 

k 
O 

velocity head downstream from the p!.Br 

__f mixing len:.~tb oI the jet 
m exponent 
n IVlanning' s roughnesr:1 coe!ficietrt 

o rates between l ongest and s hortes t dian1et:er of sand particlos 

p fractiori cf bed material oi di::irncter a 
q unit d w c.ha.rge 

qc critic.a! discb:u'ge caus ing sediment movement 

r radius of s tream line curvature 
' s specific gravity of sand particles 

t timu.: 

v point V<;focity 

v mean velocity in a vertical. 

v .mean s etlLucnt velocity s 
w fall ve>lt1clty of the sediment p:ll'-ticlcs. 

y variable flow <lepth 

z nf!lux at fie obstruction 
,.; 
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.:T ATJ:: OF K.N0\VLEDGE AND DIBL!OGR+\.PHY ,, 

by 
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lNT.ROfJUCTIO.N ' ·',. 

Pr ogress t owards con.p.lete untler.ut,ai:14L'1,g of watet· and s;:;:dirn~nt flew 
h3.s beea r el.:Afrvcly s !ow, c :ns iderin.g that rn ;;Yl through the ages l-,\$ i)(.~a 

concci·ned with ch,4ngiu5 aud c oQ.trolling watc! c ourses to his tH.'.lnc{ 't,. 

Avaih.ble hist<).rfoal evidenc~ inchcates t .1::i.t it w~s n ot until n eru' the end of 

the nineteenth century before syster~.a.t;;: :ff:dtlQds we.re utilized to ~ulve 
w.:1.ter- ~edir.tlEHlt p.r·r;b let:ns . N l.'.r is it Z\.C"icf:'llL>'ll th1t thi$ ::iho 1d c orr1:U!'OO d 

with t ho begiim i" 1' cf 1 per·il,d of r ap id. devefor .. ~ ent in fluid me chu.nics and 

tho s cience ;.is we knuw it today. 

The s cie11cc of river hydraulicti . although h .· s torically orig in~· ·ag from 

ancient tir::;:1c r~ t i·c~dved t;.1u ch interes t aar1 ··hui:; l .:petus in t hfi hl.te u.ine"" 

te4enth ccntt.Lr:y . E:lrly m ethods involved a.ppr ;1tE;:; Lng e .·istiug ztruc tu.res in 

the fie ld. not ir1g the :. ucces&cz a s we ll as f :\Hu.ri:.n,.; a nd aes emt>liug from 

collec t ions of d 'iib, satish.ctor-y solutions to J;;;scribe i he vari,ous phenomena. . 

Tue procedure .i~; ba~;ic a lly sound but i.nhg!'X,!n.tly requires lon;J ~i ,d .. oi 

time f 01,,~ dat culle"'tion. ;.1nd analysis .. An ·~J:a i:.;:ple iE the regirn a theory . 

Although lim H:.nthms e~i ;;1t in ib application t ; 'WD..ter- c urses in general. 

t e r egbne t h.:;.H.·:.·y contributed !un.dar:·1enully to the c oncept tb ... ':l.t ~Luvtal chan-

nels transpox··Hng given an1ounts of watet" a.nd 3etlim.cnt, and given sufficient 

tii·z~e, will e~itabh\,)h equilibrium c ,.m,dit.tons of width , depth and s l ope .. ; 

The ti.u~~i 1.;;f t.he twentieth century hrougfat for th a surg e of intel:'e.st in 

qu..1.ntitah vc an:.il:rsis of .:.illuvial channel pr ~bl<?m$ ~ The nu:raLli?r and variety 

of solution.::: appl'cJ.ble t a s edimeat trnnspo-r,, chanu.el ist abili~:1ti1)n ,1,n.d 

selvc.::i . Cons<: hm :~ of the exce~$ ively l ;:;ng per-ii;ds of ti.1.'t, e required to 

, . 
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scale motlel:i t;.; rei:..ac:e the tiff:e elet~:.t.:>nt and v~r y rapidly , field i"!:,d lliids 

were !:>Upercer.kd by i mproved l:::'l.bc,ratcry £1u,t. rte a.rid di.rr1eni:.li :.:m<\l tc.:-cllniques . 

'~his ; 1,r:thud w.i.., pr .i ct iced alrrio Jt e~clu 0·h ·cly intt> the mid -twont'-eth c~o.l 
tury , and indcr-ed it is Gt ill a popular p prr;,"?.,d·i to- wat~r-s e<li n,e ut ftl";.1ble11H3 . 

'l'he eu1'1·e11t k"~n.tl in. ;iualys tb i.:l to utilize tte knowle<lge devdc~r,.,.ed in 1'1.uid 

m ech~n c:; . a..'1.~y,:e U~e ";r,, ble !.'.1: m a.th1,;~ n·;a.t:cdly and ~l(:~rive ·i) 'Uf) ' .t-ticin..ility 

aad other co; ·;u,n ::. .L. <..H: laborat0ry d;:,, f!. ,, L .. wt:ir1tory techt...k1u~;;; i: 9.l.l"'ti -

;1.nd wlll h 1tlp fulfill the n1:ied fur ·more :\~~.;;u.t·:,u~ d:J..ta t) aB i.i i ~:t i.i tho an,:1;lyi.. w . 

Us e of. cHn:.~ n. sh.:t.31.l a.nalys i;; 3.n.<l hbm:·,1to!··y ,L.!'·' alom~ doe:.s rmt :.llw-ty-s pro -

du~e useful $dulion.:;:; tu secHr~ ·1-enl pr0ble~1:;· • ,..rin·• ,.,.rily bccaust! p ·,nC.t" 

m dcl-prototypn reb.tlon!,hi_iJS ,ire rwt (: ,;rtablishi::d for • ll~vlal 1:.h:mnols~ 

It is the 1>...:. ;-.•_ 'I(,:;~ of thi::3 2:'i-.:po:d tu a:~,i:<] n:b~~ hh;toric:ll and r<~cent refer--

enc es t> publ.k :.~ttvfls on l ve al sc~1U1· .im1 pr(.1,ar·e brief J.batl"a(;Lt. if thoij e 

•r u .. IJ ISC US:310.N ON LC,C :\.L ~;cou tl 

Any lls t of 1~efcreuces to l rical s'- cux- iw.Jll Ute option cf i.tt{;lui;; .. Jng er 

~. I • ' 

"~, .. , 

',. 



., 
incre.;l~e iI1 l\:,c ·.il vck·~Uie.'.;; and turbulerH;(;,~ which increase~, i u.c ,:iJ. t' ·ans.pon 

rate from the ;:}.t'~:l ta be· greater than tho !l-:J. f)l..,.ly 1•,ite~ Lee.al :~c~i. r ti 1i. 
., ... ,, -.; 

' of r:::aterfal -,,,'?111 ctmtl..nue uutil U1~ ch3.11gc in b otr::ida.ry geome tZ:~y r¾;-d:u.¢~S the -· 
- . ,·• 1 .• 

:th.ear fcrtes "!nd turbulence and a brtl-nct. i. :-:: '.:tC.hlcvod b<;twea:u. the nctive · 

and re!J.is th'"e f rce~ on the sediment parttdf! ti withirl th~ ~e:i. o.f l ;e,.u fucou~ ~ 
1n 0th.e r wortk , wlth zero gedL-nent :r;u9ply·,. c h:-,mg~:::~ 1n geoiHett y- C:,. th.a 

. J' 

b u-ndary will )CC!ll' u::itU the s cdi.!-::wnt o·,rtpttt i :i zer·c:-~ Fer thfo ,::r;~dit!~o:;· ', 

Thcoretic ttlly then , the ~eour .. 
hole ne-vcr r .. ~1ch~:J :1 c .mdition wh~re 1~ooi tr: r:-:1i output is ze1· ',,. ~f. co1.ttse, 

