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Abstract

Laboratory experiments concerning scour developraemind single and two piers side by side arranggrhave been conducted in
order to provide a comparison of scour depths aatlgons. The experiments are carried out under imeddional currents of clear-
water scour conditions. A variety of conditionsliting different flow depths, pier diameters andr@pacing are considered to have
significant influence on the development of theeptiél scour hole. The research on local scour asingle and two piers side by
side arrangement are studied by using a 15.24 ng,léh46 m wide and 0.4 m deep flume in the Hydraulind Hydrology
Laboratory, Universiti Teknologi Malaysia (UTM).Eeqimental results describing the scour-hole degthd patterns are discussed.
The results show that the magnitude and extenhefstour depth depends directly on pier size, pparcing and flow condition.
Piers, which are larger in diameter, produced gexascour depth. It also shows that by increasirg gker spacing, the scour depth
around two piers decreases and closes to valusigfe pier. The two piers act as an obstructioncwidisturbed the flow field and
caused large turbulence levels to be generatedrebye a further increase in the scouring velociyproduced giving relatively
higher scour depth values. The prime factors gangrthe local scouring process associated with pire pier spacing, horseshoe
vortex, reinforcing and sheltering. The resultswhbat good agreement with previous study whereltven flow causes of increased
scour for a single pier case. Meanwhile, the hdnmsesvortex appears to be the main cause of scotlrércase of two piers side by
side arrangement.

Keywords: Scour depth, Flow pattern, Single pier, Side b gikrs, Pier spacing, Horseshoe vortex

*k%k

1. INTRODUCTION the interaction between the flow around a bridger pind the
o . L , erodible bed surrounding it is very complex. Muljégmalso
Scouring is an important phenomenon in river meidsant stated that the presence of group of bridge piensgenerate a
generally takes place in alluvial channels and mdoman- complex in the hydrodynamic characteristics of fibe field
made structures such as bridge piers, spur dikes an  peqr the piers and lead to the occurrence and afevent of a
embankments. When an alluvial stream is partidiigtaucted scour process. Flow observations reveal that a kmp
by a bridge pier, the flow pattern in the chanreuad the ordered flow pattern (Fig -1) occurs even in a aafssimple

pier is significantly changed. The pier producesaaiverse geometry hydraulic structure [7]. Therefore, a coshgnsive
pressure gradient just upstream of the pier. Thdary layer understanding of the complex flow field and erosion

upstream of the pier undergoes a three-dimensgaparation. mechanisms can provide a way out of this problem.
The shear stress distribution around the pier Bstarally

changed due to the formation of a horseshoe vorésxlting Ahmed and Rajaratnam[g], Ettema et al. [9], Thae

in scour around the pier which, in turn, changes fiow [10], Kirkilet al [11], Padmini and Asis[12], Yasser and

pattern [1]. Ahmed[13], Gunegt al [14] andElsebaie[15] have made
. . _ . some studies and gave information for a better nataleding

Pier scour is the greatest causes of bridge falueie to of the flow pattern and turbulent flow around sigpier.

extreme scour around piers, scouring has long been There are a large number of studies around piespgrand
acknowledged as a severe hazard to the perforntdrimége complex piers that focused on the prediction of imamn

piers. This phenomenon has motivated many investigdo scour depth [16, 17, 18,19] and the effect of the ppacing

explore the causes of scouring and to predict maxirscour on the scour depth [20]. Several laboratory stutizese been
depth at bridge piers [2,3,4]. According to Chesinoff[s], carried out to investigate the relationship betwgien spacing
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and maximum scour depth around two piers side kg si
arrangement [21, 22, 23. 24]. Fig -2 shows a skefcthe
flow pattern and local scour around side by sidersi
arrangement. The mechanisms which affect scourenpatt
around side-by-side piers, includes: reinforcingfe&tf
sheltering effect, shed vortex and compressed boose
vortex [25].

Huorseshoe Vortes

Fig-1: Flow pattern around cylindrical pier with a deyetd
scour hole
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Fig-2: Flow pattern and local scour around side by pides
arrangement

Experimental investigations on the scour aroundjleirand
two piers side by side arrangement have been waiagrt The
main objective of this study is to carry out a deth
experimental investigation of the influence of flam scour
development around two piers side by side arrangeme
Extensive laboratory have been conducted to stieystour-
hole patterns in the vicinity of piers. As a refare study, the
experiments have also been conducted around aespiei.

The study is focused on the influence of flow deptker
diameter and pier spacing on the development ofstioar
hole and pattern.

2. EXPERIMENTAL SETUP

A series of experiments is carried out for singld &wo piers
side by side arrangement in a flume at the Hydecauli
Laboratory, Faculty of Civil Engineering, Univeisit
Teknologi Malaysia (UTM). The dimensions of therfle are
15.24 m long, 0.46 m wide and 0.4 m deep. For the
experimental works, a portion of recess 4.50 m Jdhg6 m
wide and 0.15 m deep are provided in the middldiarof

the flume to serve as the working section. The eslop the
flume for all tests is fixed to 0.0006 and unifograded sand
with a dy of 0.3 mm is used as its bed material.

