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ABSTRACT

Local scour occurs around embankments, spur dikes and abutments. because of the
obstruction to flow caused by such structures. The scour hole develops as overbank
flow reenters the main channel and sets up large vortices to wash sediment away. But
in laboratory tests, scour hole seldom stays constant under a constant discharge,
because the depth of scour fluctuates with time when there are dunes moving on the
alluvial bed. Embankments those are directed downstream have smaller scour holes
than those of angled upstream because the scour depth i1s directly related to the extent
of the obstruction to flow. Scour depth around embankment-like structures increases

as the value of b/h (b= length of the structure in the lateral directton and h=approach

. flow depth) increases up to certain extent. A number of scour depth prediction

formulae available so far have been analyzed in order to find out appropriate scour
predictor around such structurcs in Bangladesh. The study was made under clear-
water condition. The hydraulic parameters were set so that the flow is close to the

critical condition of sediment transport that is clear-water condition.

For scour study, three sloping—wall embankment type structures and three vertical-
wall embankment type structures were used. These structures were made of half-inch
thick particleboards and wood. Around these structures the scour depth, scour contour,
scour pattern, scour area, velocity vector and vertical velocity distribution were
observed. Bed level variation of each structure was compared with others. Each test
was run for 7 hours and 30 minutes. This test running time was selected based on the
limitation of laboratory pump and in an attempt to reach equilibrium stage. Results
were compared with some existing prediction methods (Lacey1930, Melville1992,

Rahaman and Muramoto 1999, Liu 1961).

It was found that for vertical-wall structures the results were close to Lacey’s (1930)

method. Particularly, the value of vertical structure with larger width, b=60cm was

XV




very close to Lacey’s (1930) method. For sloping-wall structures experimented value
were near to Lacey’s method. For Melville’s (1992), Rahaman and Muramoto’s and

» Liu’s (1961) cases scour values were higher than Lacey’s.

Finally, suggestions have been put forward for further extension of the study.
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CHAPTER 1
INTRODUCTION

1.1 Background

Bangladesh is primarily a deltaic riverine and disaster prone country, where floods,
embankment failure, sedimentation over the flood plain are regular natural hazards every year
during the monsoon. In order to protect people’s hearth and home embankment construction
has become an established practice in Ban g[ad'csh from long before. But unfortunately, cvery
year devastating flood damages hundred of embankments (Islam, 1994). According to Tobin
(1995) evidence from aerial photography satellite imagery and flood plain maps suggest that
90% of the area affected by significantly floodplain erosion and sedimentation were those

where embankment had been damaged.

Scour occurs around embankments because of the obstruction to flow and the removal of
material by running water (Chang, 1988). From the engineering viewpoint, one is always
interested in determining the potential scour so that the provisions can be made in design and
construction (Chang, 1988). The engineer is often called to design bank protection and

conveyance channels that must maintain stability while subject to scour.

Many investigator have studied various aspect of local scour around embankment as a result,
a number of prediction methods are available at present, which are inherently empirical in
nature. Unfortunately, estimations of scour depth around embankment in alluvial channels are
involved with lot of uncertainties. Therefore, engineers often find structures in danger due to
excessive scour and they have to seek for some remedial measures to provide safety to the
structure,

Local scour can affect the stability of the structure such as riprap embankment and lead to
failures if measures are not taken to address (he scour (Fischenich and Landers, 1999). One of
main reason of embankment failure noted by Tobin (1995) is scouring, this can extended for
a mile or downstream for example the failure of several embankment in Hartsburg (Missouri)

lead to inundation of the town (Tobin and Ollenburger, 1994).

As per convenient practice of the BWDB (1984) the embankment slope should be 1:2 on the
¢/s and 1:3 on the r/s. The Local Government and Engineering Department (LGED, 1983)




recommended the side slope of flood embankments both for t/s and ¢/s to be 1:2 to 1:3 for
normal soils (silt and silty clay) and 1:3 to 15 for loose sandy soil. Compared with the slope
criteria recommended by the BWDB and LGED, both the r/s and ¢/s slope of the failure
embankments studied were inadequate and steep. Saliullah (1977,1982) noted that all the
slopes of the Dhaka — Narayanganj — Demra (DND) embankment where toe crosion iook
place had slopes 1:1.5, 1:1.25, 1:1.38 and 1:1.5 and all of them bellow that required for toe
deterioration. It is estimated that about 1200 km of the bank length of the rivers are subjected
to erosion and of which about 565 km faces severe erosion problem (BWDB, 1984). During
1985-1995, a detail study was made by IWFM on total fourteen embankment failure location
(Islam,1991), none had toe protection arrangement or any internal {ilter drainage. Therefore,

some form of erosion was noted in most of them.

It is important that the design should be safe against scouring. Several embankiment
protection works have been carried out in our country. Embankment failure resulting in
sedimentation over the floodplain and crop damage is a frequent natural disaster in
Bangladesh. But unfortunately, very little or no study is available in this regard. Some
experimental studies have been done on local scour in the Department of Water Resources
Engineering, BUET and those were related on pier and abutment. No mentionable
experimental works on embankment scour related to local soil condition have been done,
Therefore, in this study an attempt has been made 1o conduct fclh()ldl()ly study on local scour

around embankment type structure for local soil condition.
1.2 Objective of the Study

Following objectives have been set-up for the proposed study:
* To determine the magnitude of scour depth at toe of the protected embankment.
* To compare the observed scour dcpth with difterent empirical formuta available in

the literature.

* Finally to recommend a suitable formula for the destgn of embankment scour with

special reference to Bangladeshi soil condition.




1.3 Scope and Limitations of the Present Study

It is not possible to include everything in a study mainly because of time limitation. However,

according to the objectives whatever could be made possible were included. The structures

were used in this study were useful to find out the objective. Scour pattern of various

structure can be analyzed. This experimental study will also increase on scour around

embankment for designing a stabilized stream bank and will evaluate the performance of the

protection measure.

In any experimental study there are limitations (o specify the boundary conditions and other

hydraulic conditions to define the set up of that experiment. Present study also had few

limitations. They are describing below:

1

2)

3)

4)

5)

The'maximum allowable running time for the laboratory pump was 8 hours at a stretch.
Moreover, there was no standby pump. In experimental studies, equilibrium phase was
not observed until after 50-160 hours ( Cardoso. 1999). Therelore, no test could be run
up to equilibrivm stage.

Small bed features associated with fine and medium sand are called ripples ( Raudkivi,

1997). Ripple formation is associated with tine sand ( D, <0.7mm) observed in

laboratory experiments under clear water conditions { Melville, 2000). Channel bed was

prepared with fine sand of Dy, = 0.226mm . As such there was ripple formation. But in

this study, these ripple effect was not in consideration.

The channel was straight. The flow condition was theoretically kept as ‘clear-water’ by
keeping ratio of bed shear stress to critical bed shear stress close to the unity (0.90).
There was some local sediment transport due to local bed forms such as ripples, but this
was not taken into consideration. This study was made using both slope and vertical-wall

embankment type structure.

The flow depth was maintain at 12cm and discharge 401/s. The effect of depth and

discharge variation was not studied.

All velocity measurement were taken by P-E.M.S, but its accuracy was not checked by

other instrument.




CHAPTER 2
LITERATURE REVIEW

2.1 Introduction:

Local scour around embankments caused by the obstruction to flow of various
hydraulic structures. The scour hole develops as over bank flow reenters the ‘main
channel and sets up large vortices to wash sediment away. Scour around embankment
with different soil condition are discussed in this chapter in brief. The purpose of the
chapter is to present an overview of relevant theory, mechanism, influencing factors,

countermeasures etc. On local scour as derived from this past studies.

2.2 Scour:

Scour is erosive action of running water in streams, which excavates and carries away
material from the bed and banks. Scour crileria are involved with physical conditions
pertaining to the threshold of motion for the material. This threshold point of incipient

motion can be determined by the universally famous Shield's diagram (Fig. 2.1).
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Fig. 2.1 Shield’s Diagram for Incipicnt Motion (Source: Chang, 1988)




Scouring is a lowering of channel bed below on average assumed level generally the
result of secondary currents on vortices that occur in conjunction with river features
such as bends, at abrupt in flow direction, obstructions, constrictions, confluences,
control structures. The severity (depth) and exltcnt of scour is dependent upon the

strength of the secondary currents developed at the concerned river features.

