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Floating bridges are the practical answers for intersection enormous waterways with unordinary depth
and exceptionally soft bottom where conventional piers are impractical. This paper describes experimen-
tally the stability of bed material underneath the floating bridges under different hydraulic conditions
introduced regarding flow discharge, tailgate water depth, the bridge length and the bridge draft for dif-
ferent loads over the bridge. Two distinctive bed materials are utilized to characterize the bed morpho-
logical changes. One hundred and sixty-eight tests are completed and the results are differentiated to the
basic case where no bridges are introduced. The outcomes reveal that the particles size of bed material
and the bridge draft are the dominant parameters that influence the bed morphology and flow attributes.
� 2020 The Authors. Published by Elsevier B.V. on behalf of Faculty of Engineering, Ain Shams University.

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Bridges are normally successful methods for interfacing islands
and landmasses with one another or potentially the territory.
Without bridges, the development of roadways and railways cross-
wise over valleys and waterways would not be conceivable [1].
However, in certain occasions, a customary suspension or column
bridge probably won’t be achievable because of wide or deep
water, or because the bed material is too soft to even consider sup-
porting a pillar bridge foundation. For a site where the water is 2–
5 kmwide, 30–60 m deep and there is an exceptionally soft bottom
stretching out another 30–60 m, a floating bridge is assessed to
cost three to five times less than a long-length fixed bridge, tube,
or tunnel [2].

Floating bridges have been utilized since ancient times around
4000 years ago. The principal sort of floating bridges are vessel
spans, which are utilized in numerous fights [3]. The significance
of this kind of bridges have turned out to be obvious in Europe dur-
ing the Second World War (1939–1945) when the withdrawing
troops exploded the bridges built on waterways. The floating
bridge are significant in the military activities [4]. Moreover, the
floating bridges have been utilized as perpetual bridges in spots
where the depth of water is excessively high, which anticipates
the development of bridges on account of their heavy expenses [5].

The idea of a floating bridge exploits the natural law of buoy-
ancy of water to support the dead and live loads. There is no
requirement for conventional piers or foundations. However, an
anchoring or structural system is expected to keep up transverse
and longitudinal arrangements of the bridge. A modern floating
bridge might be built of wood, concrete, steel, or a combination
of materials, depending upon the structure prerequisites. A floating
bridge is essentially a beam on a versatile foundation and supports
which are characterized as pontoon-structures or semi-
submersible structures [6]. A pontoon-structure is a floating com-
ponent with a little depth contrasted with its width, and is reason-
able in zones with calm water, for example, inside a bay or close to
the coastline. Semi-submersible structures comprise of segments
with watertight balance compartments connected to pontoons,
and because of the counterbalance compartment, they are fitting
for enormous wavelengths and wave heights.

Concentrating on loads, the floating bridges are exposed to
different ecological loads, for example, wind and wave; as well as
current loads, [7]. Yanyan [8] classifies the loads following up on
the floating bridges into primary and secondary loads. The primary
loads are dead, live, impact loads notwithstanding earth and
hydrostatic pressures. However, the secondary loads are the wind
and current loads in addition, the impacts because of the
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Nomenclature

B Flume width [m]
d Submerged depth of the bridge [m]
d50 Mean particle diameter [m]
ds Maximum scour depth [m]
g Gravitational acceleration [m/s2]
hsi Maximum silting height [m]
Lb Bridge length [m]
Lf Floor length [m]
Ls Maximum scour length [m]
Lsi Maximum silting length [m]
Q Water discharge through the flume [L/s]
V The mean flow velocity [m/s]
W Static load over the bridge [kg]

yt Tailgate water depth [m]
q Water density of the flow [kg/m3]
qs Soil particle density [kg/m3]
l Dynamic viscosity of water [kg/m�s]
cb Bulk unit weight [gm/cm3]
Cu Uniformity coefficient
rg Geometric standard deviation of the grain size distribu-

tion
Fr Froude number
So Flume bed slope
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temperature and earthquakes. The loads considered in configura-
tion are the parts of vertical and horizontal loads. The vertical loads
are opposed by the buoyancy, while the transverse and longitudi-
nal loads are opposed by an arrangement of mooring lines or struc-
tural elements. The straight floating bridge requires securing lines
or ties to guarantee adequate horizontal firmness to withstand the
level stacking from wind, waves and current [9].

