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Figure 1. The flow field around the bridge pier.
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Figure 2. A schematic, (A) roughness created around the pier, (a) distance between roughnesses,(b) roughness
depth, (c¢) roughness height, (B) The pier model in the laboratory.
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Figure 3. Took place speed profiles around the pier.
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Figure 4. Comparison chart temporal development of scour at the pier of the rough specified.

.sj.(,l;..a 3 «NYD SAJ uf.sj'ojﬂ.z Lal Sl
s s 3,8 eslanal dals 4l b oawslis

o L1368 15 slaal u'<;"‘“‘:‘j oS A
s NAD oNYD 5 L oal gl dals 4l «

Aa-jl'Lg.M)b VO}V' ch, )"‘J" g_a..;JJ.':'M '/'VD

¥YA



Ol )Sed g L con> y oo

olie Ghls e (Sossi s dald 4l s (g3 5es
3 YL a5y 0Lz ekadilil S il e e
sl > s Wil el e S S IS
slaasplis &S .s.stJu' sdalie i o w
U opl s el e L;uq;}? Oldanas
Soses Slace o JIbS Sl ps il s
5ol oS s e 0L 1y esly il T
Jowl oy s Sl bS5 s
S3ses Slace pw (Y000) 500l 5 (65 il e
Lo ab ceseml et s Son s ot
S ey cpl e Lol Wl S 25158
sl S cleay a4l ol s &S Wil s

(8) s e & LS;,.NU-J{

sl o5 NYD sy 4l Slbl s VSG oy
olis 0 K5 s el aie gLl gl el
Sdde 5 8 el S5 sy el el el
Sl i ke 2alS 5 of 5505 ol
das o OLES aglie o] Cb NG S - PP TS
s s ab e leé slly 5o ce “SLA.CJ“”‘. S
ol LS e b el al b oalie )
S eslal ksl V“G slwly 5 Co e S Ol
YAY sl e Ll (’L“; 0 dals 4l sl
ol ol o S S L 5SS ks
oalS sdasolis sy b VL s e
o Rl e s s oml o4 sy 0L
NGV R WY Tv o] VR VIRGIIVON S uor slacls S

slaly 53 Cepm iy 0L > VL s

1S ady RS Y
ase Pier ?15 of Toughndss
o o e G0 d
egree
* 0 degree 30 degree| 4.;__..-6%‘
o5 * e 06 4 * =230 -
) - a - - - T * e
- ™ ®
T * . *
= 0.4 * 2 o4 - : e < 0.4 * L]
i = - @
- g . s 0 f M
Zge D2 - * 02 4 0.2 P
[ it * l N (
% T S *
O * L *
2 o T ‘ ] L v *e 5] ' * &
Eram | 02 0.1 a 01 -0.1 a 01 015 0.1 -0.05 o
" oas 50 de 0.8 0.7 Ts0a
alag: ee 5 ree
e q.,;;.gsn 120 degree os 4 ® ™ “a 2 150
Ratio of o : * ‘a3 120 @
0.6 0.6 =,
water b4 . * @ 0.5 o &
depth to * ® *e 0.4 4 *
sum of £ g4 - A - £ o4 e & ° .
water : ‘a * 0.3 4 “ b
LIy
depth and ¢ ™ 0z A —_— s
scour 0.2 1 g i 0‘
depth * do 01 %
* e ,* &
. + $ @e ® o % : *® . e Y ¢
01 005 a 0o 0.05 0 0.05 0.1 ] 0.1
wifU 0T wiu
% 180 degree
06 & i vhe
°
0.5 *
]
oa *
s P
-
03 : .
0z -9
a1 ﬂ
@
o
0.2 a 0.2 04 6
wiu

JUE sl e s B e e s

Ratio of orthogonal velocity to average
wvelocity

Sl al g dals 4L s VSLA’ s sla g p -0 S
Figure 5. The vertical velocity profile at the base roughness of the pier control.
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Table 1. The results of the maximum vertical velocity control at the pier of the pier of the roughness.
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Abstract

Background and Objectives: Bridge failure is a common phenomenon all around the world.
The reason of the failure is not just the construction, but ignoring hydraulics’ roll in designing.
Therefore, finding ways to reduce scouring is essential. There are two fundamental ways to
protect bridges from scouring; increasing the resistant of bed materials and decreasing the
power of erosion factors. A new method of decreasing pier scouring is to create roughness
around the pier.

Materials and Methods: The experiments were conducted under clear water scouring and with
a constant discharge during 8 hours in hydraulic laboratory of Isfahan University of Technology
using a flume of 7 m length, 0.32 m width and 0.36 depth. Sands with median diameter of 0.75,
special gravity of 2.65 grams per cubic centimeters and geometric standard deviation of 1.2 are
used in the experiments. In this research vertical flow structure has been investigated has been
by analyzing with ADV tool and also effect of this type of flow on scouring of piers
surrounding area was also evaluated.

Results: According to the results, vertical flow values were negative through central open canal
line at upstream of pier which indicated that the flow was downward and also upward flow at
the behind of piers was clarified by positive vertical flow values at that area. At common
condition flow velocity increases by getting closer to the pier. At upstream of the flow, vertical
velocity was particularly lower in existence of roughness on pier surface than control piers
which didn’t have any roughness. Low negative values at upstream of the pier with roughness
on its surface, the reduction of downward flow with reducing horseshoe vortex power than
control pier was demonstrated. Investigation of velocity and shear profiles around the piers
shows the existence of horseshoe vortex and downward flow simultaneously at upstream of
piers. In downstream, existence of wake vortex causes fluctuations in flow structure. Velocity
fluctuations in upstream of flow increases by entering scour hole, so inside the hole, there is a
core with high intensity of turbulence in front of piers which is the result of flow separation in
that region.

Conclusion: In this study, the efficiency of using roughness around the piers is investigated in
order to decrease scouring. Results show that by increasing the size of roughness, scouring will
decrease. In fact, increasing the size of roughness will decrease the power of down flow,
horseshoe and wake vortexes.

Keywords: Scouring, The pier with roughness, Flow structure, ADV
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