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Abstract

Groins are the most popular techniques for riverbatabilization that are constructed along the ahelnbank to locally
change river conditions, thereby creating a flowdition that promotes navigability and diverts thesf away from the bank.
The scour around groin head play a very importantfieir performance. No systematic experiments h@esn conducted to
study the scour around bell mouth groin. An expental study was undertaken in a 45.6m long and 2 wita laboratory
water basin to investigate the local scour arounuba-submerged bell-mouth groin structure. A totainber of 12 test runs
were performed for different flow conditions. Thréféedent discharges and four different angles witmssubmerged groin
condition were considered in the present study. &foee, Twelve tests were conducted of which six veater depth of 14 cm
and the rest six had a flow depth of 18 cm. Alktestre conducted for 8 hours duration in clear wat@ndition. In order to
avoid the ripple formation, the coarse sand wigh=10.75 mm was selected as bed material. Scour dep80° angled groin
was observed to be the maximum and for’135as the minimum. The time to reach maximum sdepth was found to vary
with discharge and angle of attack. The study ats@aled that maximum scour depth and depositicdepathanged for the
case of different test runs. Scour depth varied wétlocity variation of flow, and an increasing tendg of scour depth has
been observed with increasing flow intensity. Maxinagour depth shows an increasing trend with increagtnoude
number.
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1. Introduction

Groins are structures constructed in rivers to ta@na suitable measure for bank protection and
flood control. Recently groins have been receivedarattention from the standpoint of ecosystem.
The design, location, orientation and length ofimggare very important subjects for the hydraulic
engineers in the field. Basically, it is importanthave a clear picture of scour phenomenon around
these structures in order to be able to make aasafeeconomic design. Also, hydraulic conditions
such as velocity, water depth, bed shape, and lageria around groins are so diverse to provide the
ecosystem with suitable habitat. The developmedtnaagnitude of local scour for different angle of
attacks are still undefined, though local scoufisitmost importance to the design of any type of
groin. The foundation should be able to sustaimtbgimum scour depth around the mouth of groin.
In Bangladesh, failure of bell mouth groin oftenceced due to excessive scouring. From the
engineering point of view, one is always interestedletermining the potential scour so that the
provision can be made in design and constructidraf@, 1988). The engineer is often called to
design bank protection and conveyance channelsrtast maintain stability while subject to scour.
Groins are structures that are constructed aloaghiannel bank to locally change river conditions,
thereby creating a flow condition that promotesigability and diverts the flow away from the bank.
As one of the most popular techniques for riverbstakilization, groins have already been enjoyed a
wide use in a number of riverbank stabilizationj@cts and with a strong tendency to increase its
applicability (Shields et al., 1995).



Over the past several years, there has been aegpahsion of literatures concerning groins under
clear water scour condition in both laboratory expent and numerical simulation (Rahman and
Muramoto 1999, Ishigaki and Baba 2004, Zhang 28&&dkivi and Ettema 1977); Live-bed scour
around spurdykes (Zhang et al. 2005); Local scoommf@ilae around piers and groins
(Anawaruzzaman 1998, Islam et al. 2002); River seustabilization by groin like structures
(Khaleduzzaman 2004); River bank stabilization ibesnd by groin (Hossain 1981, Khan 1983,
Sarker 2001); velocity distribution in groin fiel@guto et al. 2005); Exchange process between river
& its groin fields (Uijttewaal et al. 2001) etc. st (2003) investigated the local scour at theofoe
protected embankment. Kabir (2007) investigatedsitmur reduction technique and flow pattern
around abutment using bottom vanes. Khatun (20@idwucted an experiment on local scour around
bridge pier using cohesive and non-cohesive beénait and established an empirical relationship
to estimate local scour. Rahman et al. (2001, 200@stigated flow field and scouring around piers
and abutments.