‘Depth of scour” refers 1o the material removed below the stated chaninel bed. Scour
depth refers the depth of water above a scour bed under state flow conditions.Scouring
is a natural phenomena but the type of scouring can be classified depending on the

location and sediment transport capacity of the river and streams.

2.3 According to the location of the scour

According to the location, scouring can be divided as shown in the following diagram:

Tatal Scour J

[
E |

General Scour I l Localived Scour J
Long-term short-term i Coentraction ] | Foeal ‘
General Scour General Scour Scour ! S J
f !
e | Lo e r
—— Progressive Degradation |—— Confluence Scour - —Abutiment
or Aggradation Seour
‘ — Channel Thalweg, Bend,
— Channel Widening Braids, anabranch Shift = Py
Seour
—— Meander Migration — Bed form Miuration

Fig. 2.2 Types of Scour (Melville and Coleman. 2000)




2.3.1 General scour

General scour occurs through a change in the river regime. The result is an overall
lowering of the river’s longitudinal profile. In many situations, general scour is
associated with human investigation through the introduction of some form of barrier
at the upstream. The barrier prevents the transport of sediment into the reach.
However, the in the river still allows sediment transporl, resulting in general
degradation of the bed level, dam are common example of this situation. The time
frame involved with the human initiated scour is relatively  short, but the

geomorphologic changes of rivers take long time.

2.3.2 Contraction scour

Contraction or constriction scour caused by a local constriction of the width of a river,
When the river flow area is reduced, either by a natural process or human intervention
such scour occurs.rDecreasing the flow area results in a corresponding increase of
average ﬂowlvelocity and hence an increase in the erosive forces exerted on the bed.
Bed materials are removed at a greater rate than it is transported in the reach and
overall lowering of the bed elevation can occur. This type of scour situation can result

in either long-term degradation or a short-term cyclic event.

2.3.3 Local scour

Local scour occurs near bank protection work like revetments and groynes and other
objects that obstruct the flow in different ways. The flow approaches the embankment
is deflected down towards the channe] bed. At the bed surface strong vortices from
which erodes sediment and creates a local scour hole, it continues 10 deeper until an

equilibrium condition is reached. The eroded material is fransported downstream.
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2.4 According to sediment transport capacity

2.4.1 Clear Water scour

- Here sediment is removed from the scour hole without replenishment. Clear water

scour occurs when the material upstream of the scour hole is not in motion. In this
case, the bed shear stresses away from the scour hole will be equal to or less than the
critical shear stress 7,  the shear stress above which the bed particies will begin to be
set into motion by the flow) of that particles that make up the bed. Generally, the bed
upstream of the scour hole associated with a clear water scour is assumed (o be planar.
With clear water scour, the depth of the scour hole continues to grow until equilibrium
is reached that is when the combination of the temporal mean bed shear stress 1,

and the turbulent agitation near the bed is no longer able to remove bed material from

‘the scour hole at the pier.

2.4.2 Live Bed Scour
Here there is a general movement of sediment both upstream of the scour hole. The
bed shear stress in this case is larger than the critical shear stress of the bed. With live
bed scour, bed futures appear on the approach flow bed. Their formation is dependent
on the shear stress excess (tg — 1,), flow depth (y), sediment size (dsg) ete. equilibrium
scour depth in live bed scour is reached when the time average amount of sediment
entering the scour hole is equal to the time average amount of sediment leaving the
hole.
When the average shear stress on the bed of aliuvial channel exceeds the critical
tractive stress for the bed material, the particle on the bed begin to move and live bed
condition prevails. The réte of sediment transport is dependent on the shape, size and
density of the bed particles, and their placement among the surrounding particles.
There are two conditions, which determine the amount of sediment transported at a
particular cross section of a stream:

* The geology of the country upstream of the particular cross section under

consideration, i.e. the supply of sediment.

* The ability of the water or the stream power to (ransport the sediment.




2.5 Bed Form

Bed forms are flow induced and directly affcet the roughness or flow resistance.
‘Therefore, computation of the river stage and flow velocity relies on the determination
of bed form roughness. Sediments move with the flow in such a way that bed forms
are established. Form of bed roughness observed in the flumes and in alluvial stream
are illustrated by Simons and Richardson (1961), as shown in the Fig.2.3 Based on
similarities in forin, resistance to flow, and sediment transport, these bed forms are

divided into categories of lower flow regime, transition zone, and upper flow regime

in the order of increasing flow velocity as follows:

’ Bed Form '
Lower Flow Transition Upper Flow
Regime Regime
Ripples Plane Bed
Dunes with Ripples Antidunes
Superposed -
Chutes and
Dunes Pools

Fig. 2.3 Types of Bed Form

2.5.1 Characteristics of Bed Forms

The characteristics associated with these flow regimes, in terms of bed-material
concentration, mode of sediment transport, type of roughness, and phase relation-
between bed and water surface are compared and summarized in Table 2.1,

Other characteristics features of differcnt bed forms can be recognized on the basis of
bed material size and the relatjve velocity of stream or Froude Number. Ripples are

only observed with the fine material (generally with d<0.5-0.7 mm) and do not form




with coarse- material (when d,,> 0.9-1.0 mm). Ripples are independent of depth of
flow, but dunes are strongly dependent of flow depth. If the bed material is less than
0.5-0.7 mm, ripples can be superimposed on the top of the dunes. In any case, ripples
)_‘L and dunes are associated with small values of Froude number, With increasing
velocity, transition flat bed develop. Transition flat bed can be describe as a bed of
washed out dunes. In flume experiments, where the flow depth is relatively small, the
transition flat bed condition in fine sand (d 50 <0.4 mm) normally persists over a
significance range of Froude numbers (0.3<Fr<0.8). however, in case of I'r until the
subsequent bed fqrm antidunes appear rathe‘r than transition flat bed. In natural rivers
transition from dunes to flat bed occurs at relatively lower Froude number, because of

great depth. When the Froude number approaches unity, antidunes, chutes and pools

are found to develop.

Table 2.1: Classification of Bed Forms and Their characteristics

(After Simons et.al., 1995); (Source: Chang, 1988)

" Phase
. Relation
Flow . Bed-materla! Mo_de of Type of Between
: Bed Form | concentration | sediment
Regime (ppm) Transport Roughness | Bed and
PP . P Water
Surface
Ripples 10-200
Lower Ripples 100-1200 Discrete rouZ%rr?;ss Out of
regime | ondunes steps predominates phase
Dunes 200-2000
Transition | Washed- :
000-
Zone out dunes 1000-3000 Variable
: Plane
> bods 2000-6000
Upper | Antidunes | Above 2000 Grain
Regime Cz:::ges Above 2000 Continuous roughness In phase
Pools predominates




2.6 Flow Around Embankment-Like Structure at the Flat Bed Condition

Causes of scouring around embankment-like structures are the subject of many
investigations in the laboratory flume. One of the early references of this kind is the
study on. the flow near groin-like structures by Rajaratnum and Nwachukwn (1983a).
They measured detailed flow velocities around narrow vertical-wall abutments in a 37
meter long, 0.92 meter wide and 0.76 deep tilting flume. From their measurement, it
was found that the velocity and the bed shear stresses are amplified around the
structure up to 5 times of the approach shear stress. Lim (1997) derived an empirical
relationship of the bed shear stress amplification using their measured data and

expressed by the foliowing equation:
o [n.z(’i) " +|J (2.1)
", b

here, u,, = bed shear velocity around embankment, u, = approach bed shear velocity,
b = lateral dimension of the structure and h = approach flow depth. The equation (2.1)

is applicable within the range of 0.4 < % <1.0 and 0.12< Fr <0.29 . here, Fr is Froude

number.

