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ABSTRACT

Increasing economic costs of river protection works in India have led to the
adoption of permeable spurs in practice. However, research on different types of
permeable spurs is not developed to the same extent as that on solid spurs, bridge
piers and abutments. Different types of permeable spurs have come into existence.
However, permeable pile spurs are being favoured in north and north-eastern region
of India. To use these pile spurs in field, one needs to know the development of scour
as well as équilibrium scour. The present study basically fills this gap. It examines
various types of permeable spurs to assess the merits associated with the pile
permeable spur. It is observed that these spurs experience minimum scour. Based on
the study of bed condition in certain experiments, the variables influencing scour have
been identified and used to model the equilibrium scour depth in case of p-ile
permeable spurs. Use of different scaling parameters is also examined in the model
development. Based on lab experiments, a model is calibrated for scour depth
estimation. Subsequently, the use of the model is tested against field data. The
predictions are satisfactory in certain cases only and are found dependant on the type

of calibrated model. An approach for the estimation of scour in transient condition is

suggested and an insight into the future work is also provided.
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CHAPTER 1

INTRODUCTION

1.1 GENERAL

Rivers in alluvial plainé are highly variable in their behaviour, due to which a
considerable damage to their banks occurs, which in turn damages the property and
human life situated near the riverbank. To avoid such damages, engineers have
successfully used river training works. Among the river training measures, use of spurs or
groynes is very common. These spurs may be impermeable or permeable in nature.
Imperméable or solid spurs have found applications in different part of India, particularly
~ in Indo-Gangatic plain. The work on solid spurs is extensively reported in literature as
briefly described in Chapter 2. In fact, the Bureau of Indian Standard Code no. IS 8404-
1976, IS 1808-1976 provide detailed design of solid spurs‘ as per Indian practice.
Contrary to a lot of literature on solid spurs, work on permeable spur has been limited. In
recent years, due to economic consideration the emphasis has been placed for the
construction of low cost spurs. In certain stretches of river Ganges és well as river
Brahmaputra, such types of low cost spurs (Plates 1.1 and 1.2) have served the purpose
satiéfactorily and their use is thus gaining momentum. Based on the interaction with the
field engineers, it was observed that the design of such spufs is very arbitrary and
‘therefore, understanding of certain processes including the vatiation of scour around such

spurs is highly desirable. Literature indicates that permeable spur are most effective on



PLATE- 1.1: PERMEABLE SPURS AT GUMI ASSAM
IN RIVER BRAHAMAPUTRA

PLATE- 1.2: PERMEABLE SPURS AT GURMUKHTESHVER
MURADABAD IN RIVER GANGA



alluvial streams with considerable bed load and high sediment concentration
(Przedwojski et al., 1995). Common type of permeable spurs are timber spurs, bamboo
spurs, slotted spurs, etc. Some of these spurs are also filled with stone, sand bags, shrubs,
etc. Although the work on permeable spurs can be traced to studies by Orlov (1951),
Altunin (1962) etc., as referred by Przedwojski et al. (1995), there is lack of extensive
studies on permeable spurs. It also appears from review of literature that detailed
investigations regarding to different typé of permeable spurs lack in literature. With this

in background, the following objectives are set for the present study.

1.2 - OBJECTIVES OF THE STUDY

(1)  To perform trial runs on different type of permeable spurs including slotted and
pile spurs and identify permeable spurs which experience lesser scour at their
nose.

(2) ~ Based on the processing of experimental data, identification of a particular type of
permeable spur is to be done. For such a permeable spur, it is also envisaged to
perform a large number of experiments.

(3)  To compare different approaches for representing scour around permeable spurs.
This also includes the case of widely used method of scour estimation around
bridge piers and abutments as proposed by Melville and Chiew (1999), Melville

(1997).
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1.3

Based on the analysis of data, identification of key variables influencing the scour
phenomena is to be achieved. Also, suitable relationships are to be evolved for
describing séour at the spur nose.

To study the temporal variation of scour during steady and unsteady flows. Based
on the quasi steady state approximation of unsteady flow, the objective is to
assess the applicability of principle of superposition in describing the temporal
scour. This also includes the assessment of using lab based steady state equation

of scour against field data.

ORGANISATION OF THESIS

To meet the above objectives, the present study is organized as follows:

Chapter 1 : It introduces the topic of investigation, underlying objectives and the

layout of the thesis.

Chapter 2 : The literature review relevant to river training measures including

solid and permeable spurs is presented. Also, different formulae to compute scour around

spurs are listed. Certain case studies are also included to highlight the practical aspects of

these spurs.

Chapter 3 : It provides the details of experimental program. It also contains

pictorial representation of experiments done in different phases of the study. Phase 1 of

the study deals with the trial experiments with different type of permeable spurs, while

phase 2 and phase 3 experiments refer to experiments in the laboratory and field,

respectively, for a selected type of permeable spur having minimum scour at the nose.



Chapter 4 : It presents the pattern of deposition and erosion of the alluvial bed
in case of permeable spurs for certain selected experiments. It also contains the
evaluation of different permeable models. The experimental results are processed to study
the scour and identify the suitable spur with the minimum scour. Melville's approach is
first of all extended to certain data sets collected at Roorkee and subsequently this
approach is applied to identify the permeable spur with minimum scour.

Chapter 5 : Tt studies the performance of certain existing relationships for
predicting scour around spurs. In addition, it also outlines an approach for the
development of approbriate scour relationship.

Chapter 6 : Based on the lab-based relationships, the possibilities of using
superposition principle to estimate scour in case of unsteady flow is explored. Towards
this, the results in respect of temporal variation of scour are presented and used
subsequently in unsteady state modelling.

Chapter 7 : It includes the results and discussion pertinent to various issues
identified for the present study.

Chapter 8 : It‘summarizes the results of present investigation and outlines the

main findings and provides framework for future work.
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REVIEW OF LITERATURE
2.1 »GENERAL

Rivers in alluvial plains are highly variable in their behaviour and to an
average man often unpredictable. A placid stream during low flows may attain a
tremendous fury during high stages. It may develop unforeseen meander, break
through embankments, may attack towns and important structures, by pass bridges. In
general such river behavior perpetrate havoc. River training structure guides and
forces a stream into achieving some definite objectives and protecting some defined
area. River training implies various measures adopted on a river to stabilize the river
channel along a certain alignment with certain cross section so that consequently
damage to and property adjacent to river banks is checked and river is stopped form
alteriné its course. A variety of  river training works including marginal
embankment or levees, guide banks or guide bunds, groynes or spurs, submerged
vanes, cut offs, pitching of banks, pitched islands, sills, closing dykes, longitudinal
dikes, etc, have come into existence. Considering the huge costs involved in the
construction of the river training works and their increasing demand in many reaches
of rivers have focussed attention on permeable spurs. Due to its relatively lesser cost
involvement and simple construction, permeable spur can be a cheaper method of
bank protection. Therefore, present work deals with permeable spurs, a review of the
same is considered in detail. Also, to assist the modelling of scour in permeable spurs,

it is likely to get benefit from the literature on solid spurs. For this reason, certain



insight into different models of scour depth estimation is also presented for solid

spurs.

2.2 CERTAIN SCOUR DEPTH MODELS ON SOLID SPURS

According to Liu and Skinner (1960), the scour hole increases indefinitely in
the absence of sediment supply to the scour hole from the upstream. Garde et al.
(1961) found that for all practical purpose, the maximum scour depth was obtained
within 3 to 5 hours. This imiting scour depth is termed as the maximum scour depth.
However, Melville and Chiew (1999) consider this maximum scour depth to fully
develop after a duration in the order of days.
In almost all cases, the investigators found that maximum scour depth occurs
at the nose of the spur. The scour hole was conical in shape on upstream side and
elongated and shallower on downstream side (Garde et al., 1961). Based on review of
literature on scom: , sediment transport and flow resistance (Bathurst, 1978; Jain,
1981; Barbe et al., 1992; Ab. Ghani and Nalluri, 1996) associated variables with the
scour depth can be summarized as
(1) Variables describing geometry of the channel and spur dike, ie., the
width of channel (B), length of the spur dike (b) and angle of spur dike
(©)

(i1) Variables describing the flow, i.e., mean velocity (V), depth of flow
(y), total scour depth (D;) and depth of scour hole, d;, width/length of

hole L.



(i)  Variables describing fluid flow, ie., mass density of water (py),
difference in specific weight of water and sediment size (Ay;), dynamic
viscosity (1) and kinematic viscosity (v).

(iv)  Variables describing sediment, i.e, median size (d).

Single solid spurs have been studied by several researchers giving
relationships for scour depths, lengths of the spurs, spacing etc. These attempts have
been made with the help of small-scale hydraulic model studies but these models do
not have the same efficacy against the field observations. These formulae are poorly
verified because they deal with simple form of groyne, ie., a thin rectangular
obstacle. Some of these formulae as well salient features of éertain studies are
described below.

Lacey (1920) gave approximate values of maximum depth of scour at a
channel bend by relating these to the depth formula for regime conditions in a straight

channel, i.e.
/3
D, = 0473 [%} (2.1)

where,D) = Lacey’s regime depth (inclusive of scour) for a straight channel, Q = total
discharge, f = Lacey’s silt factor = 1.76 Jd , Where d = median diameter of bed
material in mm. Lacey uséd a straight channels of regime condition which are not
actually present in nature, also “d” taken is only median diameter, of a particle. He
has not included other important parameters.

Khosla (1936) gave the following equation for the scour depth, D, in terms of

discharge intensity q, and the silt factor f.



D, = 0.9{3—} (2.2)

Inglis (1949) conducted experiments on bridge piers at Central Water Institute
and Research Station (CWPRS, Poona), in an alluvial bed of sand with median
diameter of d equal to 0.29 mm. He suggested that the effect of bridge piers, is to
deflect current like a bend and therefore, proposed that maximum depth of scour, for a
bridge pier, is also proportional to Lacey’s regime depth.

He related maximum scour depth, D;, below water surface to the unit

discharge q and pier width b, akin to spur length across flow as follows:

) 2/3 0.78
Df o 1‘70{6113 J (2.3)

b

He suggested a coefficient to be used with Lacey’s regime depth D; for scour
at the nose of spur dikes. He gave the value of scour at the nose ot spur ranging from
1.7D; to 3.8 Dy, the coefficient depending upon the severity of river curvature.
Besides, he suggested the value of coefficient depends on the length, angle and the
position of the spur with respect to the river curvature. His basic study was on bridge
piers and it assumed the same to be valid for spur dikes. But the shape and structure of
spur is all together different from piers.

Ahmad (1951 part-1, 11) showed that a single spur can protect length between 3
to 5 times the spur projections. But when lengths longer than these are required to be
protected, a combination of spurs has to be employed at such distances apart that the
scour formed at the nose gives a continuous channel and the bank between the spur is
protected from the main flow. He concluded after a series of experiments on channels

with different radii of curvature, that Sy/b should have a value of about 5 where S, =



spacing of spur in series and b = length of spur. He also concluded that for protecting
larger lengths than two spurs can protect, the additional spur with Syb = 5 is
efficacious. |

Kilner (1952) conducted experiments in laboratory. Using two sizes of sand
(0.19 mm and 1.68mm), he observed that the total depth of scour for fine sand is
twice the total depth of scour for coarse sand.

Ahmad (1953) investigated the problem of scour with dimensional analysis
approach . He conducted experiments with 0.354 mm and 0.695 mm sediment sizes to
study the effect of discharge intensity, sediment size, flow concentration and the angle
of spur dike on the scour dépth and scour pattern around spur dikes. His limited study
lead him to get the expression as:

y+d;=D;=Kq, ¥ | (24)

Where, y = depth of flow, d;= depth of scour below bed level, cil = discharge inteosity
at the spur constriction, K = constant depending upon angle of inclination of the spur
and the position/location of the spur dyke on the curved bank.

Yor the rate of development of scour he gave an exponential relationship as

follows:

~= (e @.5)

<

where: D; = depth of scour below water after a time period t, a" and b" = constants
depending on the diameter of sand grains and its settlement velocity respectively, t=

time period of forming of scour.
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He observed that the rate was much more in finer sediment than in coarser
sediment. His studies were more explicit than initial studies but only two sizes of the
sediment were taken into consideration. He did not consider secondary ﬂowsvdue to
the bank curvatures and other parameters like Froude number, Reynolds number, drag
coefficient, etc. His equation is valid for particle size range of 0.2 mm to 0.7 mm and
depth of flow exceeding 0.06 m.

Altunin and Buzunov (1953) gave the following equation for maximum scour
D, for a single spur

D, = k;. k;;] k";, y
(2.6)

In this cquation, &, = factor dependent upon angle of groyne inclination, «',
where o' is the angle which spur makes with the bank on downstream side, &k, =
factor dependent upon contraction ratio, ;= b/B, b being the length of the spur and B
channel width, k,. = factor dependent upon shank slope, m'. His equation is valid for
1 ()30° < o' <150° (i) 0 < m'v~<_ 3, (i) 0.1 < B; <0.8.

Garde (1953) and Garde and Subramanya (1960) studied the problem of scour
around spur-dikes and piers. These investigations were conducted with 0.29 mm and
0.45 mm bed material. Spur dikes with different opening ratio, i.e. a, and piers of
different shapes were under consideration. In case of spur dikes, their experimental
data indicated the adequacy of Froude number and the opening ratio to define the flow
parameter and the geometry of the spur respectively. They also studied thé scour and
its geometry. i.e., geometry of scour hole around the spur dikes.

Garde et al. (1961) conducted experiments on scour studies with sediment size

of 0.29mm., 0.45mm., 1.00 mm and 2.25mm and opening ration of 0.9, 0.835, 0.667
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and 0.530 to study the- effect of sediment characteristics on scour. According to them,
in almost all the cases the maximum scour depth occurred at thc nose of spur dike.
The spur hole upstream of the spur dike was conical in shape, whereas
downstream it was elongated and had a shallower slope. A deposition bar was formed
adjacent to spur dikes on the downstream side in all cases. It was found that the width

of the scour hole, L, in front of spur dike has no consistent correlation with the

maximum scour depth d. The ratio of :iLi varied from 1.8 to 5.00 and no systematic

S
correlation existed either with the opening ratio, a, or with the size of the bed

material, d. The dimensionless scour depth obtained was

yrd gl ope @.7)
¥y (94

in which K and n' are functions of Cp. They also presented curves for variation of K
and n' with respect to Cp,

Neill and Chaplin (1962) in a discussion on above studies of Garde et al
(19615 has indicated that drag coefficient Cp is not a satisfactory meas-ure' of sediment
property. He argued that Cp is constant for material larger than 1.5mm size. If Cp
were a valid criterion, it would follow that above 1.5 mm size of sediment, scour.
depth would be independent of size which cannot be true.

Laursen and Toch (1953, 1956) and Laursen (1963) observed that the
equilibrium depth of scour mainly depends on the flow depth for a given size of flow
obstruction, e.g, bridge pier or abutment and that the flow velocity does not have any
significant effect on scour depth.

Sastry (1962) studied the effects of spur dike incﬁnation on scour
characteristics, He used a spur dike with inclination © varying from 30° to 150° with

12



upstream side. He used a bed material of Imm with a constant opening ratio of 0.833.
He proposed a dimensionless relationéhip for scour depth similar to equation given by
Garde (1961) and found the scour depth to increase with angle of inclination of spur
dikes.

Ramu (1964) studied the effects of sediment size on scour. He found that the

effect of sediment characteristics can be better expressed by the fall velocity Reynolds

od ) h , . . .
number, R, = —, where o = fall velocity of sediment, v = kinematics viscosity of
v

the fluid and d = median diameter of the sediment. Ramu gave a dimensionless

equation in the form as

1

L . o (2.8)
y [04

where A = constant, having value of 4.

He presented curves showing relationship of nj and exponent n" respectively
with Reynolds number as a function of fall velocity Reynolds number. He also
confirmed the previous notion of Garde et. al. (1961) of the Froude number of flow to
be a more suitable parameter for defining scour depth and the geometry of scour hole,
as well, that of spur dike, than discharge intensity q; at the constriction as an adequate
parameter for describing scour. Further, Ramu found that maximum scour shifted to
the root of the spur on the upstream. This must be due to the presence of secondary
vortex on the upstream, which may prove dangerous to the stability of spur itself.

Paintal and Garde (1965) worked on the effects of inclination and shape of
obstruction on local scour. They concluded that maximum scour depth around an

obstruction increased with the increase in coefficient of drag of its nose as well -as
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with the increase of angle of inclination of obstruction to the direction of flow, which
was in tune with the findings of Sastry (1962).

Tyagi (1967) studied the effects of specific gravity of sediment on scour. He
varied the constriction ratio from 0.10 to (.47 and used sediments in the replacement
as plastic and coke having median diameter of 2.48 mm and 4.05mm. Tyagi proposed

the following relationship

-1/2
- ¥
7 e 5 L i [E} (2.9)

where the symbols have their usual meaning. B; = b/B = block ratio

Garde and Chandra (1969) suggested the value of b/B to be fairly small so as
to cause as little interference with .regime of river as possible. They also
recommended that the spur should make an angle of 95° to 110° with the bank on
upstreamn side. They also proposed curves for determination of protected bank length
due to single spur. In case more than one spur is required, they pmposed to adopt
Ahmad’s recommendation (1951).