From the foregoing discussion it is apparent thasthof the above studies were concerned with pier,
embankment, abutment, groin and spur-dikes mamiyagsessment of local scour which is very
frequently used in Bangladesh. But the developroesitientific guiding principles for the bell mouth
groin design is yet not fully explained. The reas®onhat bell mouth groin is typical in the India
subcontinent including Bangladesh. The flow streetand scour development around bell mouth
groin is of great interest for the design of riveark stabilization projects in Bangladesh. In thespnt
study, which is exploratory and experimental inunat the scour around the single groin is
investigated for submerged condition.

Groins are classified according to the method araderral of construction, i.e. permeable and
impermeable. The permeable and impermeable arexqalnatory are differentiated by the ability of
the construction material to transmit flow. Permeapoin slow down the current while impermeable
groins deflect the current. Permeable groins arstmifective on alluvial streams with considerable
bed load and high sediment concentration, whiclbdavapid deposition around the groins. Groins
vary depending on their action on the stream flblaey may be classified as attracting, deflecting or
repelling groins. Groins may be further classitedording to their appearance of plan. Straighihgro

is set at some angle from the bank and has a le@dovide extra volume and area for scour
protection at the outer end. T-head groin hasaggstr shank with a rectangular guide vane at therou
end. The angle at the bank is normally 90 degresedd groin or wing or trail groins have larger
sediment deposits between groins, less scouriatiged, provide greater protection to the bankks an
are more effective in channelization for navigatidmen the length closes 45 to 65 percent of the gap
between the groins. Hockey shape groins have sumas that are more extensive in area than the
T-shape groins and do not appear to have any amlyesiover the other shapes (Richardson et al.,
1975). Straight groin with pier head was designetiexecuted to dig and stabilize artificial poas f
salmon and trout migration and fishing.

In some locations groins are constructed highen ttke high water level, which are called

non-submerged groin. In other locations groinssatemerged under the water surface. In rivers with
unsteady flow conditions, groins can serve as nimagrged in ordinary state or submerged during
flood. The area behind the groin is either a deaw -luring non-submerged conditions or a slow flow
zone during submerged flow conditions. Most of pyas investigators published experimental data
on the various aspects of the local scour arouret@aa spur dikes. In their experiments, they have
used flow depths that were less than the heigtiteo$pur-dike model, (Ahmed 1953; Liu et al. 1961;

Garde et al. 1961; Laursen 1963; and Gill 1972)Restudies have included Rajaratham and
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Nwachukwu (1983), Melville (1992). Many prototypeus dikes, however, were designed to
regularly consider overtopping flow, submerged c¢ood. A few studies were presented for

submerged groin, such as the study of Kuhnle €1889), Kuhnle et al. (2002). In the present study
an attempt has been made to investigate the scounc submerged bell mouth groin by varying

discharge and angle.

2. Dimensional Analysis Approach

Dimensional analysis is a mathematical techniquiehvinakes use of the study of dimensions as an
aid to the solution of several engineering problEach physical phenomenon can be expressed by an
equation, composed of variable (or physical quiasdit which may be dimensional and
non-dimensional quantities. Dimensional analysiph& determining a systematic arrangement of
the variables in the physical relationship and comly dimensional variables to form
non-dimensional parameters. An attempt has beemr noagistablish relationship between maximum
scour around the head of bell mouth groin and varfmarameters that affect scour. Non-dimensional
parameters that control predominantly the scowrcesfwere developed using Rayleigh method. For
this, the Rayleigh method has been used for diroeakianalysis. The variables considered are the
scour depth (), water depth (y), groin angle of attaak),(the approach flow velocity ¢¥ and
acceleration due to gravity (g). But the groin &l attack ¢) is not a physical dimension and it was
not considered in the dimensional analysis.

