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Scour around existing bridge piers due to the 
construction of new bridge piers, 
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Abstracl 

Wilen an old bridge pier is accompanied by aootha new one • n is or great 
imponwo:c to $Iudy the ,"1"r~{ t iO:l effect betwecn both new.n4 old tine on the seour 
hole ~h..ctensl ;c, p,ouoo Ihe ollt onc. axperimeots were carried out under steady 
clear-wate. seo". ctl nd i t ion~ Tile object ivc ofll\' 5 " lid), i5 to Jnvesh&lte how the scour 
holt ctwvttcri$lks .,our.d the old bri;J~c pier . re affected by the constlUtllOn or the 
new one, 1.akms ;nlo eonsode",'lOn different hydr.uhc arid &eomnnc pIIr1lfllt1tn These 
paramclus R.e Froudc critenn. piers sepul'Il\or distance, new pier di rolCllsiOlls which are 
taken IS rc illilve values "om the old one. Atso, the bridge pier position It oonside,ed 
wlln respect to the old one. New d"l\cllSional ~1'lionsh l ps are obIaincd to predict the 
seou. hole cl'laracle l'lSlICS arou ... llhe old bridge p,cr willi ~ectptable accuracy. 
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Fig. (I) Sche matic re.presentation of the experimental nume. 

1)- Cent rifugl'l l pump 

2)- First hcoo tonk 
J)- Second he.td tank 
4)- Flow measuring wei r 

5)- Approach ba ~ I O 

6)- Inlet screen 

7)- Sond bed 

8) WooJ bracing 

The old pier model hus a const ant 
size of 10 em length, and 2 <:111 width. 
The models of the new pier were divided 
into two groups, fi rst group; to study the 
effect of chan ging the nt w pier width, Ihe 
length is 10 em and th t: widtJl was varied 
as ( 0.50, 0.75, 1.0, 1.25, and 1.5 ) r,om 
the old pier width, second group; {o study 
the effec t of th e new pier length on the 
scour hole of me old one. the length of 
new pier is cha nged 3S 20, and 30c m 
WIth constant width of (2em). For the 
runs perfomled wilh the existence of the 
new and old pier. the separator distan(.:t 
(gop) between the old and new piers is 
vnried from ( 1.0 10 4.0) times the old pio::r 
length . 

-----

9)- Pier model 
10)- Sand trap 
I 1)- Tail gAte 
12)- Collecti ng tank 

13)- Graduated tank 

14)- I..aboralOry sump 
1 5)- Side walk 
16)- Rails fOT poi nt gague 

The Si7.e of the mode ls Wa.'\ sueh 
th il t the total blockage area did not exceed 
12% of the tolal now sect ion for mO:'lt all 
the tests 10 order to mini mize eonlrOction 
scour. The durallon of the experi mental 
runs was chosen based on the pnst 
investigations on loca l scour; the 
experiment duration was kepi 2 hours. The 
present study regl'lrds tI period of run up to 
2 hours, as most of the scour depth occur.! 
thro ugh tlus period 

The ex periments were perfonned in 
the clear-water SCOUt. The crilictl l now 
(.:ondition was predicted using" previous 
method p~sented I n [S]. After eDen 
expt'rimenl the scour hole dimensions ..... ere 
measured with 8 pc)!nt gague with an 
accurac)' of 1: I mm. 
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lies upstream with scptmllor distance 
(2-3) 4 and the minimum relative scour 
depth is at 0/1.0-2. 

Figures from (4) 10 (7) show lhe 
relationship between SJy lUI(! 11F1. From 
these fi guf'Cs. it is clear thaI. at I/F1:>9.6. 
the scour depth increases around the old 
pier due to the CQnst ructlon of the ne ..... 

Qne wilh 11 11 values of ~paralor distance G. 
OUt when IIfl<9.6, the seour depth 
decreased specially at G/4-2 .O. II meltllS 
thllt the sco ur depth decreases with 
increasing Froude numbers. 

.. ,-------------------------------------,--------; 
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Fig.(3) "Erred Or new pier position on relative scour depth (S.,Iy). (W nlW 0:0.50) . 
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Fig.(4) Erred of nt:w pier pGsilion on relative seGur depth (SJy). (W"IW ~.O . 75) . 
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f ig.(7) I'JTl'<!l ,.1' new picr JlO~ibon 0(1 rdnli"c w>ur deptli (SJy). (WJW ... 1.50) 



3.2 Effect of s.eparutor distanc( 
between the piers Oil sc()ur depth 

"1 0 siudy L'>e ~ ffect of uparator 
dl'l.l4occ bc.r.o'Oe/l lilt PIe rs d,,~ to !he 
e~l~u).lte 0)( ihe nc"" piC' upstream the 
old OM. FOIIr vltue$ o)f ~I'IIW: distaace 
(GJl.,J is taken from 1.0 10 4 O. TIll, 
ptOcalure is Ia:ompli.st>ed for fO.H 
relal ' ve w,dth, .WJW,-o S. 0.7~, 1.0, 
~nd I 25, =pc:e\ivcly For 11M: sa~ 
relative widlh (W.lW. ). the Froude 
nun\Ot . .... ~s chanced (,om O.2S4 10 
0.191 

FlOro figu:c (8) il is "'rified 
lha, the "0\11" e(fCct of new 1M. Oft the 
old lermin, tcs 81 low Fmuok n~mbcf 
(M 254) "" ,Ib (~.4 0). Fo. SOl_I)£( 
~al~e, of Froude n\lmber. The 
lTIUinl"'lI seo". ~plil ,s ne t 
apprOKim~:el y arroctty by v~ricd (OfL.,) 
ratios. Plttc (I) IlIld (2) present ,he 
e"«1 of (GIt..) .aM betwun the piers 
on «our hole dimengOlU ...,11> Froudc 

C1 

J .3 Effect o( Froude number on 
scour depth 

Fou. diITe,,",m Froude numllers 
.... u coos>tlered f.om (O.2~ 10 0 )91 ). 
Th,s pnxWU/1: IS accumpllshed for five 
re l~l i,'C wldllu (W"/wo-o.S, O.H. 1.0. 
1.25. and 1.50), respecllvely. t"OI the 
umc ret"lve .... id th ( W,/W.). Ike n: llJliw: 
sef'~rate di51llnce (GIl.,,) iJ chllllgW f";lm 
1010 4.0 . 

