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Abstract

The loose non cohesive material through which arrilows is generally called sediment. Local scaupiers and abutments is the
main reason for the collapse of bridges foundedlinvial sediments. Clear water scour refers to #fiteiation where no sediment is
supplied by the approaching flow in the zone oluschlany investigators have studied various aspettscour. However, the study
on scour under steady condition for same dischavigke same depth of flow for different pier diametés limited. In present study
laboratory experiment was conducted on differeet gizes of circular piers by keeping dischargestant under clear water scour
condition. It is found that Non dimensional scoepth gradient is different up to opening ratio @aving less slope and its slope is
steep above 0.8 opening ratio.
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1. INTRODUCTION sediment transporting (live bed) scour when upstrémw

. : , transport sediment. Clear water scour is asympioticature
The loose non-cohesive material through which arrffows and it takes much longer time to reach, while sedim
is generally called sediment. The change in flow  angnrting scour is of dynamic nature and iemched much
characteristics of the river during floods and tHew more rapidly. The depth of scour in live bed coiodié is
modification at structures such as piers, abutmests. usually 10% smaller than that of clear water scather

induces the erosive force on the river bed. Theelovg of

) . ; S conditions remaining same.
stream bed elevation of river, which takes placth@vicinity g

of structure such as bridge pier[2], abutment adgbunds Many investigators have studied various aspectsofir such
etc. is called local scour. The horse shoe vorteura a as maximum depth of scour, effect of sediment, sind
bridge pier and down flow contributes S|g.n|.f|canﬂg the gradation, effect of pier and abutment shape amé, ime
scour. Fig. 1 shows the flow structure at a brigige [4]. dependent scour, mechanism of scour hole and dEmelat
1]. However, the study on scour under unsteadyditam is
However, the study on scour under steady condftiorsame I[irr]1ited. y w

discharge with same depth of flow for differentrpigameters
is limited. The problem of local scour around badiers and

approaching flow, the scour is classified as: cleater scour
and live bed scour. Clear water scour refers tosiheation
where no sediment is supplied by approaching flowadne of
scour while scouring is in progress. On the othamdh live ey ILP R
bed scour occurs when there is a supply of sedifnetat the somenrsen 1Tl YNNI N onae soe o
scour hole while sediment is being removed fronustwmle. R L

abutments placed in an alluvial channel is of gnegiortance —
to hydraulic engineers for its safe and economgigie The

scour occurs due to change in flow pattern, duadmease in ki
shear stress, three dimensional flow separatiornd it = g i
interaction with transport of sediment and changingbile I ,///4/
boundary. Depending on the supply of sediment hy t o 1=

Shen et al. [8] distinguished between 1) clear water scour: Fig. 1: Flow structure around circular bridge pier [4]
when upstream flow does not transport sediment 2nd
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The accurate estimation of maximum depth of scoloridge
pier in an alluvial stream is required for safe awdnomical
design of bridge pier because underestimation neag lto
bridge failure and overestimation may lead to ueseary
construction cost[ 3]. The most common cause ofigari
failure is scouring at bridge piers during floods.

The flow field around pier is coupled with a compliaree

dimensional separation of the approaching flow ¢ t

upstream and periodical vortex shedding on the dtneam
of the pier. The complexity increases with the depment of
scour hole. The main characteristic features ofltdve around
a pier on a flat surface are relatively large seleoy flow and
skewed velocity distribution caused by the presgreglient
normal to the approaching flow direction [2].

2. EXPERIMENTAL SET UP

Experiments were conducted in a rectangular tilfingie in
Fluid Mechanics laboratory at Rajarshi Shahu €l of
Engineering, Pune having 0.30 m width, 8-10 m lenahd
0.30 m depth having maximum discharge up to 10 Fus.
discharge measurement orifice meter is used whifittéd on
delivery pipe of centrifugal pump. Recirculations®m is
adopted. The flow rate is adjusted by controlliradve. The
valve is slowly operated without disturbance toltlee surface
until the desired depth is obtained. Required wdegth is
obtained by tail gate. The water surface is measwusng

point gauge which is sensitive to the variation.bfthm. The
scour depth is measured through periscope at diffetime
interval from scale attached inside to pier.

Existing bed level is elevated bylOcm with acngleeets on
upstream, which is shown in detail in Fig. 2 andbiteobed
zone of 185 cm long 30 cm wide, and 10cmdeep isguesl at
distance 0f2.25 m downstream of the flume beginrng is
filled with sediment of a median particle size 1.utn. To
enter water in channel without turbulence, falsel heas
shaped tapered at entrance. Before the start di eaw,
experiments were conducted to maintain clear wsteur for
given sediment size without pier.