Compared to the conventional bridges, restricted data are
accessible for floating bridges in numerous zones, (e.g. previous
meteorological records and durability). As of late, it has been con-
ceivable to design floating bridges in progressively logical and
handy path due to the advancement of numerical investigation in
addition the hypothetical improvements in hydrodynamic interac-
tions among fluid and floating objects. The majority of the analyt-
ical and experimental work related to bridge dynamics expressed
that there are three choices to acquire the bridge dynamic reaction
which are, applying codes of practice, dynamic examination and
full scale dynamic tests [10]. Most investigations are concerned
with floating bridges examine them from a mechanical perspec-
tive. For instance, Wu and Sheu [11] consider the coupled heave
and pitch movements of a simplified non-uniform ship body float-
ing on a steady water surface and expose to a moving load. The
impact of water depth on floating bridges conveying moving loads
is contemplated by Zhang et al., [12].

Humar and Kashif [13] consider the dynamic reaction of a basi-
cally reinforced clear span bridge traversed by moving vehicles.
Kristina [14] exhibit analytical models of floating bridges under
moving loads and concentrated dynamic reactions with hydrody-
namic impact coefficients for various depths of water. Ravi et al.,
[15] reveal that there are two fundamental ways to deal with be
considered for floating structure; frequency and time domains. Seif
and Inoue [16] contemplate the investigation of pontoon floating
bridges oppressed fundamentally to wave loading with differing
parameters. Parametric examinations are directed to analyze the
girder response for different support structures and collision sce-
narios [17].

The investigation of bed morphological changes by the presence
of floating bridge is required, particularly when the facilities are
near the banks of flows and zones of water impact. The bed erosion
is effectively produced by the crash of water waves with the struc-
tures and riverbeds. Due to the energy conveyed by water waves,
the soil and rocks disintegrate from earth surface in a specific zone
and move to another [18]. Contraction scour is a kind of scour that
can happen if a bridge is situated in the channel width, making a
tightening through the bridge foundations, foundations [19].

Numerous investigations are involved in creating and applying
PC codes to reenact and foresee the contraction scour, e.g. Yong
and Blair [20] demonstrate that the 2D model is satisfactory for
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foreseeing the contraction scour. Bui and Wolfgang [21] utilize a
finite volume created model to compute the flow and dregs sedi-
ment a laboratory channel with constriction and movable bed. Lui-
gia et al., [22] build up an approach for assessing contraction scour
in clear water and unsteady flow conditions. Rajkumar [23] intro-
duce a paper accentuates on the use of soft processing tools, for
example, artificial neural network (ANN) and genetic algorithm
(GA) in the expectation of scour depth with in channel
contractions.

Emphasizing on studies that use experimental models concen-
trated on the characteristics of contraction scour; Edward et al.,
[24] consider the scour presented by pressure flow underneath a
bridge without the limit impacts of piers or abutments. A relation-
ship is created between pressure-flow scour and the flow condi-
tions utilizing the exploratory information. Seungho and Irfan
[25] display a physical focuses on the hydraulics of contraction
scour; in light of the discoveries, a strategy for hydraulic modeling
demonstrating with scaled field geometry is recommended. Hahn
and Lyn [26] researched clear-water scour because of a short ver-
tical (pressure flow) contraction in a laboratory channel. The area
of maximum scour is seen to occur downstream of the contraction.

To the information of the authors, there are not many investiga-
tions that have floating bridges from a morphological perspective.
Consequently, the primary targets of this paper are to examine
experimentally the impact of floating bridge on the bed topogra-
phy including the contraction scour under different scenarios of
operations.