Komura (1971) tried to find general scour at a live bed, ie., dynamic
equilibrium state using continuity equation for flowing water, the equation for
sediment transport, the continuity equation for sediment transport and Bernoulli’s
equation of energy. As a result he developed following equation for relative depth of

scour along the constricted portion

2/3 ' . .
%" = (1+1.2F,2)U§] —1} (2.10)

1
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where Bi=B-b

Gill (1972) highlighted various significant points related to scour, e.g, the
effect of the size of bed material on equilibrium depth of scour and on the rate of
development of scour. He also suggested whether it is necessary to distinguish the
scour caused by clear water flows from that caused by flows involving general bed
load. He showed how the rate of scour depth is different in the two cases. He showed
that total scour depth D, is independent of flow depth y. He gave the following

modified form for local erosion around spurs.

W 37
" B 6/7 1
<! = d'(——] e *  where By =B—b (2.12)
— 1 +
B T) %
" I for > 1 (2.13)
T T
where 1. = critical shear stress of bed material. T, = bed shear stress upstream

of constriction. n; = numerical exponent, o" = a coefficient which is dependent upon

the flow depth and size of bed material, where

0.25
a'=8.375 (ij (2.14)
Y

In this equation, d = particle size or grain size in meter and y is flow depth in meter.
It was also observed that the rate of scour development for fine sand remains
higher than that of the coarse sand. Depth of equilibrium scour is affected by the
depth of uniform flow upstream of spuf location. The combined effect of the bed
material and flow depth has been empirically formulated as. described above. The

depth of maximum scour is at the threshold of movement.
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Neill (1973, 1980) gave the equation for maximum scour depth D, for a single

spur.

2.5q*

0.333

The above equation is valid for particle range size of 0.1 < dsp < 200 mm.

Todten (1975) (after Bogmar et al., 1988) wanted to find the basic
characteristics of the flow pattern around groynes in order to use them in
mathematical models. Two factors were considered very important: first the geometry
of the field of separation and second the dissipation of energy. The basis of his theory
was the laws of stream flow in the plane.

Michiue et. al (1984) used the Meyer- Peter and Muller's formulae for finding
general scour at a live bed, i.e. dynamic state when the rate of sediment supply into
contra/cted region is greater than zero, which is dynamic equilibrium state. He came

out with the formula

i E _B_L —-4./7_- ) —EL -6/7— .
" e [{BJ 1]+(0.5F, ){(3) 1} (2.16)

Przedwojski et at. (1995) have compiled various formulae for scour depth

‘estimation at a single spur in terms of two dimensionless terms, i.e.

Xt d, _D _ Total depth of scour from the water surface

y y Depth of flow

(2.17)

and relative maximum depth of scour hole
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Depth of scour hole from the bed of river

H=d ly = _
Y Depth of flow upto the initial bed of river

N

(2.18)

It is not considered appropriate to describe all these formulae. However, it has
been intended heré to provide some information related to functional form of scour
relationships.

In addition to the above studies, significant work on scour has been done by
Melville and coworkers (1999). As Melville’s approach is used in this study, details

of this are given in Chapter 4.

2.3 PERMEABLE GROYNES

Thesé allow some restricted flow of water to pass through them. These types
of spur groynes partially obstruct the flow and slacken it to cause deposition of
sediment carried by the river. Therefore permeable spurs are classified as sedimenting
or silting spurs. They are best suited for the type of rivers which carry considerable
amount of sediment in suspension, e.g., alluvial rivers in plains. Permeable groynes
are most effective on alluvial streams with considerable bed load and high sediment
concentration, which favours rapid deposition around the groynes (Beckstead, 1975;
Alam and Faruque, 1986).

As the sediment accumulates between the groynes/spurs in series, the
foreshore becomes more or less permanent soil such that there is no need to use any
other material for its protection. However, in the rivers which carry relatively clear
water, the action of such permeable spurs is to slow down the flow, thereby dampen
the erosive strength of the current and thus also to prevent the local bank erosion upto

some distance upstream and downstream. Due to above mentioned factors, United
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Nations Economic Commission For Asia And The Far East (1953) recommends
permeable type of groynes to be spaced further apart than the solid types.

Common types of permeable groynes/spur dikes are
1) Tree types of permeable, i.e. timber groynes/ bamboo groynes. Fig. 2.1 shows

typical section of permeable bamboo groyne used in Bangladesh after Alam

and Faruque (1986).

2) Pile groynes with wooden piles, RCC piles or sheet piles

3) Stone filling in balli crates. Stone filling in brushwood and stone filling in wire
crates.

4) Slotted spurs.

When closely packed and tempered, there is generally no tendency for scour
around the nose of the groyne or for undermining of piles with properly designed,
constructed permeable spur/groynes. However, the limitation is that when debris gets
collected upstream and the groyne becomes sand bound, it may function almost like
an impermeable groyne. To guard against excessive scour occurring under such
conditions, it is desirable to protect the bed both upstream and downstream of the
groyne and around the nose with a 0.9 m thick stone apron over a width of 3m along

the shanks and 6 m along the nose.

2.3.1 Slotted Spur

A slotted spur is a gabion construction with gaps in its length projecting from
the river bank. Stone masonry check or piles has also been used. It is claimed that
whereas an ordinary spur protects a river bank of about 3 times the spur length, a
slotted spur protects 10 to 20 times its length. This type of spur was used with success

on Ingury river in Georgia and Darya at Charzhro in the USSR (manual CBIP-204).
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The dimensions adopted for spur length were 18 m, angle of spur to bank line 90°,

angle of slots 30° to 45°, ratio of length of slot to its width in direction of flow 3 to 5.

The flow velocity was 2 to 6 m/s.

2.3.2 Advantages And Disadvantages of Permeable Groynes

The advantages of permeable groynes may be summarized as below

1)

2)

3)

4)

)

6)

They are relatively cheap because they need only temporary or semi
permanent construction.

As small quantity of stones are required for construction of permeable
groynes, they are specially suited for places wher§: stones are scarce.
Permeable groynes are more effective in the regulation of river courses
or in the protection of banks especially in a silt laden river than the
impermeable spurs.

There are no serious eddies or scour holes in case of permeable spurs
as in the case of solid spurs because the flow discharge does not
change abruptly like in solid spurs.

In case of deep and narrow rivers, where depth are considerable, solid
spurs become expensive and may cause undesirable flow conditions.
But when permeable spurs are employed, they do provide necessary
bank protection without much cost and serious eddy and scour
formation. -

The permeable spurs may be spaced farther apart than solid spurs.

For bank protection and training of rivers usually non-submerged spurs are

used. But sometimes submerged groynes are also to be used. Usually in case of deep
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rivers with considerable depth, submerged spurs are employed. Submerged spurs may
be solid or permeable spurs. However, submerged permeable spurs are preferred to
sﬁbmerged solid spurs because submerged solid spurs create lot of turbulence and
eddy formation whereas former does not create any of the two of so much intensity.
Under submerged conditions, solid groynes are susceptible to severe erosion along the
shanks resulting from flow over the top of the groyne. Permeable groynes are better
suited to submerged conditions. Where deep scour has occurred in the river bed,
submerged spurs are used as curative measures. Generally such submerged groynes
are known as submerged sills or submerged dikes and are considered as a separate
type of river training works.

The main disadvantage of permeable groynes is that they are not strong
enough to resist shocks and pressure from debris, floating ice and logs. They are,

therefore, unsuitable for upper reaches of rivers.

2.4 STUDIES ON PERMEABLE SPURS

Orlov (1951), on the basis of model tests with fine sand-of dso‘ = 0.14 mm,

formulated an expression for maximum depth of local scour at the head of a pile

groyne.
V2
di==50%'" — (2.19)
2g
d, i :
where r, = ————— = blockage ratio of piles and clear space between them;
(S', +d,)

d, = diameter of piles, S'y = clear distance between consecutive piles; V = mean cross-

sectional velocity in river before construction of groyne. The definition sketch of a
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pile Groyne after Orlov (1951) is given in Fig. (2.1). Orlov formula is valid for the
first permeable groyne on a straight reach.

Altunin (1962) stated that

d;=K> Ay (2.20)
where K, = 1.75 /dso, with dso in mm and Ay is the back water effect of groyne.

The final equation proposed was as follows

o 8.75 -~[-)—rb”2 Jai
dy, B 2g

(2.21)

Mukhamedov, et al. (1971) suggested that maximum depth of scour at the

head of a pile groyne (D;) can be calculated using

08
K4
Di =K, [l ac=s 222

: FL.?Kp d9°625] (222)

where Ky the coefficient of scouring capacity of flow, K4 =the coefficient for the
effect of increase in the specific water discharge at the groyne head : K, = the
coefficient dependent on sediment concentration , dgy = grain diameter of the bed
material at which 90% of the mixture by mass is finer, q,=specific discharge of
approaching flow.

Gole et al. (1975) conducted experiments on single solid and slotted spurs
with mobile bed of sand of median size 0.30 mm in both straight as well as curved

reaches. They concluded the following
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@)

(if)

(i)

(iv)

In a straight reach the length of bank protected by a slotted spur on the
upstream side was 31.5% longer and on downstream side 37.5%
longer than those of solid spurs.

In the case of curved channel, the length of bank protected was
however 33% shorter with slotted spurs than the length protected by
solid impermeable spurs. On the other hand on the downstream side,
the length protected was 107% longer giving an overall performance
superior to that of solid conventional spur, the total length of bank
protected being 68% longer than that with the solid impermeable spur
that is with the help of slotted spurs.

In a straight reach maximum scour depth at the nose of slotted spur is
34.38% and in curved banked reach 27% less than that obtained with
solid spur.

Visual observation regarding the flow pattern in case of both the spurs
revealed that the eddies downstream of the solid spur were stronger

than the eddies observed with the slotted spur.

Subramanya and Gangadharaiah (1989) studied solid and slotted spurs for

scour in mobile bed and for imprint flow pattern in rigid bed. Their conclusions were

as follows:

@

(ii)

Slotted spurs have favourable downstream deposit pattern for both
coarse and fine sands.

The slotted spur in coarse sand causes smaller magnitude of the
maximum depth of scour than a corresponding solid spur. An optimum

permeability p=0.40 is suggested for such slotted spurs.
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(iii) In fine sands the presence of slots does not have any influence on the
maximum depth of scour.

(iv) In coarse sand bed rivers, the slotted spurs used in multiple
configurations appear to have specific advantages over a corresponding

solid spur dike arrangement.

Sharma (1991) conducted wind tunnel experiments on solid and porous fences
fixed on the tunnel floor. These are akin to spurs across rivers. His measurements
included the turbulence intensities in the longitudinal direction His results indicate
that the tmbuleﬂcc level in the wake behind porous fence is less than that in the wake
behind solid fence. This supports the earlier concepts that permeable spurs function
better in the presence of fine suspended sediment because of the lower level of
turbulence behind them.

Singh (1993) studied the comparison of solid and permeable spur in series. In
his study, he kept blockage ratio of spurs and their angle of inclination with the bank
same in all cases, but the permeability and the spacing of the spurs were varied about
50% and 4 to 8 times the spur lengths, respectively.

He carried his experiment in a tilting flume, 0.6 m wide 0.5 m deep and 8m
long at.a slope of 1 in 1000. A sediment of 0.525 mm median size and 1.18 standard
deviation was used under live bed condition of approach flow. Sediment was supplied
manually into the flume at the transport capacity of the flow.

He has further tested the formula given by Ramu (1964) for prediction of
scour and recommended it for further use. He confirmed that the surface flow velocity |
near the bank varied véry gradually in case of single permeable spurs, thus, protecting

Jonger lengths of the bank which suggests their possible better performance in alluvial
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river with fine sediment load. Also in his studies he found for the spurs in series, that
the scour depth around the first spur is almost equal to that of the single isolated spur,
that means the presence of down stream spurs has little effect on the first spur.

He suggested that three spurs in series behave as a single unit, if the scour
around the third spur is less than or equal to that around the second spur. And if the
scour around 3" is more than that at 2™ spur then they behave independently. He
suggested that a spacing of > 4b has been found suitable for all spurs. This notion is
also an old one and needs more study for different conditions of bed load flow and

discharge.
2.5 CERTAIN OBSERVATIONS FROM FIELD

CBIP Manual (1989) contains case studies illustrating the application of
permeable spurs at various locations in India and abroad. As per this report, the left
bank of the Ganga river near Mansi railway station was protected by crated stone
spurs. Similarly, permeable bund was used to achieve diversion of Beas river at
Govindwal in Punjab. Also timber pile permeable spurs have been practiced for
protection of Dibrugarh town in Assam. Similarly, pile spurs have been used for the
protection of Dhubri town in Assam. Thus, it is obvious that use of permeable spurs is

not new in Indian context.

2.6 CONCLUDING REMARKS

From the preceding review of the literature, it could be seen that good deal of

research was devoted to solid spurs which had been widely deployed in the past
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decades. However, of late the construction costs of these solid spurs and groynes have
registered a sharp hike due to corresponding rise in the material costs of stones, wire
nets and earth fill especially in the Indian context, where numerous areas are awaiting
bank protection measures. In sharp contrast to the solid groynes, the permeable spurs
are highly cost-effective as borne out by the actﬁal field experiences in India and in
many other countries. While solid spurs function by deflection of flow away from the
affected bank, permeable spurs primarily operate by slowing down and dissipating the
erosive currents including sedimentation.

So far not much research has been conducted on the various aspects of
permeable spur notwithstanding its deployment in many real life situations with
considerable degrge of success. In the above context, it could be realized that in-depth
research neéds to be undertaken on the permeable spur notably with regard to the
extent of scour magnitude and its impact with regard to varying spur permeability.

In this work it is envisaged that, the above two important aspects having a
close bearing on the effective design of a permeable spur, be taken up for intensive

research endeavour involving both lab and field experiments in a compatible manner.
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CHAPTER 3

EXPERIMENTAL PROGRAMME
31 INTRODUCTION

- ., From the ‘preceding Chapter, it is apparent that a variety of permeable spurs
have come: into existence. It is obvious that -certain preliminary. studies on the
perfofmance of permeable spurs are. -nécessary i order to identify the spurs with
mirlimum»écour at the pier-nose. With this in view, the experimental programme was
organised in three phases. 'In the first phase, experiments were performed in'a 50cm
wide mobile bed flume using 21 nos. of different physical models of permeable spurs
of two blockage ratios with varying degrees of permeability. In this phase of
laboratory experiments, primarily it was endeavoured to gain an insight into the
physical behaviour of different types of models for assessment of a suitable one for
the intensive Iab_experhhents to be followed subsequently. In the second phase of
experiments conducted in a 50cm wide mobile bed flume of 11m 1ength, detailed
experimentations were undertaken on the pile model configurations which were
decided on the basis of results in the preceding phase. The flow conditions, bed
material, degree of spur permeability and the channel blockage ratios were
realistically varied in the second phase of experiments which yielded the desired
experimental data for undertaking the required analysis of data. In the third phase of
experimental study, the chosen configurations of laboratory models of pile spurs were
faithfully reconstructed‘with identical permeabilities in the Solapi river near Roorkee

to elicit actual field informations on their behaviour.

27



The main aim of this study is to investigate the scour depth and deposition
patterns around spur models considering permeable spurs with different percentages
of permeabilities which are founded in uniform sediment and subjected to clear water
conditions. Therefore, experiments were conducted to examine the effects on scour
depth and deposition pattern of a number of parameters including flow velocity, flow
depth, discharge intensity, spur length and their shape and sediment size, in clear
water conditions. Some of the experiments were conducted to supplement existing
data for particular effects, e.g. on solid spurs, while other experiments were designed
to produce comprehensive data sets for the effect of parameters either not previously
investigated or for which only very limited data were available. The experiments were
accomplished using two different laboratory flumes which are described in the
subsequent sections.  With this background, the details of the experimental

programme are presented below.