1 ... ...,.,....,,..+ :,.. ~1 t"'-· ... b, .... .,.,.,,.,, .4 , .. · ...... rt ·1i":"1. i>1C.,.,.'"',..1 -.-i,· -!'11.-,""' -\~¢'"' tu,~ ... ·"" dl'e r· :..·ct,,ur "-Jl l"' .l, c..a_',., -.l. .... ~ ... , . .l .. .. . . :, :,. \,;;J L.,;.l's1,~ ..t• Cv .:. 4-• F 4 ,l t.1 t.~·- ,,c'"' 4.., ..,~ u J. 4,'c;,. ... , """ ... .,.., 'l.~,i;-(;) ,.ti,; Q ' 4-.v 

depth i s in::;i~ntlk:1at ~ the :sc0ur . c::in €~!:,~::"ttial!y be considor~<l rt~ h ;vli'g' 
rc~chec ;1 Ilrr.tt. N .. ith('r- the perio·1 ,. r tit~: '==' rh:-1• the !ncrein en';. tsf ~;\;.our- depth 

fro~, the limit -1..r-"1:1 defined . t\.bo , under ~.,.tnr,.1.l condition.,,, ;.;:t::."~.::i.e.'l dizch:ll'be 

and velocity '\nt.,"'j<· with ti~c, a,.'1.d the .., e c;;J.tL~~ ·vhliti.on:il cbn.ngeJ of ;H:du r 

de:,th with t fo·o • • 

velocity .iuld dept 1.> h;,;n.;;:e_ ~hP.H.r t a.1d t;,1rbnlc:1c~~ re.,\cluw n1ag,1itudcs. cttffi-

cietlt to cuh2taJ1.ti :;t1ly b :alan.cc ·ucc .... 1tn,g >nd c~tgr,ing .sediment. I~';:,. tbi:g co 1-

dithm. tlHl tei.·n.~ "c011Uihr1~, ~cour- depth? j.J! "'-i-'Pliecl . 1'he r:;tte €.if i!ediment 

ira•u;pr.r-t i:11 t?-:wi ch;mn-el ti g~11erally '{;.:tpt•e.:.";!)e,J ~-s a.. time .. avttr~cd r.uue. 
The t oLJl seditr~nt lv~d £ih.ould in.dude _b .;\:h SUM,?eudtKI nn.u bed lc::i..dl-} an their 

of the fl ,.>w . ',;. 'h!;;. t r .:Hisp,}rt rnode uf :3u f,;p~ ';,1,..V~a:-1 ,~ euin..eat i3 ea.J.liJ,y :1~<~t:.tlize-d., 

Bed l o..!<l hvvN~Y0l· , i.H mu.t·c <liffr:.:ult to H,.;.u.,tl.i.:~0 .. and hence, t c, dc;:,f'! .... e" bi.lt 



4 

clunnel. Tbe (; :.,~figuration oi tne ch.:llltH~l b~,. in lcngitudimd ~ection . may 

contain wave.-,. of vadous amplitudes and fo r nrth.~ or it r:nay be · plane , de-
t ,, 

pending up~n flaw , fluid and sedi 1 _en.t. cha. ~cter i.stLcs.. tf thG bed loou is 

transported in w ::we~. ,. the rate of i:'1coming s ediment l oad to Ute ~rea of local 

scour woul ' vc.U'Y ~.tppre~ i:~ly ue >e1 d ing upon whethe1 the uJ.ud w . .11.ve reaching 
. . . 

tl e l.l.'C-.:. was ri c.re&t or a trough. If tho se<l i :~·ic .. t s pp ly tu the ;;:; cour hole is 

large .:ts it w )u.1 J be if cr est of a sand w1vo were tu c.Jcade lnto the a cour 

hole , tt1eo over shod c,pan of tin1e the r .ttc o.f Bupply would e .. ceed the r ate 

L'f outflow :.\nd the £cour hule would fill. C0nvc""Gely. if Uie s.ind wave a.t the 

edge of the scour hole W,l~i a trough1 the 1; edi.J:n e:it r:;upply woulJ b~ le ·r an~ 

the t.i.· ... 01;;purt £' ta out f the scour hole vrould c~ eed the trans pur-t rate into 

the nco1,1r nol"' a.'ld n dGe!)ening of the scour hole would result. Thi:3 ~onstant 

imbalance betwc,~n ..:;euh:ne:1t inflow and outflow from alt a.res of lt:>cal scour 

and corresponding fluctu,,titms in s our depth l~ads to the co11ccpt oi' C{luiU -

brium depth o.£ r:;cour , or a t i ne - averaged depth of s cour . . . 
Should tne. bed load be transpo!"t~d as plane bed , which L pr-obably mor e 

generally tne condition for rivers in flootlo, the transport r ate uf s ediment 

to in area of local .;;;coui· ro:J.y not fluctu i.tte nearly ~o radically 01a it doe.!'> with 

sa!'ld w J.ves . 

The C(:>nce~>t "'nd delit1Ition of the terc.:1, l't?tlime . au , pp lied to r1lluvtal 

clunnels is .:,; tr·ibuted to H. G. Kennedy a .';. c:~xpress ed in his pubhc :ttio in 

1305 . His r egi r:. e fvrmula w-1.• ba:Jed upoa obn<.l rvations and (.b,ta ta.!-·en 
fro,n 2.Z. select~,d canal..; of the J:: unj ab,. in fa<li.:i.. The formula ·s 

V :x · . 841/.>. s-1 • (1) 

where V is the r. :ca.u canal velocity a.1ct l> 1;; the depth o! n ·w i, :r ot- , 

puund-:,ecoud UrJ.i.t:., .. .,.\ channel ls : aid to be in reghue when for a iii.Ven 

quantity {Jl w ~t.er .l..ll<.i ;:.edi rr.ent .. au cquilibr·i.u ff'l geom etry oI ti e can(l.}. L."l 

ter ms or wi tb .• depth and s lope hl achicvf!d . 1 he ~err,, equff b_ ·u~r. i.!.~plieG 
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tilne· a era.gc r..:; ea values whi.c~1 perm.i.t.1;; certain !in1te chanii"'eS about a ... 
~~ .. 

a: can. 
The I{entH?cly rcgi nt<; equati.m1 h.,\s t.:i~e:-i 1itered to be n.,ore nda?table for 

• . : .... t 

~a.'lal desigt1. Otle chcwge was expres.<3 c-<. by E ~ :3 , Li~1dley (Lt L) . While 

Yeanec:.!y believed that bed width hitd o. () rel~'ti.i os1s hip to depth e.:.-l.Cc':?pi with dis·-

c h.1rge ~ Lindley offered the following f()r r.:i ,ulJ.C\' using the .same <.b.b .• 

and consequen 1,/ ~ th· t 
'A = ., <} D l.Gl _...,, .:>.,;;. I 

. (2) 

(3) 

where B is c .au ,\ l wi<lth in the i ·ot - pouu ;_f~ec i.:<t1tl unit .;; . The <l.itforence . 

bet ween equatL:Yas ( l } and { Z} is defend-e<l wi.th t ie fact Hut uncl-er ... ;Ji vu~ _set 

of flow c ondttic:n.-s aud z.:;e(.Hment die.cb.c'\r·ic, th'"'ra i~ s ou e l~titud.~ o!. velocity 

between incipie.ut scour and incipient. depwsit.l.-(; ~ In establismt1:t eq -lUOO (3) 

and hence,. equ .:..tion ( 4), Lindley believed t J..,1,-:i.~ two c..:.nal ... c;u;- ·ytng the :~a.me 

water di ch~trBe but dlficre 1t Gedime11't ,H..s!."liru·ge would a.s.::;u .le J i11£.reut 

be· wider and :~h;1J.lt..'We:· .:ill.d the caa:i1l slor;e ,v~)uld be ~teeper. 