2. Dimensional analysis

The local bed configurations that affect the bed morphology
measured in this research are as follows, [19]:

/ B; Lb; yt; Lf ;W;V ;d; d50; ds; Ls;hsi; Lsi; g;Q ;qs;q;l; So
� � ð1Þ

where: B = flume width, Lb = bridge length, yt = tailgate water depth,
Lf = floor length, W = static load over the bridge, V = the mean flow
velocity upstream the bridge, d = bridge draft depth, d50 = mean
particle diameter, ds = maximum scour depth, Ls = maximum scour
length, hsi = maximum silting height, Lsi = maximum silting length,
g = gravitational acceleration, Q = water discharge, qs = soil particle
density, q = water density of the flow, l = dynamic viscosity of the
water, So = flume bed slope.

The parameters can be gathered as follows: the flow character-
istics (yt, V, g, Q, l, q, So); the bed sediment characteristics (d50, qs);
the floating bridge geometry (B, d, Lb, W); and the bed morpholog-
ical parameters (ds, Ls, hsi, Lsi).

Where in this study the impact of the viscosity is of auxiliary
significance in assessing the scour parameters, and along these
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lines l is neglected, and Vffiffiffiffi
gy

p = upstream Froude number calculated

at the section where y is measured, and, B, d50, Lf, So, and q are kept
constant; The dimensionless products and their relationships can
be written as

f
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3. Experimental study

The point of the experimental work is to investigate the bed
morphology underneath a floating bridge giving a full portrayal
for the geometry of the contraction scour and silting. The experi-
ments are completed in Block Al-Ghannam plant, Salah al-Din
Governorate, Iraq.

3.1. Experimental setup

The flume is a recycling type. It is a closed operating framework
with 18 m overall length, and 0.7 m wide. The flume depth is 0.5 m
at the first 10 m of its length, at that point for the following 4 m the
depth is expanded by 0.25 m to be 0.75 m, at long last the depth is
turned again 0.5 m at the last 4 m. It should be signified that, the
0.25 m increment in the flume depth is filled and leveled with
the bed materials used in tests (Fig. 1).

The flume consists fundamentally of a head tank, glassed chan-
nel, tail tank, ground tank, and sidestep channel. Water is provided
to the flume through the head tank by methods for a 3 centrifugal
pumps with greatest discharge limit of 200L/s that is fitted on the
ground tank. The scopes of the utilized parameters exhibit in
Table 1.

3.2. Justifications of parameters assumptions

The present examination has some parameter assumptions as
an essential assessment concentrated on bridge material and
dimensions, static load over the bridge, discharge, and tailgate
water depth. After a few of fundamental preliminary works, the
parameters are:

� The bridge width is 69.5 cm (i.e. 0.5 cm less than the flume
width) to allow side clearance for bridge fixation.
1

2

3 4

1- Pump
2- Inlet pipe
3- Stone box

4- Sharp crest we
5- Bed material
6- Tail Gate

10.00m

3.5m 6.00m

2.00m

0.5m

Fig. 1. The plan view of the
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� The bridge height is chosen to be constant of 20 cm for practical
reasons; as the used Styrofoam has 10 cm standard height and it
is challenging to stick more than two pieces together.

� The bridge lengths are ranged from 50 to 70 cm; as lengths
under 50 cm has greater draft explicitly in case of high loads,
consequently the contraction scour increases and the total
depth of bed material is completely eroded. Then again, lengths
higher than 70 cm don’t present detectable effect on the bed
morphology particularly for experiments of low discharges
and high tailgate water depth, (Fig. 2).

� The static loads over the bridge are ranged from 20 to 30 kg; as
loads under 20 kg doesn’t present an adequate draft to create
progressive contraction scour in case of 70 cm bridge length.
On the contrary, loads more than 30 kg loaded over 50 cm
bridge length, the draft may be higher than the tailwater depth
in a set of experiments; Fig. 2.

� The discharges are run from 50 to 110L/s; as the discharges less
than 50L/s don’t present an undeniable development of bed
material in case of bridge of short draft, (i.e. 70 cm length and
20 kg load above). Dissimilar the discharges in excess of 110L/
s lead to complete movement of the bed material explicitly
for bridges of long draft, (i.e. 50 cm length and 30 kg load
above).