3.2 LABORATORY FLUMES AND OTHER ACCESSORIES

3.2.1 Flume Used In First Phase

This 50 cm wide, 350 cm long flume is fitted with an inbuilt upstream tank
along with a separate down stream tank. All three parts of the flume are made up of
painted mild steel. The down stream tank is attached with a pump which is 10HP
(horse power) in capacity. 10cm diameter pipes connect this pump to the upstream
tank of the flume which is deeper than the flume in Ist 30 ¢cm length. The width and
depth of the upstream tank are 50 cm and 100 cm respectively while the width and
depth of the ﬂume are 50 cm x 50 cm respectively. This flume has side walls made up

of transparent perspex sheet in 240 cm length up to 25 cm before the tail gate.
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An evenly perforated perspex sheet of onc ¢m dia holes and lem thickness
separates the upper tank from the channel portion of ﬂum¢ at 50 cm distance from the
upstream face of the up stream tank. The pﬁrposc of this sheet is to stabilize the flow
and make it unifoim. The upstreamk‘pipe drops th_efwater right at the base of the
upstréam tank to mimmxze _;11] disturbances. | o |

| .A‘\:f-noAtchj is fixed in th.e déwn stream tank for discharge measurements. The
down steam tank i§ 90 cm‘ ‘Widc, 90 cm deep, 250 cm long internally. The tail end of
the ﬂﬁme is placed roughly 15 cm aboye the top of the upstream end Qf the tank. This
tank is bifuféated into fwo stories in first 160cm length on the flume end side, the
depth of the upper portion being 40 cm. A V-notch is fixed at the Iend of upper storey
with its vertex placed 13 cm form the base of upper portion at the end of upper
portion. A baffle wﬁﬂ is placed to curb all the disturbances of the water falling from
the flume into the tank. It is 90cm away from upstream end of the tank. In the bottom
portion is pfaéed. the ope;nin.g of the pumyp tlzlos'e the base of tank, 5 cm above it.
' The flume is mounted on two R.C.C. blecks 65 cm in height from the ﬁoor,
66 cm wide and 39cm in leﬁgth. A threaded rod is grouted in the lower-end block.
T’he lower 'énd of the ﬁume is “mounted.over this threaded rod with the help of a very
st»ro‘ng' nut with handles in such away that the lower portion of flume could be moved
up or down max. of 4% for creating the desired slope. The plan of this flume is given
in Fig. 3.1

Two railings are m‘ouﬁted on the top edges, i.e. left and right sides of the flume
over which are placed all the réquired equipment for measurément of velocity, depths,
and levels, ete. Pitot tubes and pointer gauges are placed on separate graduated
troﬂeys. Both the railings were graduated in ¢cm with permanent marker pens and with

paint.
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For clear water experiments, the working section of the flume commenced 30
cm away from the evenly perforated perspex sheet. Three energy dissipaters were
plabed a little distance from the sheet in a triangular fashion in this 30cm distance, to
make the flow more evenly distributed and break its turbulence and extra energy.

After that 30cm long and 11cm thick, bed of bricks and gravel are placed. This
brick bed is covered with coarse sand which is glued to it with cement slurry in order
to make the roughness coefficient of this section same as that of subsequent test bed
section. This bed was bounded by 11 cm solid perspex sheets on both upstream face
and down stream faces. -

Subsequent to this section, was introduced the test section of uniform sand bed
| of grain size dsp = 0.424 mm, 180 cm in length and 11cm in depth. The depth of the
section was calculated on the basis of the method given by Melville (1997) for
calculating equilibrium scour depth. Subsequent to " this section was placed same
arrangement of bricks, gravel with the sand cover over 30 cm length, as was placed

prior to sand bed section

3.2.2 . Flume Used In Second Phase

The second flume used was eleven meter long tilting flume, made of mild steel
with side walls made of transparent perspex sheet. Flume has an in-built up stream
tank of 40cm x 90 em x 115cm dimensions. The depth of flume is 50 cm and the
width is 50 em. Diagrammatic scheme is given in Fig. 3.2. The bed of flume is
supported on angle iron sections the lower ends of which are connected to a shaft,
placed lengthwise parallel to the central portion of flume below it. Shaft is movable
horizontally backwards and forwards with the help of a gearbox.and electric motor

such that if the shaft moves towards the direction of flow the front portion of flume
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moves upwards and lower portion moves downwards and vice versa. This is the
mechanism of changing the required slope. The water flowing in the flume falls into a
sump which 1s connected to an underground tank of 1.50 m x 1.5 m x 3 m dimensions.
From the under ground tank water is lifted with the help of a pump of 10 HP capacity.
10 ¢m diameter pipes carry water from the underground tank to the up stream tank.
The discharge is regulated with the help of a gate valve placed after the pump. A
venturimeter 1s placed at a distance of 180 cm from the gate value and 70 cm before
the bend of pipe leading to the top of upstream tank. The venturimeter is attached to

the mercury manometer,

3.2.3 Materials Used
The required sand of dsg = 0.4mm grain size was available from quite for off
places. Therefore raw material was procured from a crusher at Bahadurabad. This raw
mixturc was sieved through sieves of 0.6mm size and 0.3mm sieve. The coarse sand
retained on 300 micron gave uniform coarse sand material. The fine gravel of ds =
2.8mm was procured by sieving the material through 4mm and retaired it on 2mm

sieves. Their dsy was calculated as follows, ie.

dsy = {/a1az

where, a; =grain size of smaller sieve available in ¢close vicinity of required dso, and &
= grain size of larger sicve available in close vicinity of required dso.

YFor coarse sand steving was done in between sieves of 0.3 mm and 0.6 mm.
For sieve analysis the weight of coatse sand taken was equal to 1000 gm. Sieve

analysis of the sediment material of dsp = 0.424 mm is given in Table 3.1.
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Table 3.1 : The Sieve Analysis of the Sediment Material of dsp = 0.424 mm.

S.No. | Size of | Weight retained | % weight | Cumulative | % finer
sieve in mm | on this sieve in | retained in | finer in gm. in gm.
‘ gm. gm.

1 0.6 Nil Zero 1000 100

2. 0.5 295 29.5 705 70.5

3. 0.425 160 16 | 545 54.5

4. 0.400 70 7 | 475 47.5

5. 0.355 275 27.5 200 20

6. 0.300 200 20 Zero 0

The cumulative frequency curve for this coarse sand sediment with ds; =

0.424mm are given in Fig. 3.3. Fine gravel was sieved in between sieves of 2mm and

4mm. The weight of this material taken for sieve analysis was equal to 1000 gm. The

results are shown in Table 3.2.

Table 3.2: Sieve Analysis of the Sediment Material of dsp = 2.8 mm.

S.No. | Size of | Weight retained | % weight | Cumulative | % finer
sieve in mm | on this sieve gm | rationed in | finer in gm or gm
gm
1 4 Nil 0 1000 100
2. 3.35 130 13 870 87 ]
35 2.8 365 36.5 505 50.5
4, 2.6 430 43 75 1.5
5. 24 40 4 35 3.5
6. 2.36 10 1 25 2.5
7. A 25 2.5 Zero Zero

The cumulative frequency curve for this fine gravel sediment with dsq =

2.8mm is given in Fig. 3.4.

3.3 EXPERIMENTAL PROCEDURE

Experiments were conducted in the following steps

ey
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First flume was adjusted to required slope.
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FIG 3.4 : CUMMULATIVE FREQUENCY CURVE FOR
GRAVEL d;,=2.8mm, RANGING FROM 2mm TO4mm
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The depths of sediment test bed layers were fixed as per already calculated
depths at llem.

Pitot tubes, V-notch and the venturimeter were calibrated by the standard
procedures and their Cv and Cd were 0.918, 0.6885, 0.99 respectively.
Calibration chart for V-notch is given in Fig 3.5. The calibration chart for
pitot tube is given in Fig. 3.6.

The models were fixed in the layer of sand bed at right angle to the side wall
of the flume.

The required discharges were adjusted against required depth by hit and trial
adjustment of the tail-gate of flume and the gate valve of pump and readings
of venturimeter or V-notch, as the case used to be. |
Prior to conducting of each experimental run, the test bed section was leveled
with the help of spirit level and the plastic leveling instruments.

Velocities were measured at 8 different cross-sections for each experiment.

Those locations in x-axis were at:

(a) spur location itself, i.e. zero cm from spur model,

(a) Scm, 10 cm, 20 cm both up stream and down stream of spur, and

(b) 30cm down stream ‘of spur models also at any other sections if the need
arose.

At each section following grid points, Fig 3.7 were choosen for taking

measurements of velocities.

36



" Velocity cm/sec

- -
N &

e
°.

Discharge in liters

40 - ~

25 /,
20 .

/ 

|

‘0 2 4 . Nes_ gt 10 12 14 :16
" Height of water column at vertex. |

FIG. 3.5 : CALIRRATION OF V-NOTCH

55

50

45 - » A

35 a
30 g |

15—/
12/

0 2 4 6 8 10 12° 14 16
Vertical manometer differential head (mm)

FIG 3.6.: CALIBRATION CHART FOR PITOT TUBE
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FIG. NO. 3.7: GRID POINTS IN CROSS-SECTIONAL LOCATIONS ACROSS
THE FLUME FOR MEASUREMENTS OF VELOCITIES

(VIII) Maximum scour depths along the nose and shank of the spur model were
noted during the flow conditions after every 5min, 10min, 15min, 30min,
45min, 1hrs, then afier every half an hour till 4hrs. Afterwards regularly after
every hour as long as the experiment was run.

(IX) After equilibrium scour had reached, the flow was stopped and the profile of
whole scour hole and the deposition bar so developed were taken with the help
of levels measured by the pointer gauge at every lcm or 2e¢m grid in x and y
directions.

X) In order to trace the flow pattern of flow lines with the help of fleats, either
wax balls or aluminum foil chips were used. The trajectory of wax balls

mostly in close vicinity of spur, around its nose and through its slits and slots |
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were observed. Flow lines traced with the help of floats were used to see and

judge the protected distance on do»vnstream of the spur model.
(XI) Photographs were taken of the developed profiles from both upstream side
~view. and from downstream -side view, after the termination of the run.
Di'agramvs wefte alé.o drawn by visual inspection and actual dimensions in x, y
- and z direction .wefc .measured. .T.b_isz,was done-to ascertain the geometry of

the scour hole -anc} the deposition bar.

3.4 PHASE ONE MODEL EXPERIMENTS

It was intended at the first iﬁstance to try out.various perrheable spur models
of different types andf'shape‘s for the first phase of the study. Different models used
in the Phase lsf engriments are shown in »Fig.3.8 a to n. Some of the relevant
statistics of these models are given in the Table 3.3 a to k. In these Tables b = length
of sbur, y= debth_ of flow, h = the height of spur above bed level, %p = percentage
porosity of thé modt;ls, w = width or thickness of the quels. All the models were
nonsubmergéd. Modgis were fﬁadé Qp of persbéx‘ sheets iaaiﬁted with oil paint, except
sorr:1é Vpile 's,tructure‘s, whlichv were of wooden pencils. | The -ﬁrst model was of zero
permeability, reprgsenting solid. spur. After first ‘model of zero pérmeability, plate
models of vdifferent per‘mea‘l')ility were infroduced with differént shapes ‘of slots, slits
or holes in théfﬁ. Among them are:

(a) Model plates with round holes. Round holes started either from test bed
section or lcm above it.
(b) Plate .m(.)dels with horizontal and vertical slots. Slots started from test bed

section. Number of horizontal and vertical slots were either 2 or 3 in each
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X1 Xa X2 Xp X4

A 4

X 103 = length of solid portion in y-axis of the flume
X athb = length Of vertical slot pbrtion in y-a:_éis e
FIG-3.8 g : MODEL WITH 2 VERTICAL SLOTS THROUGH

OUT THE DEPTH OF FLOW

X1| Xa| Xa| Xp| X3| Xe|Xs y=h

11 cm

X 104 = length of solid portion in y-axis of the flume

Xawe= length of vertical slot portion in y-axis of the flume

FIG. 3.8 h : MODEL WITH 3 VERTICAL SLOTS THROUGH

OUT THE DEPTH OF FLOW
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Bank orRigid 475cm

Wall of flume 0.85¢cm 4.5cm 0.85icm

FIG. 3.8 k : SINGLE ROW PILE SPUR MODEL MADE

WITH TWO WOODEN PENCILS
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FIG-3.8 m : TWO PARALLEL ROWS PILE SPUR MODEL

MADE WITH EIGHT WOODEN PENCILS
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 Table 3.3 a : Pertinent data related to experiment on solid spur (fig. 3.8a)

| Case |bem | hem % p -obtained
A-1 5 8 0
A-2 10 8 0
A-3 10 10 0
A-4 5 10 0

Table 3.3 b : Pertinent data related to experiment on spur model with

round holes of 6 mm dia. (fig. 3.8 b)

Case becm | hem % p-obtained
B-1 5 8 31
B-2 10 8 31
B-3 10 10 31
B-4 5 10 31

Table 3.3 ¢ : Pertinent data related to experiment on spur model with

alternate rows of round holes of dia. 1cm and 4mm (fig. 3.8 ¢)

Case |[bem | h=ycm | % p -obtained
B-1 |5 8 58
B-2 110 8 58
B-3 |10 10 58
B-4 |5 10 58

Table 3.3 d : Pertinent data related to experiment on spur model with two

rectangular holes in each rows. Two row in 8cm depth &

three rows in 10 cm depth (Fig. 3.8 d)

Case | b | xjtoxy | Xatox. | h=y | y.toy, |yitoy; % p
cm cm cm em cm cm obtained
CA-1] 5 1.75 0.5 10 3 1 57
CA-2 | 10 3.5 I 10 3 1 58
CA-3 5 1.75 0.5 8 3 1 55
CA-4 | 10 3.5 i 8 3 1 55
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Table 3.3 e : Pertinent data related to experiment on spur model with

three rectangular holes in each row. The holes in the mid

stream are open in mid stream side. Two rows in

8cm depth & three rows in 10 cm depth (fig. 3.8 e~ 3.8 f)

Case |bem {x; t0 X3 | X, to Xc|h =y |ysto yc|yitoy,| %P

cm cm cm cm cm obtained
CB-1 5 1 0.5 8 3 1 57
CB2| 10 | 2352 1 10 3 1 58
CB-3 5 1 0.5 10 3 1 55
CB-4 | 10 2.5/2 1 8 3 1 55

Table 3.3 f : Pertinent data related to experiment on spur model with two

vertical slots. Slots start from the test bed surface and are

open on top (fig. 3.8 g)

Case b em x;toxzem | X, to x| h=y % p obtained
cm
DA-1 10 2 2 10 42
DA-2 S 1 1 10 40
DA-3 10 2 2 8 42.
DA-4 5 1 1 8 40 h
DA-5 S 0.83 1.25 -8 51
DA-6 10 1.67 2=5 8 50
DA-7 S 0.83 1.25 10 51
DA | 10 1.67 25 10 50
DA-9 10 2.33 1.5 10 31
DA-10 5 1.16 0.75 10 33
DA-11 5 1.16 0.75 8 33
DA-12 10 2.33 1.5 8 31
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Table 3.3 ¢ : Pertinent data related to experiments on spur model with

three vertical slots. Slots start from the test bed

surface and are open on top (Fig. 3.8 b)

Case bcem | x;to x4 cm X, t0 X, cm h =y | % p obtained
DB-1 10 1.25 1.67 8 54
DB-2 5 0.625 0.83 8 51
DB-3 10 1.25 1.67 10 54
DB-4 S 0.625 0.83 10 51
DB-5 5 0.75 0.66 8 42
DB-6 10 1.5 1.34 8 42
DB-7 5 0.75 0.66 10 42
DB-8 10 1.5 1.34 10 42
DB-9 10 1.75 ] 10 36
DB-10 5 0.87 0.5 10 33
DBl | 5 087 05 3 36
DB-12 10 1.75 1 8 33

Table 3.3 h : Pertinent data related to experiments on spur model with

horizontal slots. Three rectangular, horizontally placed slots in 10 cm

depth & two slots in 8cm depth. Slots are closed on mid stream side. |

slot starts from bed level (Fig, 3.8i)

Case | bem | xyem | X,toxp | h=y | yitoys yatoye % p
em cm cm obtained
EA-1 5 4 0.5 10 2 2 50
EA-2 | 10 8 1 10 i 2 ' 49
EA-3 5 4 0.5 8 2 2 43
EA-4 | 10 8 1 8 2 2 41

Acc. No.eauanen..n,
Dateeesverreeinnvr e,
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Table 3.3 i : Pertinent data related to experiments on spur model with

horizontal slots open on mid stream side. Three rectangular, horizontally

placed slots in 10 ¢cm depth & two slots in 8cm depth. 1% slot starts from
bed level (Fig. 3.8 j)

Case | bem | xyem | Xaem | h=y | yitoy; | ya.toy. % p
cm cm obtained
EB-1 5 4 1 8 2 2 40
EB-2 10 9 1 8 2 2 45
EB-3 5 4 1 10 2 2 48
EB-4 10 9 1 10 2 2 54

Table 3.3 j: Pertinent data related to experiments on pile spur model in

form of pencils dia 0.85 cm each (Fig. 3.8 kto3.81)

Case | b cm | Spacing edge to edge h =y % p obtained
cm

FA-1 | 10.7 4.5 10 84

FA-2 | 10.7 4.5 8 84

FA-3 | 16.9 4.5 10 78

FA-4 | 158 4.5 8 78

Table 3.3 k : pertinent data related to experiments on two parallel rows

of pile spur model in form of plate and pencils dia 0.85 cm
each (fig.3.8m to 3.8.n)

Case b Spacing with in | Spacing in h =y %p
cm row edge to edge | between two obtained
cm rows cm
FB-1 | 19.5 5.5 5 10 80
FB-2 | 17 5.5 5 § 76
FB-3 10 5.5 5 10 51
FB-4 10 5.5 5 8 51
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plate, with different % of permeabilities in cach type, intended to be around
30%, 40% and 50% range.

()  Bamboo piles were modeled with wooden pencils of 0.85¢m diameter and the
spacing between the pencils in each row were created according to thumb
rules employed in the field and similarly spacing in between the rows too was
established proportional to the spacing employed in the field on the basis of
some thumb rules.