It is important to note that séouring would occur at the region where bed shear stress
are amplified. Therefore, equation (2.1) is quite useful to eslimate the amplification of
the bed shear velocity near the structure. The estimation of shear stress or shear
velocity may be useful in two ways: (1) to estimate the size of the scour protecting
material around the structure and (2) to estimate the scour depth all'ound the structure.
However, the applicability of the equation is not tested beyond the boundary condition
at which it was derived.

Recently, Molinus, Kheireldin and Wu (1998) studied the distribution of shear stresses
experimentally in a 10 meter long, 0.25 meter wide and 0.40 meter deep rectecgular
flume. They derived an equation to estimate the maximum shear stress at the upstream
corner of the embankment type structure considering the effect of width contraction
and the effect of vortex and flow systems around the structure separately. The shear

stress were amplified up to 10 times the approach shear stress. Their experiments are
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within the Froude number of 0.30 to 0.90. The expression for the shear stress

amplification around the structure can be wrilten as:

m).ve= T('nm+—c Hose (22)

Tome ~ Shear stress in the vicinity of abutment nose, T~ shear stress due to
a

contraction and 1, = shear stress due to presence of abutment structure and its

accompanied vortex and flow systems.
Normalizing equation (2.2 ) by t_ (a stand for approach flow), it can be written as:

A =A_+A (2.3)

HONE cund s

Equation (2.3) is expressed by Equation (2.4) as below:
389 25
A, = [HL—J [I +5.46[Ml) Frm[;’—j } + (E;]’T,/I +1an’ o, — lJ (2.4)

040
here, ,, = 1.485Fr°'3[%J » M =(B-b)/B, B is the un-contracted channel width

The shear stress amplification in equation (2.4) is not only the function of b/h but also

depends on approach Froude number. The shear velocity amplification can be

eStimated as, u . /u W Amnc '

4

Um/u-
)

©  Molinus ctal (1998)
. iy Rajaratnom and Navachukawn (1983

— Equation (i.1)
....... Equation (1.3)

0 1 2 3 4 S S}
b/h

Fig. 2.4 Amplification of shear velocity as function of b/h




Again, applying the cmpirical relation of Lim (1997) derived from the shear velocity
data of Rajaratnum and Nwachukwn (1983) to the measured data of' Molinas et al.
(1998), it is found that the equation (2.1) fits the entire data range well that can be
expressed as shown in Fig. 2.4 and expressed as below:

B 1 2(p/h)" 41 (2.5)
u S

*

The equation (2.5) is applicable within 0.15<b/h<6 and 0.12< Fr < 0.90 and

independent on Froude number at least in the sub-critical flow condition.

2.7 Scouring Around Embankment Type Structure

Due to amplified stresses around the structure scour hole are formed and the
maximum scour depth are generally obtain at the nose of the structure. Many
experimental studies (as for example, Grade et al. 1961; Laursen, 1963; Rajaratnum
and Nwachukwn, 1983b and many others) had been carried out for last 30 years {o
understand the scouring processes and to estimate the maximum scour depth.

One of the early experiments of this kind was conducted by Grade et al. (1961) in 7.6
meter long and 0.60-meter wide glass sided flume using thin vertical plates with
variable width. Bed material sizes were 0.20 mm, 0.45 mm and 1.00 mm and
discharge range was sct to ensure both the clear-water and live bed condition. It was
found from their experiments that in most of the experiments maximum scour was
attained after 3 to 5 hours. After this, lowering the bed in too slow to record with the
available instruments. It was found that for the same discharge, scour depth is greater
in finer sediment as compared with the coarse sediment. In most of the cases,
maximum scour depth was found at the upstream corner. The scour hole upstream of
the structure was conical in shape, whereas, along the downstream the shallower slope
was observed. A deposition bar was formed adjacent to the abutment along the down
stream direction in all cases. The ratio of the width and depth of the scour hole varied
from 1.8 to 5.0. They proposed an empirical equation for the prediction of the

maximum scour depth around the structure as below:




& E gy | (2.6)

h M
here, k and M is a constant depending on flow concentration and angle of inclination

of the abutment, d, is scour depth, h is approach velocity, » = exponent = 273, k

varied from 2.75 to 5.00.

Again, erosion near the structure had been studied by Rajaratnum and Nwachukwu
(1983b). They analyzed the growth of the maximum scour depth with time and found
o be similar. Also, the characteristics of the scour hole along the lateral and

longitudinal direction at the end had been found 1o be similar.

2.7.1 Time Scale Jor Local Scour

The process of local scour is time dependent. LEquilibrium between the crosive
capability of the flow and the resistance to motion of the boundary materials is
progressively attained through erosion of the flow boundary. In fine-grained malerials
(sands and gravels), the equilibrium or final depth‘ ot local scour d . is rapidly attained
in live bed conditions, but rather more slowly in clear water conditions (Melville and
Chew,1999). Clear water scour occurs for mean velocities up to the threshold velocity
for bed sediment entrainment, i.e,, VsV, while live bed scours for V>V . The
maximum eqﬁilibrium scour depth occurs at V = V.. In armored cobble or cohesive
sediment bed streams, nuitiple flood cvents may be required before the maximum
clear water scour is reached. This may take many years. The equilibrium scour depth
in live bed condition fluctuates due to the effects of bed form migration. The dashed
line in Fig. 2.5 represent the temporal average scour depth under live bed conditions,
The diagram also shows the time taken, t, for the equilibrium scour depth o develop.
The equilibrium time, t. increases fapidly with flow velocity under clear water

conditions but decreases rapidly for live bed scour (Melville and Chew, 1999).
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Fig. 2.5 Variation of Local Scour Depth with Flow Velocity and T

(Source: Melville and Chew, 1999)

Existing equation for predicting local scour depth give the equilibrium depth and are
therefore conservative regarding temporal cffects. For the live bed conditions that
typically pertain in floods, equilibrium scour depths are appropriate. However, where
clear water condition exit, the equilibrium scour depth may be overly conservative.
Peak floods flows may last only one numbers of hours or a few days in the field, and
short floods have insufficient time to generate equilibrium depths. The actual scour

may be a small fraction of the equilibrium scour depth, which could take weeks to

* fully develop. Johnson and McCuen (after Melville and Chiew, 1999) developed and

analytical model to estimate the temporal process of local scour.

The shape of the flood flow hydrograph is important as well as the flood duration.
Typically, the flood duration determines if the equilibrium live bed scour will develop.
After the flood peak passes, the flow recedes. The duration of the recession period is

also very important. With the flow recession, clear water conditions may prevail,




Time effects are significant when considering poor correlation between the scour
depths observed in the field and those measured in the laboratory. In order to achieve
equilibrium conditions in small-scale laboratory experiments of clear water scour
depth, it is necessary to run the experiments for several days. Data obtain for lesser
times, say 10 to 12 hours, can exhibit scour depth less than 50% of the equilibrium
depth. Melville and Chiew (1999) have conducted several series of experiments to
clarify the effect of time on the development of local scour under clear water
conditions. The experiments were conducted for a long period of time to ensure that
equilibrium was reached. They have developed method to determine the time {t,)

required for the development of equilibrium scour depth (d, ), sediment and approach

flow velocity and the concomitant estimation of scour depth at any stage during the
development of the equilibrium scour hole. The result show that the scour depth after
10% of the time to equilibrium is between about 50% and 80% of the equilibrium

scour depth, depending on the approach flow velocity.
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Fig. 2.6 Temporal Development of Local Scour Depth Around Abutment
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From the observed laboratory data following equation was fitted, which can be used

for the computation of scour depth at any time t, when the cquilibrium time (t,) and

the corresponding equilibrium scour depth (d ) are known.