From f'gure (9). ,t W;lS Clell Ihal 
M:O" r hole dimcusionll were in\:rasc:d by 
Ihf; 'flCte.,ing ofFm ..... e cri leril. 
Plale (3) alld (4) show Ihe effect of 
Frouck numbec on the scour hole 
dill'enSlun. 

PJalC(4) 
Err«1 ofFroudc number 
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3 .4 Effect o f new pie r widlh on 0.39 1. Plate (5) to (6) snow lhc effec! of 
scour dt:pth new pier width On stour hole profi le for 

A study of the effect of new pier width F~ 0.3 I, GIt..o-4.0 From figure (10). It 

on scour hole dimensions is made. For is concluded 1I\l!I I, the max imum scour 
the position of the new pier upslream hole depth decreases by increasing 
the old one, five rc lahvc: widths were rtlUlve width orlhe new pier. 
oonsidcted ilS (W.JW,,)=- 0.50 , 0.75, 1.0, A mathematical formula.s have 
1.25, and 1.50, respectively , and b«n found to p~d ic ' maximum scour 
(l..IL&) "'1 .0 ThiS procedure was depth in Ihe c le:IT wale r SCOUT cond ition. 
accomplished for rour re lative scpamu:: TI~ farm ul"e IS given be low for t3ch 
lengths iI $ (GfLo _ I.{). 2.0, 3.0 . and position o f the new pier. The valucs of 
4.0), re.<;pec.tively. For 1he same relative relat ive scour depth (Sol)') of the old 
scparlte distance the Froudc pier :He compared with lhe measured 

to datil as sho wn in figure ( 11 ), and (12) 

I , 
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, 

. , 

, 

I ' 
., 

I ~n~ .-- WO;~ o ~tw" 

"" 
. , I 

'" .. 
0 ...... .. . ... . . 

.p ••• .. . . . ... -"I" :!: ... W~Mlo . " 
II) F-O.254 

_ W"'Wo . " ___ MI. 

:11" - -. 
" " .,. , .. .. .. .. .. .. -. 

.. .. •• .. -. 
Fig.( 10) SeQ lIr profi le .!Iong (C ) of the piers. (L"IL,.,: I ), (G~-4 .0). 
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1- Fo rmula o f tw o piers, (new pier upstream the old one) 

SlY '" 4.1 73 (F)l.O'~l (G ILoro.~ (Wn I Wo)-4I OI9 , R -0.913 ([ .1) 

.., .-~-------""",-", • .. • _ •• ___ •• __ . _. _ ._. _ •••• _ •• ,,_ ••••• .D..~ 

• • 
.9~ . v '-

f ig. (I I ) Rela tionship belW~rl observed lIalues of (Sol)') and predicted ones. 

2- Formula of two piers, ( new pier downstream the old one) 

S'/y_6.594(F)I_·)l(GlLot DC) (W. / W.)a.1 H . R -O.983 (1.2) 

.. 
• ~-:-:---::-:.,.-;:;--::--:-;--;! G 0, 1 ~l ~ ) O. 0 ' tl ~I U. 

,.U .... ,~ .. , oI"lI, I)~ 
Fig. (12) RelauOrlship ooll.leen obsel'led value5 of (S.,Iy) /Uld predicted ones. 

4,ConciuSions 
From this research , il is concluded 
tha t.: 
J. To mlnlml:!:e the effeet of 
constructing ~w pier on the scour hole 
depth around the old one • it is 
recommended 10 :-

a. Put the new one upstream the old pier 
with ally separator distance lit 
W,/Wo"I.O 10 !.SO fOf the studied 
lIalues of Froude number . But for 
W.rw.ta1J.5 to 0.75 • and higher values 
of Froude numbers. put the new pier 
downstream the old one with separator 
distance equal to (2-3)L., . While for 
5rnnllu \/Illues of F • put new pier 
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downstr~lLm with smaller !JCparutor 
di$tMee. 
b. The exis t~nce of new pier upstre~m 
the old one, reduces the scour depth 
values compared with the corresponding 
lolhe values in case of single old pier 
2· For low values of F, it is found that 
there IS 110 in terfereoce between the 
effect of each pier on the olher for 
higher values of relative separator 
distance (01l...,,"4.0). Also, the 
ntuimum seOUl" depth v~lues are nOI 
affecttd by the separator distallces. 
3· The scour phenomenon depends on 
the Froude number. It is cleM that SCOUT 
hole dimensions are increased b~ 

increasing the Froudc number. 
4· The Kouring process is 3ffected by 
the new pier width. The present study 
cl1lfifies that; the maximum sCOur hole 
depth decreases by inCl"easing relative 
widlh oflhe new pier. 
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Notation 
The following symbols are used ill this 
techllical note : 
d)O .. mean particle size diametcr, 
F = Froude number, 
G = .stparate d istflflCe length betwtcn 
piers, 
Ln = length of the new pier, 
La .. length o f the old pier, 
So - old pier maximum scour depth, 
W. - new pier w idth , 
Wo· old pier ""idth, 
0 , '" geometric stand8.rd deviation of 
part icles, 
y = depth of approach flow. 


