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Destructive scour in the bridge piers in Taiwal

(1].

Figure 1.
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Figure 2. Three-dimensional view of the channel with
main specifications [2].

a= 45\ &-EJ)A‘AQL)‘ S8 P Sled gl (¥) IS

[/ 30cm

sediment \ N/

Figure 3. Schematic view of the locating the piers in thé
60 degree section in bend.
e ol i Sl eslinad b e tlesT e g8 50 )3
plomil g 0 s b hlesT s Glo S e il (55 0
el Jslas Oles 03550 oy 5 shie 40 I3l Sl s
Sl 05k 4 (63 500 aly ST 1LE Sl eslial L 23 S

sodd i€ Ll i b bl O am s Ay Caadse 55 s

233

Mie s 313 O3 T gl ostls s VA A3 (o3

AR SRS R AT ISEI LS5 5 e
53 A S sl s S sl s ol slagssls
F on s 5 45 B G Sl a5 N Sard e

b 595 930 -Y
035 St glaele Kbl s b nlesl el
ol s il et s gl oK Ol ki
el sl esls kel JUE g 4w sl (Y JKS) s
b a3 YAy s b JUS ol 5 03 4 U lasta
» 1 JUSRB2 L &S o\ (o 5 5 ¥ S5 e plas
S et R OT 53 a8 ez 13 45 lam s o0
4 JUS 63555 peims s Zol JUS (5,6 B 5 ush
Ul el gd Sl dns e 0/) 5 35l B e V0 b
oslind S aid 3l bao,l s 55 5 Sl 2o sl Ve LIS
S a5l Cliilons 5 JUIS 2y ool gl il ol
RV bl Gl ol el eslinal (38 gt B
T 2 3 S S as wlaS a4 seme ey 5151450
Sl azms JUIS slgsl s ol ol ol S gl 2T
B BB AU 0555 o Gee OF 51 eslial b oS 5505 413
534S JUS O 3,05 ams Sl de ST Culg s 5
655 bl 5l 6l s st e 3003 13 0T
3 oA s S ccay Cwd JUS (g5, Al
SIS 5 axdll JUB L et wled &S OF O35
A bl Y5 Of b s el s i SusS
4ok gduails mlan SIS te iy Ll 0 sl slate 4
A a3l VVE Sl Gl 5 e ke /0 laougze s
IS Sl S Gl et O Rbasy e Gb
Yooplisl B8] A5l aS e e Y 5l L wlas
Ay e S e Sl eslizad L JUS S 1 (s 5 Sl
A T e 625 SBT3 S S Gl el o 4o

Gl i Gwzmen VY] 550 a3 S b 55 e e Yool

1Ripple



le&w;g{e\jm

3 VA e s s Sy Ol ens AR LT s

L Ll alio L Sulg 3 5 4l 3550 (oo & 12
et S et ety

P L TL ST s i S5 (6 S s
3 =) Bl s bl o s 515 Sl s ol
e 32 G (il o bl bl 2
S Ul 0oy (malesT ol sl sl eals 0L e il
o e i bl ool s el sy csla £
Crs VU s oems 3 Ol o doops Vov (St
230 G Ao W gy atdy o pLE) i
SLs 0l Jds s (g Seslil s YL s s
ol e s 53 (6305 St e plae (LT
33 ke b a4 S e b s YU s amdls cos
e Y0 b a5 0l Ges Ao 10 sp
ls & uf.;..;ﬂ

(0 JS2) s plowil b Oy s Slesl oo e
e Ly e 0L | el 4 tlesl 1S5 5
Skl ccews YU V'”'E'_"M s 3 U/UC=0.98 u,:.ej§ oty
Shams 3 5eapm ) Sl iy OF s b 53 45 3550
I 5l s 0555 a5 odel 05 S > FHES N [
e 3 TP e s o) S IS w650 055
el sdalie LB Lo

Jalas Oley ilesl 5s ey 31855 (8) Ko

-200

290 :_| ! Lol |
-250 -200 -150 -100 -50 O

Clonefyo o (RN (|
50 100 150 200 250 300
X(cm)

Figure 4. Bed topography in the equilibrium time test.
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the relative equilibrium time.
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100% of the relative equilibrium time.
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Figure 9. Samples of cross sections in locations of a) 57, b)
60, c) 63, and d) 66 degrees from the beginning of the bend
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Figure 10. Schematic view of the secondary flow in the sharp
bend and piers effect on the flow.
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Figure 12. Samples of longitudinal sections in a) 2%, b) 25%,
¢) 50%, and d) 98% of the channel with from the inner bank.
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Figure 11. Samples of cross sections in locations of a) 90, b)
120, c) 150, and d) 180 degress from the beginning of the bend
rout.
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position (deg)

S 5 S B e il 50l (V0) IS
¢T2 @T3 MT4 ATS

0.6
0.5 = A
- 04 o
5 03
0.2 .
0.1
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J

0 20 40 60 80 100 120 140 160 180
position (deg)
Figure 15. Digaram of the location to the maximum bed level.