Other reJiu~i:',e nt t, a.re r:udc , cwt 0Dly to Kennedy ' ::1 equ~tion hut s.l e o . ~: 

to the fo1·r:ri.ul,tt; by Lindley . Having m de t1 ca ,.ibserv3.tlun Hut diiferont 
.ll.VCr ~e vclcc itio::.: are r~quirctl to :Jcout~ the :,.dluviu.l clnnuel bod a.i. .. d to 

m a.int.:l.i. ~? e<l.i m<mt , a.rticlea in m otion> F ortier.· wld Scobey ( r·zu) pr0-

pouaded that .: Ell. 'ng and scou:tiug tnvolvc tt.v,:, urvJan1en.ta.lly dHfe.t'e it pro~-
ce!'..ses . In the fi.i'r:: t in~; tan.ce the oppo:=. i t'lg fo .rce: was believed tu be ~iue only 

to g r -ct vity ;1:1d i r1 the sec ond la~,t :mcc th~ r.H-VC:n ent o the p1rt-i cle.-; wo.s be-

lieved to be ciep-eod~at on gr-avita.Hon.tl .fot'i~c :a.11d geo1 ~cLt"y cf the parti 'lcs . . -~ 

In tlls public at hm . 'J. Lacey {l u l £; ) tn.tt"otlu ,::,e:$ ~ silt .factor to a,ecount i.vr . 
sedlnH~nt dischuge i.n a c .mal a~ being a. dow iaa.it factor in det~rr·liniug the 

I;, 
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canal geomet1·y. Later (1934) he expressc~ formulae in terms o-i the a llt 

factor: 
.. .. 1/Z V = l .l5l(fR). 

P = 2,.67 Q112 

f5/3 . 
:J = - · • ITfr l . 783 Q 

r 

' (5) 

( fS) 

where f i s 5i1 fa.cto:r . P is wetted ped.meta ·, Q i s tot!l.l d!sch:u·ge and 

S is can 1 slope in foct~pound-secowJ unite. Further modific' Uonm a...rtd re-

finement were of.f~red by Boi:-;e. Blench, Griffith,. Inglis, \Vood 1tnd otherB .· 

Tl.le compl.c:dty of a lluv· al ch~nnel bet1:1vin.1· precludes either E ·1n1:,lifi-

caticn of condition,, , . .r- l:i'.tatemeut of pred..:::. e (;ondit ions for which the regime 

equations apply. fa o.tder to uoe the c-qu.a.t · r.it. i eatiafadorily,, tue en~eer 

m ust be acqu;ii.ntcd with the va.t'iable condi:l. iona of the cha11neL from which 
( 

the tr.1 .ory Orif,; · n.1ted and be able to visualize t. i.milaritles for des ign ru.1d 

compare c onditiou:s for analysis. ·· Th.es o at,Ui,ties are generally included in 

the rr1eani:1g cf the term experience, a!1.d in order to exnect a11y der,i>ree of , 

competence in tl~ use oi regime equu.t 01w ,. t1'l.1.3 ex.pc.dence L';1 m- nd.utory . 

C . AeP..!!<?:aHvE!,_p!J_he ~~girne Theo!:l to !:!~S~:cour 
In 1027 W. M. Griffith applied the regfrne formulae. somewhat coutro-

verJ:Jially, to riverts 1 t·eaBoo.ing thut the coefficient uf o. U4 in equation { 1) 

i.s dependent upon the qu!.LY'ltity a.nd character of the sediment beine trans• 
ported and a ::.~sumed th3.t it may vary from O. 84 to 1.. 09 , the l::,rger vi!tlues · · 

applying tu r ·vers in flood. Assu1:cing the coefficient is equal to l for sake 

of dfocussio n., qu.ition ( l) l~ .., ds to 

If velucity for non.-sc ouri lg con.clitlon cannot .:,nfely C~ceed ;:;.ay $ .ft per Bee., 

then D is lii iited to about 12. ft. atld rivers 1;::i us t a.dopt wide ~h.1.Uow sce:ti~ns .., 
'• 

\I/here the noru.L l width o! the river la unduly contra.cted . for instance at 

bridge s ite~; ~ the water Bi..lrfacc slope increa<iCH l oc~lly becu.usi t~ oi the afilux . 
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or backwater, created a.nd the vc-locity Will inc-x·ea.20 a11d exc~cd the safe 
\ '" t scout" velocity i hel\ce, scour m ull..t occur. Or a lternatively front the , 

Kenaedy equ;:1th.fil ,. an i11creas e in_ V n u .. ~t .m.can an Lncrcase f.n depth . Tp.e 

scot1r depth . <l • at contraction:.:. then can be estimated fru:m 
lS 

. t . · .. .. ,, . ... ! 

. •. 

w:iere B and B2 :l.re widths of the n.or .m ~l ~iver and contraction ·espec-
1 . i 

tively and D 1 i !.. regi .rne de th for the norm.:il r-1ver . The depth of !.> COUr ~s , 

then 
' 

= D - D s 2, l . (9) 

The La<:ey :J\,,.rr~rnl:..1.e e~prcsse<l in ;,, .:. li~h.Uy different m ,l.!mer yield~ 
. l /3 

u = o.,11(yJ .(10) 

ior reg ir:16 d~pth D , or ru.tern.atively ' ., 
• I 

[ 
Qi}' 1/J 

tt ~ ( ~ ..:L ... ~ - f ' {11) 

it1 ·w 1ich C is ~ c un~~a.nt :ind q hi Lin.it llp~;;trcam <l.i :t: ch:=-.rg e . 

Equation ( 11) w..1~ applied to reault s of inodel cxpe.riL enb of the 

furdin :Y e bddge piers,, (1~39). In this s tu ty, i:r. odels witb.dii'f'erent geu~ 

.u·h .. tric tic,.tics u.f l:40,. 1:65, 1;105 and .l: ZlO were utted . The otudy was mo-

tivated oy f.: Uure of the brldge pier.-. due to abnor m ally deep scour . .From the 

s t1.1dies , it was ccmclu<led th.a t s cc.i1.u.· J .pth c oi.1.ld be calculated f.1.~o,n tl e equ~-

tion 

b { 
2./3 \ 0 . 78 

:a 1.70 ~ l 
b I 

(l l) 

whe e :: cuu.r d~pt ·1 D i B m ca.sur·ed fr om the v,r1.ter s m·fa.ce ~ nd b is the s 
width o.f til.e p~0r . The differcace i e,-:.ponent d q betwoen equ.1.ti-:.:1.s {ll) 

and ( 12) is e· p ~\.1n cd by the fo.ct tl'nt depth of s cour t s ic..fluence-d by the width 

f the pier in ,·(:l..ttiau ·to depth of flvw. E qu.::.i.t10n ( l Z.) h.owever· 1 was aot used 
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C.4tensively by bridge dvi$iguers • .. They reaort~',;t in.stead to r elating ~cour., 
depth with. Lacey• i·egime depth, equation (10},, by a r.oultiple factor .. . T~t i•·, 

' . L\. = KDL • K>l ( 13) 

in which D a ;..1..nd DI... are both ueas uretl .1:1.·o·n: the water s ttrfaco . Lacey in 

1945 o.xpreS!:-leS !le· ur depth. dowL1streat:c fro.r'-1 barrages in this manner, and 1 

Inglis who developed equatioll (12) recommended the fullowine criteri,.1 fvr 

de::.1 i gn: 

D = 2. D • for uc ow· at bridge piers s L 
D : 4 D , down:,trea.m of bridges ~; L 
D = .}, o DL , at ,spur he2.d.,-. s 
D.:; .:r z. 75 DL I> at l ong radiu!'J spur 

D. Critical "l'ra.ctive Force Thec1ry 
_______ .......... _ l', _ __ -------.-£:· 

,(14) 
( 15) 

{ 16) 

( 1_7) 

The c oncept c1i s he::ir force , acting on nn. Uuvial chst.nncl bed w1s intro-

duced by du .Boy3 {1897). He aseumecl that the .» edi ment n·;cved by s liding in 

1 .yer~,; due t c, u.t1.iiorr:1 .shear or tr 1ctive fot."'c.e * a n<l deter m ined a rel..1tionship 

for rate of sec t r.::.icnt transport (bed loo.cl.)# 
\!j 

G = ::l -r (T .. T) .(l6) y O O C 

where . G. :.: the transport r ate oi se<lim~nt pe1~ foot of width. 