VC ) 1.6
ol 1) } (27)

d
—L =esp<—0.03
d ”’{

se

For y/D> 6,
[ (days)=48.26§(;—/—0.4J | (2.8 )
For y/D <6,

.25 l
te(days)=3o.89§[l/£—o.4]%} (2.9)

The above equations are valid strictly for 12 ¥/¥. > 0.4. For non-ripple forming sand
(dsy > 0.6mm), time for equilibrium scour to develop (t,) is a maximum at the

threshold velocity (V=V ) and when y/D>6. The maximum value is given by:
t, oo {days) = 23.96§ (2.10)

The time factor introduced by Melville and Chiew (1999) can be applied to the

simplified scour depth equation as:

d =K, KKK, o (2.11)

~Where; K, represent the factor for flow depth-structure width ratio, K , represents

time factor (K, =d, /d,, K, represents the flow intensity factor and K, represent
particle size factor. By the use of equation ( 2.7 ) one can obtain scour depth at a

particular time t.
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2.8 Available Prediction Method of Local Scour around Embankment
Scour depth around embankment-type structures increases as the value of b/h
(b=length of the structure in the lateral direction and h= approach flow depth)
increases up to certain extent. After that limiting b/h value the observed scour depth
remains constant both in alluvial rivers and laboratory channel. A number of
prediction methods are available at present, among this method Lacey (1930) and Liu
(1961) methods are widely used in Bangladesh. Some of the formulae having the
similar expressions are summarized here. It is important to investigate some crucial
points on the available prediction methods:

» Whether the methods consider the physical processes of flow and scouring?

> Limitations of each of the methods.

> Difficulty and advantages of using the methods.

> Applicability to the field condition etc.

Lacey’s Equation
Lacey (1930) introduced the equation for the prediction of the maximum scour depth

(after Rahman et al. 2001). The formula is on the basis of field observation of

scouring.
d 1/3
9 o.a7% [QJ o (2.12)
h 7"

Where d; is the scour depth measured from the initial bed level, h is the approach flow
depth, Q is the regime discharge, f is the silt factor is equal to 1.76 \/H . k is the
coeflicient for local scour depth and ds, is the mean diameter of bed sediment in mm.

Equation ( 2.12 ) is widely used in Bangladesh for the prediction of the local scour

depth for different structures using the suggested values of k as shown in Table (2.2)




Table ( 2.2 ) Suggested values of k.

Types of structures k values
Steeply sloping head piers: 1.5:1 3.80

| Long sloping head piers: 1:20 2.25 -
Scour at nose of large radius guide banks | 2.75
Maximum scour at rounded bridge pier 2.00
Scour at spurs along river bank 1.70

In a river, the regime discharge Q can be assumed as a constant. Therefore, for a
specific type of structure, the maximum scour will be same whatever, the dimension
of the structure is. But in practice, the structural dimension, specially, the length of the
structure along the lateral direction (b) is the dominant factor for the estimation of the
maximum scour depth (Liu, 1961; Laursen, 1963; Melville, 1992; Lim, 1997; Rahman
and Muramoto, 1999). | |
Comments:
» The formula is on the basis of field observation of scouring
» Scour is independent on the size of the structure and only one value of scour
depth is obtained for a river reach
* The lateral slope of the structure is not maintained and this equation 1s not
useful to any side slope structure
Modification of Lacey formula
The Lacey equation is very popular in the Indian Sub Continent and in Bangladesh.
Designers are using the formula for the estimation of regime depth as well as the local
scour depth using a constant factor (k). To overcome the constraint (scour depth does
not depend on the dimension of the structure), Lacey equation is modified for the
prediction of the maximum local scour depth using the concept of flow concentration
(Rahaman and Muramoto, 1999) around the structure.

For Q = Bhu, here B = channel width and u = approach flow velocity. Equation (2.12)

can be expressed as: -

143 13
G gam BV 1 _oar| =LY o (2.13)
h 1.76d%° 17645




where, u =ypu., u.is thc approach bed shear velocity, and p = 8.5+5.75 log(k—IJ for

X

turbulent flow, &, can be taken as grain roughness = 2.5d ,, .

- As the approach flow comes close to the structure, the shear stress amplification will

occur. Then, approach shear velocity (u.) need to be replace by amplified shear

velocity (u,,, ) assuming & = (u.,, /u.)""" and equation (2.13) can be written as:-

tyv ™ E m q

d B 173

= 0'47(1_7;:4”7};2] | . (2.14)
. 50

The concept of velocity amplification or flow concentration close to the structure
adopted by Lim (1997) is very important. But the idea of flow concentration within
the entire width of the scour hole region is appropriate ( Tsuchiya and Ishizaki, 1966;
kawn and Melville, 1992). Therefore, Rahaman and Muramoto (1999), consider the
flow concentration in to restricted region of the scour hole. In the Technical Report-1
(IWFM, R03/2002) of the present study, it was observed that the discharge flux
becomes highly concentrated close to the structure { Rahaman and Haque, 2002). For
the present analysis, idealized flow concentration in to the restricted region is

considered in the flat bed condition (Fig. 2.7)
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Fig. 2.7 flow concentration of the restricted region close to the abutment-like

structures.




From the flow continuity (inflow = out low)
hu(b+b )= b hu, - , (2.15)
where u,, = amplified velocity, b = region within which flow velocity is amplified.

Equation (2. IS) can be expressed as:

u b ‘
Im il 2.
[HbJ (2.16)

u ¥

Introducing, « = yu. both for the approach and amplificd flow, equation (2.16) can be
expressed as:

u, b '
o [0 2.17
” (H}J (2.17)

3

From the experimental evidences in the flat bed condition, it was found that b, can be
taken as a function of approach tlow depth, i.e., /= ab,, where o is a constant to be

determined from experimentai results,

u, b
m o, ] =
= (th (2.18)
10 |
9
8
a7
2 6
T T
& 4
[ .
= 3
2
i
0O ‘ —
20 30 4() 50 60 70
x(cm)

Fig. 2.8 concentration of discharge fluxes close (b, ) to the structure.
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From the experimental results of the Rajaratnum and Nwachuwn (1983), a=1.5

Fig. 2.9 and equation (2.18) can be written as:

31’:(14-1.5%] - (2.19)

From equation (2.14) and (2.19):

CANPY (7S Y U A (220
B 176d% R “h '

For Lacey’s non-scouring and non-silting regime condition, ». =, and equation

(2.20) can be written for the critical condition of approach flow.

4
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Fig. 2.9 Amplification of shear velocity close to the structure
e (Rajaratnum and Nwachuwn, 1983)
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Critical shear velocity, ., (cm/sec), can be estimated using the following relationships

when d,, isincm.




u,, =9.0d;; when d,, 20.303cm

u.,, =9.0dg;" when 0.118cm <d,; £0.303cm
u., =7.42d3; when 0.0565cm <d,, <0.118m
u,, =2.9d" when 0.0065¢m < dgy £ 0.0565¢cm
u,, =15d3%; when d, <0.0065cm

For simplification of calculation, the graphical form of the above relationship can be

used as shown in Fig. 2.10.

ol
5-,_ /]r

u- {cmisec)

0.0 0.1 0.2 0.3 : 0.4 0.5
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Fig. 2.10 Critical shear velocity vs. particle size graph for cohesion less soil.

Remaining problem of the Modified Lacey:
» Depends on the velocity coefficient that may vary from river to river.
= Produce different prediction line for each of the rivers where channel wide and
sediment size remain constant.
= Variable slope parameter can not be introduced. Though Lacey seems to

. predict for an unknown side slope.

22

e




Liu et al. Formula
Liu et al. (1961) presents the following formula for live-bed condition based on the

laboratory data, slope of the embankment is known and cannot be used for variable

side slope.
040
i:u[i] Fy s (2.22)
h h

Where Fr = Froude number of approach flow.

