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Abstract
Spurs are structures made with engineering materials starting at the riverbank with a root and ending at the
regulation line in the flow channel in order to deflect the flowing water away from critical zones. They are also
used to develop aquatic habitats by causing stable pools in unstable, disturbed streams. When a spur crosses a
waterway the natural balance of the river is disturbed, results in a major disturbance of the flow pattern around
the structure base. This disturbance leads to the initiation of scour process, and is considered to be the major
cause of structural instability. Investigations on the effects of spurs have a long history and still receive much
attention to the researchers. An optimal design of a spur is the first requirement to make it sustainable and
function properly. In view of that, a thorough understanding to the effect of spurs on the hydrodynamics and
morphology is essential. This paper presents a review on various spurs and their effects on flow patterns and
channel morphology.
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1 Introduction
Most of the rivers in Bangladesh are geologically young and morphologically very active. They carry sediment
loads from the large catchments. Shifting of river course is a very common problem. Spurs are structures that
project into the flow channel in order to alter flow direction away from the critical zones reducing flow velocity
near bank and inducing deposition. They change the flow pattern, and bed elevation configuration accordingly.
Spurs may be permeable allowing the water to flow through at reduced velocities or impermeable blocking and
deflecting the current largely. Permeable spurs are fabricated from piles, bamboo or timbers, whereas
impermeable spurs also called solid spurs, are constructed using soil with revetment works, RCC, rock, gravel, or
gabions. Also, they may be built with different planview shapes. Aesthetic and environmental aspects of spurs
have much consideration as a promising measure to enhance diversities of channel morphologies and riveting
eco-system. Estimation of the length, width and depth of the scour in the vicinity of spur is the main concern of
engineers for years, as this is the significant criterion for proper design of spur foundation.
Many researchers received much attention to investigate the effects of spurs on the channels to explore the
optimal design of a spur to make them sustainable and function properly. Therefore, detailed up-to-date
information on the effect of spurs on the hydrodynamics and channel morphology are explored in this study and
are summarized in this paper.
2 Changes in Flow Pattern
Many researchers investigated the flow pattern in the vicinity of a single spur and spurs in a series as well. The
flow past a spur may be divided into three zones: a main flow zone from the head of the spur to the opposite
side of the channel, a wake zone behind the spur and a mixing zone in-between them (Zhang and Nakagawa,
2008) (Figure 1). The spur confines a certain part of the river cross section and affects appreciably the kinematic
structure of the flow. Mean velocity and specific discharge increase due to construction of spurs. Ishii et al
(1983), Chen & Ikeda (1997), and Ouillon & Dartus (1997) conducted such a study which described the
geometry of separation region downstream of a spur in a straight channel. From the laboratory experiments
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Molinas et al. (1998) reported that the velocity at the spur head might be increased up to 1.5 times the
approaching flow velocity, depending on the flow conditions and spur protrusion ratios. Also Ho et al. (2007)
presented similar results.

Figure 1: Flow zones due to a spur; source: Zhang and Nakagawa (2008)
The spur field is not really of the flow conveying cross section of a river. Accordingly, the flow pattern in spur
field does not directly contribute to the discharge in the main channel. Reducing the stream velocity has little
effect on the flow pattern, whereas lowering the spur head does affect the pattern (Uijttewaal et al, 2001).
Moreover, flow pattern in the side of spur field may change with change of its geometry, location along the river
or spur orientation (Przedwojski et al., 1995).
Kurzke et al. (2002) executed a laboratory test to calculate the exchange of water quantities between the main
flow zone and the impermeable spur field. Through the close review to the flow field exhibits the fact that the
flow pattern for un-submerged spurs is predominantly two-dimensional. The small-scale three-dimensional
turbulence plays a minor role in the mass and momentum exchange process between the spur-field and the main
channel (Uijttewaal,1999). Further, Uijttewaal (1999) concluded his observation on the effect of geometry on the
flow field that the spur-field length to width ratio determines the number and shape of eddies that emerge in the
stagnant flow region. An aspect ratio close to unity gives rise to a single eddy. A larger aspect ratio gives room
for two stationary eddies, a large one called primary eddy, in the downstream part of the spur-field, and a smaller
secondary eddy, emerges near the upstream spur. In a long spur field with length to width ratio of around six, the
flow penetrates into the spur field (Figure 2). In order to save the channel bank from erosion by the return current
an aspect ratio less than three is recommended by Zhang based on both numerical and experimental results.