(d)  Besides above mentioned ones, other gfoup of 8 models all 10cm in length,

had 60% porosity. But differed in terms of model types with shapes of slits,

slots and holes.

Thickness of Smm was maintained for all plate models. All the models had
free board above total water depth. Their exact % of permeabilities are mentioned in
tables along with each experimental description.

[n this phase of experiments, simulation runs in a 50cm wide and 350cm long,
tilting & mobile bed flume, as shown in Fig. 3.1, were made with 21 nos. of different
physical spur models. The permeable spur models of two blockage ratios with varying
degrees of permeability from 0% to 84% were used. 68 no. of experiments were
conducted. The varying lengths ;)f the spur models taken were Scm and 10cm,
discharges were 0.00625 cumecs and 0.00992 cumecs, and the depths of flow were
maintained at 8cm and 10cm.  All these experiments were conducted with same
uniform bed material of dsp equal to 0.424 mm. The bed slope was kept constant at 1
in 5000. 1, the bed shear stress calculated was 0.216 N/m® while as the critical bed
shear stress calculated was 0.233 N/m’. The experiments were run for maximum of

12hrs. to min of 4 hrs. as per the development of the equilibrium scour. Two Froude
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nos., i.e. 0.176 and 0.20027 were maintained. All the experiments were conducted in
clear water conditions.

In first set of 30 lab experiments, flow was adjusted to be less than critical
conditions for particle movement on the approach bed, so the average approach
velocity established was 0.156m/sec. In second set of 38 experiments, again in clear
water conditions, the discharge and the water depth of flow were adjusted near to but
less than critical conditions, such that ripple bed features were created as a
consequence of inducing the models. In this case, the average approach velocity
established was 0.198m/sec. The Table relate;i to details of experiments and
experimental data of these experiments are given in the appendix in Tables A-1, A-
A, A-B, A-CA, A-CB, A-DA, A-DB, A-EA, A-EB, A-FA, and A-FB.

The transverse and longitudinal velocities along three different depths,
protected distance down stream of spur model, temporal variation of scour around the
models, equilibrium scour depth and the bed profile on a close grid after the closure
of discharge were the parameters which were mcasurea for every experimental run.
The ranges of equilibrium scour depth found for different models was from minirvnum
of 12mm for pile spur model to maximum of 103mm for solid spur models. Similarly
the ranges of proiected distance down stream of spur model were found to be
minimum of 5¢cm to maximum of 1.8m. Photo graphs from different angles were also
taken after draining of all thé water from the flume, for all the experiments. 17 of
such photographs from the first phase have been attached in the thesis to highlight the
scour profile of those particular spur models (Plate no. 3.1 to 3.17).

On the basis of above investigation the pile model developing least depth of

scour was selected for extensive experimentation in second phase.
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PLATE- 3.1 : SCOUR AROUND EXPERIMENTAL
RUN NO. A-3

PLATE-3.2 : SCOUR AROUND EXPERIMENTAL
RUNNO. B-2
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PLATE- 3.3 : SCOUR AROUND EXPERIMENTAL
RUN NO. B-6

9



PLATE- 3.4: SCOUR AROUND EXPERIMENTAL
RUN NO. CA-2
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PLATE- 3.5 : SCOUR AROUND EXPERIMENTAL
RUNNO. CB-3

PLATE- 3.6 : SCOUR AROUND EXPERIMENTAL
RUN NO. DA-1
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PLATE- 3.7: SCOUR AROUND EXPERIMENTAL
RUN NO. DA-8

PLATE- 3.8: SCOUR AROUND EXPERIMENTAL
RUN NO. DA-9
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PLATE-3.9 : SCOUR AROUND EXPERIMENTAL
RUN NO. DB-4

PLATE- 3.10 : SCOUR AROUND EXPERIMENTAL
RUNNO. DB-8
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PLATE- 3.11 : SCOUR AROUND EXPERIMENTAL
RUNNO. DB- 10
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PLATE- 3.12 : SCOUR AROUND EXPERIMENTAL
RUNNO. DB-13

PLATE- 3.13 : SCOUR AROUND EXPERIMENTAL
RUN NO. EA -2
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PLATE- 3.14 : SCOUR AROUND EXPERIMENTAL
RUN NO. EB-4

PLATE- 3.15 : SCOUR AROUND EXPERIMENTAL
RUN NO. FA -3
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PLATE- 3.16 : SCOUR AROUND EXPERIMENTAL
RUN NO. FB-2

PLATE-3.17 : SCOUR AROUND EXPERIMENTAL
RUNNO. FB-3
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3.5 PHASE TWO PILE SPUR EXPERIMENTS

In this phase of experiments, cxperimental runs were made in a longer,
tilting flume 1.e. 50cm wide and | 1m long mobile bed flume, as shown in Fig. 3.2,
‘The permeable pile spur models of two blockage ratios with 5 different percentages of
permeabilities varying from 15% to 80% were made with 30cm long pencils of
0.85cm diameter. Total of 80 experiments were conducted in this phase in two sets.
1% set of 30 experiments were done with uniform coarse sand of dso equal to 0.424mm
and 2" set of 50 experiments were done with uniform fine gravel of dso equal to
2.8mm. The varying lengths of the spur models taken were 5cm and 10cm. Three
different discharges were taken on uniform coarse sand bed ranging from 0.006
cumecs to 0.0149 cumecs and five different discharges were taken on uniform fine
gravel bed ranging from 0.0067 cumecs to 0.027 cumecs, the depths of flow were
maintained at 10cm and 11cm respectively in two bed materials. The bed slope were
kept constant at 1 in 5000 and 1 in 2000 respectively in two bed materials. ty, the bed

shear stress calculated was 0.37 N/m® where as the critical bed shear stress calculated
was 2.27 N/m?® for dsg=2.8mm. The experiments were run for maximum of 8§ hrs. to
min of 4 hrs. as per the development of the equilibrium scour. Three Froude nos.
ranging from 0.12 to 0.3 were created for sand bed and five Froude nos. ranging from
0.12 to 0.48 were created for gravel bed. All the experiments were conducted in clear
water conditions.

In first set of 30 lab experiments, in sand bed flow was adjusted to less than
critical conditions for particle movement on the approach bed and also were adjusted
equal to critical conditions, s0 the average approach velocity established was ranging

from 0.119 m/sec to 0.298 m/sec. In second set of 50 experiments in gravel bed, again
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in clear water conditions the discharge and the water depth of flow were adjusted less
than critical conditions, so the average approach velocity established was ranging
from 0.125 m/sec to 0.502 m/sec. The Table of classification and experimental data of
these experiments are given in the appendix in Tables A-P, A-PS, A-PA, A-PB, A-
PC, A-PD, A-PE, A-PSA, A-PSB, A-PSC, A-PSD and A-PSE.

The transverse and longitudinal velocities along threc different depths,
protected distance down stream of spur model, temporal variation of scour around the
models, equilibrium scour depth and the bed profile on a close grid after the closure
of discharge were the parameters which were measured for every experimental run.
The ranges of equilibrium scour depth found for different models were from
minimum of 9mm to maximum of 95mm in sand bed and from minimum of 4mm to
maximum of 60mm in gravel bed were observed. Similarly, the ranges of protected
distance down stream of spur model were found to be minimum of 2cm (0 maximum
of 90cm. For all the experiments, photographs from different angles were also taken
after draining of all the water from the flume. Two photographs from this second
phase have been attached in the thesis to highlight the scour profile of these particular
pile spur models (Plate no. 3.18 to 3.19).

In order to validate the model based on this phase of experimentation, third

phase of experiments were taken up in Solan: river.

3.6 PHASE THREE FIELD EXPERIMENTS

Four bamboo spurs were constructed in River Solani 7 Km away from the
place of study. The permeabilities of these spurs varied from 20% to 80%. They were
constructed 50 m apart from each other. After considering a blockage ratio of 10%,
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PLATE- 3.18 : SCOUR AROUND EXPERIMENTAL
RUN NO. P2A -3

PLATE- 3.19 : SCOUR AROUND EXPERIMENTAL
RUN NO. PS2C -3
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bamboos of 6 cm diameter were driven into river bed from one bank towards the
middle of river up to a length of 3m cach. The river widths measured over the spur
locations were 30m each. Four permeable spurs constructed were of 20% , 40% , 60%
and 80% permeabilities. The bamboos were kept at equal spacing within each spur as
per the % of permeability. Bamboos were driven 1m to 1.5m deep in to the river bed
with the help of hammers according to the ease of driving. All the bamboos within
each spur were tied among themselves with very thick ropes, which were anchored
to the bank. The photograph of the each bamboo pile spur in river Solani are attached

(Plate n0.3.20 to 3.23).

3.6.1 Field Experimental Procedure
Maximum scour depth was measured around all permeable spurs vis a vis the
discharge in the river; both parameters were measured regularly after every 24 hours.
Following measurements were also taken.
(1)  The grain size distribution of the bed material was checked by the standard
methods. Samples taken were dried in electrical oven for 5 days to 6 days.
Every where around all spurs the river bed grains were found uniform of size

dy 021
d, 020

dsp = 0.21mm with o ,standard deviation I. Table no. 3.4

shows the sieve analysis of the bed material of this river at the construction .

spots.
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Table No. 3.4: The Sieve Analysis Of The Bed Material Of River

Solani At The Spur Construction Spots.

Sl. | Size of | Wt retained { %  wt. | Cumulat-| Cummulative

No. | sieves | on sieves in | Retained | ive finer | % finer
inmm | gm. in gm gms.

1. 0.85 3 0.6 497 99.4

2. 0425 |7 1.4 490 98

3. 0.3 30 6 460 92

4, 0.15 420 84 40 8

5. 0.75 30 6 10 2

6. Pan 10 2 0 0

(2)  The initial bed levels of the river and the max scour depth after every 24hrs
were measured against a bench mark with the help of dumpy level at all the
spur locations.

(3)  Discharge variations were measured throughout this duration by the
measurement of velocities and depths at every one meter distance along the
river cross sections near the spurs. The discharges were calculated by
integration of area velocity method.

) The slope of the river was calculated with the help of Dumpy level by reading
the difference in level of water surface at different sections over a distance of

500 m. which showed the slope of river as 1 in thousand.

The Table pertaining to details of experiments and experimental data of these

experiments are given in the appendix in Tables A-R and A-RS.

3.7 SUMMARY

The details pertaining to experiments conducted in various phases are
described to assess the findings of the present study. Details of flumes, although not

necessary, are presented to highlight the fact the phase one experiments which are
68



PLATE-3.20 : SPUR MODEL RA WITH 20% PERMEABILITY AT
° ROORKEE IN RIVER SOLANI

PLATE- 3.21 : SPUR MODEL RB WITH 40% PERMEABILITY AT
ROORKEE IN RIVER SOLANI
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PLATE-3.22 : SPUR MODEL RC WITH 60% PERMEABILITY AT
ROORKEE IN RIVER SOLANI

PLATE- 3.23 : SPUR MODEL RD WITH 80% PERMEABILITY AT
ROORKEE IN RIVER SOLANI

70



conducted in a flume of smaller length, are only trial runs to identify the permeable
spurs with minimum scour. No analysis of phase I is performed except the scour
obtained in this phase has been used to ascertain the role of different parameters such
as porosity and Froude number. Also it has indicated that pile spurs experience

minimum scour. This fact led to the planning of second phase experiments.
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CHAPTER 4

PRELIMINARY ASSESSMENT OF SCOUR
"AROUND DIFFERENT PERMEABLE SPURS

4.1 INTRODUCTION

Considering the fact that in field conditions, permeable spurs of different tjpe
have been used, a set of 68 experiments were performed in phase I of this study to
monitor behaviour of some of these spurs,. The aobjective of these experiments was to
identify the permeéble spur in which the minimum scour occurred at the nose of the
pier. For identical conditions of flow and geometry of piers, the pattern of scour
around the nose of spurs were compared to identify the permeable spur corresponding
to minimum scour. It is also apparent from different plates, shown in Chapter 3, that
the scour is minimum in case of permeable pile spurs. Thus, no expliéit analysis for
identification of the permeable spur with minimum scour is considered necessary.
Rather for the modeling of scour around permeable piie spurs, certain analysis
including use of exisfing models is considered relevant. Based on the review of
literature on scour, it is considered to use Melville’s approach because of its
applicability to model scour around bride piers as well as abutments. Prior to testing
this approach, it was considered desirable to test this against the past experiments
performed at Roorkee, and not tested so far using this approach. The chapter begins
with the essentials of Melville's approach and its evaluation with a large number of
solid spur experiments conducted at Roorkee in the past. The feasiblity of using

Melville’s appfoach to permeable pile spurs is also examined. Later, some of the bed
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profiles are shown in this chapter for case of permeable pile spurs to highlight the
influence of porosity as well as Froude number on scour and this feature is utilized to

develop a rigorous approach of steady state scour modeling in next Chapter.

4.2 ASSESSMENT OF MELVILLE'S APPROACH

Assuming constant density of sediment and the absence of viscous effects, an
expression for d , at a spur of length "b’ in a uniform sediment, can be written as

follows

P ), dso t
s — —_ 4.1
f(V A @D

where, dso = median grain size of sediment, y = mean depth of approach flow:
t = time at any stage of scour hole development, V., = threshold velocity for bed

sediment entrainment,

v} = flow intensity; ( X) = flow shallowness

% b

[ﬁ) = sediment coarseness; and % = time ratio,
b

The scour depth changes with flow intensity can be explained in terms of the
balance between sediment input to and output from the scour hole, For clear water
scout there is no sediment input. Melville (1997), Shen et al. (1966), Ettema (1980)
and Chiew (1984) have noticed such trends in case of bridge piers.

Rouse (1940) and Doddiah ét al. (1953) stated that the scour depth is directly
proportional to a geometric progression of time. ‘According to Liu and Skinner (1960),
the scour depth increases indefinitely in the absence of sediment supply to the scour

hole from upstream. Because equilibrium clear water scour depth is reached
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asymptotically with time, it can take a very long time for equilibrium scour hole to

form. Melville and Chiew (1999) use t_, as the time at which the scour hole
develops to a depth (the equilibrium depth, d‘se ) at which the rate of increase of scour
does not exceed 5% of the pier diameter in the succeedihg 24 hour period, i.e.,

dd ) 0.05b
d ~— 24K

(4.2)

The method with addition of time factor and simplified to apply to spurs found

in uniform sediments can be written as (Melville 1997).
d = K,K, K, KK, K; K, , (4.3)

These K's are empirical expressions, also called as effectiveness factors in the present
study, account for the various influences on scour depth as follows: Ky, = empirical
coefficient for depth of flow and length of spur, X, = empirical coefficient for flow
intensity, K4 = empirical coefficient for sediment grain size, K= empirical coefficient
for time ratio, Ko = empirical coefficient for spur orientation with 0 being inclination
of spur té the direction of ﬂow,_ K= empiﬁcal coefﬁcient} for spur shape and K, =
empirical coefficient for channel geometry.r

For estimations of scour depth d; at any time, K's are given as follows, by

Melville (1997).
K,=2b for biy <1 . (4.4a)
K,=2Jyb  for 1<bly<25 (4.4b)
K,=10y for b/y>25 (4.4¢)
K, =VIV, for VIV, <1
K, =1 for VIV,>1 | - (4.52)
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V. =U., 5.57l0g(5.53 ay—) (4.5b)

50

U.. = T, (4.5¢)
P

K, = 057 log(2.24b/d,,) for b/d, <25 (4.6a)

K, =1 for b/d,, >25 (4.6b)

Ineq. 4.5, 7. is the critical shear stress of sediment and pr is the density of fluid.

Richardson et al. (1993) gave values for Kg for abutments, which are

consistent with the Laursen and Toch (1956) curve and are shown in Table 4.1.

Table 4.1 : K gversus 0 after Richardson et al. (1993)

6% o] 15] 30| 45 60 90| 120| 150

Kol -- --1 0.9 = ~0.97 11 1.06 | 1.08

Channel geometry effects are unimportant as long as the velocity and depth of
flow used is represented by the flow shallowness y/b. Kg is included in Ky for a
rectangular channel, as seen in above equations for K,,. However, it is to be
calculated differently for compound channel comprising of flood plain and main
channel (Melville 1997). Therefore, for rectangular channels K, = 1.

For ﬁircular piers or vertical wall abutments oriented perpendicular to the
flow, Ky, represents the maximum possible scour depth. Values of K,, K4 and K, are

always <1 and the effect of each of these factors is to reduce the scour depth given by
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Ky» for abutments or spurs oriented obliquely to the channel. Slightly larger scour

depth than given by Ky, can occur if Kg lies between 1 tol.1.
Melville (1997) has suggested the values of K, for sbutments as given in Table 4. 2.