In order to investigate the effect of pier diamsten the scour
characteristics, sizes of 32 mm, 42 mm and 60 mer pi
diameters are selected. The bottom of the pier frisdeslded

to a square base plate of 100 mm dimension and 5 mm
thickness. The base is placed on the flume botidra.pier is
placed vertically at the centerline of the testisec Fig-3 and

Fig -4 show the schematic diagram of pier confifores
tested in the flume.

Fig -4: Two piers with side by side arrangement
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For these experiments, the water depths are mebbynmean
of a point gauge mounted on the carriage which ccdog
moved along the rails attached to the top of tlhené side
walls. The point gauge could be read accurate aoesé of 0.1
mm. In order to investigate the effect of flow depton the
scour characteristics, two different water depthig £ 160
mm, 190 mm and 230 mm) are adopted in the studg Th
scour-hole geometry is also determined using thiet gauge
at the end of each run. Longitudinal and transveogedinates
of the point gauge measurements are obtained isialps
marked on the instrument carriage as well as theitipning
scales at the rails of the flume.

Flow velocities are measured using Acoustic Doppler
Velocimeter(ADV). With the use of appropriate s, the
values of the velocity are gathered and storebmputer. In
this experiment, a 3-D down looking probe is useglbt the
velocity profiles which relate to unidirectional o
distribution along a channel. Velocity data ardexibd at the
upstream, middle and downstream end of the piers to
determine the main velocity components affecting sicour
depth around the piers. The average flow velociiE232
mm/s, 206 mm/s and 175 mm/s are measured for floee
depths (¥) namely 160 mm, 190 mm and 230 mm,
respectively.

3. RESULTSAND DISCUSSION

The effects of flow depth, pier diameter and pigacgng on
the scour development around single and two piels By
side arrangement are studied in the laboratorye ddntour
plots show the scour depth characteristics in mmegdtive
contour values indicate erosion while positive ealindicate
deposition. The plots have been produced by usiWBFER
16 software which is a computer graphics system for
displaying data in the form of contoured plots. &xmental
results describing the scour patterns around desipigr are
discussed in Section 3.1. For scour patterns ardundoiers
side by side arrangement results are describe@dtich 3.2.
This is followed by a discussion on the effect lofrf depth,
pier diameter and pier spacing on the scour patteas
described in Sections 3.2.1, 3.2.2 and 3.2.3 réispéc

3.1 Scour Patternsaround a Single Pier

Local scouring around a single bridge pier has kmtempts
firstly investigated to generate basic observat@nscour
patterns and serves as a control. Figures 3, 45afidstrate
plots of scour patterns produced by three differpigr
diameters (D = 32 mm, 42 mm and 60 mm) and twaerbfft
water depths (YO = 160 mm and 190 mm). The fornmatib
single scour holes immediately around the piebiseoved.

Fig-5shows that the formation of one big scour hole
immediately around the pier is seen. The maximumuisc
depth around the pier is 30 mm. Meanwhile, the imam

deposition is 15 mm which only occurs at distantd@0 to
500 mm along the channel. Similar scour patterobiserved

in Fig-6. Due to increases of pier diameter fromnda to 42
mm, the formation of scour hole around pier is sslaghtly
greater than the previous scour hole. Howeverhgimum
scour hole is also 30 mm. The maximum depositid®0isnm.
Fig-7 also shows that the formation of scour holenediately
occurs around the pier. The scour hole is slighteater and
deeper than other pier sizes. The maximum scouthdep
around the pier is 45 mm. Meanwhile, the maximum
deposition is 25 mm. It can be concluded that ttiera of the
scour hole was slightly greater and deeper in #se of bigger
pier sizes and shallower flow depths due to theemmed flow
velocity.

-
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Fig-5: Scour hole due to unidirectional flow for a singler
(D =32mm and YO = 160 mm)
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Fig-6: Scour hole due to unidirectional flow for a singler
(D =42 mm and YO = 190 mm)
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Fig-7: Scour hole due to unidirectional flow for a singler
(D =60 mm and YO = 160 mm)

3.2 Scour Patterns around Two Piers Side by Side

Arrangement

Local scour associated with two piers in side byesi
arrangement is discussed in this section. Resotis fsix
different measurements have been described to dhew
characteristics of local scour depth formation esded with
the effect of flow depth (¥, pier diameter (D) and pier
spacing (S). The plots of the scour-hole contoepsasent the
scour depth formation in mm.

3.2.1 Effect of Flow Depth

Fig-8andFig -9 represent the scour and depositiattems
produced by two piers of similar sizes (D = 60 manyl pier
spacing (S = 2D) which are placed at two differflow depths
(Yo =160 mm and 230 mm)in a side by side arrangenhent.
both cases, the formation of two separate scoureshol
immediately around the first and second front pierseen.
Similar scour patterns are observed.