� The tailwater depths are ranged from 12 to 16 cm; as the min-
imum water depth should be higher than the maximum tested
draft to permit an adequate water height underneath the bridge
to pass the flow. Then again, the water depths higher than
16 cm don’t influence the bed topography particularly in case
of low discharge tested with bridge of short draft.

3.3. Experimental procedure

After the flume is loaded up with 0.25 m depth of bed material
fitted in its place in the flume, and precisely leveled (the leveling
accuracy is checked by a point gauge with a precision
of ±0.1 mm and leveling device). Many steps are done for each
run; firstly the tailgate is totally shut, at that point the control
valve at the feeding inlet is steadily opened notwithstanding back
water feeding until the desired downstream water depth is
approximately achieved. The pump is turned off, and the selected
bridge model is introduced and deliberately fixed in its place, at
that point the loads over the bridge are set and symmetrically
arranged. The control valve at the feeding opening is slowly
opened till keep up the required discharge, where the accurate
water discharge is estimated utilizing an ultrasonic flow-meter
with ±1% accuracy. The tailgate is screwed steadily until the
A
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Table 1
Range of variables used in the experiments.

Parameter Symbol Value Range Units

From To

Discharge Q 50, 70, 110 50 110 L/s
Tailgate water depth yt 12, 14, 16 12 16 cm
Bridge length Lb 50, 60, 70 50 70 cm
Static load over the bridge W 20, 25, 30 20 30 Kg
Bridge draft depth d 4, 6, 7, 8, 9, 10.5 4 10.5 cm
Bed material d50 0.25, 0.48 0.25 0.48 mm
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Fig. 2. The relation between load and the corresponding draft.

Fig. 3. The gravel box.

Fig. 4. The bridge material.
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required downstreamwater depth is reached and checked utilizing
the point gauge.

As of now, the running time of the test is begun, and after 4 h
(where there is no appreciable changes in bed profile), the pump
is turned off. The flume is discharged from water by tailgate grad-
ually not to disturb the produced bed configuration. After the
model is completely drained, the bed levels are recorded utilizing
the point gauge and standard scale through the fixed grid. The pre-
vious stages are totally rehashed for each run.

3.4. Difficulties, challenges, and proposed solutions

The current experimental work has discovered some difficulties
and challenges starting from test setup and wraps up by estima-
tions. Following there are some of these difficulties and proposed
solutions:

� Flume selection: the used flume is purposely looked over the
point of view of dimensions, pump capacity, and feeding sys-
tems to cover the proposed scenarios.

� Uniform flow: to create a uniform flow, a screen stone box is
loaded up with large gravel that implemented at the flume
entrance to pass the water through to disperse flow and smoth-
ing any exorbitant turbulence, Fig. 3.

� The bridge material: The bridge material is selected to provide 3
conditions; 1- the ability of floating on the running water; 2-
has adequate strength to support loads over; 3- finally, doesn’t
permit any volumetric change because of water absorption.
Hence; the bridge material is made of Styrofoam, Fig. 4.

� Fitting the bridge: the bridge model is fitted in its place and
fixed by using a fixation system consists of silicon layer to fill
the small spaces between the bridge and the flume side walls
and to underscore that no water spillage across these areas.
478
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� Bridge models: to limit the costs of the Styrofoam; the tests of
70 cm bridge length are initially done and finished. A 10 cm is
cutout from the bridge length to create the model of 60 cm
length. Then again, the previous step is repeated for the
50 cm model.

� Load over the bridge: to guarantee an equal depth for the bridge
draft, the loads are equally installed and masterminded all
through 5 points; the corners of bridge model notwithstanding
its middle.

� Flume filling: to avoid bed development before the run begins
because of upstream water feeding, back water feeding is ini-
tially started up as well at the same time to the desired down-
stream water depth.