Melville’s formulae
From many experimental data, Melville (1992) proposed the following empirical
formulae for the prediction of the maximum local scour depth around embankment

type structures by introducing a shape/slope correction factor (kg,,).

bm<t: & (f'lj
PV

1<b/h<25: ‘:_ =2 J57h ' (2.23)
7

b/h>25: -6:;—— 10

However, the slope effect becomes less important if the structure becomes relatively
longer and the adjusted slope correction factor (&) is expressed as below,
ko =k + (1= k,)[0.0667(h/ h) - 0.667] for 10<b/h<25 o (2.24)

From this it can be seen that for 5/h>10, the influence of slope becomes gradually

less important and for A/ /> 25 slope correction factor becomes unity.
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Table 2.3 Shape/slope correction factor proposed by Melville (1992) is following:

Slope of embankment (V: H) Shape/stope lactor(K,,,)

1:0.5 {0.60
1:1.0 [0.50
1: 1.5 1045

Comments:
* Denived from envelop curves |
= No consideration of physical process
* Completely empirical in nature
* Applicable sloped-wall structure using shape/slope factor from Table 2.4
= Not tested with alluvial field data
*  Simple to use

* Estimation of constant value of scour depth for long structure is interesting

Rahman and Muramoto Model _

Considering the flow concentration into the restricted region of the scour hole,
Rahman and Muramoto (1999) proposed an analytical model for the prediction of the
maximum local scour depth under clear water ardund embankment-like structures.

The final form of the expression for the scour depth is:

d; _ Ja (oI - (2.25)

0
a, = {ﬁ/tan #(1 ~B)+1/2 tan@}f'

2
(d"] + (“;‘ (1 ~ulu,)
+

tan ¢(b /h)(u u,)

(2.26)

Here, ¢ = angle of repose of the bed sediment and £ = is an empirical constant. 8 = side-

slope of the structure.
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The slope factor (k) is define as the ratio of the maximum scour depth at sloped-wall
structure (d,,) and the maximum scour depth at vertical-wall structure (&, } having the same

lateral dimension, then the slope facto can be expressed (Rahaman and Muramoto, 1999) as:

-2
K\f:ﬁz ]+W (2.27)
' dsv 27tan 6 .

The slope/shape factor estimated by above equation of various slope are compared
with shape factors for Melville’s which is shown in table 2.4,

Table 2.4 Comparison of slope/shape factors from Melville and Muramoto and

Rahaman.

Shape/slope factors (d_,_‘,,/d.\_,.) VI:HO0.5 V1 :HI V1:HLS
Melville, K, 0.60 0.50 ‘ 0.45

Muramoto and Rahaman, & 0.80 0.68 0.60

It can be seen that the value of X /K, is nearly constant (=0.75) then the

extrapolated value of K, for 1V:3H slope will be 0.353.

Comments:
" Considering flow and scouring processes observed in the laboratory and field
* The model constant derived from all the available laboratory data and
compatible with the field data
» Applicable to vertical as well as sloped structure
» Scour depth increases with the lateral dimension of the structure
= The dead water zone develops in front of the structure are not consider

* The experimental facts reflected (o, /h=10 for h/h>25) in the Melville’s

formulae can not be predicted.

2.9 Typeé of Earthen Embankment
Earthen embankments are the most ancient type of embankments. as they can be built
with the natural materials with a minimum of processing and with primitive

equipment. But in ancient days, the cost of carriage and dumping of the dam materials
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was quite high. However, the modem developments in earth moving equipments have
considerably reduced the cost of carriage and lying of the dam matenial.
There are following three types:

* Homogeneous Embankment Type.

» Zoned Embankment type.

= Diaphragm type.

Homogeneous Embankment Type _

The simplest type of an earthen embankment consists of a single matenial and is
homogeneous throughout. Sometimes, a blanket of relatively impervious material may
be placed on the upstream face. A purely homogeneous section is used, when only one

type of material is economically or locally available. Such a section is used for Jow to

moderately high dams and for levees.
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Fig. 2.11 Homogenous type embankment.

A purely homogenous section poses the problein of seepage, and huge sections are
required to make it safe against piping, stability, etc. due to this, a homogeneous

section is generally added some training work like riprap protection, block protection,

geotextile filter etc.
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Fig. 2.13 Diaphragm type embankment

2.10 Method of Construction

There are two methods of constructing earthen embankment:
» Hydraulic- fill Method
= Rolled- fill Method

Hydraulic- fill Method
In this method of construction, the dam body is constructed by excavating and
transporting soils by using water. Pipes called flumes, are laid along the outer edgs of
- the embankment. The soil material are mixed with water and pumped into these
flumes. The slush is discharged through the out lets in the flumes at suitable intervals
along their lengths. The slush flowing towards the ¢centre of the bank, tends to seitle at
the centre, forming a zoned embankment having a relatively impervious central core.
Hydraulic- fill method is, thetefore, seldom adopted these days. Rock- fill method for
constructing earthen dams is, therefore, generally and universally adopted in these

modern days.
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Rolled-fill Method

The embankment is constructed by piacing suitable soil materials in thin layers ( 15 to
30 em. ) and compacting them with rollers. The soil is brought to the site {rom burrow
pits and spread by bulldozers, etc. in layers. These layers are lhorm.lghly compacted by
rollers of design weights. Ordinary road rollers can be used for low embankment. The
moisture content of soil material must be controlled. The best compaction can be
obtained at a moisture content somewhere near the optimum moisture content (The
optimum moisture content is the moisture required for obtaining optimum density in
the fill). Compaction of coarse gravels cannot be properly done by rolling and is best

done by vibrating equipment.

2.11 Suitable Preliminary Section for Embankment 7
A few recommendations for selecting suitable values of top width, free board, u/s and
d/s slopes are given below for preliminary design:

Freeboard

Freeboard or minimum freeboard is the vertical distance between the maximum
reservoir level and top of the embankment. The minimum height of the freeboard for

wave action is generally taken to be equal to 1.54 .
Where, 4, =0.032V.F +0.76 - 0271(F)"* for F<32km.

h, =0032JV.F for FF>32km.

¥ = wind velocity in km/hr.
£ = Straight length of water expanse in km.
Values of freeboard for various heights are given intable 2.4.

Table 2.5 U.S.B.R. recommendations for freeboard for embankment

: Minimum freeboard
Spillway type Height of Embankment
Over MWL
Uncontrolled (i.c. Free)
_ Any height Between 2m o 3m
spillway
Controlled spillway Height less than 60 m 2.5m above top of gale
Controlled spillway Height more than 60 m 3m above top of gate
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Width

The top width of the large embankment should be sutficient 1o keep the seepage line

well within the dam, when reservoir is full. It should also be sufficient 1o withstand

carthquake shocks and wave action, For smal] embankment, the top width is generally

governed by minimum roadway width requirements.

The top width (A) of the carth dam can

be sclected as per the following
recommendations:

A= % *+ 3 for every low embankment

A=0.55/H + 0.2H for embankment lower than 30m

1
A=1.65(H +1.5)5 for embankment higher than 30m
H = height of the embankment.

Slopes
The side slopes depends upon various factors such as the type and nature of the
embankment, foundation of the materials, height of the embankment ete. The
recommended values of side slopes are tabulated below:

Tablec 2.6 Terzaghi’s side slopes for ealrth cembankment

D/S sto pe

Homogenous well graded. m 2:1

Homogenous silty clay:

1. height less than 15m

2. height more than 15m
Sand or sand and gravel
with a central clay core,

Sand or sand and gravel

with R.C. diaphragm.
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CHAPTER 3
EXPERIMENTAL SET UP AND METHODOLOGY

3.1 METHODOLOGY

To carry out the Experimental Study in a laboratory channel, at first the objectives were
selected. At the same time the scope and limitations of the study were defined. The whole
experiment was done at Hydraulics and River Engineering laboratory of DWRE, BUET,

Dhaka and the existing laboratory facilities were used.

During the laboratory channel preparation and the test run other experimental structure were
constructed at pattern shop for example sloping-wall and vertical-wall structure. Depending
on the flow volume, estimated scour depth, pump capacity, measuring devices, reservoir
capacity and duration for test runs etc, hydraulic parameters were selccted. Bed material was
analyzed. The experiment was decided 1o run at clear water condition. Because of the bed
material size, there was ripple formation. The effect of ripple on the result was not considered

in the study but its characteristics for each structure were analyzed.