~J 
..I.. 

'1' 
0 

::;: 

;::; 

( l ix"' / ~ec) , 

.::,. C;)Cfficieo.t depen.dt:nt o·i ~1~ <.lt ment size r 

d>..c .1r at the bed (lb /f i) 

. ' 

7 .. 
C 

critical shei:1r at tl1e be~ · i oi· beginaing of t tH;tion (lb /ft 2} 

y = l•£k Cific weight of w.3.tcr . 

The a verage v:tl t~ of d :iea..r in rea.ch w::is c .. presse<l U5 

wheni 

'r -=- " ' i. S !.) f 

7 ::: aye r .:i.ge s ht:a r_ 
0 

H. = hy · raulic r.1<lius (ft) 

S c:. hydraulic s lope {ft / !t) 

(10) 

( . 
t 
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and neglects the mech,ini.sms of turbulence a.nd bow1d r!!.ry laye.r flow, equa-

tion (18) has b{1¢l.l essentially substantiated by Straub (1935)~ Cbrulg (1939) 

l'l.n<1 others. f;tr · ub utilized du Boys tracttvc force concept tog~ther with ... 

the M3..ru1bg form ula and developed the relation~;hip 
1.2 ~1.4 v .. 6 O n O 6 G =~-Q - _q__ ( .• v •) 

! .. 60:-3 \/ q ·t4c ' (ZO) 

wherein is M.st.nnhg ' .s rough:.1:ess coef!lcfont" q is unit dif:charge 3Il<f 

q is crit cal dis ,11; .... r ge !or ~edimeot nover.nent . 
C 

A rnodifie.::tti" n ~r the tractive force c Onci;-pl w11s introduced by Kn..linske 

in the light cf i.n,p ovcd knowledge of turb ·1lcnt fl0w . In considering bed 

movement . i.t i.:: im.portnnt to recognize not villy the fluid f o:rce to which a 
particle mu.st b! s ubj ccted in order to c.1u;;e it to move, but the fluctuation 
of the force ~\..le to turbulence . 'l'hr·tA.lgh r~tic,,~ a l zma ly.s iz. utilizing e::icperi-

' n eut1l d :.'\.t.1 to d -tcrmine certaiu c oefficient:: ,, the exf)res.sion. fc;- transpor t 
r1te of tie<.U •\crlt per unit o! wldti1 h, given r.t..S 

G 2 . !'.\ = S Vs.) uy 8 • {2. l) 

In equation {Zl),, v is the mean sedi.merr v~l - city · 1<l is apf)rt;;. ilnately_ 
l:~ 

equal to the dif1crence between flow velocity arl,d, critical velocity ior m Qve-

ri1ent ,. j b the portion. of the bed area expos ed to shear • . 3 is sediment . , 

diam.eter wid v ~ is the $pecilic weight or ~oo· ment .. By a.ssuruing th.at tue ... 
ti.me vari3!io.a of n ow velocity v follows tb.e normal .. e.14 ro.r- law,. it is s.twwn 

1,,,.,. V $ f ' " 1" C ' fT t,' ' t4 l t . i t . t f t1,1.1;1t - is a uncbon 0.1. - ano. -· ,, wacre = 1s e re a 1vc n .. e.a, i Y· o . 
V 'T V V 

tw·bulence and er is tie: st~ndard devia.t·un o1 th-e ti.rne variati-0n-$ :l.n v • 
I<'1•om the bo..w:.;1ary-layer theory,. ; • l l -V ·; / p 1 0 
whe re p is J. L ,'l ~~ Hui.ct tiensity, and re ... ax-r·a-ag,:\J.i:nent o! equaiic n ( 21) gives 

where 
V s of 

V 

2. ( T C. ) -, JT-; 
G = ~- r - J a -v V -:-j ., J s p 

0 

,,I '1 

(22) 

r { :c ) fa rea 1 as "func:_tion of 11 a:1d h.~ eiven gr;:1.phicaily n.c a function 
0 

(j 
and ::: • 

'V 
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.Sh1elds (11:36) deterro.io.ed. tho.t the .relatiax1s.hip of the tractive force to :, 
the resistive tu1·ce of the bed is a univers~l function of the ratio of grain 

. size to thick::ws/5 r;f the laminar boundary layer and developed tho relation-

shlp ,. 
/ 

(23) "I' = r (Y~ ~1 c-v ... " >a • 0 V 8 . 

i.il. which(~~) ib: the shear eynold' s nu!11b r, v is ldne1~l1.iti"' vise ity .. , 
of ~a.ter , ( y 

6 
-·,) is the submerged weiJht ,.}f the t.edir.nent p:.ill'ticlcs • 

and V :(; = -i./ gJ·:S fo the t;;.t1eai· velocity , whm·c g h; gravita.ti e:n ;:tl acc~lera-

tnental data . 

fo. 1950 U. A . Ein.::!. t~itl pu.blitihed the r·e::;ul.t~t fa long ter .:-ii study 0 ~1 

:.::C::din cnt tran.~;H::rt in a lhivial chant1elti, .. The t1.mtly sio aHmu-~e~ unifo "n.1 

fiD\V in a re;J.cb. uf s t..1.blc alluvial ch~'lel . 'J.'he resist. ·1ce to flow ia <l1vldc:cl 

tnto two parts : {l} res ic tance (_lue to sand grt1in r ughness 1;-ind (2.) resista.11ce 
due to form r ,)UJJhne:ll s c,f the ir1~cgular bed fe,1·n w . He ausume:i:, tll:1t the . ,. 

roUf{hneBs of the S.J.nd ~_!r ·1limJ . or s!1c1r· at he Lc'l, trans .form:,J n ew energy 

to tu..rbulencc w lich affects. the indivi..::,u ·1.l [;.t·ai:1.< 1 llence . bed load t.ra..1sport . 

but thilt part nf the total flow euergy which i :; a..ffected by sh.a.p~ .i:·e~iistance· 

c uses tur-bulence ~t a con:::,ide.i.~ablc di~t ... 1c,) ;-:..,vxy fro m the t~r.,\i!'ls , .and dQes 

not affect the bed load tr;,i,nsport . By ustng av: ~table kriowledgc on tut·bu.l~nt 
fluctuations 3.nd th.c boundary layer h€l d~·,vt'!'foped rela.tior11:1hip !or cal.cu-

l · ting BUcipond c<l loau , believed to be v::ui.d fr:.., .1 the water au.t.faco to a clo~e 

proximity of t!w be<l . By using .;.d<led !mowledge of probrtbility theory on the 
exchange uf p ,.U' kki::; fr on.1 the bed-13.yt:r to th~ (·tationary bed, ;md .fr·om 

large :.unuuut!i w flu.me and field dat :-1.. he developed a bed load equation 

whicl..l 1:equireE U::, e oi. empirical graphical func .. ions. to solve t 1 he bed :l,oad 

equation e5peci:.tlly .in believed t o be valk' fo a :specHic range of sedime~1t 
siz es but devi:it.teG frol'n measured dat,1 when t;ediment :size L brge. There 

luve beet1 nu r...:.\erous mod ificatious to the Eine:teiu bed loa function . ain:ed 

at unifying swluti >. l ~.1 fc.,r all s ediment i:dz1::s ~nd to be applicaufo to su spel'ld~"<l 
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load trau!.iport ~ well . These $tudie$ will not be included in thict discUBstm-1. 

Eirrntein believed ths.t the complex nature or sed iment transpOl:'t defied a 

unified soiutfr.,n . 