Let, h,=f(V,y,9) 1)

orhis = £ (V) (v)°(9)°

Where a,b,c are dimensional constant. Applying dsians of the variables, the equation (1) can be
written as

L= f (L-l—l)a (L)a (L-|—2)b= f (L)a+b+c (-I-)-a-2c

And solving for a,b, ¢, we get

hs = f(V)*°(y)""(9)°
he _ (1Y

0r7— (3—32/] = f[F,ZJ

The final form of the non-dimensional functionalatenship can be obtained

h 1

s - fl— 2

t-il) @

Equation (2) shows that the relative scour depity)(is a function of Froude number, F

3. Experimental Procedures

The experiments have been carried out in a widegétr flume which is 45.60 m long, 2.45m wide
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and having a depth of 1m. The flume has a re-atmg water supply system with pre-pump storage
pool, measuring devices, tail gates and stillingifba@tc. The water passed through an approach
upstream reservoir provided with a series of bafflhese baffles distributed the flow uniformly ove
the entire width of the flume and also helped ssiliating the excess energy of flow. The sand bed
had a thickness of 30 cm. The sand used in theaiexgets reported herein has mean size;gf 6.75

mm and standard deviation@f= 1.94. The groin models used in the study weradated by wood.
The groin model was bell mouth type. The groin pasitioned with different angle of inclination of

0 =60, 9¢, 135 and 156 with the downstream. Before the beginning of earhthe sand bed was
leveled corresponds to Z=0. Three different disgbamere considered in the present study. Total 12
(twelve) tests were conducted with non-submergedition of which 6 (six) had a water depth of 14
cm and the rest six had a flow depth of 18 cm. Btaio a specific discharge, water level was
maintained by adjusting the tailgate on downstre@ihe water discharge has been measured on a
routine basis at half hour intervals by sharp-e@&ehbock weir located at the re-circlulating tana
The discharge has been calculated from readingiof gauge in the adjacent stilling basin using the
following equation.

3

Q = %Cd I-weir \/E(AH )E (3)

The free flow has been ensured only at the dowarstrereir and coefficient of dischargegf@as
been calculated to be 0.6.

3.1 Scour measuring technique

The changes in the bed topography around the gvere measured with the help of the bed level
measuring instrument. Each run was ended aftengegjuilibrium state for local scour (8 hours).
Details of selected experimental runs are givefable 1. Each test was designated by certain
notations. For example, test no.1 is designateN®¥1, it means that the test were conducted at
discharge of 170 I/s, non-submerged condition wii# groin placed at 180angle in direction
towards downstream. All others tests have beeraimdesignated.

Scour data have been collected forming grids irsdlected area around bell mouth groin on the dry
bed. In one test run, 1225 scour data have beéectad hence for 12 test runs total scour data was
14700.

Table 1. Experimental program

Angle of .
Test inclination Froude Dlsgharge, Q Water depth, y
. . number| (lit/sec)
No. (anti-clockwise) (cm)
de (F)
gree
NS11 0.423 170
NS12 150 0.373 150 14
NS13 0.323 130
NS21 0.290 170
NS22 135 0.256 150 18
NS23 0.222 130
NS31 0.423 170
NS32 90 0.373 150 14
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NS33 0.323 130
NS41 0.290 170
NS42 60 0.256 150 18
NS43 0.222 130

3.2 Velocity measurement

Flow velocity measurements were obtained by ushognammable electromagnetic velocity meter
(P-EMS) consisting of a 50 mm-diameter probe andrdrol unit, mounted on a movable measuring
carriage. The sensor of this instrument measureddimensional velocity field. Water depths were
measured at one-hour intervals by the help of atggauge mounted on a wooden frame.

3.3 Co-ordinate system

A Cartesian co-ordinate system has been chosensmutiduring the experimentation in the flume as
shown in Fig. 1(Self explnatory).