Cylindrical piers of sizes 25,40, 60, 75 and 90 mere used
to decide maximum size of pier which would detemnimly a
local scour without a contraction effect. Piers evegnaced
vertically at center of sediment zone. The sedingmte is
leveled before starting tests. The control valve adjusted in
such a manner that clear water condition woulddgetloped
without causing any disturbance to the bed material

For each pier, experiments were conducted by kegeplh
experimental parameters same i.e. flow depth, bmuksand
sediment. The scour depth was measured at diffenerm
intervals from a scale attached to the pier. Eachwas of 3
hours. Details of experiments are summarized irlelab
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Fig.2: Experimental set up
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3. RESULTS AND DISCUSSIONS For 20 < D< 150,

Calculation for a clear water scour condition, Ocr = 0.013(D*) 0.29

u*=0.02815 m/s

(uxcr) 2
(s—1)gDso

Critical mobility paramete® =
From Sheilds curve
0.,=0.03364

(s—1)g]1/ 3

Particle parameteb- = Dsg [ 2

U« = 0.0367 m/s

D.=26.518 u/ U =0.76< 1 clear water condition [9]

Table 1: Observation for depth of scour for different pidepth of flow = 10cm)

Non-dimensional scour depth Pier diameter
25mm 40mm 60mm 75mm 90mm

tite ds/b tite ds/b t/te ds/b tite ds/b t/ite ds/k

0 0 0 0 0 0 0 0 0 0
0.055 0.6 0.055 0.475 0.055 0.433 0.05p 0.40 0.055 0.355
0.11 0.64 0.11 0.50 0.11 0.483 0.11 0.458 0.1 20.4p
0.166 0.68 0.166 0.55 0.166 0.50 0.166 0.466 0.166 0.455
0.22 0.68 0.22 0.60 0.22 0.533 0.22 0.480 0.2p 0.4y
0.27 0.68 0.27 0.625 0.27 0.55 0.27 0.506 0.2)7 0.4y
0.33 0.72 0.33 0.625 0.33 0.566 0.33 0.506 0.3 70.4
0.38 0.76 0.38 0.65 0.38 0.583 0.38 0.52 0.38 0.477
0.44 0.76 0.44 0.65 0.44 0.583 0.44 0.52 0.44 0.4y7
0.5 0.76 0.5 0.675 0.5 0.583 0.5 0.52 0.5 0.488
0.55 0.76 0.55 0.675 0.55 0.583 0.55 0.52 0.5p 88. 4
0.611 0.76 0.611 0.675 0.611 0.60 0.611 0.533 0.6[L1 0. 488
0.66 0.76 0.66 0.675 0.66 0.60 0.66 0.533 0.6p 88. 4
0.72 0.80 0.72 0.675 0.72 0.60 0.72 0.533 0.7p 5. .
0.77 0.80 0.77 0.70 0.77 0.60 0.77 0. 533 0.77 00.5%
0.83 0.80 0.83 0.70 0.83 0.60 0.83 0. 533 0.83 00. 5%
0.88 0.80 0.88 0.70 0.88 0.60 0.88 0. 533 0.88 00.5%
0.94 0.80 0.94 0.70 0.94 0.60 0.94 0. 533 0.94 00. 5%

1 0.80 1 0.70 1 0.60 1 0. 533 1 0. 50

t/te = Non dimensional parameter of time; ds/b= Monensional scour depth at that time
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Non dimensional time . . . .
on s Fig. 5: Maximum scour depth vs opening ratio

Fig.3:Non Dimensional Scour Depth Vs time for different

piers
° A.-F"""
Table 2: Observation of opening ratio and maximum scour ds g| 4
depth. (em) 3 /F—v
X X 2 /
Dimension
Diameter of|  Opening Depth of | less scour 1
pier (mm) ratio (o) scour S (cm)| depth 0 : : : : .
(ds/b) ] 20 40 50 20 100
25 0.9166 2.0 0.80 o
Pizr dlzmater (£)
40 0.8666 2.8 0.70
60 0.80 3.6 0.60 Fig.6:Variation of scour depth with pier diameter
75 0.75 4.0 0.53
90 0.70 4.5 0.50
Where

Opening ratioq) = (B —b)/ B.

B is width of channel.

b is a pier diameter / width of pier normal to theection of
flow
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Fig.4:Effect of opening ratie( non-dimensional maximum
scour depth(ds/b)

Fig.7: Pattern of scour observed around 25mm diameter pier
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CONCLUSIONS

It can be concluded that, Scour depth goes onasaorg with
time up to certain limit and it attains a constdepth of scour
which is considered as equilibrium scour depth. Fkeur
depth increases with an increase in pier diameteteleping
all parameters i.e. flow characteristics and sedime
characteristics same. Maximum depth is observedthen
upstream side of pier. The scour pattern observednd 25
mm pier diameter is shown in Fig. 7.Lateral exisrdbserved
to be more on the upstream side of the pier. Naredsional
scour depth gradient is different up to openingrét8 having
less slope and its slope is steep above 0.8 opeaiiog
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