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TECHNICAL NOTE

3D NUMERICAL INVESTIGATION OF FLOW PATTERN
AND BED SHEAR STRESS AROUND CONICAL PIERS

Mohammad Hamed Besharatil, Habib Hakimzadeh®

1-M.sc. in Marine Structures, Faculty of Civil Eng., Sahand University of Technology
2-Associate Professor, Faculty of Civil Eng., Sahand University of Technology

Abstract

Investigation of the flow pattern around bridge piers is of utmost importance because of its
great effect on destruction of the piers. Despite the hydrodynamical and structural values of
designing sections causing minimum turbulence against the flow passing the bridge pier, a
review of the literature shows that investigation of the flow pattern around bridge piers with
varying section has not been studied by the researchers. In this research study, a three-
dimensional numerical model has been used to study the flow field around a cylindrical and four
conical piers of different slopes. The computational domains were first discretized using
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GAMBIT and then analyzed by FLUENT. Finally, the flow pattern and bed shear stress around
the piers have been investigated and the relevant comparisons have been made. Numerical
model results show that increment of the pier’s slope has a great effect on reducing turbulence
of the passing flow and thus lessening the bed shear stress around the pier.

Keywords: Flow Pattern, Bed Shear Stress, Conical Piers, 3D Numerical Model
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0.12 = Flow Direction

Distance Y From Pier Centerline (m)

Distance X From Pier Centerline (m)

()

&y o gy, G o bl 5l foged ¥ U5
—0 {VAV0) Jaghe S (ialojl 1 (Sl yoes (o 2 (5
833 Jaw g li 10 oo, Ko g ! 2o (g3ae Jo
k- RNG Sl Juo 1 03litiw! b pols
(St d1as y allio 1 0595 onild Cromd)

ol ol bl )0 e pw Judg 0 -¥-0-F
P (VD) Sl ol bl )0 ey o3 1555
ol 5 ol B850 b Eols 45 5 4l CansL
3 Jos sl (i sloo Gialssl 5l oS
Cwd A pol> goae Jaw g o) Sen g ol Ao
Az b cwl ool 0uniS paal 4 F S 50 vl
o e Jdgp 45 398 oe osalin JSI cnl @
ol Limgh (sow dw (g3ae Jow lawgi sdel Cawo

Dl 295 e Slgen Gali;;u“uﬂ =L

0.15 - -
bl
-f
(k-6 ANG) - ble s Jau s o f
0.12 (K- RNG) - il p¥e i Jw e @ {
|
bgle AL Q@ x
.
0.09 2y
E
;' -0
2
3 [
§0.06 l
2 b/ I
$ |

a
s
0.02 ] /

o 0.06 0.1z 0.18 0.24 0.5
V,imis)

ok Sy 33 Ol S (3908 @597 -F IS
xX/1=-30 &lgunl Cuwd¥l > JUK

Y

o o g s —0-Y
Sty o 10

slogiubol sloasl caws 4y iy o5 35 loges
@ Joe 5 OlLSen 5 nall 2Dl (so0e o sl
ol y by G polie b o] 0 &5 5l g 4
7. =0.196Pa Sl oy s lade b ool onss
odnlive a5 jghiles .Cawl 0uls 00l paal 4 ¥ JSS o
ir O ohlbSes 5 cpadl o goue Joe 098 o
Gode Jao zuli g cwl 003 ez o3kl 51 e 1) s
5 el Do oue Jos dn o ;5 Gom 4w
S O il St 50 (8 i <o 3l ) e
Lol 15,95 5

0.12 Flow Direction
B — e — . ]

0.10

Distance Y From Pier Centerline (m)

Distance X From Pier Centerline (m)

012 = Flow Direction
—_— I
0.10 -

0.08 &

0.06 =

Distance Y From Pier Centerline (m)

Distance X From Pier Centerline (m)

()

A Gl 5 ,lgs /1) o)losts i Jlo


https://dor.isc.ac/dor/20.1001.1.17357608.1389.6.11.6.5
http://marine-eng.ir/article-1-82-fa.html

[ Downloaded from marine-eng.ir on 2025-12-12 ]

[ DOR: 20.1001.1.17357608.1389.6.11.6.5 ]