A furthsi 1noi:1ific~tion vi the tr:.:tctivc fo:t.·ce theory was c~pross:~d by · 

lwag::1ki a11d T suchiy.a in 1956. Not unlike Ku.li ske' s a.na.ly2fa • .. he. shear ,. ~ .. ,. 

force was c mt'il idered from cons iderati ".'i.n t.>f' t Ttlilibriu n force s au tipher ical 

grains utiliz i~~: __ ,cdern ccrtcepta o! turbu1ene ,. and boundary l ayer tl:i.eorieB .. ~ 

A dimen.sionlcf::S func tion of critical t:i.•activ-e r~}rce is given 16 

----·-------- (24) 

where V ~c b critlcc.l s.hc .:u· velucity. P .. 'i1:I s eJi ment dens ity ,tnd 9)., is 
t > .j, 

the friction ru ;1lc of the : 1:i.nd grain~ . 

Laursen de:vel -;ped :J.n equation for i ot:.u fH.:ict irnent load c -.u•r ied by s t.t'eams 

UGing eA'.porh .. on al and available field cb.tu .. 'Ft·om qu~it,1tive ~nalyds of the 

mechanics o Geel · i.,10nt tra.'1t3pDrt h~ t, elc :i:~ tllc factor ~ whi ·ha.re t11c.,st likely 

to determ.i ~ th~ ate of s edirnent trau;;::port . T ':i.c$e ~r~ ,. ( 1) th~, r;hcar· , . , r:;-; , ., vaal/3 
velocity /fo.11-V{!kcity ratio ,V _:!,. w ~ ( ,~) i.r.\ icnve force T 1= ·.~. 0,~0 I73 :t 

p O ~ · 
{3} critical !'3.l!tive forc<J, ,. = c D w 1e1.~c c- fo a coefficient d ependent 

C 
on sediment pl' opertic.;;. (4) ratio of vofrJC ity cl -::::edimont pa1·th.:h~}J in motion 

. . . ,. 
011 the be- to f.\l.ll elodty. Tno equati0u l!::i 

7/G (r ) ( /7'3?, ) - a () v ~. 
C = ~ ,.. (~~ ) - - 1 f -L~ 

r' D· 7 \7 
I C 

{25} 

wncre c !. · t, .. co.a cl'..mc"'rrtr;::i.tim1 p = fr:1c~.ion c~f bc.-<l t i:iterial Jf d i:..i.m etcr a 
:u1d f ('JT°ol P) Wfa s prcBentcd a r.:iphic.: .J..lly . T ,1c n-.ethod pre.-:1Uff1c :: t.:. ·;-;.ve w 
both qw:u-uity :1.nd qu- Hty of the total. ~uspendcd and bed loads as functions 

of the basic h,yr.l.:: ,:!t.ll!" ,.: h:u•acteristics of th<; f.trB:?.m ,.:md cf13.racteristtcs of 

the b .cl rnat.erbl. 

i·i ,I ,, 

iJ1' ,, ,, 
!1. ,,, 
I! 

ii-

., . 



E . . ~~£!!£ati01!.,. o~.,lli-~tical Tract1yw~ _1:~~~:.l. to ~..C;.ii.±,..~ 
rrhe criti~al "trtictivc force theory has not been u.oed exten.oivel)/ to des -. . , .. 

cr!be local s.cmu·. Tho rea.so~ lies "l~indpally iJ:l ctete:L·mi.nirl,f,; the. d.u~ection 
and ~.,nitude .:;! the veluci.ty in. the scuu- rcg-iou.. 'fh.e three <l.imcncional. 
nature oI l oc,tl __,co 

mathematical e:iq_)re!!!.siou for the flow in tht? reg!ot1 . 

Tsuchiya ut :lii~ed the ,.imen8 ic.mles.s c oncept of critical tr'3.cti.ve f ~rce in 

l:ti.s t, tu.dy of sic(.,,m .. downstream frorn the eru o a horizontlll apro11. 1iis re-
l.1.tioilship for- s ; ;.)ur c.ri.terion is · 

V 2 

' .. 
,:cc 4 .. 

- 3 ,pi . . , (26) 

,.ttio l of ¢1 • 

Laursen JJ,)pl' e r, equation (25) to devclu) ;c:;c:0ur <fopth equations at :ibttt -

ments liUld pie.t·s oi bridges by curnidorin,g tht} flow through 

His exprcs .slon for ::.;cour depth in the c(n1tr:.\ct.ed reei.on is 

d (o ... )6/7 
$ ~ l _l), :; {3" ... t 

ve 
(l7) 

where ''\ is totnl ciisch1rge, Qc is dbcrerc·-:: confined to th1.; :::-:a.in ·hannel 

ai"1d D is depth oi flcnv in the up~tream m:&in c1t:mnel. By a. s u~ning tb.~t 
scc,ur in a hmg contraction is a fJ.'ac:ti,.m 1/r · f th.e s cour at the abutment 

d , equation ( 2 7) is rewritten 
,:::. 

1'.} Y/ 1 -,., D .• \f (> 

== z. 7!> 
d 

ts 
D 

0 

(Z8) 

where o i.:..: the c rnbincd flow at the ov«er1xin\ ,. w 1 = 2. 75 d as.aumed 
0 $ 

to br! the latel':11 ~mtent o · the s cour hole 1 ru1d D is the .;lVer.1gc fl.ow depth 
() 

in w' • The (~quat.ion requires a trial ~ad error s olution ior d • 'l'he 
FJ 
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depth o! s cou.s.· at tl1e pier was presented gr a.pine.ally. 

S0n1e measure of nuccess was achieved by Z . s. Tarap01."e (1982.) who 

utilized the ht'> izonfa.l Jet d.if!uoion concert in potentid.l flow to derive the 

magn{tuae of volocity in the scour region. Togctller with the equation of 

continuity and du Ik,ys tra."lsport equation the exp.cess ion !or the depth of 
s cour with t i ,illi: is 

.. . 

e - 4 k C /1) t + i , 
(2. u) 

where k = c ocfiicieat of velocity diffus ion.~ 

,, . 

11 = depU: c! .;cour s.t . .:lny .=3.rbitr n.ry 1:.. oirtt 011 the bed• 

.£ = ruL'!ing length fro m the edge o! the &cour hole , 

Kz. = c onstant for describing scour hole profile 1 

Xd :c horiZontal di.st.:U1ce of the De cur hole at tho plane o the bed , 

\f1 = tr~nsport chari.lcteris tic of the b ed • 

y :: :;;;pecific weight of water• 
C = friction coeffic:ient • . f 
p = denf:ity of water, 

V => me.an ~tream vel6city , 

e = b ;J..~ ~ ,of natur a l log1rithm , 

g = d ist:1.nce the jet di.f!uses 1101~ r:; 1. 1 to flow d irection ~ 

The ;5cour- i..ri:"i e relations hip is <lcBcrihed ;. ~ occur·ri 1.g in th: e: stag.~B : 

St age l. T ~ie rate of s cuur is r a1/i<l and rw n -logarithrnic with ti.m e 

St.1ge 2. '.l' u.e ·,cou.r hole expands L.1garithn·, ic1lly with tii,:e 

Stage 3.. The s cour depth reaches ~uillbr ium with or with.out :; ediment 

aupply. 'file ~olutir;)u of equation (2.9) is not cntil' €!ly indcpend-ent of the ex-

perin1:.ental d;it.a , eiuce K and r,,/.1. r t.~Uir~r .. exper imental detenn Lnation . 

· Sample cornp r··aUoaz are ,gi.ven for lir~ tti."lg de 1tim a t cir,:ul.a.r illl' elliptica l 

piers . 