BE) JCLaJ)U&y)MdJS@J)A C,.:;t.;),a (\0 J_{,ﬁ))b
Slasls sed JoSKo s ged cpl il sl esls LIS olesl e
Sy o odaline 3 ol 55 aS S Solas ol L3

240

Oloj &y Coed s el 515 ST 5 Bl ls5al (VW) K

J"HL‘)T

— &— - Zmin — ® — Zmax

0.6
0.3
0
-0.3
-0.6
-0.9
-1.2 T

400 600 800 1000

duration (min)

Zmin out of pier position

>
S~
N

Figure 13. Digaram of minimum and maximum relative bed
level to the test time.

Fmt gt S 53 Gl JSom dald Jobo dblis s
ugﬂwjlwdw\@mo\@dl.w
Aald iy o 5l e 52,8 e S e ity (St
gu;gupwmbpﬁ)w\.wggﬂg
Olas do,s Yo 53 5 JUS 5,6 doys 00 5 usjls il
5350 3 i ol Ges b (Sl dlr 3 ol Dol
e 33 0L Gas N Sl i s gL s a2y
s g edalie s YL s

b sde 4 ol dols Oley Asys 0 )gjcklnol.ua):
Aosn \or 53 3 pd g ol ggy 4ty 3U8 a5 (Saotl]
Js b e alS sde o w4 i cpl s ol Ol
sy 25 ol e S s ST sl Ol
Sl 4 Ol Sl dblie 53 g BB OIS Ko
3 53 St ol S o)Ll )l e s bz
)'l,k_x_.,uui.il_,aﬂjfi: 03 e (a3 o C‘-'J qli NERY
ol olaal fowe sl a3 Y Sole a3 A g
Sl s s ol g3 Dslme s Saniul dals
3pdisn 25 s il 53 4kl GOl sl sl il
Sl sy o el o 4 0L e

S d Sl (g 15 S 5 il (WY S0) o
a5 e l3sed opl 3 el ol 03,51 JialesT Olej
oAl pos Al Gl 5o oS il SLEl e Sl 2ol

to g;,_:«ﬁ)\.bu)bw‘u‘u-f"bwle.,l..:o:)ﬂﬁe,\,;



\Y40 JL.«MU@}J/O A)La*:/‘..héju 69

References &l -1

[1] Melville, B.w. and S.E. 2002 Coleman, Bridge
Scour, Colorado, USA, Water Resources Publication
LLC.

[2] Vaghefi, M., M. Akbari, and A.R. Fiouz, 2015 An
experimental study of mean and turbulent flow in a 180
degree sharp open channel bend: Secondary flow and
bed shear stress, KSCE Journal of Civil Engineering,
20(4), 1582-1593.

[3] Bajestan, M. Sh. 1387 Theoretical and Practical of
hydralical sediment transport, Shahid Chamram
University Publication. (In Persian).

[4] Raudkivi, AJ. and R. Ettema, 1983 Clear-Water
Scour at Cylindrical Piers, Journal of Hydraulic
Engineering, 109(3), 338-350.

[5] Ettema, R., et al., 1998 Local Scour at Skewed
Piers, Journal of Hydraulic Engineering, 124(7), 756-
759.

[6] Melville, B.W. and Y.-M. Chiew, 1999 Time Scale
for Local Scour at Bridge Piers. Journal of Hydraulic
Engineering, 125(1), 59-65.

[7] Bozkus, Z. and O. Yildiz, 2004 Effects of Inclination
of Bridge Piers on Scouring Depth. Journal of Hydraulic
Engineering, 130(8), 827-832.

[8] Emami, Y., S.A. Salamatian, and M. Ghodsian, 2008
Scour at Cylindrical Bridge Pier in a 180 Degree
Channel Bend, in Fourth International Conference on
Scour and Erosion, 256-262.

[9] Masjedi, A., M.S. Bejestan, and H. Kazemi, 2010
Effects of Bridge Pier Position in a 180 Degree Flume
Bend on Scour Hole Depth. Journal of Applied
Sciences, 10(8), 670-675.

[10] Das, S., et al., 2013 A Study of Wake Vortex in the
Scour Region around a Circular Pier, International
Journal of Fluid Mechanics Research, 40(1), 42-59.

[11] Akib, S., A. Jahangirzadeh, and H. Basser, 2014
Local scour around complex pier groups and combined
piles at semi-integral bridge, in Journal of Hydrology
and Hydromechanics, 108.

[12] Ismael, A., M. Gunal, and H. Hussein, 2015 Effect
of Bridge Pier Position on Scour Reduction According
to Flow Direction. Arabian Journal for Science and
Engineering, 40(6), 1579-1590.

[13] Oliveto, G. and W. Hager, 2002 Temporal
Evolution of Clear-Water Pier and Abutment Scour.
Journal of Hydraulic Engineering, 128(9), 811-820.