Table 4.2 : K, for abutments after Melville (1997) |

For Shape | HV | K,
 Abutments | Vertical wall|  -- 1
Wing wall 0.75

‘ Spill through | 0.5:1 0.6
Spill through { 1:1} 0.5
Spill through | 1.5:1 | 0.45

4.3 DATA ANALYSIS

Five different sets of data for scour depths as observed in laboratories were
taken. These are by Garde and Subtamanya (1960,1961), Nambudripad (1961), Ramu
(1964), Tyagi (1967, 1973) and Singh (1993). The range of their data is given in
Table 4.3 where in ‘B’ denotes the flume width. |

The mean approach velocity was éé!.culated using the continuity equation. The
critical shear stress ‘t;’ was calculated using Shields' diagram (Garde and Ranga
Raju, 1985). V; was calculated using equation (4.5b). The values of Ks K, K,
happened't_o be | each in all the cases. K was a.s._s.uméd as 1 as different investigators

termed their scour depth as equilibrium scour dépth. Ranges of dimensionless

parameters considered by different investigators are given in Table 4.4. The
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Table 4. 3 : Range of parameters used by different investigators and the
observed {ds,) and calculated (dsm) scour depths

hr. | of |mm | mm | m'sec | mm 10° | gm/ec
Runs mm | M mm
m
Garde & 45 610 | 102 | 0.0040 0.29 1.66 |9 2,69 |34 43 | 91.6
Subramanya | to to to to to to | to
(1960, S 287 | 0.0252 40 189 179 | 363.3
1961)
Nambud- 3 33 610 0.0113 0.29 138 |11 269 |64 6 73.4
ripad to to to to to to to to | to
(1961) 5 - 0.0510 2.25 2.08 |50 275 | 244 155 1 201.3
Ramu Ist 3 26 914 | 168 | 0.0425 7.50 133 {294 ;268 74 49 112330
series (1964) | to to to & & & to to | to
5 457 | 0.0849 10.5 1.21 270 | 140 224 | 3347
Ramu 2nd 3 35 990 | 165 | 0.023 2.15 139 | 294 | 269 |52 34 | 243
series (1964) | to to to & & & to to |to
5 500 | 0.057 4.00 1.50 272 | 158 226 | 334.7
Tyagi 2 42 610 | 61to | 0.004 2.48 1.15 0.00 | 1.05 21 17 | 84.87
(1967,1973) | to 207 | to & & & to to to
4 0.125 4.05 1.31 1.50 | 151 267 | 353.93
Singh 3 3 600 | 120 | 0.008 0.525 }1.18 |10 265 |36 115 | 13145
(1993) to to55 {to |to
0.014 143 | 162.48
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Table 4.4 : Range of dimensionless parameters taken by different

investigators.
SI. No. Authors Bly ViVe b/dso
1. Garde and 0.66 0.397 351.27
Subramanya. to to to
(1960, 1961) ey, 1.25 988.61
2. Nambudripad 0.41 0.365 44.73
(1961) to to to
‘ 2.19 1.467 347.069
3.(a) Ramu lst Series 1.34 0.438 22.423
(1964) to to to
5.78 0.953 59.1
(b) Ramu 2nd Series 1.19 0.055 41.58
(1964) to to to
6.85 0.974 422797
4. Tyagi 0.47 0.622 15.062
(1967, 1973) to to to
9.02 2.019 83.63
5. ~Singh 2.18 1.35 228.57
- (1993) ol > to
383

1.52
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agreement between computed scour depth (using Melville’s approach) and the
obser\}ed scour depths in respect of the runs of different investigators are given in
Figs. 4.1 - 4.5. Th;e lines corresponding t0 ‘dgem = 2dso’, ‘deem = dso” and ‘dsem =
0.5ds,” are also shown in these figures to assess the performance of Melville’s

relationship for the data of different investigators.

4.4 RESULTS AND DISCUSSION

As many as 184 runs related to scour around single solid spur have been used
in this study. The abproach of Melville (1997), which has been found successful
against a large number of available data in the literature does not hold good in the
present analysis. One of the possible reasons for this may be that the relationships for
piers and abutments are not suited to describe scour around solid spurs. However, this
reasoning is ill founded as a lot of similarity exists between the flow around
abutments and solid spur. Having accepted this, one can also question the use of K; as
one n the present analysis. As the run lengths for the data used in this study seldom
exceed six hours, it is also possible to question these data as the representative of
equilibrium scour depth as per Melville’s criteria. This means that the data used in
the present analysis are certain fraction (less than one) of the real equilibrium scour
depth, which would have taken a much longer time to develop. On an average, it can
be observed from Table 4.5 that for more than 90% of the data, calculated scour depth
exceeds the observed scour depth. At present, no relationship exists to compute
equilibrium scour time in case of flow around either abutments or spurs. Thus, a
precise evaluation of scour around spurs at any time is currently not feasible and this

requires further investigations.
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FIG 4.1, AGREEMENT BETWEEN COMPUTED (MELVILLE'S
APPROACH 1999) AND OBSERVED SCOUR DEPTHS (GARDE &
SUBRAMANYA1961) ’
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FIG 4.2 AGREEMENT BETWEEN COMPUTED (MELVILLE’'S
APPROACH 1999) AND OBSERVED SCOUR DEPTHS
(NAMBUDRIPAD 1961)
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Table 4.5 : Performance evaluation of Melville (1997) relationship.

SL Source No. of % of data with % of data with
No. data
dsem>dso | dsem>2dse | deem™2dso | dsem<0.5dse | dsem< dso
1. Garde and 45 97.78 48.89 - 2.22
Subramanya
(1960, 1961)
2. | Nambudripad 33 96.97 4545 - 3.03
(1961)
3. Ramu 1st Series | 26 100 15.38 3.85 -
(1964)
Ramu 2nd | 35 94.29 22.85 2.86 ‘2.86 2.86
Series (1964)
4 | Tyagi 42 92.86 | 52.38 7.14 7.14
| (1967, 1973)
5. Singh 3 100 - J 3
(1993)
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If one agrees to the experimentat findings of Melville (1997) that equilibrium
time can be much larger than 3 to 6 hours, it is fair to say that the relationships based
on the data used in this study require further retrospection in terms of their utility to

equilibrium scour depth computations.

4.5 TESTING OF MELVILLE’S APPROACH USING
PERMEABLE SPUR EXPERIMENTS

In order to study the feasibility of using Melville’s approach for permeable
spurs, one possible approach is to develop an effectiveness factor or K vahe
corresponding to a given porosity. Let the scour depth computed by Melville’s
approach is dgm by treating permeable spur as a solid spur. Thus, the effectiveness
factor to account for the effect of porosity can be represented by the ratio de/dsem.

Thus, attempts were fnade to develop plots between the ratio of dy/dem With
porosity for different sets of experiments. Fig. 4.6 a to d, shows some of these
variations. It can be seen that the data do not collapse on a single curve, thus making
it difficult to suggest a ratio.nal formula for the effectiveness factor. In view of Fig. 4.6
a to d, it was decided to develop another model for the experiments in phase II. A
prelirhinary analysis t:owards this was also attempted to identify the important

parameters with the help of visual interptetation of the bed profiles, as described next.
4.6 BED PROFILES IN CASE OF PERMEABLE SPURS

Study of bed profiles may be used to infer a lot. Indirectly, it reflects the

intensity of flow at any point within the flow domain. If a point in the bed experiences
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scour, it means that the velocity is higher at that point in comparison to a point where
depoéition has taken place.

It is prefered to show interpolated bed profiles for experiment nos. P1ES and
P1A5 in Fig. 4.7 and Fig. 4.8 respectively. In each of these figures, the Froude
number is 0.48 and the length of spur are Scm with the porosity of the permeable pile
spurs being 80% and 15% respectively. It can be seen that at high porosity, the

tendency of scour is reduced significantly in comparison to that at lesser porosity.

4.7 SUMMARY

Assessment of Melville's approach is made Based on the analysis of 184
experiments on scour around solid spurs, it was observed that Melville’s approach
vielded higher values of calculated scour depths for more than 90% of data. These
values would have been lower with the use of K-factor for the time. Development of
K-factor for the time is necessary to model scour around solid spurs and it is advisable
to conduct experiments for a longer time to see if Melville’s observation of scour
around bridge piers and abutments get fulfilled in case of solid spurs also. Feasibilty
of using Melville’s approach to permeable spurs has been examined and the bed
profiles are interpreted to identify the important variables influencing scour around

permeable spurs.
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CHAPTER 5
e __—___

STEADY STATE MODELLING OF SCOUR

5.1 INTRODUCTION

In previous chapter, scour around different types of permeable spurs was
described by subjecting these spurs to the action of steady flows. It was also observed
that the minimum scour occurs ground pile spurs. Considering the importance of these
in Indian conditions, a large number of experiments were also performed and details
of these experiments along with experimental data is included in Chapter 3. To get
proper advantages of these experimental data, it is necessary to analyse these and
develop some useful relationships for the estimation of equilibrium scour. The present

chapter is an attempt in this direction.
5.2 FUNCTIONAL RELATIONSHIPS FOR SCOUR

Considering the fact that a large number of studies including those available to
d-escribe scour around bridge piers deal with a obstructed flow situation, it is logical
to assume that the local scour around pile spurs will have similar dependency on
variables describing flow, fluid, sediment and geometry .

For describing scour around spurs, Garde (1961) has identified the pertinent

variables as follows: mean flow velocity V, average depth of flow y, mass density of

water p, difference in specific wt. Ay, dynamic viscosity pt, median size of sediment
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d, standard deviation o, difference in specific weight between sediment and water Ays,
channel width B, pier’s width w, piér length b, shape parameters describing geometry
of pier cross section £, and angle of inclination 0. In terms of these parameters, the

following expression of scour depth, D, relative to water surface was proposed by

Garde (1961) as
Dy = f(V,y,pf,A;v,u,dso,G, Ay B,b,w,E,6) (5.1

Using dimensionless analysis, equation (5.1) can be written as

D B d me 174 4AS
L 8 G iy < e DA (5.2)
y y oy vy g U3 0% b

In equation (5.2), @ is settling velocity of sediment particle. In equation (5.2), some of

the dimensionless terms including [E,—L—i—and thave beenn found to be not very
Yol y

important and for these reasons they have been also ignored. A simplified form of the

dimensionless relationship for the scour depth has been proposed as follows.

Dyl
y o
(5.3)
Ineq. (5.3),
B-b
Q =
B
(5.48)
and
P
Jer
(5.4b)
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In eq. (5.3), K and n are functions of coefficient of drag. In the literature, K has been

also expressed as

K=Amn M2 ns | (5.4¢c)
The coefficients 1, 1, and 12 have been further related to CD,%,F,.etc.

As the present series of experiments have been performed under a limited state

of conditions represented by two values of d and two values of b, it is not possible to
perform a detailed investigation into variability of 1, m2, and ns. For these reasons, an

‘at"tempt 1s made to ,Acal,ibrate:: a ;elationship of the following form.
d .

S g Rt G
- B

(5.5)
In eq. (5.5), @' is an empirical constant. For the spur with certain porosity, p, the

parameter {} is defined as follows.

B-b

P = S oiby

(5.6)

In eq. (5.6), p is porosity in percentage. The use of parameter B is valid for the present

experiments having variation of p between 20 to 80.
5.3 CALIBRATION OF THE SCOUR RELATIONSHIP

To calibtate the parameters «', n; and r, the following error metric, E, is used.

- 100 Z|observed scour depth - computed scour depth| (5.7)

N observed scour depth l
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Equation (5.5) involves three unknown parameters. To have some idea about
these parameters, one can procesls these scour observations in the following manner.
Let us consider the experiment nos. PI1A-1, PIA-2, P1A-3, P1A-4, and PIA-5. For
these experiments, parameter beta is constant. Thus, if scour depth is plotted with

respect to Froude number, one can have the following variation
d, =153.77 F*° (5.8)

The above variation is shown in Fig. 5.1. In eq. (5.8), the computed scour
depth dy, is in mm. Similarly, for experiments no. P1A-1, P1B-1,P1C-1, P1D-1, and
P1E-1, one can observe that in these experiments, F, remains constant while the
parameter beta varies in these experiments. Processing of scour data in these
experiments leads to the following variation

d,, =1.5615 g** (5.9

The plot of eq. {(5.9) is shown in Fig. 5. 2. In eq. (5.9), the computed scour
depth is in mm.

Equations (5.8) and (5.9) provide the basis for deciding the preliminary
values/ranges of various model parameters. Using various combinations of these
parameters, the relationships with minimum value of E were obtained for different
sets of data.

For the experiments with dso = 2.8 mm, flume width B= 50 cm and b = 5 c¢m,

the following relationship has been calibrated

dsc — 20'51Frl,2]l7ﬂ.3649 (510)

The error metric in obtaining ¢q. (5.10) was obtained as 7.93%.
Similarly for the experiments with ds; = 2.8 mm, b = 10 ¢m, the following

relationship is calibrated as
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d_ =20.51F"2" g% (5.11)

The error metric associated with eq. (5.9) 15 5.32 %.
For experiménts with dsy as 0.424 mm and b = 5 cm, the relationship of

similar nature has been obtained as follows.
d, =52.67 F*'7 p2¥ (5.12)

Average error in obtaining eq. (5.12) was 6.9%.

Similarly for dso= 0.424 mxm and b = 10 cm, the relationship was obtained as

d, =52.67EF"*" g2 (5.13)

Average error in obtaining eq. (5.13) has been 12.05%.

It is interesting to see from (5.10) to (5.13) that the exponent of B is 0.3649 for
b= 35 cmand is around 0.6 for b = 10 cm. In egs. (5.10) —(5.13), the scour depth is in
mm,

The performance of the calibrated relationships is shown in Fig. 5.3a-5.3d.

Also, the error lines are shown in these figures for assessing the merit of calibration in

developing eqs. (5.10) to (5.13).
5.4 CALIBRATION OF DIMENSIONLESS RELATIONSHIPS _

Eqgs.(5.10)-(5.13) are not dimensionless in nature. These equations can be
recast into a series of dimensionless relationships. For example, non-dimensionalizing

dsc as dso/w, where w is the width or diameter of a spur may lead to following form of

eqgs. 5.10-5.13, respectively.
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d

; .___ 2.413F;1,21|7ﬁ.3649 (5.14)
dsc 12117 £3.605

== =2413F yox (5.15)
"dsc . 12117 3649

'W =6:197 F, Jé] (5.16)
d s 12117 16226

= 6197 FY | | BNERT)

- Similarly, if dg is non-dimensionalized as ds/d, egs. 5.10 to 5.13 may be

transformed to eqs. (5.18)~(5.21), respectively,

d

c_;c . 7.33Frl.2117ﬂ.3649 ‘ (518)
dsc 12117 5.605

djc 1.2115 3649

=12433 B2 B (5.20)
d " 12117 .6226 '
e 124.33F'2V7 (5.21)

Another choice of using egs. (5.10)to (5.13) in a dimensionless form may be
with the help of flow depth, y. In this case, eqgs. (5.10) to (5.13) may be transformed

to egs. (5.22)-(5.25), respectively.
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dSC

: = 0.186F B (5.22)
d;c — 0.186 F{llll? ﬂ.ﬁOS (523)
d, 212117 3649

=0527 F'7 B (5.24)
d 12117 6226
S 0.527F*"7 B (3.25)

The use of parameter b leads to the following non-dimensionalised form of

egs. 5.10-5.13.

d

[;c :0.41F;l.2117ﬁ3649 (526)
dsc 12117 605

= =0205F 5 (5.27)
dsc 1.2117 3649 i

= =1.054 F*" (5.28)
dsc 9, 12117 p.6226

Y 0.527F""7 g (5.29)

Another way to non-dimensionalize the scour depth may be with the help of

channel width, B. With the use of this, egs. (5.10)-(5.13) transform to

dg _ 0.04117,1'2“7,6'3649 | (5.30)
d, 12117 1605 -
=001 § (5.31)
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dSC

- = 0.1054 F!*Y7 %% (5.32)
dsc 1.2117 6226
> =0.1054 F'2'7 g (5.33)

5.5 VALIDATION OF CALIBRATED RELATIONSHIPS

It can be seen from the preceding section that based on a limited set of
experiments, it is possible to evolve many dimensionless relationships. However, all
of these relationships are not acceptable. To identify a suitable relationship, it is
essential to test the pefformance of these relationships at a different scale. By different
scale, we ﬁean the experimental conditions, which are different than those used in the
~ process of calibration.

To test the performarnce of above relationships, an experimental program was
undertaken in a nearby stream, known as Solani. In Chapter 3, details of the
experimental program are given. Table 5.1 provides the data collected in the
experiment within an interval of 0-24 hrs. As four different types of permeable spurs
have been used in the ﬁeld; details of these spurs with regard to their lengths b and
porosity p are also included in Table 5.1. The average size of the bed particle is 0.21
mm. The values reported for the flow variables are the average values within the time

interval.

102



Table 5.1: Data related to different permeable pile spurs (placed in Solani river)

for steady state analysis (width of pile spur = 6 cm, and width of
Solani river as 30.0 m)

Spurtype [b(m) | p %) | V(ms) D@ Qs | d@mm) | ds (m)
RA 3.0 20 0320 | 0387 |3.70 0.30 0.575
RB 3.0 40 0320 0387 |3.70 0.30 0.385
RC 3.0 60 0320 [0387 [3.70 0.30 0.200
RD 3.0 80 0320 | 0387 [3.70 0.30 0.090

The conditions of the experiments correspond closely to those of 0.424 mm

bed particle size and b/B ratio of 0.1. For this reason, we have considered only egs.