.. 
" ;·~. 
··, : 
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f;qUl.l.iion. {Zn} i ~ the mos t recent formula uva ilable for c oi tp;.!ta.ti n .of 
• • I ~ 

loc · l scour dept~ b1sed. 01'l the tr.:tctive fore:? ~: tmcept. Some oi tile tim.i-
t .· tiorw oI the equ~tfon ;..re: 

1. The vck .city-depth rela.tiouship i.n thit1 s cou.1.-- hole is exprez::H?U in 
' . ' 

terms cf a dii£;,1.oi11g jet , while other invef" tig:iti.ou.s h .. we shown the o .. ld!Stence 
' 

cf secondary drcuL\.tiou ,\ ~, vorticity int~ ucighborhood of ::~our ~ around 

bridge piers in p:irticular . 

2.. Appllca.thm has been only to very sm, ll models . 

3. E ven a.ftcr letc.rminat:011 of thu :-J.;;riu:.:- depth, s ince i.t t:),pplk:s to 

·,1odcb sp~dika..lly, a tin;.e - setl · rr.cnt. i:; ca.1!'.:: rcl;-J.ti n ~ hip at, roq,uh' ~t ba!ore 

it can be appliecl c0nfidently to the pL~ototy pcJ .• 

.Nevcrtbele£> , the approacl1 ttJ the p.ro-ble·m of local s cour is based on · 
a.ti.oaa.l {;L):l~epto and is consis tent wllh. the J."'eccnt trend for suluUoll o! 

water £cd imeat proble1.:1s . 

F . Qthe: Tr~~~!!..~~pro~~ 
'fhes:-e t s no theoret ical ~ryproach t o tra.;·wp-ort of sedirnent • .nd sc O".ir sig-

nificantly diffe:er1.t from the tractive ! crce concept ,'lS. rnodific-d by tur huleuce 

and bound 1·y Ly,tr th.~Dri.es . However~ trn:n~ theoretica l expr{~f.:.;s forH., for· 
. ., 

the velocity function h.et:s been pre5entcd which ,u-e weirth,y of .c .. en.tit rt . · 

Tisot1 , (Hl37) \ '1.t ru.izcd s c cur a.a re ..::-ultI.ag !ram develop 1ent of Beco. dary 
currents due to curv;:iture of the stre:im linf..':J ~·ounct ru1 obstructlun in the 

s tr·eam ~ Utilh:ing the vertical velocity cti .ct.ributio11 along ~ vtrcan.J Un.a and 

a s suming pot0ntiul flow, he derived an c:q:.ir~ .1cfon a im il..-u· t o the Bernoulli 

equ:ition 

- B 
( vz .) r 

A 

PA 
-,:; D +-A y 

(30) 

yz 
where - i s: thir, l ateral watel." surface s lope in the ~one of ctU·vUintrar flow gr 
due to centr-ifugul ioi'Ce , and r is the r adiU.ci o1 curvatur·e of the etream 

lines . By applying the e.Kprcssion to the flvvt a t the s w·face nnd bed , he con-

cludes t lut a d :;V. WC\rd velcc:ity c omponent .. :-u-: t exis t at con\"Cr ging stream 
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lines and an upW'aU"d velocity must pl"evail at diver ging s~rean.1 lines . lie 

does not r elate the magnitude of the downw~rd velocity to ab.car at the bed. 

but ins tead pr .. el!ler1ts experimenta1·.t'esults of the- scour pattern to verify his. 

theory. · Subsequently J Ishihara utiltzed 'L'isr;:at I a analys is to develo.p .an 1. t 

expresJ-.don for ~cour i'orc-e, , ,., 

vi n 
(.1 --r dr • '{ll) 

w :1.ere K a: Ac our force: and 

,1 = i s obtained .from LaV.l. l~· tt.app ' s equa.tion::.i f ·1r vertical 
v0locity di stribution. 

If scour i s pr1..Yf.Hlr tioual io s cour force, t hen dcour deptll i:r:u:st be proportional 

to the ra i Uh ;f curvature o.f the s tream lliiet.; , He does riot els1.bcrate further 

A theoretical n.u:..tly.s is ia pres ent.{.-'<l by B2u1 based. on tne E ·ul{)...rian equa-

tion of flow. ~rue analysi/;J was prepared. ;.n:·inci!).ally to devekip a. pcyti:ical 

intcrpret:ition 01' l vcal s cour around brid;~e pi~r .. ;. A _logaritA .:iic dh;tribution 

of vel ocity in t}ie a pproach flow ia a tS::i Ur:ncd ~ti."ld tho p9.rtial dlf~crenUa.l Euler 

equation i s solvotl by eucceBsivc· appro}ti.tn:lti0a~. to de8cribe the velocity 
' . 

ui~t1'ibuti.ori a.1:cnmt.l a cb·cu1.1.r cylindei· .. The cuccessive apprt:ixirr.;aticn ap -

·pr a.ch i s utili.~~cd b effect· to adapt putout.bl thuorie i-::; to th.ree-dhn."-1 ~ional 

flow . Ha viug tl0vt L ped a qua..s i .:.·u1ree -<lim<mriivaal £.oq uat ion for· the velocity 

db:;tdbutio 1. the .:iuthoI' observes Uwl he Vt!1-t·cal velocity c omµ\)ncnt pos-_ 
' . 
seE,~es sufficient rr.a,gnitude to cause s c o'U.z· ar0u.nJ a pier aa.d ~uo:::<:..--que-ntly 

tu .evelop an ,~,L;;i.r icn.l r-eL.1.tioa . .., hip fo!' $C'}C!.l' ~t bridge pi rs U:?3ing 

&t:l.ndard n ow prt.tp,-:.rt ies • 

others , 

. F'ron1 c tmccpt.$ generated. aluug ~ornewh~t u. novel approach, Moore ah<l 

1'VIasch als u c c-a:J.lude tlnt the downward vch>city component along the front 

face of b.ric.l0 c pl r ::, i s the principal causo cf m: cur.. Utilizin.i obscrV5.tions 

' I 

I· 
r 
I. 
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in wind tunnel ox:perimcnt.s that ,;i long cylinde1' placed in the flcw1 :region 
developed measurable vertical cor.1ponent s of. velocity along the st~n.r~lon 
line. ancl verifying this observation .ia a r..1.le1" tunnel with circular cylinders ,. 
they cru.culate possible ro.:ir.gnitudes of ver.tic:..\1 velocity a.t the f.r·c.:nt face of a 

bridge pier and ftnd tb.i.lt it is approximntcly equal to the sw~t:ac-e· velocity oi 
the upstre11.m flow . Although scour relutionshi:ps are not developed,; pre-

sumably the tl'"act.ive force theory can be utilized with the vertical velocity 

component.,. 'l'ne irtvestiga;tor.-.. realized too,. that secondary current£ ~d 
vorticity get1erated at the !ac·e of the pi~- adde to the tot::t.l scour depth . 

G. E:lL-perin.cn 3.l !\.'IethoJ..s ___.,. ______ , __ __,.._ -··---
'fhe number of investigators utili.zil1£ . . th.1: ·~x.perimcn.i.al a.ppr<.};l~h has 

exceeded by f~u· those w!1c have uttli.zt::'d :l tl12orctic-:1..l a.ppro~ch ti.} the prob-

lem of l ocal scour . The 1·easun cbvious ly i.Hi H1~ complc ·ity of a theor ti-

cal s luti ,n t -o W::.l.tcr- scdiment prublcrn~ and the t·elative stmplidty o ... c1e -

rivLrtg solutiont-I from cbi:5erve<l flow an<l 5c-on.-!dr.ic. pheno )ien - .. 