[14] Melville, B., 1997 Pier and Abutment Scour:
Integrated Approach. Journal of Hydraulic Engineering,
123(2), 125-136.

[15] Chiew, Y.M. and B.W. Melville, 1987 Local scour
around bridge piers, Journal of Hydraulic Research,
25(1), 15-26.

[16] Chiew, Y., 1992 Scour Protection at Bridge Piers,
Journal of Hydraulic Engineering 118(9), 1260-1269.

241

ote Ol jos cwdige g — oode aloe

Aol 53 5 a3 VW Cambse 53 5 e oS Ol Lo s

S 5 4o 0

2 s | Ko w255 Sl sy e ol 3
Wol}p@ou)ﬂbg L A.:a'-bﬁ a3 VA s 8
.MTW;gﬁj@ujMw)ﬁ

£ OIS o Stk ol o3 edel ey glaams o 550k
o L2l al Sl a5l 2l s e Sbe Sl sl
Wb e Jlis ot s Sl iy W) OM 5 S
£0 51 day ooy ol A o ) ol B D pslne 5
s W agls ol A sdalie s Jsbs Olej Ao
sdalie e ,3 WYY agls 5o allr pl oS Jb 3 5 it
bl dlr 51 5 Gees do)n VY Slaee b5 Sl ieas UG
el L

Sl slesl 53 b al SLbl s (Sat] Gee sp b
Aoy Voosde CidS 3l A &S s e edalie calise
OLSS wl o s Rl b e el ol O
Pyt

500 & e ol Ol o Ve 51 lesT Ol zals
YooY el el (S5 e ol Ol o T
.:ﬁd«yld@ﬁﬁ;f%wd.kﬁp):

S s edalie b S e 3 gl bailesl el s o
a3 o e J3lad Oles Lo 3 00 o O Gos iy
Yool el 4 sSss el St g b o
el Al el 6 Sos i al Sl 2ty Ay £



Modares Civil Engineering Journal (M.C.E.J) Vol.16, No.5, November 2016

Effect of Time Duration on Bed Topography With Twin
Convergent Bridge Piers at 180 Degree Steep Bend

M. Vaghefi*", F. Sedighi?, M. Moosai?, S. H. Meraji®, A. Mahmoodi*

1- Associate Professor of Hydraulic Structures, Civil Engineering Department, Persian Gulf University
2- M.Sc. Student of Hydraulic Structures, Civil Engineering Department, Persian Gulf University
3- Assistant Professor of Hydraulic Structures, Civil Engineering Department, Persian Gulf University

Vaghefi@pgu.ac.ir

Abstract:

The destruction of the bridges because of the erosion of the bed is a question that if is not addressed properly
it can’t be compensated. The aim of this research reviews the scour around the twin bridge piers affected by
parameter of time and its role in the bed topography. In this research, the equilibrium time test was done to
determine the equilibrium time. After that a test without the establishment of bridge pier was done. The aim
of this test is to know the effect of steep bend flume to the bed topography and scour pattern. The next tests
were done at 20, 50 and 100 percent of the relative equilibrium time with the establishment of the twin
bridge piers. The experiments were performed at the Advance Hydraulic Laboratory of Persian Gulf
University of Bushehr in Iran. The channel used in this study has 1 m wide and bend routh with the 180
degrees angle flume with the relative curvature of 2. The upstream routh has the length of 6.5 m and the
downstream path is 5 m long. The condition was clear water in all test and live bed using sediment with
average diameter of 1 millimeter and standard deviation equals to 1.3. Flow rate was fixed at 70 litter per
second with depth of 18 centimeter at straight upstream rought. The piers had the diameter of 5 centimeter
and making the angle of 21 degrees with the vertical axis and also placed at the perpendicular plane to the
flow stream. Due to maximum scouring at 60 degree of the flume in preliminary tests without the
establishment of the piers, for the rest of the tests the piers were installed at 60 degrees angle of the channel
bend. At the end of each test channel was gradually drained and after drying the bed topography was
harvested with the use of laser device called bed topographer with the accuracy of 1 millimeter. For the best
result according to the test more than 4500 points were measured. The most important results achieved is that
by the relative equilibrium time the second scour hole is 12 percent deeper than the main scour hole around
the piers. In addition the second scour hole is created at the 123 degrees along the outer wall of the flume.
Studying the parameter of time indicated that at the beginning of the experiment the second pier which is
closer to the outer wall has more scouring depth , but after the relative balance time of 20 percent both pier
has the same scouring rate. Reducing the time of the test by 100% to 50% of the relative equilibrium time
reduces the maximum scouring depth of the main hole by 20 percent. In all test a scour hole at the middle of
the channel bend was seen which deeper at 50 percent of the equilibrium time compared to the 100 and 20
percent of the relative equilibrium time. Advanced discussion and analysis about the results achieved from
the tips are outlined in this paper.

Keywords: Scour pattern, Twin bridge piers, 180 degree bend, Steep bend, Test duration.
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