The scour study was carried out both for different sloping-wall and for different width of
vertical structure. During the scour study, the change of depth was measurcd every after éne
hour. It was observed that after six hours of flow run'the scour depth was approximately
steady condition. However, it was noticed that to get equilibrium condition of scour depth 1t
would need twenty to twenty-four hours flow run. But in the present experiment, each flow *
“was run for seven hours and thirty minutes for every structure. Moreover, there was no stand
by-pump in the laboratory and the only available pump can run for maximum eight hours
continuously. Before the pump was run, every day the channel was backfilled with required
water depth.

i
3

The scour study was carried out to see the scdgr geometry and the scour depth developed in
each experiment within seven hours and thirty finutes. For this study, total six structure were
selected. First three was sloping structure with same flow restriction width, b=60cm and
variable slope (1V:1H, 1V:2H and 1V:3H slope) and the last three structures were vertical
but variable with ( b=60cm, b=40cm, b=20cm, flow restricted width). Each structure was I'm

length.
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3.2 Experimental Setup and Measurement

The experiment is conducted in the physical model bed at the Hydraulic and River
Enginecring Laboratory of  Water Resources [Enginccring  Department.  Bangladesh
University of Engincering and technology (BUET), Dhaka. Experimental sctup and the
measuring techniques are described in details in the following articles. General layout of the

setup is shown in Fig. 3.1.

Fig. 3.1 Layout of Channel System with Embankment type Structure

3.2.1 Laboratory Channel System

The Experiment were carried out in a | 1m long, 2m wide rectangular channel. Water entered
the channel smoothly from an inlet reservoir, and a sccondary rescrvoir was placed at the end
which was connected by a tailgate. Though the tailgate water goes to a sump. From this
sump, the water was recirculated through a return system. From the tailgate, water was
allowed to fall into the sump through a rehbok weir for measuring the {low.

The main channel was made of plastered brick wall and brick soling. Plastering was carried
out with sand-cement mortar of ratio 5:1 (sand:cement) to ensure no water seepage and at the
same time the wall can be easily broken for remodcling the channel for other tests. The

channel is shown in fig. 3.2
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Silr Trap
A reservoir is placed at the end of the channel 1o uct as silt trap. Thesiit trap precedes a
tailgate, which retains the washed out sediments from the channel bed. From this sump, water

is transported to the large downstream reservoir through channel system for recirculation

Pipe Line
The pump sucks water from the downstream reservoir into the pipeline. The T-joint on top of

the pump divides the water over the excess discharge pipe and the delivery or supply pipe.

Regulating System

Pump

A centrifugal pump with maximum discharge capacity of 70 I/s draw water from downstream
reservoir and supplies it to the pipeline. The pump used for the study, can run for 8 hours at a

stretch.

Tail Gate

The tailgate is located at the downstream end of the channel. It is made of cast iron and
surrounded by rubber flaps. A wheel attached to the gate helps to rotate it up and down and
thereby performs the dpwnstream regulation. For a particular discharge, if' the tailgate is

raised it increases the water level and vice versa.

Valves

Two gate valves are attached to the circulation network: one is in the delivery pipe and
another is in the excess discharge pipe. The flow in the channel is controlled by adjusting
these values. At the end of the suction pipe, a check valve is altached with a screen. The
screen restricts debris, leaves and other relatively large unwanted foreign particles from

entering into the pipeline.

PVC Pipe
When the water discharge from the delivery pipe into the upstream reservoir, turbulence is

created. A series of PVC pipes are placed on the upstream end of the channel (o dampen the

turbuience and to aid the development of uniform flow.
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3.2.2 Measuring Devices

Measuring devices used in the present study are as follows:

A Rehbok Weir

A rehbok weir is attached at the end of the channel that delivers water to the downstream

reservoir. The Rehbok weir is calibrated to measure the discharge directly by observing the

head above the weir only. The head above the weir is measured by a point gauge setup.

/‘$
Fig. 3.3 Rehbok Weir and Associated Point Gauge
P, -E.M.S. Velocity Meter
Programmable Electromagnetic Liquid Velocity Meter (P. —E.M.S.) is used for the purposc of
velocity measurement. The programmable E.M.S. employs Faraday’s Induction Law for
measurement of the velocity of a conductive liquid moving through a magnetic field. The
magnetic field is inducted by a pulse current through a small coil inside the body of the
>

sensor. Diametrically opposed platinum electrodes sense the Faraday-induced voltages

produced by the flow past the sensor.

The sensor has been designed in such a way that these voltages are proportional to the sine

(V,) and cosine (V ,.) of the magnitude of the liquid velocity (V) parallel to the plane of the

electrodes. Velocity ranges for the meter is 1.0 m/s 1o 2.5 m/s. This magnitude of the velociry

and its direction can be derived by application of common lrigonometry.
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The instrument consists of three basic parts.
a. The probe, with built-in amplifier
b. The control unit in the universal carrying case

) c. Connection cable

The P —E.M.S. measures continuously the velocily components of the tiquid in which the
probe is immersed, processes the signals obtained and presents them as analogue voltages.
For data display a measuring period has to be selected. The period is selectable from 0.1 to
9999.9 seconds. Via menu different types of data presentation can be selected, e.g. mean,
actual or standard deviation values of X and Y or total speed and angle. P —E.M.S. unit can be
connected to a personal computer, terminal etc. Thus, the P -E.M.S. can return the data

measured.

Fig. 3.5 P.- E.MLS, Probes
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Point Gauge
The water level and bed level arc measured with the help of a point gauge. The gauge is
mounted on a frame laid across the width of 4 channel. The whole structure of point gauge

can be moved over the sidewalls. The point gauge can measure with 0.1 mm accuracy. !

3.2.3 Hydraulic Parameter

This channel! can be supplied a maximum discharge of 70 Is. 11" two tailgates arc being used,
the capacity could be increased to 90 I/s. In that case, clear-water condition would not have
been maintained. Considering different hydraulic parameters like flow-rate, velocity, bed
shear stress, frecboard, water depth, etc. a discharge of 40 /s were selected. Summary of
different hydraulic parameters that were considered are shown in Table 3.1. the selected
parameters are shown as highlighted color in the table.

Since maximum scour at 7,/7.. =1, this was the main, consideration in sclecting discharges

for the test. The pump used for water circulation can be run for eight hours at a stretch. No

stand by pump was available with the system.

3.2.4 Bed Material

The bed material used was fine sand. Uniformity co-efficient was 3 therefore the sand was
uniform. D was 0.226mm and Dy, was 0.46mm. the grain size chart is shown as fig. 3.7.

This bed material formed ripples, as D, was less than 0.7mm (Breusers and Raudkivi, 199]
and Melvilie and coleman, 2000).

36




Table 3.1 TEST HYDRAULIC PARAMETER

>y
. Bed
B h A Q u D n S u, u,. U, oo, level
;2 diff.
(my (em) (Mm% (Us) (mrs) (mm) {mis)  (m/s) (mm)
2 5 0.1 30 0.172 0226 00117 000021 00101 0.013 0.776 0.59 2.1
2 8 016 30 0171 0226 00117 0.00011 0.0093 0.013 0.715 0.51 - 11
2 10 0.2 30 0125 0226 0.0117 0.00004 0.0062 0.013 0.476 0.22 0.4
2 12 024 30 0121 0226 00117 0.00003 0.0059 0.013 0.453 0.2 0.3
2 15 0.3 30 0.1 0.226 0.0117 000002 (005 0.013 0.384 0.14 0.2
2 20 040 30 0035 0226 00117 0.00001 0©0.0045 0.013 0.353 0.12 0.1
2 g 02 40 0301 0226 00117 0.0003 0.0162 0.0‘13A 1.246 155 = 3
2 10 02 40 0.3 0226 00117 000026 0.0159 0.013 1.22 1.49 26
P20 290024 40 025 0226 00117 0.00014 0.0128 0.013 0984 0.95 1.4
‘ 2 16 0.3 40 022 0226 00117 0.00008 0.01 0.013 0.769 0.59 . 08
,;’*“ 2 20 040 40 .19 0226 0.0117 0.00004 0.008 0.013 08615 0.37 ! 0.4.
2 10 0.2 50 0312 0226 00117 0.00028 0.017 0.013 1.338 1.71 2.8
2 12 024 50 0281 0226 00117 0.00018 0.014 0.013 1.077 1.16 1.8
2 15 0.3 50 025 0226 0.0117 0.0001 0012 0013 0.92 0.85 1
2 20 G40 50 0216 0226 00117 0.00005 0.01 0.013 0.769 06 0.5
CONSIDERATION AND FORMULAFE
In this table, following consideration and formulae are used:
1
_ B=2m: h=5,8,9,10,12,15,20 cm;  Q=30,40,50 l/s: = (—) (W™ *g'"
,,1 14

n=(1/21.1) (d/1000)'*; S=[{(z¢)*(n)}/172’3J2; u, = SQRT (ghs)=SQRT(8.4*D' "2,
u, . =from graph (fig.2.10);Bed level difference upsfream and down stream ends= §*10* 000