� Bed profile: the bed profile measurements are assisted through
65 points, Fig. 5 to guarantee that all bed configurations are
accurately displayed. For more accuracy, the measurements
are taken twice times utilizing 2 differing point gauges, and
the mean values are represented.

� Bed leveling: before starting another run, the bed material is re-
levelled using a sharp long stick and checked by means of level-
ing devices.

3.5. The scale effect

Focusing on the exploratory scale impacts, there are a few
parameters are not considered in the current study because of their
minor impacts which are as taking after:

The environmental parameters displayed in terms of wind and
wind-induced wave motion on the floating bridge, (i.e. the
dynamic response of wind that creates surface waves and current
loads); The fluctuating turbulent winds and their impacts on the
Aero-dynamic stability of long-span bridges; The friction of flume
side walls and the viscous drag force on the bottom base of bridge
model; The variations of water depth at the end of bridge model;
The effect of weathering action particularly in case of of heavy
rains; The seismic ground motion; At last the storm surge.
4. Model runs

The test program comprises of 168 exploratory runs using, 3
discharges, 3 tail water depths, 3 bridge models, and 3 bridge
drafts by the action of 3 static loads over the bridge; Table 1. The
scenarios are done to examine the impact of the previous factors
on the bed topography bookkeeping the geometry of scour and
deposition, Fig. 5. A planned mesh consists of 65 measuring points
orchestrate in 5 lines, and 13 segment which spreads the 4 m
length of bed material, Fig. 6.

To run a regression analysis model for generation numerical
conditions that applied to investigate the morphological effect of
the previous variables; 2 diverse bed materials are utilized. The
bed materials has 0.25 m depth 4.0 m length filling the flume
width are independently used. Sieve size distribution tests are
Fig. 5. Schematic diagram showing the geomet
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done to characterize the material properties and the outcomes
are laid out in table 2.
5. Results and discussions

Underlining the findings and investigation of the previous stud-
ies it’s seen that Helal et al., [19] present the guidelines for current
research. The novelties and motivations in this investigation come
regarding the floating bridge model, the characteristics of bed
material, and the flow conditions. The bridge model used in [19]
is made of 4 symmetrical wooden bars with bottom intermediate
spacing in the perpendicular direction of flow, one type of bed
material is used which has d50 = 0.62 mm, and the range of flow
condition is 0.14 � Fr � 0.25. Regarding the current research, a
solid piece of Styrofoam with level top and bottom bases is used
as floating bridge model. Underscoring the bed material, 2 unique
sizes of d50 are used, both are finer than the d50 used in [19]; to
simulate the installation of floating bridge in waterways with soft
beds. Finally, the current investigation covers more extensive
scope of flow conditions than the introduced in [19]
0.105 � Fr � 0.931.

5.1. Influence of bed material

To show bed morphological changes by the presence of the
floating bridge for both bed materials handled in this study;
Fig. 7 is introduced. The figure is plotted under fixed discharge,
tailwater depth, bridge length, and bridge draft of 110 L/s, 12 cm,
50 cm, and 10.5 cm, respectively. The bridge draft presented by
30 kg static load. The bridge is placed somewhere in the range of
1.75 m and 2.25 m measured from the beginning of bed material
as a datum, where the bridge center coincide with the center of
bed material location.

It is seen that, in any case the bed material, there is no consid-
erable movement for bed particles at the first 1 m of the bed mate-
rial; where the installation of the floating bridge doesn’t present in
influence. At that point the contraction scouring activity begins to
be actuated just upstream the bridge due to the sudden change in
the current velocity based on the decrease of water depth by the
action of bridge draft. However, the geometry of the contraction
scour under the bridge displays in terms of depth and length is
actively influenced by the bed material, but the location of the
maximum scour depth continued as before that situated at
1.75 m from the bed material (i.e. upstream the bridge).