Figure 2: Flow pattern in a spur-field; source: Przedwojski et al. (1995)
Horizontal large eddies are formed near a spur that shed from the tip of a spur. Through measuring the water
level fluctuations along the centreline of the migrating vortices, Chen & Ikeda (1997) found that there is a clear
periodic water level fluctuation. The flow field is unsteady, and there is significant difference between the time
averaged and instantaneous flow fields.
Complexity of the flow past a spur further increases with the development of scour hole. The flow near the tip of
the spur is strongly three dimensional (Krebs et al, 1999). If the spur is submerged, the flow structure becomes
more complex. The over-topping flow has a significant impact on the nature of the vortices around the spur. The
primary vortex gains an upward component in the lee of the spur dyke (Kuhnle et al., 1999, 2002). And a strong
downward flow is introduced to the wake area behind the spur dyke (Ishigaki and Baba, 2004). Furthermore, the
over-topping ratio (water depth to spur height) has an important control on the geometry of the resulting scour
hole. The flow in local scour generally shows three-dimensional (3D) characteristics. This 3D flow may be
divided into several components. In front of the spur, there exists a bow wave near the water surface and a
downflow towards the channel bed due to the stagnation of approaching flow. As a result of the flow
separation, a horseshoe vortex develops in the lower part at upstream side of the spur (Figure 3). Investigating
the flow structure and the bed deformation around various impermeable and permeable spurs, Zhang and
Nakagawa (2009), and Alauddin and Tsujimoto (2010) argued that there might be a way to achieve a balance in
modifying the flow conditions by suitably combining impermeable spur and permeable spur.

59

M. E. Haque & M. Alauddin
ICPACE 2017

Figure 3: Typical flow in a scour hole; source: Zhang and Nakagawa (2008)
3 Changes in Bed Topography
Bank materials of the major rivers in Bangladesh consist of loose non-cohesive sediments such as sand, silt and
small amount of clay, which is highly susceptible to erosion. The flow velocity and scour depths in all the major
rivers are very high. This is of much interest to understand the morphological changes in the channels after
construction of spurs for various purposes. It is expected that people might take full use of rivers, aesthetic and
ecological values if spurs are effectively arranged.
The scouring occurs in the channels are divided into three classes: general scour, local scour and constriction
scour. General scour takes place on channel bed due to sediment transport by the flow condition irrespective of
whether or not spur there. Local scour occurs directly from the impact of spur on the local flow pattern. Channel
bed is lowered due to the imbalance of sediment transport in the channels. Constriction scour arises from the
narrowing of water course by the presence of spurs.
Due to spur installation, the flow width decreases which in turn changes the velocity profile in the region around
the contracted width. Hence, the flow velocity and Froude number are considered very important measures
of the flow condition which play a main role in analyzing the scour hole characteristics around a spur.
According to Zhang and Nakagawa (2009), the half horse-shoe vortex generally results in a local scour which
has a conical shape in the upstream and becomes elongated in the downstream with a relatively mild slope. On
the other hand, the compressed horse-shoe vortices around the pile group usually leads a valley-shaped scour
hole with a steep slope in the upstream and a mild one in the downstream.
Zhang et al (2005) studied the morphological consequences of series impermeable spurs through laboratory
experiments. The representative formula for determining equilibrium scour depth is that proposed by Melville
based on a series of experiments conducted in the University of Auckland, New Zealand (Melville, 1992;
Melville, 1995; Melville, 1997). Johnson made a comparison of seven commonly used and cited formulae
(including Melville’s formula) with a large set of field data for both live-bed and clear water scour (Johnson,
1995). An extension of this kind of researches is to take into account the temporal variation of the local scour
holes. Most of them are achieved by determining a function relating the time-dependent scour depth to the
equilibrium scour depth, e.g. Chiew and Melville, 1999; Kothyari, U.C. and Ranga Raju, 2001; Coleman, et al.,
2003; Dey and Barbhuiya, 2005.
Garde et al. (1961) suggested that the maximum scour depth greatest for a spur with an inclination angle of
90 degree and smaller for all other inclinations upstream and downstream. Khasaf (1991) carried out laboratory
experiments for scour pattern around diverse cases of impermeable spur changing geometry and the angle of
inclination of spur with respect to the flow direction. It is found that scour depth increases with increasing the
degrees of opening ratio, Froude number, and the degrees of angle of inclination of spur with respect to the flow
direction. The greatest width of scour hole was found corresponding to the 135 degree spur, but they provided
improved aquatic habitats and minimize the possible erosion of the channel bank. Alauddin (2001) conducted
studies to comprehend the flow and morpho-dynamics against various orientation and configuration, nonsubmerged spur in straight sand-bed channels. He found that the spur of smaller angles promoted the flow pattern
for developing deeper channel at low flow and minimize scour near spur at high flow.
Ezzeldin et al. (2007) studied the local scour around single straight impermeable submerged spur installed in a
channel with different angles with respect to the flow direction. They showed the main reason for the drift is
vortex, which takes the form of a horseshoe around spur, but its impact disappears when it reaches Froude
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number that lessens the intensity of the flow around the spur. Hence, the vortex causing erosion becomes weaker
and slower. So the ability of flow to carry sediment decreases.
Karami and Ardeshir (2008) performed experiments on spurs placed in a series and introduced a spur to reduce
the scouring of the downstream spurs which was called a protective spur. The effect of each spur had on other
spurs of the series was investigated experimentally, with an emphasis on the influence of the protective spur in
reducing the scour around other spurs. The incorporated protective spur was shown to effectively decrease the
scour around the spurs placed sequentially. Nevertheless, it was left susceptible to scour potential which
diminished its functionality. To decrease the scour potential around a protective spur as the main focus, and the
sequential spurs, incorporation of another spur called sacrificial spur is proposed by Jourabi et al. (2015).
Uddin and Hossain (2011) made an estimate for maximum local scour depth around the bell mouth spur
constructed along the bank of straight channel to locally change of river conditions. They observed that scour
depth varied proportionally with the variation of flow velocity and Froude number. According to the study made
by Ezzeldin et al (2007), the maximum scour depth, d s , is the dependent variable and can be expressed as a
function of other independent variables as follows.
ds = f (g, ρ, ν, H, V, Vc, B, b, , S, Lup, Ldown)