Ol b2 solige ozl

Al aS 05 b e odns 35 ) Joaz 4 azg b
L oslid plSia S la iy 25 50 alS
AS Sy cpds s o 7, DYDy=0.75 by e
s e Ay L slali Al sl Ly
Y Jade an gSlas by s DYDy=0.75
3l eolaiwl & ygo yo dalol jo aS ol o molS ws o
3 melS ooy ol S DYDy s b slaasl
E5—250 95 Olof o0 Ll 519,003 S8 o ys YOIF
2 S Gr e Ly mdidhissed (S A | ere
JB [als by e Aol @ slailgial &l oo
S o e 5 Sl i 25,5 e
Wl God by e bg aslsl o Lol wass oo 25 aly
L 55 acalyis i 5o S oo oyl
slagiis Wl cos b @l pad by ke
aS cunlo GUal gy oo 1 g 09l co SS>9S iSTas
olS o eliie 0y, DDy G ol o5 L
ol 0929 4 (g e slaaly Slbl Sl
Ll ol & (b o Bl S & Gial)S w5
oS 50 S sla ol 5l (S Gl e |y slailgn]
@ al SLbl s (Sl lplo g i S0 25
3,91 olus

ol Lol jad 5oy B b ol s o
A Wed g 08 88l sl Cao s lade o plate
L (obgyee b SLEL )3 (b2 0590 50 45 slaisS
o,z 4o o iSlas sl ce o DYDL=0.75
o, WYl e laslgiwl anl Bl bl 5l ens )38
Lt gy il sl e ol 45 ol a3l als
Jguz) bl oo duoyo Yo sg90> DY/Dy=0.25 s
Y

Geds 51 sloces o Syl & 4255 b o o
Simtal 226 b b > lase 51 LS lab o
FrSorte b &5 S35 an plgoe w300 E)
S Sogle 3 ol 8 slacie o o s
30,5 (58 9) 4 9) ugmne (a5 L 5

A9 Gleasls 5 ,lgs /) ) 0 )losts foid Jluo

Lo w0 4y i

anl LS o o b Slpss b adal) j0 uizmen
mls b ol Jooe it (o alis o lis
5 ool Do goue @l 5 Jshe (pRELes]
O 29 sl SlySres g 485 el o Sen
aS del Candy 2Rl g ol goue Jow gl

Sloais 00,91 byl 48 Slbs Cudgame Jdou

goue g Juo Joloi s -F
i (o3 G5 V-F

sloasl Bl bl s susl ey @l o)y )
2 P (b G A8 s S a b ol
Ol 45 sy o0 395 Jlade HSTas 4 ladly & jglne
51955 3 Bl o sl (K281 s & gydse
el gl ghaie (o Slanil g sl 4 0L >
SlLbl )0 iy iy sl i dalie (rizmen
oy o laie aS was e lid Gl slaasly
Sl oyl lailginl Ll & jglne jo ST
Lo (bgye 40k &jslome )3 9 009 )l0)92 0
i £yo0 ol 45 0l 1, Jlake oy S Dy/Dy=0.25
Lol sddlice BB Y ooz j0 5580 O a0
Dy/Dpy s s o5 L a5 00,5 alasde (yioren
S 5 8l o aly gl 0 (S Aot
S L 0L Sl bl s 4 (6920 4 05 (o0 )8
9,0 o 51 WelS b | DYDy=0.25

AL (90l 4l 50 sl (ol g3 AT ST =) Jou

J;ﬁuuums“); L_,L;J;Sl.u
GL 4 cui s (Pa) s 25 Do/Dp b gy

! wlgial AR \ &lgzl
Y¥/¥ - JYrY - /Yo
Yol -fyy. -/ .
Yoy SAAE -V K
Yo/t -fyy. HAL

A


https://dor.isc.ac/dor/20.1001.1.17357608.1389.6.11.6.5
http://marine-eng.ir/article-1-82-fa.html

[ Downloaded from marine-eng.ir on 2025-12-12 ]

[ DOR: 20.1001.1.17357608.1389.6.11.6.5 ]

hae slal SLb g 3 555 Ol 5] Sk o (S50 o

Lo w0 4y i

AT AR <feav [+¥Y
(M) by oy S las Dy/Dy,
-avy SIYEY NAZN NAsia \
- [aFY AR NARR Yy /Y2
NAs\1 NARAT NARAS NALVN <[4
-[abF NAREY Iy “IYAY AR
<JEAY NARAT Iy <IYYY NAYS
Gl algd Lb w cas 15 o 0 Gl co o @Sl als as
Vv \7A \7A \RTA AN
A% alA Ad YA -
N o /8 WA AR
sy aly /5 4/ ATA

a5 ZSS lgi oo s joloe 881 sl pus 050
Sl am by e Al (65 )L A Ojpo 0
2 St B ey fSla> ok (slalyi ]
Eo—zo )0 g dbge G1alS oo Ve U agly & jslne
Ao Jole nl o Sl 5 S50 lajally 2887 L
ol gladamdle LB lade 4 anly w55
Slae o i slailgnl 451 oS (590 @ il oo
e S 1) (90508 iy adlge 5 iy (oD A5
Bl 55 55 53 5| 5 958 oo 4125 oo sloasly
2k ey Ol e o a8 i b g e 4

RYSTPPRRORSI UL S O - VN IRy L 7 W SO

&=y -F
1-Laursen, E.M. and Toch, A., (1956),
"Scour around bridge piers and abutments"
Bulletin No. 4, Iowa Highway Research
Board, Ames, lowa.
2-Melville, B. W., (1975) "Local Scour at
Bridge Sites" Rep. No. 117, Dept. of Civil
Engineering, School of Engineering., Univ.
of Auckland, Auckland, New Zealand.
3-Ettema, R., Kirkil, G. and Muste, M.,
(2006), "Similitude of large-scale turbulence
in experiments on local scour at cylinders" J.