Focusing on the geometry of scour, the bed material No.1
(d50 = 0.48 mm) shows deeper scour depth and shorter scour
length contrasted with bed material No.2 (d50 = 0.25 mm). That
is because of the development of live bed conditions that energizes
and quickens the particles development whether by rolling or
transportation for bed material No.1. Additionally, that represents
the development of sedimentation region just by the end of the
scour hole. Concentrating on bed material No.2 of the finer d50,
ry of the scour and silting, Helal et al. [19].
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Table 2
Characteristics of bed materials.

Bed material No. d10 (mm) d16 (mm) d50 (mm) d60 (mm) d84 (mm) cb (gm/cm3) Cu rg

1 0.17 0.22 0.48 0.55 0.85 1.54 3.24 1.77
2 0.09 0.11 0.25 0.32 0.65 1.96 3.55 2.60
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Fig. 7. Influence of bed material: (a) contour map of the scour shape for bed material No.1; (b) contour map of the scour shape for bed material No.2; (c) scour profiles in the
longitudinal direction for bed materials No.1 and 2.
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an armored sub-layer is achieved on the channel bed due to the
particles non-consistency where rg = 2.6 which is considered rel-
atively high. Thus, the erosive activity on scour depth is restricted
compared to the scour length. Also, no progressive sedimentation
is grown downstream the bridge which is obviously introduced
in Fig. 7.

Featuring the bed length to be protected due to installation of
the floating bridge, it’s assessed on account the created scour
length notwithstanding the scour depth. The protected bed length
is started by the initiation of the scour hole upstream the floating
bridge and ends once the bed level is stabilized at the downstream.
Therefore, the protected length consumes the total length of the
scour hole. Consequently, it’s expected to find the protected length
in case of bed material No.2 is longer than No.1 for comparative
flow conditions and scenarios of operations.
5.2. Influence of discharge

Fig. 8 discusses the impact of discharge on the bed topographi-
cal changes related to introducing a floating bridge. The figure is
plotted under fixed 50 cm bridge length, 10.5 cm bridge draft
(i.e.30 kg static load over the bridge), and 12 cm tailwater depth.
Regardless the bed material, it is seen that the maximum and min-
imum scour depths are recorded for discharges 110 and 50L/s, sep-
arately. Because of for constant tailwater depth, as the discharge
increases the current velocity increases, accordingly the scouring
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action is efficiently activated. Due to the short span of the used
bridge model, the region of contraction scour is limited and the
length of scour hole is irrelevantly impacted by the discharge. That
presents a significant advantage with respect to the protection
length; as there is no need to be stretched with the increase of
the discharge.

Concentrating on bed material No.1, the figure shows that by
the end of scour hole a district of silting is created which begins
at 2.5 m and extends to 4 m. The silting locale is set up because
of the large particles diameter of bed material No.1; thusly heavier
possess loads which in turn hinder the particles movement to lar-
ger distances. Underscoring the geometry of silting zone, it pro-
claims that the silting height is straightforwardly relative to the
discharge. Also, the maximum and minimum silting heights are
recorded for 110 and 50L/s, individually. Exactly as the perfor-
mance of the scour action; where the same quantity of particles
eroded from bed are further start to deposit by the end of scour
hole length.

Underscoring the bed material No.2, the figure shows that no
silting zone is seen where the scour occurs for the whole length
of bed material which is in actuality the bed material No.1. Like-
wise, the impact of discharge vanishes just downstream the bridge
model owing to the end of contraction scour and the existence of
the armored sub-layer.

Consolidating the discoveries of bed profiles for materials 1 and
2 it is seen that in the event that bed material No.2 the most
tance of mobile bed

a) 

=70L/s Q=110L/s
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extreme and least scour depths are decreased by 29.04% and
50.98%, separately contrasted with bed material No.1. The previous
findings are accounted for the most critical scenario of operation as
the discharge and the static load over the bridge. Consequently, the
bridge draft are maximum while the bridge length and tailwater
depth are minimum. Now, it demonstrates that the bed configura-
tions are remarkable as the discharge increase.
5.3. Influence of bridge draft