Right fl\ume

End fixec

bed — - —Measuring

tape
Initial level of
sand bed, Z=0

Originofthe ~ --=----\¢~
system which is the
lengthwise mid Fixed
point of right wall ~ aq
at the initial bed

Fig.1. Coordinate system used in the experiment

3.4 Bell mouth groin dimensions

Groin was installed on the bed surface with a wadtB2.5 cm, is tapering vertically and the top thid

was lowered to 12.5 cm, shown as (Section 1-1gnZi The height of groin above the bed surface is
20 cm and below the bed level was 40 cm. The tamdter at head of the groin is 15 cm and at the
base on the bed level is 35 cm, shown as (SectbmZig. 2). Shank and head slope is 2V:1H. The
base of the groin at the bed level is extendedbufDB.5 (63.5+40) cm towards the channel middle

perpendicular to the right wall.
2 >

7
20
|

Cross section 2-2
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Fig.2 Bell mouth groin dimension above the bed levdlt{ed dimensions are in cm)

3.5 Orientations of groin

Four types of bell mouth groin orientation were sidered in the present study. These were’,150
135, 9¢° and 60 angles from the right bank of the channel (coual@ckwise direction). Figures 3,
4, 5 and 6 shown the orientations and dimensiortfefgroin angled at 150135, 9¢° and 60
respectively.
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Fig.5. Groin at 69angle with right bank Fég.Groin at 98 angle with right bank

4. Result and Discussion
4.1 Temporal variation of scour and equilibrium scdepth

Scour depth in clear water regime increases |dgardally with time upto limiting depth at
equilibrium (Melville and Chiew, 1997). But in liveed regime, equilibrium depth is reached quickly.
Equilibrium scour depth has been observed at tfieatklocation on the head of the bell mouth groin
with the interval of half an hour. The defined Iboa of the equilibrium scour depth are for £50
angle, X=-70 cm and Y=90 cm; for 13&ngle X=-40 cm and Y=90 cm; for 9@ngle, X=-30 cm and
Y=100 cm; for 60 angle X=0 cm and Y=100 cm. Figures 7~9 show thgpteal variation of scour
depth and attaiment of equilibrium scour for diffet discharges with different orientation of groins
For the entire 12 runs scour depth for 90 degrgéedras been observed to be maximum and for 135
degree is minimunit may be caused for 90° angle flow velocity dilebit on the head of the groin
and vortex created around the head of the groies&lscour measurements with an interval of half an
hour have been continued until the equilibriumideashed. In all most cases it has been observed tha
the equilibrium scour has reached after a miniméizhto 4.5 hours of running. This equilibrium time
has varied with discharge and angle of attack.

4.2 Scour and deposition contour map

2-D scour contour map indicating local scour arobetl mouth groin for variable discharge are
presented Figure 19-30 represents scour maps @hesath50°, 135°, 90° and 60° respectively. With
higher discharge scour hole slope is found steepaour line intensity decreases with decreasing
discharges and becomes flatter for lower dischanggeneral scour hole slope is steepest around the
head of the structure and gradually decreases sde®lope of scour hole around head of bell mouth
groin is more uniform for higher discharge thart thfdower discharge.

Mostly it is observed that scour hole has maximwterg around head of the structure for higher
discharge and decreases gradually with decreagofgatge. Sediment deposition is found nearer to
rear face of structure for lower discharge wheresediment is deposited slightly downstream for
higher discharge.
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Fig.7. Variation of scour depth with time (Q=170d) Fig.8. Variation of scour depth with time
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Fig.9. Variation of scour depth with time (Q=130s)
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Fig.12. Final bed contour for test n0.NS13
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Table 2 Maximun scour depth with position for vasaases

Cases no Maximum scour depth Position
[ (cm) X, Y (cm)
NS11 24.5 -35, 82.5
NS12 18.2 -75, 82.5
NS13 15.6 -45, 82.5
NS21 17.8 -10, 92.5
NS22 16.4 -50, 82.5
NS23 12.8 -50, 82.5
NS31 27.5 10, 102.5
NS32 23.2 -30, 45
NS33 20.2 -30, 82.5
NS41 26 5, 105
NS42 24.5 5, 105
NS43 20.8 -5, 100

4.2.1 Variation of maximum scour depth with Frondenber

Variations of dimensionless maximum scour dep#y(twith Froude number (}-are shown in

Figure 31. From trend line of this graphical preéagan, it has been found that scour depth incease

at an increasing tendency with increasing Froudehmau.