T,=pus ; u,/u, =0.9=0; 1,/1, . =0.8%].0;

The hightighted row shows the selected paramclers thal were used in this study.
B is the channel width.
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3.2.5 Types of Structures

Two types of structures were used in this study, that’s were sloping and vertical embankment
like structure. The sloping structure were in three types. that were variable slope of 1V:1H,
1V:2H, 1V:3H but were of same length (100cm) and width (60cm). These structures were

made of wooden framework shown in fig. 3.7,

™ . ; T B R, e T A

Flg 3. 8 Phoiogaph ofslopmg: structure used in the study
The vertical structure were also in three types, that were variable width of 60cm, 40cm, 20cm
but were of same length 100cm. They were made of ' inch thick particleboard shown in
fig.3.9. To make them stable in the channel flow, extra weights were placed inside them,
Finally extensive painting was carried out on both inside and outside of all the structure,
Thereby, the structures were made waterproof. The joint of the structures were made

waterproof by applying putty.

R ._-1§§§"'.'

Fig. 3. 9 Photoyaph of vertical structure uscd in the study




3.3 Measurements

Following measurements were taken in the present study:

3.3.1 Discharge

Discharge in the channel was measured with the help of Rehbok weir. 1t was calibrated with
the point gauge reading. Therefore, only point gauge readings were taken and the

corresponding discharges were observed from the calibration table.

3.3.2 Scour Depth

Scour depth were measured with the help of a point gauge, mounted on a platform that slides
over the sidewalls at the location of the structure. An area was selected around the structure,
where scour is considerable and data were coliccted from this erid pomts. In this study, the
considerable area was longitudinally |.6m and laterally 1.0m. The mid point of longitudinal
length was considered as center point (0,0). From this center point u/s direction considered as
—(ve) axis and d/s direction as +(ve) axis. The total area was divided into grids area of
Semx10cm. The point gauge measurement was taken from every grid point. As longitudinal
grid interval was only Scm, so every important data came into count. The initial bed level was
used as reference for the measurement of maximum scour depth. Any data found to be below
this reference level was taken as negative value and indicated scour. Similarly any data found’
to be above the reference level were taken as positive and indicated deposition. This data
were processed for constructing spectral scour (contour) map by Surfer Software. These

measurement were used to study the scour pattern, maximum scour depth and its location.

3.3.3 Scour Area
Scour area around the structure was measured with the help of scale. This measurement was

done every next day of the experiment. At first scour area were dwnde In to grids and then

every grids area were measured.




Scour Contour for structure with [V: [1] Slope
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Fig. 3.10 Scour for structurc with [V: 11 slope




Scour Contour for structure with 1V: 2H Slope

Contour Unit cm
. Initial Bed Level :0
+ (+) ve : Deposit
() ve : Scour

Flow Restriction, b : 60cm
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Fig. 3.11 Scour for structure with 1V: 2H slope
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Scour Contour for structure with 1V: 311 Slope

Contour Unit som

Initial Bed Level :0

(+) ve : Deposit
+ (-) ve : Scour

Flow Restriction, b : 60cm
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Fig.3.12 Scour for structure with 1V: 3H slope
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Scour Contour for vertical structure

Contour Unit cm
Imitial Bed lewvel 10
(+) ve : Deposit
-+ (-) ve : Seour

Flow Restriction. b

:60em

Fig. 3.13 Scour for vertical structure with b=60cm




Scour Contour lor vertical struciure
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Fig. 3.14 Scour for vertical structure with b=40cm
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Scour Contour for vertica) structure
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Fig. 3.15 Scour for vertical structure with b=20¢m
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Fig. 3.16 Longitudinal scour profile for sloping-wall structure

47




| X vsZ at Y=60cm from right bank
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Fig. 3.17 Longitudinal scour profile for vertical-wall structure
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Fig. 3. 18 Lateral scour profile for sloping-wall structure
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3.3.2  Velocity

Velocity probe was placed at a constant depth of 0.6y from the lop surface of the water level
to obtain the average velocity in all experiments. The area selected for velocity measurement
was 0.8m u/s to 0.8 d/s from the center of the structure in the longitudinal direction and 1.0m
traverse direction for the right bank {(for both slope and vertical structure). The total area was
divided into grid of 10cmx10cm. The data were collected from all the grid point from after
four hours of flow run. Vertical velocity from the surface of water at 2cm interval were also

collected around the structure. Total five points were selected around the structure shown in

fig. 3.19 for this imeasurement. These data were processed by the use of Standford Graphics

Software to produce velocity vector.

B 2

——> F

[

Fig.3.20 Selected points for vertical velocity measurement
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Vertical Flow Direction of structure with 1V:1H stope
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Fig. 3.27 Vertical Velocity Distribution at point *A” of the structure
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Fig. 3.28 Vertical Velocity Distribution at point ‘B’ of the structure
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Fig. 3.29 Vertical Velocity Distribution at point *I* of the structure
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Fig. 3.30 Vertical Velocity Distribution at point “C” of the structure
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Fig. 3.31 Vertical Velocity Distribution at point *ID" of the structlure
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Vertical Flow Direction of structure with 1V:2H slope
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Fig. 3.33 Vertical Velocity Distribution at point ‘B of the structure
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Fig. 3.34 Vertical Vetocity Distribution at point ‘C" of the structure
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Fig. 3.35 Vertical Velocity Distribution at point ‘D" of the structure
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Fig. 3.36 Vertical Velocity Distribution at point *F* of the structure
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Vertical Flow Direction of structure with 1V:3H slope
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Fig. 3.38 Vertical Velocity Distribution at point *B37 of the structure
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Vertical Flow Direction of vertical structure, b=60cm
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Fig. 3.42 Vertical Velocity Distribution at point "A* of the structure

g M4 —— ey
£ 12 -
£ 10 |
= _
o 8 ~ r —e— Series
0 6 e
5 4 < —— ]
o 2 * e . -
£ g A———
| 6 9 12 15

Velocity (cm/sec)

Fig. 3.43 Vertical Velocity Distribuiion at point ‘B” of the structure
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Fig. 3.44 Vertical Velocity Distribution at point ‘C” of the structure
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Vertical Flow Direction of vertical structurce, b=40cm
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Fig. 3.47 Vertical Velocity Distribution at point ‘A’ of the structure
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Fig. 3.48 Vertical Velocily Distribution at poiﬁ[ ‘B of the structure

63
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Fig. 3.49 Vertical Velocity Distribution at point ‘C” of the structure

Vertical Velocity Distribution D(-60,50)

14 —_ J
é 12 -
s 10 |
o 8 |

@ i —e— Serigs1
& :
e g |
o ;
= 2 |
O 1 —
5 7 9 11

Velogity {cmisec)

Fig. 350 Vertical Velocity Distribution at point ‘D’ of the structure

Vertical Velocity Distribution F(0,50)

—e— Series1

Water Depth (cm)

Velocity (cm/sec)

Fig. 3.51 Vertical Velocity Distribution at point *F* of the structure
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Vertical Flow Direction of vertical structure, h=20cm
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Fig. 3.52 Vertical Velocity Distribution at point ‘A’ of the structure
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Fig. 3.53 Vertical Velocity Distribution at point *I* of the structure
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Fig. 3.54 Vertical Velocity Distribution at point *C* of the structure
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Fig. 3.55 Vertical Velocity Distribution at point "D of the structure
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Fig. 3.56 Vertical Velocity Distribution at point *F* of the structure
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3.4 Methodology of Experiment