1. ~.cour prcv-·~ntion --~-·--... -...... -
E:trly c$D1~rlmental methods were c once:rnc ..... oruy wi.th .me:a..mtre:J t., 

preven.t .Jctmr 1t the ba::;e of s tructure.:. ... I.I 1:193 Engels cvnducted model 

e7tperimcnts to dctcr r:tiine t.l e proper place , icnt of rip rap ari::-ut1d briclg~ 

piers. In thi~3 Gtudy he discovered th.1t rc,axh:num a cui.U' depth occul'!'e~ at 

the upsti:earn 1.ose of t 1e pier . where .to.i.'mcrly it had be~n (JI.S SU ~ e<l U it 

s.cour was prcJ )r:ain·mt at the downF:.tre-ru...""! en.·. A·· a. 1.·eimlt of this ubs.er -

vation . he r ccl'.'.H.Jtnended that l.'tp rap b~ pbced in a h.orr;eshoe sb.r:i.pc · pat -

tern around U.e ptcr , with the opcu end do\V'i'l:} 'i:l,·(,ai. 1 . 

-Hp rap t rdccUon. has not b~cn onti.l·f\=Jy m.1ccc:,sful as f o.t' instJ:.u1.~c 1t a 

bridge aero~.;- tLe G,1.ng '"' s in Lidia . boulder t::ttd.1in,:r with ~izc ri v-:1.1·ying from 

60 to 130 pounds w·ar:. wa!3hcd aw1y du.dng a ITN> 1 • lncre...:ts i: ·~ th~ gr a:la.tion 

of the rip rap h:.,: .. i mproved its c: t~bility to !, Ln:'.c <legree . If V'..t.. .... yiug Biz.es 

prove ncnt i n. pr c;tedlon c3.pabi.lity c ~m b e xpected . 
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Flexible \•:illow .matt~ were used at the M:err.phis bridg<i ae.ross the. · 

Mississippi. Pi-rr1cr and downstre3.lu f:rom n. concrete apron beneath a. bridge 

across the Frai;H~r River . Posey and Appel investigated use o( fl~·r.Jble 

re.ck. mats around the base of bridge picirzs . At the bridge oite ::tcro1.rn the 

Ganges where failure oi rip rap protection W!'i.-<J experience, largo ~oncrete 
blacks were cr-...:uned together. essentia lly tg form a fle:dblo mm .. 

Durand - Cl<'.1.ye in his early experi1ner1t s ( l fi 'I .3) was c cmc arned with re-

shaping the pier to prevent scour .. Va.r oun s iti::ple goometr lr: f(.,ru1s were 

tected and it ·ca$ observed that a rectan~}Uli¥"· ~Jh.aped pier cre~tc<l deepest · 

scour and a tri&igula.r-nof..le pier ~tith tho :::i,pe~ pointed upstrestn rcc .... u.lted in 

a significant rc.::!uction of a coitI' ueptll. Lenti ·ul.ar-shaped pier~ . .,. circular,. 

elliptical a .. d p~i.rabol ic shape~ o! various i0r.i:;·ui have aleo been te:st~d in 

th.e laboratory .f-c.r actual stl-uctures.. A pit> .. r of 11.0vel Gha.pe W..:lS ::: Liggo ted 

by Tison~ wru1re the !1-;Urface would be iorme ~ az,proximately accor~h g to 

the velocity di: tribu.tion cf the ::i.ppro&ching £low. ln this manner he cootended 

that the vertic~J component of velocity would not be created aud bcnce . F.cour 

arrested or prevented entirely.. !uveztig.:uic.u1:.; .in France and Mex.ici;., have ,· 
suggested insta.llaUcu cf a pile or battery of piles uµstre11m oi eac11 bddge , 

pier s · at .t.."'1.., te:·w e.;coured from the b:'ls:~ of the piles ,vould: clcpoai'! down-

stream agairu.t the pierEJ. Tt.is idea would function moderately woll for a 
short period c,f th:C!a it we cons ider th,'J.t local scour occuris because the eecli · 

mei."' .. t capac i ty ·~:.;:c~ced~~ the sediment ;:supply. By increasing the scdtrncnt 

£Upply tempor,uily from the .r aterfa.l r.;cotlred around the pileB, the ecou:r at 

the pier ~;houkl be retarded . Howi'!ver t as the sc ·ur around pU.cs cease3 to 

produce ::.:uffL font sediment quantitie:~,. scour w0uld then. proceed :,.round the 

bridge pfors . 

An iuterec ting m ethcd of s.cour pre\.rontlon w,.1s studied in a i~\.bcratory 

in Yug odavl:!l wh.:?re the now at t.he the et.ag.nrttion line .of the pier· 'W s 

s iphoned off~ T~y u s ed the concept t..½.a.t tim d..i.•.iving il.ow at the i:i. ont of tha 

pie was .i: 1:wpon.1:~iblc for Bc:our to a lurgc de:s;re-e.,, and if the <living 11ow could 

I 
I. 
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be prevented th.e-n sc~ur should be reduced. 1deed . il1. the exr-erlmcnts 
actual reduc tit>rl oi scour wa.s observo<l. Hv\'lcver , the rehtively 1 .. rg~ · 

quantity ct fluw which needed t'o be s~phoneu T; .ade application !u actual piers 

less practical. 

Concrete aprt.,ns ar ound the b:.1se of pier:; ·t: ve not ri.1et with ar,,y great 
su-::.:ce;.:;n. for scom:• at tlle downgtream end of the apron un 'cr1:.-.u1cf; the 

concrete and very rat.pidly the apron is broken. u··J and. the effocti\."lmc-ns 1 st . 

2. ,, E:2~.£.~!.l!~:_~'?_t__t:1_;1_!2~~ ccour 
'"!'he expcrirn.tntal !:> tudie:;:; o:'1 local sccur nrc c"'nc crned with developing 

criterh for dc~d.gt?i.n.g depth o.t footings f"',r i:::tructurcs h i rlver-i., . .~.•y 5 t£1•·iiatic 

5tudief; were ::-r-.ad - by v.irylng the p:11' ··t;;~ctcr ~1 cf flow, flu.id, geom )t :-y, and 

sedi ment . T'he general m.othod involvos 1 :::, ::;0 :c, rJing the pr-.)per ie~:r nw:::.t 

likely to be d gnifkant to the scour phenoin enon a .. n.d from teBt··· j develop an 

e.11.1ation fo.r prc-lt ble scour depth as s. functi L of thos e >rupe::Hc <:: . Ex.ist -

ing tlv~orctic_l k! owlcdge and qualit;ltive ob-.::£;rvation::; by pre,riou .. investi-

gators were usc-d C..(! gi.iidcs to select the s ign.iJ:i.cant \raria.ble .., .• 

, mcn.g the ,c:arliest $yt;ternat i.c s tuey c Lmd• t:ted was th.:i.t ln facli:1 tn cun-

nectlon with m.od·.:::·l shtdie::; 0f the Hare.tinge t .. ·hlgc . Fron-. that .., tud.y evolved 

an eouatl,m fo:t· calculat ·ng th ~cvur depth v:hich was provioucly dl 1cussed 

iu Section C and pi."'O :.~ ented a.s {.'11uation { 12). Two diff ercnt siz.e!J of .s ru1d 

were U8ed 'h"1 t t ree flume ::; of d.ifferent v itlU.c) wlth •ar ious d i.sch.::.,rg-es · n.d 

depths. 