(1)

Where, g = gravitational acceleration, ρ = fluid density, ν = kinematic viscosity, H = depth of
approach flow upstream of the piles, V = mean flow velocity, V c = critical flow velocity, B =
channel width, b = length of obstruction, = angle of attack, S = shape factor, Lup = length of scour
upstream the spur, Ldown = length of scour downstream the spur dike.
Through laboratory experiments, several researchers independently reached at similar expression for the
equilibrium scour depth near spurs. The expression takes the form, d(∞) K q2/3 (e.g. Gill, 1972; Klingeman et
al.,1984, and Hoffmans & Verheij, 1997). The expression of Ahmed as given by Hoffmans & Verheij (1997)
reads:
y

,

+ h = K K′

/

(2)

Where:
ys,e = equilibrium scour depth below initial depth
h0 = initial water depth
m = b/B, b and B are the width of the dike and channel respectively.
K’A = 2.14g- 1/3 (≅ 1.0 m-1/3s2/3)
KA = 2Kp Ks KK
Kp = correction factor for the influence of channel bend, (inner = 0.85, outer = 1.1~1.4)
Ks = for the shape of structure, (vertical wall = 1.0, 1:1 sloped =0.85)
K= for the angle of attack, (30o to 150o = 0.80 ~ 1.10)
K= for the influence of porosity (0.2 porosity =1.0, 0.5 porosity =0.9~0.6)
Suzuki et al. (1987), showed through laboratory experiments, that the local scour depth around a spur located far
downstream in a series of spurs is a function of the spacing (S) to length (L) ratio, and it could be expressed
roughly in the following form:
,

,

= 0.07. + 0.14

for 2 < < 10

(3)

Where:
Zs,DS = scour depth around any spur far downstream.
Zs,1 = scour depth around the first spur which is similar to the scour depth near a single spur and could be
estimated using any of the above mentioned formulae.
When (S/L)>12, i.e. the spurs are very far apart, the group action vanishes and the scour depth near any spur is
nearly the same as that of a single spur.
Based on analysis of field data for unidirectional flow in rivers, the following scour depth expression has been
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proposed (Hoffmans and Verheij, 1997):
ds,max = α[qo/(1-m)]2/3 – h1