(5.12), (5.16), (5.20), (5.24), (5.28) and (5.32) for validation. With the assumption

that steady state scour had developed in first 24 hrs, we considered this scour for

validation using these equations. In the next chapter, this assumption is relaxed. Here,

the discharge is considered steady and equal to the average of discharge within first

24 hours. The data used for steady state analysis are processed and shown in Table

5.2. Using the data from Table 5.2, the steady state scour is computed using egs.

(5.12), (5.16), (5.20), (5.24), (5.28 ) and (5.32).

Table 5.2 : Performance evaluation of different dimensionless scour relationships

Spur deo (m) [ dsc (m), |dsc(m), [de(m), |dso(m), |dsc(m), |ds (m),
Type eq. 5.12 |eq.5.16 leq.5.20 |eq. 524 [eq. 528 |eq. 532
RA 0.575 0.0229 | 0.162 0.0162 | 0.088 1.375 1.375
RB 0.385 0.0178 | 0.126 0.0126 | 0.0689 1.068 1.068
RC 0.200 0.0154 10.108 0.0109 | 0.0594 |0.921 0.921
RD 0.090 0.0138 | 0.0976 |0.0098 | 0.0535 | 0.829 0.829
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In Figures 5.4a-d, a comparison of observed scour and those predicted by
these equations is also presented. It can be seen from these figures that eq. 5.16
provides relatively a better agreement with the observed values indicating its
acceptability, as a representative dimensionless relationship. The purpose of using eq.
" (5.16) is to identify a suitable parameter for making the scour term dimensionless.
Despite the fact that it is based on a diameter of 0.424 mm and is tested fof a
condition conforming to 0.424 mm, it helps in the correct identification of scaling
i)ararrieter w. The discussion related to the development of a generalized model based
on the lab data as well as development of critical velocity based models is best

included in Chapter 7.
5.6 SUMMARY

~ In this Chapter, a set of equations for representing scour have been calibrated.
The equations pertaining to minimum error have been given preference for inclusion
and their validity is limited to the range of parameters used here. As the nature of data
is restricted in respect of many variables, no attempt was made to develop a
generalized model in this Chapter. Use of the ratio of shear velocity to flow velocity
can be also considered in the analysis, as in th_e literature, this parameter reflects the
behavior that as the velocity of flow becomes less than or equal to the critical shear
velocity, the scour becomes zero. However, the error introduced by this parameter is
always on a conservative side. Nevertheless, a relationship in terms of the critical
velocity is developed in Chapter 7 to cover certain issues relatéd to scour prediction.

It is also cautioned to not use the suggested relationships for spurs with zero
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permeability, as the range of these relationships included the porosity variation from
20% to 80%. In the field, the perrheable spurs have been provided with a porosity
around 40-50 % (personal communication, Mr. Y.N. Goyal, Ex. Engineer, IRI,
Roorkee). The reduction in porosity may occur due to entrapment of silt/sand and the
porosity may drop. However, this reduction in porosity has never been found to
correspond to an impermeable spur situation. The present Chapter also indicates that
among many ways of non-dimensionalising the scour depth, the use of pier width

appears to be a relatively better performer for field applications.

107



CHAPTER 6

MODELLING OF TRANSIENT SCOUR

VARIATION

6.1 INTRODUCTION

In natural condition, frequently encquntered in alluvial streams, the flow is in
rarely a steady state. This is particularly true when the river is in flood stage. Thus,
computation of steady state scour based on maximum flood discharge (assumed to be
steady) may lead to estimates of scour depth on a non-conservative side. Fof this
reason, the transient modelling of scour has received the attention in literature.
Basically, the approach suggested in the literature considers the unsteady discharge
into different segments of assumed quasi steady state discharges.. In this chapter, the
field experiments, which were conducted in a nearby stream, are considered for the
analysis. The chapter begins with the analysis of transient variations of scour in lab
based experiments and based on the analysis of such experiments data, reliability of

scour depth estimation in field condition is also investigated.

6.2 ANALYSIS OF LAB EXPERIMENTS FOR TRANSIENT
SCOUR

It has been described in Chapter 3 that a total of 80 experiments on pile spurs
were subjected to steady flows. In each of these experiments, the scour varies with

time and after some time, the variation of scour may not be significant. In fact, there
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are differences in precisely identifying this equilibrium time, corresponding to the
equilibrium scour depth (also the maximum scour depth in case of clear water flow).
According to Melville and Chiew (1999), the equilibrium time is attained in days. In
fact, it is apparent from Chapter 5 that the experiment performed at Roorkee, in
particular, have reported equilibrium time, which is of the order of few hours only. In
the course of present investigation, we tried to study the variation of scour for a longer
time extending beyond 24 hrs.” However, such an endeavour could not be continued
because of the difficulty of having continuous power supply. Thus, the experiments in
this study might be underestimating the equilibrium scour depth.

For the 80 lab experiments, Fig. 6.1(a)...(n) show the wvariation of
dimensionless scour term, which is equal to the ratio of observed scour depth at any
time to equilibrium scour depth, with time. To model the variation of this
dimensionless scour term with time, a variety of options were attempted. However, it
wés observed that the transient scour during a stecady state could be best achieved by
following type of expression. Considering the depth of scour at any time is dg and
equilibrium scours depth as ds. , the relationship for the transient variétion of scour

during steady flow can be represented as

St _

=a.exp(b .t

(6.1)

se

In eqn (6.1), a and b' are model parameters. The fit of eq. (6.1) is shown in
Fig. 6.1. Table 6.1 provides a summary of the calibrated model parameters for various
experiments. It is emphasized that a functional form similar to eq. (6.1)] was also used

by Ahmad (1953) to describe the temporal scour.
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RATIO OF SCOUR DEPTH AT ANY TIME TO EQUILIBRIUM SCOUR DEPTH
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RATIO OF SCOUR DEPTH AT ANY TIME TO EQUILIBRIUM SCOUR DEPTH
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RATIO OF SCOUR DEPTH AT ANY TIME TO EQUILIBRIUM SCOUR DEPTH
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RATIO OF SCOUR DEPTH AT ANY TIME TO EQUILIBRIUM SCOUR DEPTH

1.2 4

PSJB-1
1 //%
0.8 /
0.6
y — 0 831 e0.0022X
04 —R:=0:8153
0.2
0 J
0 25 80 78 100 128 160
1.2 l
PS1B-2 {J/
0.8
0.6
il 0.0013x
i y = ci.gossﬁ
R“ = 0.6834
0.2
0
0 25 §0 75 100 128 150
1.2
PS1§3-3 r
1 | 4/
0.8 7,/
0.8
ot y|= 0.7756e>%("*
R?=0.6784
0.2
o)
0 -850 100 150 200 250

1.2 T
- PS2B-1
0.8
0.6
y F 0.9399¢f "™
0.4 R*=0.73R7_
0.2
(
|
0 |
0 26 80 768 100 128 150
1.2 : :
PS2B-2 L
1
0.8 ?
0.6
N y = 0.7846e>°7"™
R = 0.8405
0.2
1]
0 850 100 150 200 250
1.2
PS2B-3 /
1
//
0.8 ( / —
|
i
y = 0.6811e"°°%
04 R*=06749
.
0.2 '%
|
0 | |
0 50 100 160 200 250

TIMEl(minutes)

FIG.61(k) TEMPORAL VARIATION OF SCOUR DEPTH UNDER -
STEADY FLOW (LAB DATA)

120



RATIO OF SCOUR DEPTH AT ANY TIME TO EQUILIBRIUM SCOUR DEPTH
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RATIO OF SCOUR DEPTH AT ANY TIME TO EQUILIBRIUM SCOUR DEPTH
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Table 6.1: Calibrated model parameters

runno. || & b R’ runno. || A b' R’
PS1A-1 0.7778 | 0.0026 | 0.8116 | P1B-1 0.5522 0.0031 0.8587
PS2A-1 0.856 0.0021 | 0.8178 | P2B-1 0.7921] 0.0015 0.609
PS1A-2 | 0.8606 0.0015 | 0.8418 | PiB-2 0.7445 0.003]1 0.7678
PS2A-2 0.799 0.0015 | 0.7235 | P2B-2 0.7407 0.003] 0.8853
PS1A-3 0.6735 | 0.0021 0.731 | P1B-3 0.7682] 0.0026] 0.8544
PS2A-3 0.6304 0.0108 | 0.9446 | P2B-3 0.9421 0.0008] 0.7563
PS1B-1 0.801 0.0022 | 0.8153 | P1B-4 0.7878} 0.0009] 0.9372
PS2B-1 0.9399 0.0007 | 0.7327 | P2B-4 | 0.8614] 0.0008 0.9201
PS1B-2 | 0.9065 0.0013 | 0.6834 | P1B-5 0.8659{ 0.0008| 0.9252
PS2B-2 0.7846 | 0.0016 | 0.8405 | P2B-5 0.86861 0.0017| 0.3844
PS1B-3 0.7756 0.0018 | 0.6784 | P1C-1 0.9655] 0.0003] 0.6554
PS2B-3 0.6811 0.0028 | 0.6749 | P2C-1 0.7512f 0.0075] 0.7717
PS1C-1 0.7646 | 0.0026 | 0.8595 | P1C-2 0.7308] 0.0059( 0.8101
PS2C-1 0.9453 0.0007 | 0.7978 | P2C-2 0.89231 0.00111 0.7353
PS1C-2 0.8208 0.002 0.8853 | P1C-3 0.795} 0.0012} 0.8381
PS2C-2 | 0.8697 | 0.0008 | 0.8797 | P2C-3 | 0.8665] 0.0007| 0.5944
PS1C-3 0.6097 0.0035 | 0.7828 | P1C-4 0.8749] 0.0007) 0.8381
PS2C-3 0.658 0.002 0.8951 | P2C-4 0.8995¢ 0.0005] 0.8908
PS1D-1 0.7227 0.0016 | 0.4957 | P1C-5 0.7289! 0.0021{ 0.8269
PS2D-1 0.8603 | 0.0059 | 0.6431 | P2C-5 0.7317] 0.0023] 0.5906
PS1D-2 | 0.9091 0.0037 | 0.6455 | PID-1 0.5256] 0.0168] 0.8326
PS2D-2 | 0.5897 | 0.0028 | 0.7051 | P2D-1 0.797] 0.0043] 0.8547
PS1D-3 0.68 0.0027 | 0.7586 | P1D-2 0.7732} 0.0101] 0.6383
PS2D-3 0.8445 0.0012 | 0.7809 | P2D-2 0.8185( 0.0079{ 0.6409
PS1E-1 0.8143 | 0.0014 | 0.4726 | PID-3 0.8661] 0.0056f 0.6761
PS2E-1 0.8349 0.0071 | 0.6418 | P2D-3 0.7799; 0.0033] 0.8603
PS1E-2 0.9289 | 0.0028 | 0.6429 | P1D-4 0.8576 0.002] 0.8617
PS2E-2 0.7898 0.0016 | 0.8354 | P2D-4 0.77241 0©.0009| 0.9063
PSI1E-3 0.6738 | 0.0028 | 0.7058 | P1D-5 0.8845] ¢.0008{ 0.8974
PS2E-3 0.5352 0.0047 | 0.5502 | P2D-5 | 0.9328] 0.06014] 0.7597
P1A-1 0.68 0.001} 0.7461 PlE-1 0.4164f 0.0048] 0.7338
P2A-1 0.8197] 0.0009] 0.2773} P2E-1 0.4828F 0.0143] 0.7899
P1A-2 0.8556 0.0009| 0.6819| P1E-2 0.8385| 0.0066 0.6429
P2A-2 0.8989 0.001} 0.3643} P2E-2 0.8674] 0.0014] 0.5398
P1A-3 0.9279 0.0005] 0.7643; P1E-3 0.7116] 0.0022} 0.7342
P2A-3 0.8338 0.0037] 0.7183} P2E-3 0.8486] 0.0065| 0.6425
P1A-4 0.9084 0.0004{ 0.7015{ P1E-4 0.8627| 0.0029{ 0.8039
P2A-4 0.9093] 0.0008] 0.6929} P2E-4 0.7724] 0.0017| 0.7904
P1A-5 0.9369 0.0005] 0.5731| P1E-5 0.8965] 0.0021] 0.7801
P2A-S 0.9398 0.0017{ 0.7471 0.8972| 0.0011| 0.9379

P2E-5
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6.3 TEMPORAL VARIATION DURING AN UNSTEADY
STATE FLOW

Fig. 6.2 shows a typical variation of unsteady state discharge at any site. This
unsteady state discharge can be also equivalently represented as histogram of quasi-
steady state discharges, also shown in F ig. 6.2. In the literature, such an identification
of unsteady state discharge has been found successful .on earlier occasions,
particularly dealing with the scour along bridge piers.

Corresponding to discharges Q;, Q,, Qs.....Qn1, Qu , which last for time tq,
taz, ta3.....tan-15 tan » the following expression for the temporal scour can be written

using principle of superposition

| e bt -y bilt—t
d,=kF.p 'eXpL_l)“’kmeB exp _(__d_‘)
: el el
+hF" Blexp M}—@Fi ﬁ’exp[bz(t “:““ ‘t‘ﬂ)} .....
L e2 ' 2

=

+kann/B"exp bn(t"‘tdl ;‘....... tdn_l)ji

en

(6.2)

In eq. (6.2), ki, ks....k, are model coefficients, which are simply the products

of the model parameter a of eq. (6.1) with the multiplying coefficient of eq. (5.8) to
(5.11). Similarly, Fi.....F; , are the Froude numbers corresponding to discharges Q,
Qz.....Qn. Also, fter, ter.....ten represent the equilibrium time corresponding to

discharges Q1, Q2.....Qn. and b'y, b',... by represent model parameters respectively.
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6.4 APPLICATION TO FIELD DATA

To test the applications of eq (6.2), measurement of discharge and scour were
made in the nearby river Solani, as described in Chapter 3. The experiments were
performed with four different types of models and duration of the experiments was 96
hrs. The observations were recorded at an interval of 24 hrs. Fig. 6.3 shows the
variation of discharge with time during period of experiments. Similarly, Fig. 6.4(a-d)
shows the variation of scour with time. In case -of Solani river, the sediment size is
found to vary around 0.21 mm. This implies that eq. (5.12) and (5.13), which are valid
for particle sizes of 0.424mm will be a better preference in place of eq. (5.10) and
(5.11). Truly speaking, the experiments with dsg = 0.21 mm would have been a better
relationship to be used corresponding to various flow discharges. Table (6.1) can be
used to interpolate values of o and b'. However, one still requireé an expression for
equilibrium scour. Considering the wide variability in the estimation of equilibrium
scour, it has been preferred to use table (6.1) for making judicious choices of
equilibrium scour. As the scour depends on Froude number and parameter B, a two
way interpolation is used to interpolate values of g, b', and equilibrium scour time
using the data base available from the lab experiments. Corresponding to unsteady
state discharge of figure (6.3), the equivalent quasi steady state discharge distribution
is hypothesized and is also shown in Fig. (6.3). Using these values of Q along with k,
b, F, B and t., the scour can be computed at different times.

Melville and Chiew (1999) have suggested that the equilibrium scour may be
attainable in order of days. Basically, the scour increases very fast in initial stages of

the run and subsequently, it slows down as it approaches the equilibrium. Thus, it is
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expected that the coefficients a and b, which havé been obtained based on the
analysis of lab data of few hours duration, are not expected to be valid as such for
application to the present field condition. Any imperfections_ in a and b’ values will
lead.to a scour depth ekceeding equilibrium scour depth and this must be avoided in

transient scour modelling. Thus. eq. (6.2) can be modified as follows:

ds,; = max{dwl,klﬁ:;.ﬁr.exp(étl—tle — max[dxulﬂ klﬂqﬁrexp(.b]_(r;—_tdlzJ}

el eg

- | (i
\ e2

(A By
— max dseQ’kZF;zﬂr eXp b ; (t td] tdZ)]}v

7 .
+ max dSL’IJ3 knFn’:ﬂr exp b 3 (f - tdl ...... Idn_l)}:l (603)

In eq. (6.3), dsi1,--—-,dsen represent the equilibrium scour depths due to
discharges Qi,--, Q.. In eq. (6.3), it must be ensured that once a bed has been
scoured, the scour will not decrease in a clear bed condition with a decrease in the
discharge.