An L."ltenr..ivc iJ tu 'y of i:;co r a.rout1d b:l·hlec pier:;; · nd .. 1.butrci.ent~J wa:-s con -

du~tcd at Iow\l Ur1iver~lty beginnln.g in 1041} . 'l'hc laboratc.,ry <:~q:::,~rirn cnts 

concerned fir ,:;t .'.\ qun.lib.tive study to detex'n. ' i nf.i rol:l.tivc cffec--v: of. difforent 

shcDes of µie :r.•::; ::ti:1.d type d abut:--oeni on the ::: c uur d r-..iptl1:s, foll i.)W(;d by r..c -

L·tiled. dudy on the µrcdictiun of :nadrnum ccmu" depth·a£j a fuaction of velo-

city and r epth oi .fLw , ~el:.metry of thra cl1:-u~el ;l.n,d s tructure and cn.~racter-

i ~;;tic~5 of the: t1edn:nent n1~1.teria.l. Smnc studie;'i were inc:lu<led t o &gce,rt::t.in 

the ef'ecl of ili'l~;1(· of flew with respect tc t!l8 .:.:t~:is of the bri.dbc . T'-.c con-

clu.siot1 fro m t.i ' i ·; t:,tuJ.,, was th t rn ax.i::·1ur, , s<-:our der)th Wa.£ a fu.r1dtou of the 



• I 

19 

size aud sha1)e- t,f pi.£..:r . and depth of fl ow , ~\\1d there were no ... i sce:.."1aoic 

~fleets oi vel~ ·ty o! approach £low nor' gr.afo. liH2e of the n aterial co::x:posing 
tho oed. The c,1 cluI;;foa ·· are htex· qu.1U.U c.-i.l by Laur -- en (1 961) to be.appli-

cable wh,..re ~ .... r~ral ber1 r ovement illl tha c·~m.el occt:t!' s . W1th uo gen.er::;\! 

b.-eJ rooverr "'nt ' ~v olved , he £tates tt :u v ·., .;.city r i flow "nd se,1itne11:l: '"' ize 

becor:n.e i ttlp~- "',l.(> t. variables . Sfo.1 lar ob.~c:i:v , Ho s wer-e m.: de ky Schwartz 

in 1925 . ·w 11 ·1~ hir; expe.r iz:::Hmts wer!'.! not ::i.. • l;) ':deu!-i ·ve as thos~ cm1ductcd at 

Iowa Uoiv(!rstty , Sc.hw1rtz. dis cover >d tln.t initi:il sc ur r _ttee v~trk>d ;or 

A laburat~ry i, tudy ,! r.:;cour ru'"ou~1d b:dd ,:rc Diers w~,s conducted in Ch-'ltl>U f 

.F.nlnce ( H)5e) . ~.ladies bcluded :t·oughneBD tiI the bc."C .and dir,1ri.i.JuUcn.' of 

velocity in ~\dr...itir:rn. to tho othci· !low. "'e<ltr.rie:f'!t ,u1d geomet:t'"ic prop,e.i:•ties . 

Attem pts were t •. ad-c to est . bli~h zimilit t..e ret .. font)hip.s betw ··~u bl>n.·atory 

11odel s and p-r.Qt ~..i;::T•Je without much s ucc{~Z:;G .. Some effort w ;.:i~ given t o es-

tablish a rcl:lti t:n~hip betwee,! scQur- anrl sh~'{1:.1t as des cribed by th.e Moyer"" 

Peter bed lo .... d i(,i~muLt, az;,.ia w.thout r.;u.-~ce~s~i . No quantit ·ative c.1Jacluf.ions 

;ire given but the l,'gn Hean concluz i ur. r; uf tlle :;tudy were : 
l . .Scour delr)th r~ad.ea a rnaxin-nu L ed. :\ velocity nea;:- tl'l .. ,tt (: r e::lfH.>adin.g 

t o bog b::.nL"lg vl beJ traa~po:rt .. 

2.,. Anglo '!Jll the Hvw with respect to the :1.Xb of the pier h..1,":> ap-.)r - ciable 

efi'.ec tt11 e:n lvc .Jtiuu and depth of n.1...;..::. ,~,,.1.m s cour . 

3tLKiiea ~\'..mi:h1cteci ·1.t Colcr.:1do Stat Uttl'\tt1i'dty ,.m ;pcou.r ~t bl'idgc pk.t' ' 

C 
r.. 

t 
: d 

!l .l\l 

l (32) 
l t 

t 
. . l'.. 



e : base o.f natural l ogarithm 

et = empirical coefficient 
t :s tim o f,:ictor :: e - B 

0 
t 1ir time required for a . to achiev·e d m s s 

B = ch:.\:rJ.r1el wi<lth 

The r:. .. -3.::d 71urn depth oC s cour is b iv-en by 

zo 

• 
m. 

(33) 

where a i a the width of obstrucU0n rne::l.Bi.U'Cd norrnal to the appi.~ ach flow. 

Although ::~ouel. {ata ca.~ be 1 epres{~ntc' f"m·ly well by cqua-Uvu. ( ~2) 

and (33) uo C:(;) ,.in.ite C.Onclu'; iot1.s a.re) reai:h~· ' frrJ.~ its at)plicability t o field 

structures, ag, in becaus e o! the lack oi £ip;.1;,"()µ:rL;a.te sirr.ilitudo ~·.elati.Du.ships . 

The most 1·0ccnt e¼.perin:1ent~ solution f c;.~ the proble::n of local scour 

is pre~ente<l :r-; Ga.rue (l 96l). Through tlin:.t:n..~ional. ana.1.yt:,i~ ie csta.blisoo.s 

t.a.at a non-di ")en.~ion:tl scou4' depth. can b0 related to 

w -iere A is ~a expe.rtmcntol constant = ·i, 

r,_ 2 f {C.r) , c0 = drag coefflcfont of the :S!:ldiment 

11z = f (.I.1' ~ b • ) • = pier length, b -;;; pier width 

;1J -:; i (F ~ CD ) , CD = drag cooificiant o! the pier 
l l 

F = F1·0ud.e number of the approac!. flc,w. 

B-b 
B 

The eq:::. .... lhm fa shovm to fit num e c;;:.\ t:1 but field vcriftc1ti is la.ck1.ng . 
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ill .. S UlV.il\1A.£t:y 

The mech.::mics cf local scour is a c rnnle:i phenomenon no subject to 

ea;;:.y rr .. athematic~u O.t' laboratory solution . It involves knovvlectue of the 

hydrcdynamics o! !low around objects pL.'\cod in open channel $tre:.un , and 

the interrelatio.ns tps between fluid turbulence , boun&-.11·y layei .. and sc<li-

ment movement. Each experimental study hf:\;'.~ met with limited st ccess 

chiefly becaUBc '.>f the lack of appropriate rnodcl-pr.ototype $irnititude 

rel tionship~ for :i.llu.vial cht>.nnel.s . Son1s correlate well vii.th other labora-

tory dat:i, but non~ are confidently applicable to uctual structure~, . Theo-

retical u.pprc,ach.os h::we been few iu the tna[n, becd.us;e of the GO' r plexity 

of the problem .. 

Collectiv'\')l;}r however ~ tb..ere are seve.:ra.l r;.igni.ficant observ.::i.t :10 and 

conclusions \Vhlch c · n be stated. 'I'lley al'e: 

1. Local .. ,cour l:'<!£ults where loc:il !!>hoar forces exceed t le resistive 

fore er ... of the p.J.rticlos on tlle bc<l oi alluvial ch.d.mwl.3. 

2. Local Be our ,.::ontinu~B until the ch.·l.n.g~ in boundary gct:>mc,t .. y is 

euffic icrrt to reduce the shear tv a va!u~ where cap=1.city to rem.ave 

sedim.e .. -t.i. cqu<l.lz .sedil'.'.I'H:n.t input to the scour area . 
3 ., Decpont s cour at the bace of pie.t·B. ·ccm·s at the upstr-eam noce. 

This i s caused by the l.u·ge ver icr· l component of velocity created . 

ther·c in the im .tediato neighborhoud of the stagnation line .. 

4 . The d1r.velopmcnt of the l:'.i trnng <lovm,v:u·d cornponent cf velocity and 

con ·c1:·creuce c,f ::rtrca.rn lines in the regio[1 creates stx.: ondary drcu.· 

la.ti E..11 0n e::ich ~:ioe oi the pi0r au.d the intensity of she:1r tbex·e is 

s u ffi-::ti.:.1;-ii to ren.t}VC the pa.rticlc» fro .... 1 the bed .. 

5 . The tm:bu.lcncc iind divergence of i::rtr·eJ.rn liacs ,1.t the Jcwn:;tre3.m 

end QI a pier is not ma.terially imp.o:rhnt tu the scour ph:1.,no~ ,enon . 
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