(4)

with:
ds,max = maximum scour depth near head of structure,
h1 = mean water depth of contracted section before scour,
qo = discharge per unit width upstream of contracted section (in m2/s),
m = L/B= blocking coefficient,
B = channel width,
α = coefficient depending on geometry (≈1 to 2 for straight channel and spur normal to bank).
Lacey (1930) proposed a formula for the prediction of the maximum scour depth around abutment-type
structures, as follows (see Rahman and Haque, 2003):
ds,max = 0.47h1K [Q/(f h13)]1/3 - h1

(5)

with:
ds,max = maximum scour depth near head of structure,
h1 = mean water depth of contracted section before scour,
Q = regime discharge (in m3/s),
f = 56(d50)0.5 = sediment factor,
d50 = sediment diameter (in m),
K = coefficient depending on geometry (≈2 for rounded head to 4 for steep sloping head).
Rahman and Haque (2003), taking the structure length into account, modified the above equation into:
ds,max = 0.47h1 M1/3[1+1.5L/h1]1/3 - h1

(6)

with:
ds,max = maximum scour depth near head of structure,
h1 = mean water depth of contracted section before scour,
M = Q/(fh13)= discharge coefficient,
f = 56(d50)0.5= sediment factor,
d50 = sediment diameter (in m).
Rahman and Haque (2003) also presented field data of scour depths near abutment-type structures along the
Jamuna river in Bangladesh. The relative scour depth values (d s,max/h1) are in the range of 0.5 to 2 for a length
scale of about L/h1=7 to 12 and about 1 for L/h1=40. This latter value is significantly over predicted by Equations
(5 and 6).
Klaassen and Vemeer ( 1988) developed a formula for calculating scour depth in the Jamuna River. Their
study was specially based on the feasibility study of the Jamuna Bridge. The equation is as follows,
= 1.292 + 0.037

(7)

hcr (m) average scour depth within the channel related to DWL.
Dawood (2013) conducted laboratory experiments using three different numbers of impermeable non-submerged
spurs (single, double and triple) with different shapes (straight, T-head and L-head) in a straight channel. It was
found indirect relationship relating the effect of spur numbers and shape on maximum depth of scour. 1, 1.5, and
2 times the length of spurs were used in the experiments, noted that increasing the spacing by 0.5 times spur
length caused increasing the scour depth by around 20%.
4 Ecology due to Spurs
Other than land reclamation, aquatic habitats in alluvial rivers can be restored installing in-stream structures such
as spur dykes to enhance channel diversities in terms of flow patterns, bed topographies and substrate
compositions. Variety in flow pattern developed by the structures play essential roles in the life cycles of many
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aquatic species such as fishes and macroinvertebrates, and are recognized as the important habitat suitability in
the riverine area (Shields et al, 1992; Biron et al, 2004; Kemp et al, 2011; Kadota et al, 2010).
As found from field survey by Uddin and Rahman (2011), some char lands are formed along the bank after
installation of spurs. Due to low water and backward water flow simultaneously, different types of fish
populations dwell there. However, it is very difficult to maintain in-stream flow requirement that is very
important for maintaining the river ecology and aquatic habitat necessary for the healthy life cycle.
5 Conclusions
The present study was targeted to explore the effect of spurs on flow and morphology of channels. Due to spur,
specific discharge and velocity of flow increase in the main channel. Change in spur geometry, lowering of spur
head, orientation of spur, location of spurs in a river, etc. affect the flow pattern. The flow pattern for emerged
spurs is predominantly two-dimensional. The small-scale three-dimensional turbulence plays a minor role in the
mass and momentum exchange process between the spur-field and the main channel. In submerged spurs, the
over-topping flow has a significant impact on the nature of the vortices around the spur. A balance in modifying
the flow conditions can be achieved by suitably combining impermeable and permeable spurs.
Due to the impact of spurs on the local flow pattern, local scour occurs. Scour depth varies based on orientation
and configuration of spurs. The spurs of smaller angles promote the flow pattern for developing deeper channel
at low flow and minimize scour near spur at high flow. A series of spurs are useful for protecting bank from
erosion, and stability of the targeted spurs can be made providing additional protective spur in the upstream side.
Variety in flow pattern developed by the spurs make the important habitat in the riverine area which play
essential roles in the life cycles of many aquatic species. This paper also summarizes the estimation methods of
scour depth due to spurs by various researchers.
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