Using eq.(6.3) and the relevant parameters and variables, the temporal scour
~ bas been computed and a plot of the same with the observed scour is shown in Fig.
6.5 (a-d). As the data are available only at 24 hr interval, only the values at days 1, 2
and 3 are shown in Fig. 6.5. Figure 6.5a represents the agreement for spur type RA, in
which the permeability is 20%. The agrcement is not very good and the predicted
scours are at least 30 to 40 cms less than the observed scour. Figure 6.5b represents
the agreement for the spur type RB, in which the permeability is 40%. Here, also the

predicted scour is less than the observed scour but the difference in two values is less
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than that of RA type of spurs. In fact, this behavior ié also supported from fig. 6.5c,
which is for the spur type RC with a permeability of 60%. With the further increase in
permeability to 80% in RD type of spurs, the agreement further improves, as can be
seeﬁ in fig. 6.5d. From a perusal of figs. 6.5a-d, it appears that while constructing the
pile spurs with a minimum permeability, there is a pronounced disturbance of the soil

bed, leading to its loosening and dislodging of bed particles.
6.5 SIGNIFICANCE OF TEMPORAL SCOUR STUDY

Much has been said already about this aspect in literature. The temporal
variation of scour during unsteady flow is of great significance in studies with solid
spurs and with piers, where construction costs are enormous. Thus, any deviation
from the observed scours may matter much to the project cost. Fortunately in case of
pile spurs, the temporal variation of scour during unsteady flow has no significant
influence on the cost of the project. Even a departure of 50 cm to 1 m may not really
increase the cost of pile spurs. From stability considerations, a minimum grip length is
essential and the magnitude of scour being low, may not adversely affect the stability
of permeable spurs. Considering the difficulties encountered in the field, in terms of
uniform distribution of velocity within the entire stream width, assumption of uniform
depth at the section of the pier, and non availability of laboratory experimental results
conforming precisely to the bed particle size of river, the extent of match between

observed and computed temporal scour profile should be considered encouraging.
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CHAPTER 7

GENERAL DISCUSSION

In the preceding chapters, different aspects of scour around permeable spurs
have been considered and discussed individually in different chapters. A
consideration of these individual discussions and conclusions reached in the previous
chapters may require a further discussion. Such discussion is vital to the overall
assesgment of the present study and is helpful to understand the areas where further
research is required.

Every year, Indian government spends a large amount of money on flood
protection work. Major problem is that in many places the river course is under a
continuous change. Thus, use of permanent protection works involving solid spurs is
not only uneconomical but also ineffective in the long run. For thesé reasons, use of
permeable spurs has gained a lot of importance in recent years. As introduced earlier,
many such spurs have come into existence. However, there is no‘ basis for the design
of such spurs and it was this major issue which hés laid to the present study.

In fact, the phenomena of scour around bridge piers, abutments and solid spurs
have been studied to a large extent. However, the same has been lacking with regard
to varying conﬁgurations of different types of permeable spurs, as experimented with
in chapter 3. In fact, many of these permeable spurs can not be easily fabricated in
field. In this respect, also the fabrication of pile spurs is very simple, convenient and
less time consuming. In some of the places, two rows of permeable spurs is filled with
locally available shrubs. Such type of modification in pile spurs can be seen from

plates 1 and 2 of Chapter one. These spurs have been found to be achieving a
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comparable protecting length as obtained in case of solid spurs. As investigation of
such type of spurs is not feasible in lab experiments, it was preferred to use pile spurs
with varying spacing in order to simulate the varying level of porosity.

The ranges of porosity considered in eiperiments are wide enough to reflect
the values encountered in field situations. One of the major concerns in the case of
pile spurs is their stability. Unless the extent of scour around such spurs is known, the
length of such spurs embedded in foundation can not be precisely quantified. Also,
the extent of scour may be dependent on porosity of such spurs, in addition to their
projected length within the stream. Based on. the analysis of lab experiments, it has
been shown for the first time in the study how the scour is sensitive to porosity and
projected length of pile spurs.. Thus, egs. (5.10) to (5.13) ére expected to help the
planning, lay out and placement of pile spurs in field.

Equations (5.10)-(5.13) are dimensional in nature. Various ways to achieve
dimensionless form of these equations were considered. From the review of
literature, it is observed that the scour depth has been made dimensionless using a
variety of parameters and for this reason, the influence of the same was demonstrated
in this study. With the use of w, the width of the pier, the scour relationship
performed better in field. It is not known whether this approach may work well for
other field data as well as other functional relationships. Thus, this aspect merits
attention in future investigations.

In the literature on scour around hydraulic structures, the concept of clear
water and live bed scour have received enough attention in the literature. It is now
well established that for similar set of conditions, the live bed scour is less in
magnitude to that of clear water scour. Thus, the clear water condition was preferred

in lab experiments. However in field condition, particularly during flood, the clear
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water condition may not precisely exist. Thus, the validation of the lab based model
against the field data should be also considered in this perspective.

In the present study, the planning of the experiments was restricted to only two
types of bed material and two projected lengths, although the variation of porosity and
Froude numbers were kept in a wider range, commonly encountered in field
conditions amenable to pile spurs. For different conditions than those in the lab
experiments, it may be necessary to generalize this model and future work is needed
in this direction.

| One of the interesting things studied in the present investigation relates to the
study of Melville's approach. Clearly the Melville's view that the equilibrium scour
depth may not be attainable only in few hours is justified while applying the present |
lab based model to field data. We also considered the possibility of extending
Melville's approach for the computation of scour around pile spurs. Considering the
fact that all the effectiveness factors will also hold good in case of pile spurs, an
attempt was made to derive the effectiveness factor accounﬁng for the variation of
porosity. In Fig. 4.6; such effectiveness factors are not found to be function of only
the porosity. In Chapter 4, fhe analysis of the scour around solid spurs based on the
approach of Melville (1997) was considered to assess the relative merit in using this
relationship. The use of this relationship was also considered for pile spurs. As the
approach did not indicate the feasibility of obtaining effectiveness factor as a function
of porosity only, no attempts were made to a.ménd Melville’s approach for pile spurs.
Thus, a future work in this direction can also be planned to extend Melville’s
approach for pile spurs.

A certain discussion related to Chapter six is also relevant here. In the present

field experiments, the bed was not visible from top. Therefore, the experimental data
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were collected by displacing the ranging rod around nose of pile spurs. So the errors
of the order of few centimeters are likely to be there in measurements. Also, the
distribution of flow at the spur section was not uniform and the site condition was
such that there was a tendency of concentration of flow around the bank of spur. The
spur type RD was more exposed to the concentrated flow as it was closer to the
bridge. The spur type RA with 20% permeability was located in the last of the test
reach and it was likely to be exposed to a relatively uniform flow field. In addition,
the water was muddy in appearance and it is likely that the condition was closer to a
live bed situation. Certain loosening of the soil below the spur was also inevitable.
Thus, the results of Fig. 6.5 should be considered only in the light of the above facts.

For linear systems, the principal of superposition is valid. However, as can be
seen from eq. (5.10) to (5.13) that the system behavior is not truly linear. An attempt
was also made to linearise eqgs (5.10) to (5.13). However, it was observed that such a
linearisation could lead to an increase in the error metric associated with calibrated
relationships. Furthermore use of such linearised relationship could not lead to results
very different from Fig. 6.5.

In the end, it is also important to address the issue of data collection and
planning of future experiments. To address this, let us consider that only the
exiaerimental data pertaining to bed particle size of 0.424 mm and b = 5 cm is
available. Based on the analysis of this data, manyb relationships can be developed.
However, as a departure from what has been done in Chapter 5 and also to highlight
the use of critical shear velocity based scour relationships, the following relationship
can be calibrated based on the experiments having bed sediment size of 0.424 mm

and b=15 cm.
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The error metric associated with the calibration of eq. (7.1) is 8.79%. The
agreement diagram using (7.1) is shown in Fig. 7.1. If eq. (7.1) is used to predict the
scour in the field, the agreement diagram of Fig. 7.2 will result.

Figures 7.2 a-d indicate that eq. (7.1) does very well in case of RA and RB
type spurs. But, a perusal of Fig. 7.2c and 7.2d also indicates that the agreement
between observed and predicted scour has been poor in comparison to those depicted
by Fig. 6.5¢ and 6.5d. The purpose of this presentation is to highlight the fact that the
functional form of the scour relationships can also influence their predictive
performance. Thus, prior to éelecting or recommending any relationship for scour
prediction, if is necessary to test a large number of data represented by different
conditions. For example, if eq. 7.1 is tested against the remaining lab data, Fig. 7.3
results indicating its poor performance, particularly with the beds having a size of 2.8
mm with average error being 55.59%. For the bed having a sediment size of 0.424 and
b=10 cm eq. (7.1) yields average error of 40.37%. If the errors of the order of few
ten centimeters are permissible, an user will have no doubt that eq. 5.10 as well as eq.
7.1 serve the objective of predicting scour in the river Solani within the framework of
the present study. It is noted, however, that eq. (7.1) may be preferred by hydraulic
engineers as it ensures the condition of no movement of particle if flow velocity is
less than or equal to critical shear velocity.

Studies at Roorkee have used the horse-shoe vortex characteristics in the
modelling of scour phenomenon. These characteristics are dependent on pier shape,
size, and flow conditions (Garde and Ranga Raju, 1985). In the present work, this

approach has not been considered and may merit attention in the future.
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Many a times, one is concerned with the bed conditions. For example, the
river bed may be uniform, non-uniform, and stratified. In such situations, approaches
exist to select the representative bed sizes. So far, the conditions in the Solani river
are concerned, the bed consisted of particles of nearly uniform size. As a further
extension of the work, it may be necessary to consider the scour around permeable
spurs in different bed conditions. It will, thus, be more appropriate to develop a
generalized model of scour around permeable pile spurs with the help of such a
comprehensive experiments. As far as present experiments are considered, the

following relationship may also describe the response of all = the lab based

experiments
2t d 12117 (0'364%2'577(?0‘1}}

=16.20-13.5(—-0.05) |F. " 7.2)
w w

The agreement diagram in respect of all the lab based experiments on pile
spurs is given in Fig. 7.4. The average error associated using eq. (7.2) is 9.566%.
The performance evaluation of eq. 7.2 is shown in Fig. 7.5 for thevdata of river
Solani, as considered in Chapter 5. Despite the fact that eq. (7.2) may describe the
scour around all the lab based data collected in the. present study, it does not improve
its predictive capabilities in preference to eq. (5. 12), as far as the data on Solani river
is concerned. The trend of predicted scour are essentially similar to what has been

described in chapter 5.
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CHAPTER 8

CONCLUSIONS AND SCOPE FOR FUTURE WORK

8.1

CONCLUSIONS

Based on the present study, the following conclusions can be arrived:

1.

Based on experiments with different permeable spurs including slotted (horizontal
as well as vertical) and pile spurs, it has been observed that less scour occurs at
the nose of permeable pile spurs. For these experiments, range of Froude number
is between 0.1 to 0.5.

Scour at the nose of permeable pile spurs is found related to Froude number and
dimensionless term, | defined as the ratio of available flow cross-section in
unconstricted and constricted zones. Here, the constricted zone refers to the one
occupied by the permeable spurs. In addition, the role of bed particle size has
been also observed on the scour. In case of fine grain sand bed, the scour was
observed to be more than that of coarse grain sand bed.

Considering the utility of Melville's approach in describing the scour around
abutments and bridge piers, an attempt was made to develop an effectiveness
factor as function of porosity. However, it was observed that the effectiveness
factor depends not only on porosity but also on Froude number.

Analysis of several experiments conducted particularly at Roorkee, reveals that
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the scour predicted by Melville's approach is more than the scour reported in
different experhnents. This finding is in conformity with Melville's observation
that equilibrium scour may take a sufficiently long time (in days) to develop.
Several ways to make the scour depth dimensionless were attempted. The
performance evaluation of these relationships against the field data indicates that
the use of pier width to make scou:'r depth dimensionless represents the scale
effects in a better manner.

Using the calibrated model of steady state flow, an attempt was made to develop
an approach for the modeling of scour in an unsteady state flow situation.
However, the scour predicted were found to be lower than those observed in field.
It is possible that while constructing the model, the portion of the bed
surrounding the spur might have been disturbed and loosened up. Another
possibility is that as the present steady state experiments were run only for few
hours, the equilibrium scour attained in these experiments might have been on a
lower side.

A model based on the ratio of flow velocity to critical shear stress velocity was
also calibrated using a limited number of experiments. The predicted scour depths
using this model performed better in case of pile spurs with lower porosity. On
the contrary, the Froude number based model pérformed better with the pile spurs
of larger porosity. Within a permissible tolerance of the few tens of centimeters,
the use of these models is advocated. At the same time, it is also recommended to
test these models against additional data to assess their merit.

Considering that the depth of scour around permeable spur is comparatively very
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8.2

(ii)

(iit)

(iv)

)

(Vi)

low m preference to other models, the uncertainty related to scour depth

prediction may not adversely effect the cost of such type of permeable spur.

SCOPE FOR FUTURE WORK

As the study was focussed only on uniform sand, its extension to non uniform
sand bed as well as stratified bed can be considered for future work.

As the experiments have been performed on single row with only two values of
bed particle size and spur length, future experiments can be performed with
additional values of these variables.

In the present study, only one size of pile diameter was used. Thus, experiments
can be performed with other bier diameters to include the effect of pier diameter
in the scour relationship.

In view of Melville's suggestion, efforts should be made to perform these
experiments for a longer time. This well help in better estimation of equilibrium
time and equilibrium scour depth.

Retrospection of effectiveness factors with regard to pilé spurs is also needed
considering the fact that the effectiveness factor for the permeability is found
dependent on permeability as well as Froude number.

Construction of field model may be done in such a way so that bed remains

stabilized before being exposed to flow.
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Table A -1: Details of classification of model experimental runs of 1* phase

Series

CA

CB

DA

DB

EA

EB

FA

FB

in clear water conditions in flume of width = 500mm, dsy, =0.424mm
with two model lengths (min. and max. permissible), S = lin 5000,
all models in all experiments are placed at 90° to vertical rigid bank

Type
Solid spur models, i.e. with zero permeability.
Models with round holes

Models with rectangular holes. Two holes are in each row.
Two rows in 8cm depth & three rows i 10cm depth.
Slits are closed in all sides. Ist row starts from the test bed

Three rectangular slits/holes in each row.
The slits on the extreme edge from the spur bank are open in the mid stream.

Models with two vertical slots.
Slots start from the test bed surface. Slots are open on top.

Models with three vertical slots.
Slots start from the test bed surface. Slots are open on top.

Models with horizontal slots.
Three rectangular, horizontally placed slots in 10cm depth & two slots in 8cm depth.
Slots are closed on mid stream side. 1st slot starts from bed level.

Models with hortzontal slots.
Three rectangular, horizontally placed slots in 10cm depth & two slots in 8cm depth.
Slots are open on mid stream side. 1st slot starts from bed level.

Bamboo or wooden Pile Spur in form of pencils.
For 10.7cm only two & for 16.9cm/15.8em four pencils are used.
Pencils dia.= 0.85cm. Spacing bet. every two pencils is 4.5cm from edge to edge.

Bamboo or wooden Pile Spurs.

Two II rows of pencil piles & vertically slotted spurs.

Each have four solid vertical portions in each II row.

Length is10cm in perspex,vertically slotted spurs & is 17cm & 19.5cm for pencil spurs.
Distance bet.rows is 5cm for all models.