Fig-8 shows the maximum scour depth around thes pge60
mm. Meanwhile, the maximum scour depth for Figs930
mm. Thus, the extent of the scour hole is sligigtigater and
deeper in the case when the piers are placed ansigallower
flow depth which produced a higher velocity. Sirm#h the
first front and second front piers are equally esqibto the
flow, the scour depths in front of them are idedtic

Fig-8 also shows the maximum scour depth aroundttioe
piers side by side arrangement is about 35% hitier the
single pier. When the piers are placed in deepsv lepth as
shown in Fig-9, the maximum scour depth decreaseuita
50% compared to shallower flow depth conditionodcurs
due to the flow velocity decreases as the flow léptreases.
In addition, the two piers act as an obstructiomncividisturbed
the flow field and caused large turbulence leveds bie

generated. Thus, a further increase in the scowshagity is
produced giving relatively higher scour depth val{25].
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Fig -8: Scour hole due to unidirectional flow for two rEen a
side by side arrangement (D = 60 mng,=Y160 mm and S/D
= 2)
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Fig-9: Scour hole due to unidirectional flow for two Eén a
side by side arrangement (D = 60 mng,2¥230 mm and S/D
= 2)

3.2.2 Effect of Pier Diameter

Fig-10 and Fig -11 indicate that the bed contootgbf scour
pattern and maximum scour depth for different giees (D =

32 mm and 42 mm) at similar pier spacing (S = 1.aD{l
flow depth (Y, = 160 mm). In this case, a single scour hole
was observed. The observed scour patterns formégidooth
piers are similar. This is because of both the fired second
front piers are equally exposed to the flow caushmy scour
depths in front of them to be identical. A slighthfferent
scour pattern is produced when two different piees are
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used. It is also revealed that by increasing tlee pizes, the
scour depth around side by side piers also incsease

Fig-10 shows the maximum scour depth around thes |Be35

mm. Meanwhile, the maximum scour depth for Figid 55

mm. From there, it is found that the maximum sabepth for

the piers size of 42 mm is about 60% higher tharpibrs size
of 32 mm condition. The flow between two piers witteater
size is accelerated into scour hole so that ituarites the
vertical and deflections of the flow around and ezsally

between them [21]. Thus, a further increase inpilee size is
produced giving relatively higher scour depth value
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Fig -10: Scour hole due to unidirectional flow for two ggén
a side by side arrangement (D = 32 mmp=YL60 mm and
S/D = 1.5)
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Fig-11: Scour hole due to unidirectional flow for two gEén
a side by side arrangement (D = 42 mmp Y160 mm and
S/D = 1.5)

3.2.2 Effect of Pier Spacing

Fig-12 and Fig-13 illustrate the scour patterns arakimum
scour depths for two different pier spacing (S = &ml 5D)
for similar pier diameter (D = 32 mm) and simil&ow depth
(Yo = 160 mm). From these figures, it is observed #hsingle
scour depth is seen at 2D pier spacing and twatsolscour
depths are observed at 5D pier spacing. A sigmifiga
different scour pattern is observed for larger m@acing
compared to that of the smaller pier spacing. At 5D, each
pier will have its own scour hole with no scour dw®l
overlapping as in the case of 2D pier spacing.

The maximum scour depth around the piers for Figsl20
mm. Meanwhile, the maximum scour depth for Figid35
mm. It is found that the maximum scour depth farager the
pier spacing, 2D is about 45% higher than the gparcing of
5D condition. When the piers placed close togetttie,
interference between the horseshoe vortices cdhseatkepest
scour depth in front of the piers. The results alsow that by
increasing the space between piers, the interferéetween
the horseshoe vortices decreases [22, 26]. By asorg the
pier spacing, the scour depths around the piersedses and
similar patterns observed as single pier. It ocalus to the
lower magnitude of down flow and vertical turbulenc
intensity as well as turbulence kinetic energy lestw the
larger spacing piers.
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Fig-12: Scour hole due to unidirectional flow for two Eén
a side by side arrangement (D = 32 mp=YL60 mm and
S/D =2)
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Fig -13: Scour hole due to unidirectional flow for two ggén
a side by side arrangement (D = 32 mmp=YL60 mm and
S/D = 5)

CONCLUSIONS

This paper presents the results of an experimesttaly of
scour around single pile and two piers with side dige
arrangement. Different water depths, pier diametexd pier
spacing on the development of the potential scale have
been investigated. The conclusions drawn from thesent
study can be summarized as follows: Comparison wwith
single, horseshoe vortex caused the scouring tonde in
side by side arrangement piers. The magnitude atehteof
the scour depth depends directly on pier size, gpacing and
flow condition. Piers, which are larger in diameteroduced
greater scour depth. The two piers act as an abstruwhich
disturbed the flow field and caused large turbutetavels to
be generated. Thus, a further increase in the smpuelocity
is produced giving relatively higher scour deptlues.
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