£

G Azl -0
ol Slanag 51 o b AL Skl Sl
ot 0 o oo 898 Jsb 53 ojle 5 cal
$So 2ol (Sl 2alS lais) Sl (S 09500
5 Soml o (B 5 i OF S sla Ll
L oslg oo Bmos j0 ymiie ataie L &L 5l ool
Ol Bl bl 5l eas,38 b, Sxanl als
o gy (ml o by Jlas an ) (5
bs e B ez 5 lelsiol L S LI oL
o=l 305,38 Lz gam s (g30e (gileans b
=Ll sl €85 )18 aslie 5 oy 050 Lol
s GAMBIT 581 0,5 L b Jow ol (o a5
a8 3 plosl FLUENT (1581e 05 b gone Judow
SLEL )3 glyz fam (B 5 Olee (o) 2 S
Ol 0ad (giluancd (b e g slalyinl slaasly
b sle 4 by slaasly 5l eolaiul oS was o
iy i adamMe P alS 4 yove (slaslgi!
o L ogdle 39 o0l D jolme ;0w ST
il o @B sl i (b g ol 258
ey Sl g 8,56 Jelse 3 a5 4l sV
s adaly en 0 ab oo Jrals Wil o 4l oyl

A Gl 5 ,lgs /1) o)losts i Jlo


https://dor.isc.ac/dor/20.1001.1.17357608.1389.6.11.6.5
http://marine-eng.ir/article-1-82-fa.html

[ Downloaded from marine-eng.ir on 2025-12-12 ]

[ DOR: 20.1001.1.17357608.1389.6.11.6.5 ]

Ol b2 solige ozl

Lo w0 4y i

8-Patil, P.P. and Tiwari, S., (2008), "Effect
of blockage ratio on wake transition for flow
past square cylinder" Fluid Dynamics
Research, Science Direct, 40, 753-778.
9-Huang, W., Yang, Q. and Xiao, H., (2009)
"CFD modeling of scale effects on
turbulence flow and scour around bridge
piers" Computers and Fluids, Elsevier, 38,
1050-1058.

10-Sumer, B.M., Fredsoe, J., Christiansen,
N. and Hansen, S.B., (1994), "Bed shear
stress and scour around coastal structures"
Proc. 24™ International Coastal Engineering
Conference, ASCE, Kobe, Japan, vol. 2, pp.
1595-1609.

11-Stansby, P. K., (1997), "Semi- Implicit
Finite Volume Shallow-Water Flow And
Solute Transport Solver with k-e Turbulence
Model" International Journal For Numerical
Methods In Fluids, vol. 25, pp. 285-313.
12-Sarker, Md. A. (1998), "Flow
Measurements Around Scoured Bridge Piers
Using Acoustic-Doppler ~ Velocimeter
(ADV)", Flow Meas. Instrum., 9, 217-227.

A9 Gleasls 5 ,lgs /) ) 0 )losts foid Jluo

Hydraulic Engineering, ASCE, 132 (1), 33—
40.

4-Sumer, B. M. and Fredsoe, J., (2002),
"The Mechanics of Scour in the Marine
Environment" Advanced Series on Ocean
Engineering, Volume 17, World Scientific.
5-Rodi, W., (1997), "Comparison of LES
and RANS calculations of the flow around
bluff bodies" J. Wind Engineering and
Industrial Aerodynamics, Fluid Mechanics,
69-71, pp. 55-75.

6-Salaheldin, T. M., Imran, J. and Chaudhry,
M.H., (2004), "Numerical Modeling of
Three Dimensional Flow Around Circular
Piers", Journal of Hydraulic Engineering,
ASCE, 130(2), pp. 91-100.

7-Wei, Z. and Aode, H., (2006), "Large-
eddy simulation of three-dimensional
turbulent flow around a circular pier"
Journal of Hydrodynamics, Ser. B, Science
Direct, 18(6), 765-772.


https://dor.isc.ac/dor/20.1001.1.17357608.1389.6.11.6.5
http://marine-eng.ir/article-1-82-fa.html
http://www.tcpdf.org