Pencils dia.= 0.85¢cm.
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Table A - A : Solid spur models. -

run no. | bmm Q y dy t. Fr % p
3 )
m’/sec| mm mm | hr:min
A -1 50 0.0063 80 45 11:15 1 0.176 0
A-2 100 [0.0063 80 60.5 11:45 | 0.176 0
A-3 100 ]0.0099| 100 103 10:00 0.2 0
A-4 50 0.0099}! 100 54 10:35 02 0

Table A - B : Models with round hofes.
Holes are of 6mm dia in models with 30.7% p.
Holes are of Icm dia.and 4mm dia.in alternate rows & columns for 58 %p.

run no. ; b mm Q y dy te Fr % p
m’/sec mm mm | hr:min

B-1] 50 ]0.0063] 80 25 | 10:30 | 0.176 | 30.7

B-2 100 10.0063 80 38 11:45 } 0.176} 30.7

B - 100 10.0099¢ 100 82 10:00 | 0.2 | 307

3
B-4 50 (0.00991 100 40 7:40 0.2 30.7

50 10.0099) 100 | 26 6:30 | 0.2 58

50 10.0063| &8O 29 12:00 | 0.176 | 58

B-5
B-6 100 }0.0099} 100 52 8:30 0.2 58
B-7
B-8

100 {0.0063] B8O 28 10:45 {0.176 | 58

Table A - CA : Models thh rectangular holes.

run no. { bmm Q y . dg, te Fr % p

3
m/sec! mm mm | hr:min

CA -1 51 0.0099| 100 39 10:00 | 0.2 } 57.1

CA-2{ 100 [0.0099| 100 52 5:00 0.2 }58.02

CA-3| 51 10.0063} 80 | 10 7:30 | 0.176 | 54.7

CA-4 100 {0.0063] 80 38 10:10 1 0.176 | 55
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Table A - CB : Rectangular slits/holes.

run no. | bmm Q y de, te Fr %p

: m’/sec mm mm | hr:min
CB-1 50 0.0063 80 17 11:10 { 0,176 { 54.05
CB-2 50 0.0099} 100 42 7:30 0.2 |57.48
CB-3 | 100 [0.0099| 100 | 62 | 830 | 02 |58.55
CB-4 100 10.0063; 80 23 7:15 1 0.176 | 54.4

Table A - DA : Models with two vertical slots.

run no. { b mm Q y de t. Fr | %p

m’/sec mm mm | hrmin

DA-1 | 100 | 0.0099 100 68 1G:00 0.2 42
DA-2 52 0.60991 100 44 11:20 0.2 140.38
DA-3 100 | 0.0063 80 39 10:30 | 0.176 42
DA-4 52 0.0063 80 24 9:00 | 0.176 } 40.38
DA-5 50 0.0063 80 25 10:10 | 0.176 | 50.98
DA-6 100 10.0063 80 34 10:00 | 0.176 | 49.5
DA-7 50 0.00997 100 36 9:35 0.2 | 50.98
: DA-8 100 0.00991 100 60 9:45 0.2 49.5
DA-9 102 10.0099{ 100 83 _ 8:00 0.2 |31.37
DA-10 50 0.0099| 100 52 10:00 0.2 |32.65
DA-11| 50 |0.0063] 80 | 28 | 9:30 |0.176|32.65
DA-12 102 10.0063 80 33 10:30 | 0.176 } 31.37
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Table A - DB : Models with three vertical slots.

runno. | bmm | Q y de, t. Fr | %p
m’/sec| mm mm | hr:min
DB-1 50 0.0063 80 17 8:40 | 0.176 54
DB-2 100 10.0063 80 30 10:40 {1 0.176 51
DB-3 50 0.0099} 100 49 9:30 0.2 54
DB-4 | 100 {0.0099! 100 48 10:30 | 0.2 51
DB-5 50 10.0063} 80 25 10:00 | 0.176 | 42
DB-6 100 {0.0063| 8O 30 10:00 { 0.176 | 42
DB-7 50 0.0099} 100 58 9:45 0.2 42
DB-8 100 |0.0099{ 100 80.5 9:20 0.2 42
DB-9 50 10.0099] 100 62 8:40 0.2 g6
DB-10 100 |0.0099| 100 71 5:45 0.2 33
DB-11 50 0.0063 80 23 9:30 0.176 36
DB-12 100 10.0063] 80 39 11:00 | 0.176 | 33
Table A - EA : Models with horizontal slots.
run no. | b mm Q Y dg, . Fr Y p
m’/sec| mm mm | hr:min
EA-1 51 0.0099: 100 43 5:30 | 0.2 50.23
EA-2 100 }10.0099; 100 80 10:08 0.2 | 49.35
EA-3 50 |0.0063] 80 13 6:30 | 0.176 143.05
EA-4 1060 §90.0063 80 32 8:00 {0,176 141.47
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Table A - EB : Models with horizontal slots.

run no. { b mm Q y de te Fr % p
| m’/sec| mm | mm | hrmin
EB-1 | 50 |0.0063] 80 15 | 6:05 ]0.176] 40
EB-2 | 100 ]0.0063| 80 17 | 10:40 | 0.176| 45
EB-3 | 50 [0.0099| 100 | 45 | 5:00 | 02 |47.86
EB-4 | 100 |0.0099| 100 | 72 | 10:00| 02 | 54

" Table A - FA : Btim_hoo or wooden Pile Spur in form of péncils.

5gnm

Q.

- dw

Fr

run no. Ly : A % p
m’/sec| mm | mm | hrmin
FA-1 107 10.0099; 100 32 8:00 0.2 84.12
FA-2 107 10.0063 80 12 8:15 }0.176 I 84.12
FA-3 169 [0.0099{ 100 32 7:05 0.2 78.48
FA-4 | 158 |0.0063| 80 | 17 | 7:00 | 0.176 | 78.48
Table A - FB : Bamboo or wooden Pile Spurs.
runno. | b mm Q y de te Fr %p
m”/sec| mm mm | hrimin
FB-1 195 10.00997 100 32 6:00 0.2 79.5
FB-2 170 {0.0063} 80 17 5:00 | 0.176 | 76.18
FB-3 100 |0.0099; 100 64 7:15 0.2 51
FB-4 | 100 j0.0063] 80 | 25 | 3:00 [0.176| 51
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Table A -P : Details of classification of pile spur model experimental runs of 2" phase

Series

P1A
P2A

PiB
P2B

P1C
P2C

PiD
P2D

P1E
P2E

in clear water conditions in flume of width = 500mm, dg, = 2.8mm fine gravel,
with two model lengths (min. and max. permissible), S = 1in 2000,
all models in all experiments are placed at 90° to vertical rigid bank

Type of experiments with:

Pile spur models Sem in length with 15% permeability.
Pile spur models 10cm in length with 15% permeability.

Pile spur models 5cm in length with 25% permeability
Pile spur models 10cem in length with 25% permeability

Pile spur models 5cm in length with 40% permeability
Pile spur models 10cm in length with 40% permeability

Pile spur models Scm in length with 60% permeability
Pile spur models 10cm in length with 60% permeability

Pile spur models Scm in length with 80% permeability
Pile spur models 10cm i length with 80% permeability

Table A - PS : Details of classification of pile spur model experimental runs of 2" phase

Series

PS1A
PS2A

PS1B
PS1B

PSIC
PS2C

PS1D
PS2D

PSI1E
PS2E

in clear water conditions in flume of width = 500mm, d;, =0.424mm, coarse sand,
with two model lengths (min. and max. permissible), S = 1in 5000,

all models in all experiments are placed at 90° to vertical rigid bank

Type of experiments with:

Pile spur models 5cm in length with 15% permeability.
Pile spur models 10cm in length with 15% permeability.

Pile spur models Scm in length with 25% permeability
Pile spur models 10cm in length with 25% permeability

Pile spur models Scm in length with 40% permeability
Pile spur models 10cm in length with 40% permeability

Pile spur models Sem in length with 60% permeability
Pile spur models 10cm in length with 60% permeability

Pile spur models Scm in length with 80% permeability
Pile spur models 10cm in length with 80% permeability
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Tables A - PA : Data of P1A,P2A. Pile spur model runs with 15 % of permeabilities

run ﬁo. b Q

<

d, te Fr % p trun
mm | m/sec| mm | mm | hrmin - | hrimin
P1A-1 | 50 | 0.0067} 110 [ 7 | 1:30 | 0.12 | 15 | 8:00
P2A-1 | 100 | 0.0067{ 110 | 10 | 0:30 | 012 | 15 | 800
P1A-2 | 50 [0.0112) 110 | 13 | 0:30 | 02 15 | 4:00
P2A-2 | 100 | 0.0112| 110 | 18 | 0:30 | 02 15 | 4:00
PIA-3 | 50 | 0.0172] 110 | 20 | 1:30 {03079 15 | 4:00
P2A-3 | 100 | 00172 110 | 34 { 0:30 {0.3079| 15 | 4:00
PiA-4 | 50 { 0.0229| 116 { 29 | 1:00 {0.4095| 15 | 5-00
P2A-4 | 100 | 0.0229] 110 | 48 | 1:30 | 0.4005| 15 | 5.00
P1A-5 | 50 | 0.027/ 110 ] 38 | 0:30 | 0483 | 15 | 4:00
P2A-5 | 100 | 0.027| 110 | 60 | 0:30 | 0483 | 15 | 4:00

Table A - PB : Data of P1B, P2B. Pile spur model runs with 25 % of permeabilities

runno. jbmm| Q v dg, Iz Fr %p trun

. m’/ SEC| mm | mm | hrmin | hr:min
P1B-1 50 | 0.0067| 110 [ 6 3:00 0.12 25 8:00
P2B-1 100 | 0.0067| 110 | 9 3:00 | 0.12 25 8:00
P1B-2 50 100112 110 ] 12 1:30 0.2 25 4:00
P2B-2 | 100 {0.0112| 110 | 17 | 1:30 0.2 25 4:00
PiB-3 50 | 0.0172| 110 | 18 1:30 | 0.3079 | 25 4:00
P2B-3 100 [ 0,0172{ 110 | 26 | 1:00 | 0.3079] 25 4:00
P1B-4 50 | 0.0229) 110 | 28 | 5:00 |0.4095] 25 8:10
P2B-4 100 | 0.0229] 110 | 42 3:00 {0.4095§ 25 8:10

P1B-5 50 0.027] 110 | 37 | 3:00 | 0.483 | 25 4:00

P2B-5 100 0.027{ 110 | 54 | 3:00 | 0.483 | 25 4:00
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Table A - PC : Data of P1C, P2C. Pile spur model runs with 40 % of permeabilities

mnno. |bmm| Q y dyo te Fr %p tun
m’/sec| mm | mm | hrimin hr:min
P1C-1 50 0.0067| 110 | 5.5 2:00 0.12 40 8:00
P2C-1 100} 0.0067) 110 71 0:30 0.12 40 4:00
PiC-2 50 {0.0112} 110 101 0:30 0.2 40 4:00
P2C-2 100 0.0112] 110 13} 1:30 0.2 40 4:00
P1C-3 50 0.0172} 110 15 1:30} 0.3079} 40 4:30
P2C-3 100} 0.0172} 110 18 1:30} 0.3079| 40 4:00
P1C-4 50 0.0229¢ 110 24 1:30] 0.4095 { - 40 4:00
P2C-4 100] 0.0229} 110 28 3:00] 0.4095¢{ 40 4:.00
P1C-5 50 0.0271 110 32 2:001 0.483 40 7:00
P2C-5 100{ 0.027¢ 110 44 3:00{ 0.483 40 700

Table A - PD : Data of P1D,P2D. Pile spur model runs with 60 % of permeabilities

runno. |bmm| Q y dg, te Fr % P e

m’/sec | mm | mm | hr:min hr:min
P1D-1 50 0.0067} 110 4 1:30 0.12 60 4:00
P2D-1 100 | 0.0067] 110 5 1:00 0.12 60 4:00
PiD-2 50 0.6112] 110 8 0:30 0.2 60 4:00
P2D-2 100 1 0.0112}| 110 § 10 0:30 0.2 60 400
P1D-3 50 0.0172) 110 11 0:30 1 0.3079} 60 4:30

- P2D-3 100 0.01721 110t 13 1:30 | 0.3079| 60 4:00
P1D-4 50 0.02291 110 | 18 | 1:.30 |0.4095}| 60 4:00
P2D-4 100 § 0.0229¢ 110 | 22 5:00 | 0.4095] 60 5:00
P1D-5 50 0.027{ 110 | 28 4:00 0.483 60 5:10
pP2D-5 100 0.0271 110 | 36 1:00 | 0.483 60 5:10

Table A - PE : Data of P1E, P2E, Pile spur model runs with 80 % of permeabilities

run no. | bmm Q y de, te Fr % p trn

m*/sec | mm | mm | brimin hr:min

P1E-1 | S0 | 0.0067 110 | 4 | 3:00 | 0.12 | 80 | 8:00
5

7

P2E-1 100 | 0.0067{ 110 1:00 0.12 80 4:00
PlE-2 50 {00112} 110 0:30 0.2 80 4:00
P2E-2 100 { 0.0112] 110 { 9 0:30 0.2 80 4:00
PI1E-3 50 | 00172} 110§ 10 | 3:00 |0.3079} 80 4:30
P2E-3 100 | 0.0172} 110 | 12 | 0:30 [ 0.3079| 80 4:00
P1E-4 | 50 | 0.0229} 110 | 16 | 1:00 | 0.4095| 80 4:30
P2E-4 100 | 0.0229] 110 | 20 | 3:00 |0.4095| 80 4:00
P1E-5 50 0.027{ 110 | 24 | 1.00 | 0.483 | 8O 4:00
P2E-5 100 0.027} 110 29 | 2:00 | 0.483 | 80 4:00
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Table A - PSA : PS1A, PS2A. Pile spurs with 15 % of permeabilities.

do

runno. { bmm Q y te Fr % p tam
: m’/sec mm mm hr:min hr:min
PS1A-1 50 0.00595 | 100 18 1:30 0.12 15 4:00
PS2A-1 100 | 0.00595 | 100 23 1:30 0.12 15 4:00
PS1A-2 50 10.009918} 100 32 2:00 0.2 15 4:00
PS2A-2 100 [0.009918} 100 42 3:00 0.2 15 5:00
PS1A-3 50 10.014901§ 100 60 4:00 0.301} 15 6:00
PS2A-3 100 {0.014901} 100 95 expl.below] 0.301 | 15 1:.00
Table A - PSB : PS1B, PS2B. Pile spurs with 25 % of permeabilities.
run no. | b mm Q y de, te Fr %P tun
m’fsec mimn mm hr:min “{ hrimin
PSiB-1 50 | 0.00595 100 16 1:30 0.12 25 | 4:00
"PS2B-1 100 § 0.00595 | 100 20 1:30 0.12 25 5:30
PS1B-2 50 10.009918} 100 23 1:30 0.2 25 4:00
PS2B-2 100 {0.009918{ 100 36 3:00 0.2 25 5:00
PS1B-3 50 10.014901! 100 50 3:00 0.301] 25 5:00
PS2B-3 100 {0.014901{ 100 74 3:00 0.301{ 25 4:00
Table A - PSC : PS1C, PS2C. Pile spurs with 48 % of permeabilities.
runno. j b mm Q y d., te Fr % p Lrun
m/sec mm nm br:min hr:min
PS1C-1 50 0.00595 | 100 14 1:30 0.12 40 5:00
PS2C-1 | 100 | 0.00595 | 100 | . 17 1:30 0.12 | 40 | 6:30
PS1C-2 50 0.009918| 100 24 2:00 0.2 40 5:00
PS2C-2 100 {0.009918| 100 30 3:00 0.2 40 6:00
PS1C-3 50 ]10.014901| 100 45 3:00 0.301 | 40 4:00
PS2C-3 100 [0.014901( 100 60 4:00 0.301 40 7:00
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Table A -PSD : PS1D, PS2D.

Pile spurs with 60 % of permeabilities.

runno. | bmm Q y dy, t. Fr | %p| tw
m’/sec | mm mm hr:min hr:min
PS1D-1 50 0.00595 | 100 11 0:30 0.12 ] 60 | 5:00
PS2D-1 | 100 | 0.00595 | 100 13 - 0:30 0.12 { 60 | 5:00
PS1D-2 | 50 |0.009918} 100 20 0:30 0.2 | 60 | 6:00
PS2D-2 100 10.009918} 100 25 4:00 0.2 60 6:00
PS1D-3 50 10.0149011 100 40 3:00 0.301] 60 5:00
PS2D-3 100 10.014901| 100 52 3:00 0.301] 60 5:00
Table A - PSE : PS1E, PS2E. Pile spurs with 80 % of permeabilities.
runno, | b mm Q y de f Fr | %p | tum
m’/sec | mm mm hr:min hr:min
PSIE-1 50 0.00595 | 100 9 0:30 0.12 | 80 | 5:00
PS2E-1 100 | 0.00595 1 100 11 0:30 | 0,12 ] 80 | 5:00
- PS1E-2 50 10.009918} 100 16 0:30 0.2 80 | 5:00
PS2E-2 | 100 [0.009918] 100 19 3:00 | 0.2 | 80 | 5:00
PS1E-3 50 10.014901] 100 29 3:000 10301} 80 | 5:00
PS2E-3 100 }0.014901 40 3:00 0.301} 80 | 5:00

100

163



Table: A - R : Classification of field experimental runs with actual pile spurs
in 3rd phase, d5;=0.21mm, S = 1 in 1000, in live bed conditions
Channel width = 30 meters, dia of each bamboo = 6cm

all bamboo spurs in all experiments are placed at 90° to the river bank

Series Type of experiments with:
RA bamboo spurs 3m in length with 20% permeability.
RB bamboo spurs 3m in length with 40% permeability.
RC bamboo spurs 3m in length with 60% permeability.
RD bamboo spurs 3m in length with 80% permeability.

Table A - RS : Data of field experiments in river Selani, Roorkee.

TUum no. Q y \' dso &) Te ¥s tun Fr % P

m’/se{ mm | m/s| mm |ddevid N/m®|gm/icc| hr
RA-1 | 3.64| 383 [0.32] 350 1 |016]265] 24 [0.16] 20
RA-2 | 3.76 | 390 |0.32( 600 0.16| 2.65| 48 [0.16 (. 20
RA-3 | 528 | 435 | 0.4| 630 01612651 72 | 0.2 | 20
RA-4 | 628 | 439 |0.48| 700 0,16 2651 96 [0.23] 20
RB-1 {3.64} 383 |032}| 350 0161 2.65 | 24 10.16] 40
RB-2 | 3.76 | 390 |032] 370 0.16] 2.65| 48 |0.16] 40
RB-3 | 5.28 | 435 | 0.4| 400 016 265 | 72 | 02 | 40
RB-4 | 6.28 | 439 |0.48| 450 0.16] 2651 96 [0.23] 40
RC-1 | 3.64| 383 [032| 200 0,16} 2651 24 [0.16| 60
RC-2 13761 390 [0.32] 200 0.161 2.651 48 10.16| 60
RC-3 | 5281 435 | 0.4 | 250 0161 2651 72 | 02| 60
RC-4 1628 439 10.48] 300 0,161 2.651 96 [0.231 60
RD-1 | 3.64 | 383 (032 80 0.16] 2.65| 24 |0.16} 80
RD-2 | 3.76 | 390 |0.32| 100 0.16] 2.65| 48 |0.16] 80
RD-3 | 528 435 | 0.4] 180 016 265] 72 | 02| 80

et | et § et | ph f o f e § e d [ | md | e e f ok | bed § rwad

RD-4 | 6.28 1 439 |0.48] 200 0.16 265 ] 96 [023] 80
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