At the very beging of the experiment, the channel bed was prepared with fine sand,
compaction of the bed oceurs promptly with the presence of water over it. Both side of the
channel was marked by white color with Im interval. The slope/vertical structure was placed
at the middle of right bank of the channel. The channel was backfilled with water through
pipe, then the pump was switched on and the discharge was controlled by gate valve. A
calibrated Rehbok weir set at the exit channel was used for measuring discharge. After setting
the discharge, the depth of flow was adjusted to the desire level by tail gate. Velocity
measurement was started at about three hours from the commencement of run. Bed profile

was noted after every two hours,

The pump was turned off after seven hours of flow. After the end of run, the channel bed was
dried off and the point gauge reading were collected. Photographs of the bed forms along

with the scour hole was also taken.
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 Shape / Slope Factor

The relation between scour depth, water depth and flow restriction was analyzed. The scour
depth analysis was performed by plotting ds/h values against b/h values. The result was
compared with the curves of modified Lacey (1930), Melville (1992), Rahman and
Muramoto (1999) and Liu et al. (1961}, The plots are shown in Fig. 4.1t0 4.4,

For sloping wall structure, the experimental data of the present study were close to the
Lacey’s curve. But none data were very close (o any curve. The values of ds/h were much
higher than the experimental value. However, only the data for 1V: IH and 1V: 3H slope is
consistent with .Lacey’s curve. For vertical-wall structure, the experimental data of the

present study were close to Lacey’s curve. The structure of width 60cm is consistent with

Lacey’s curve,

For the cases of sloping abutment, the experimental data were not consistent with the curves
except for slope 1'V: 1H. There may be two reasons for this. First, the experiments were not
run up to the equilibrium time. Second, the shape factors considered in the formulae were not
correct enough for the structures used in the study. Wheré as, the structures used here were of
different type. However, for the present experiment shape factor could not be studied, as the

equilibrium depth was not reached.
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Fig. 4.1 Comparison of experimental Data with curves
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Fig. Comparison of Experimental data with curves
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ds/h - b/h Plot (Slope 1:3)
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Fig. 4.3 Comparison of Expetimental Data with Curves
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Fig. 4.4 Comparison of Experimental Data with Curve
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Table 4.1 Comparison ol scour depth with experimented value and equation’s vale.

Experimented | Equation Equation | Experiment
structure value(em) | value(em)
Lacey 9.9
Sloping wall Melville 26.83
V- 1H Rahaman and 27 8 3.7
. Muramoto
' Liu et al. 36.75
Lacey 9.9
Sloping wall Melville 22.03
V- 2H Rahaman and 27 .43 1.7
Muramoto
Liu et al. 36.75
Lacey 9.99
Sloping wall Melville 18.94
V- 3H Rahaman and 3048 4.0
Muramoto
Liu et al. 36.75
Lacey 9.99
Melville 40.92 8.5 (b=060cm)
Vertical wall | Rahaman and 5364 0.3 (b=40cm)
Muramoto ) 4.6 (b=20cm)
Liu et al. 36.75

4.2 Scour Profile Variation

The longitudinal and lateral scour profiles were shown in chapter 3 (Fig. 3.15 1o 3.18 ). In
analyzing these profiles, it was found that, for slope-wall structures, as the slope increased the
scour depth also increased at the toe ol u/s side at longitudinal direction. But at d/s side lower
slope structure shown higher scour. This was the same for lateral direction, as the slopes
increased the scour depth also increased but scouwr length of structure [V:3H has shown

higher than others.

On the other hand, for vertical-wall structure as the [Tow restriction width, if b increased the
scour depth also increased. The effect of the structure b=20cm was negligible than other two
structure. This is logical, as due to increased of b, flow concentration or velocity also
increased. Therefore, the scour depth increased. The comparisons of scour profile in

longitudinal and lateral direction are shown in Fig 4.5 to 4.8,
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Fig. 4.5 Longitudinal scour variation for sloping-wall Structures
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Fig. 4.6 Longitudinal scour variation for vertical-wall structures
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Fig. 4.7  Lateral scour variation for sloping-wall structures
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4.2 Scour Area and Characteristics

This discussion is based on the observation made during the study explained in chapter 3. The
Seour area was measured by scale around the structure by grid formation. For vertjcal type

structure it was scen that the scour area increased with the increasing of flow restriction

width. On the other hand, for sloping structure the scour area decreased with increasing slope. *

f Comparison of Scour area with Different type

' of Structure

06 —- e

0.5 |- - - ;
 Eoaee — —._ DOb=6icm
! : l ‘@ b=40cm
1 ?E, 03 =] b=20cm
.5 02 Siopel1
L3 O Slopel2
; “ 01 OSiope13
! 0.

| Experimented structure

Fig. 4.9 Scour area of different structures

From the photographs of the structures taken at the end of each run, it was seen that for V-
1H slope structure the scour effect was around at the u/s toe of the structure and there was no
noticeable effect of scour at d/s side. But for 1V: 2H and 1V: 34 structures the scour area

increased diagonally and there was noticeable scour hole at the d/s side for 1'V: 3H structure.

For vertical type structure, it was seen that for 20cm flow restriction width there was no
effect of scour at d/s side. But with increasing this width. the scour effect was noticed at d/s

side and increased diagonally.




Fig. 4. 10 Scour around the 1V: I'H slope structure
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Fig. 4. 11 Scour around the 1V: 2H slope structure

78




Fig. 4. 12 Scour around the 1'V: 3H slope structure
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Fig. 4. 13 Scour around the vertical structure. b=60cm




Fig. 4. 14 Scour around the vertical structure, b=40cm
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Fig. 4. 15 Scour around the vertical structure. by 20cm
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

Based on the experimental investigations carried out in the present study, the following
conclusion can be made.
e The maximum equilibrium scour depths observed in the experiments of the present study

were found 1o be in good correlation with dilterent prediction equations as tollows:

i. In case of vertical-wall structure’s scour, best correlation was observed .with the
equation of Lacey (1930). Particularly for the structure width, b=60cm. (Figure 4.4).

ii. In case of sloping structure’s scour, there was also good correlation with the equation of
Lacey (1930). Particularly for 1V: 3H slope structure. (Figure 4.3).

iii. FFrom the analysis of scour experiment done at laboratory, it may be concluded that the
Lacey’s formula is suitable for local scour prediction for einbankment-like structure with
clear-water condition. _

iv. Melville’s (1992), Rahaman and Muramoto’s (1999) and Liu’s (1961) formulae were

“also found to be in good agreement for the prediction of maximum scour depth around

vertical as well as sloped-wall structures.

* Scour area, in case of sloping structure increased with decreases of slope. It was noticed

that the scour area moved d/s more and more with decreases of slope. In case of vertical

structure scour area increased with increase of flow restriction width, b. In all cases, the

scour area increased diagonally towards d/s.

e From the observation of the velocity vector at 0.6y from the water surface ( Figure 3.20 to
3.25), it ‘'was clear that thc Now concentration occured close to the structures duc to
deflection. In case of vertical-wall structures, the angle of deflection was quite significant
as compared to the deflection made by sloping-wall. This implies that the shape of the
structure has a significant influence in flow concentration, which in turn resuited in greater
depth of scour. It was observed that a dead water zone adjacent to the embankment wall

existed at d/s corner of the structure.
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5.2 Recommendations for Future Studics

Using the present study as a basis, there are wide scopes for future studies. Recommendations

for future studics can be made as follows:

% The study can be made with sediment ladden water to conform more with practical cases.

# The study can be under taken for more longer period to reach quasi equilibrium state of
flow. )

* The study can be made with the different angle of inclination of embankment-type

structure.

* The study can be made placing the structure at different position of the channel and with

greater flow intensity (V/Ve).

% Instead of manual measurement of scour depth, electronic bed profiler can be used for

better accuracy.
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