4.2.2 Variation of relative scour depth with appcbalow velocity (Va)
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Variation of relative scour depth (hs/y) with apgeb flow velocity (Va) is shown in Figure 33. From
trend line of this graphical presentation, it wasirfd that relative scour depth increases with
increasing approach flow velocity.
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Fig.22. Variation of relative scour depth with Fdeunumber Fig.23. Variation of relative scour
depth with approach flow velocity

4.3 Scour and deposition

Figure 18 shows the comparison between maximunr siepihs with maximum height of deposition
for each test run. It is found that for’e scour depth is relatively higher than the mmaxh height

of deposition. As velocity increased scour deptiteéases and more sediment deposited downstream
of the structure. For the same angle, the scourdapasition are higher for higher discharge and
viseversa. The lateral and longitudinal crossisedied profiles are drawn to compare differenoes i
scour and deposition pattern for each test runurgid9 shows the relation mximum scour and
maximum deposition for all test runs.The trend lofehis graphical presentation shows the linear
relationship.
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Fig.24. Scour and deposition pattern for all tassr Fig.25. Relation between maximum scour and
maximum deposition

4.4 Cross sectional bed profile

The experimental observations for the cross-seatiprofiles of scour & deposition for different
orientations are shown in Figs. 10~13. In orden&ke dimensionless, the X and Y co-ordinates has
been divided by the height of the bell mouth giipabove the bed level.
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Figure 13 shows both deposition and scour arouadél mouth groin. Deposition starts at Y/h=0
and ends at Y/h=2. After 2h distance scour statiscantinuing 7h distance.
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Fig. 28. At X/h=1.5 for 9®angle Fig.29.At X/h=3 for 60 angle

4.5 Bed profiles along the longitudinal section

The longitudinal bed profile has been plotted tesaslie the change in bed profile along the stream
wise direction at the vicinity of the head of thellmouth groin for different discharges. Theseéhav
been shown in Figures 14~17. In these Figuresdhiedntal line corresponding to Z/h=0 represents
the initial bed level.

Figure 14 shows the variation of longitudinal bedfie at Y=85cm (away from the right bank) for
15@ angle. It shows that maximum scours starts fromdigbance and end 3h distance. After 3h
distance it rises above the initial bed level starts deposition. Minimum scours starts from -3.5h
distance and end at X/h=0.

Figure 15 shows the variation of longitudinal bedfile at Y= 105 cm (away from the right bank) for
1350 angle. It shows that maximum scours starts frorfh-4listance and end 3.5h distance. After
3.5h distance it rises above the initial bed lewelstarts deposition. Minimum scours starts frdm
and end at 3h distance.

Figure 16 shows the variation of longitudinal bedfile at Y=100 cm (away from the right bank) for
900 angle. It shows that maximum scours starts fromditance and end 8h distance. After 8h
distance it rises above the initial bed level starts deposition. Minimum scours starts from -1.5h
distance and end at 3.5h distance.
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Figure 17 shows the variation of longitudinal bedfie at Y=100 cm (away from the right bank) for
600 angle. It shows that maximum scours starts fromdiétance and end 8h distance. After 8h
distance it rises above the initial bed level s&rts deposition. Minimum scours starts from -1h
distance and end at 3h distance.
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5. Conclusions

Based on the detailed experimental investigatioalysis and discussion the following conclusions
may be drawn:

» Equilibrium scour depth measured around the heatieobell mouth groin shows that the
scour depth for 90angle was the maximum while for 3% was the minimum. The
equilibrium time to reach the maximum scour dep#sviound to vary with discharge and
angle of attack for different test runs.

» The differences between the maximum scour depthhahaximum height of deposition are
relatively less.

» The longitudinal profiles along the stream wisesdiion at the vicinity of the head of the bell
mouth groin appears that the maximum scour ocaurdicharge 170 lit/sec and minimum
scour occurs for discharge 130 lit/sec.

» Scour depth varied with velocity variation of flamd an increasing tendency of scour depth
has been observed with increasing flow intensitgxivhum scour depth shows an increasing
trend with increasing Froude number.
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