In a comparison of static and dynamic experiments, it is seen
that the dynamic investigations give roughly indistinguishable pat-
terns from the static analyses with respect the geometry of the
contraction scour [19]. Thusly in the present study, the static
investigations are only concluded. Where the bridge draft results
by the presence of the static load over the floating bridge; Fig. 9
presents impact of the bridge draft on bed. The figure is plotted
under fixed 110L/s discharge, 50 cm bridge length, and 12 cm tail-
water depth; where the most extreme turbulences in bed profile
are expected to occur for various bridge drafts. The figure demon-
strates that the maximum and minimum scour depths are
recorded by 10.5 and 7 cm bridge drafts, individually for the two
bed materials. The bridge drafts are corresponding to static load
over the bridge of 30 and 20 kg, respectively. Consequently, it is
reasoned that the geometry of scour and sedimentation is legiti-
mately corresponding to the bridge draft. These discoveries can
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be clarified that as the static load increment the bridge draft incre-
ments as well; Fig. 2. Thus, the water depth diminishes underneath
the bridge accordingly the velocity and thus the contraction scour.
A similar bed profile pattern in Fig. 8 is rehashed in Fig. 9; where at
the first 1 m the bed topography is unconcerned by the tested vari-
able notwithstanding the particles diameters. Concentrating on
bed material No.1 the figure presents that a sedimentation zone
is formed downstream the bridge and its height is observed
increases as the static load over the bridge and the bridge draft
increase. Focusing on the scour hole tended to by bed material
No.2 it pronounces that the maximum and minimum scour depths
are decreased by 35% and 73.31% individually contrasted with bed
material No.1 for the most critical run in view of similar reasons
discussed in Section 5.2. Therefore, it is concluded that the bed
topographical changes are legitimately relative to the bridge draft
and accordingly the static load.
5.4. Influence of bridge length

Fig. 10 demonstrates the impact of bridge length on bed. The
figure is plotted under fixed 110 L/s discharge, 10.5 cm bridge draft
(i.e. 30 kg static load over the bridge), and 12 cm tail water depth
which are considered the critical variables that create the maxi-
mum turbulence underneath the floating bridge model for the 3
tested lengths. The figure demonstrates that for both bed materi-
als, the greatest and least scour depths are found in case of bridge
tance of mobile bed

a) 
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lengths of 50 and 70 cm, separately where the bridge drafts are
10.5 and 7 cm, respectively, Fig. 2.

That can be outlined that for constant static load over the
bridge, as the bridge length increment the contacted area exposes
to higher upward buoyant force. Subsequently, the draft decrease
then the contraction scour as well. A similar pattern is obviously
seen for each bed material where the area of maximum scour stays
unaltered simply upstream the bridge. Likewise, an area of sedi-
mentation is created in case of bed material No.1.

From figure investigations that presented for the critical condi-
tion it is seen that increasing the bridge length 10 cm (from 50 to
60 cm) prompts 27.87% and 41.23% decrease maximum scour
depth for bed material No.1 and 2, individually. However, increas-
ing the bridge length 20 cm from (50–70 cm) prompts 45.01% and
56.61% decrease in maximum scour depth for bed material No.1
and 2, individually. Concentrating on the area of sedimentation it
is discovered that the silting height diminishes by 24.06% and
34.44% for 60 and 70 cm bridge lengths contrasted with 50 cm
bridge length. Thus, it very well may presume that the bed mor-
phological changes are conversely relative to the bridge length.

5.5. Influence of tailwater depth

Fig. 11 shows the impact of tailwater depth on bed. The figure is
plotted for the most critical flow condition regarding the maximum
discharge, bridge draft, and minimum bridge length. The tests are
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carried out under fixed 110L/s discharge, 50 cm bridge length, and
10.5 cm bridge draft (i.e.30 kg static load over the bridge).

The figure exhibits that the greatest and least scour depths are
found at 12 and 16 cm tailwater depth. Likewise, accentuating the
area of sedimentation that figured in case of bed material No.1 it is
seen that the most extreme and least silting heights are situated at
12 and 16 cm tailwater depth. Along these lines, it tends to be pre-
sumed that the unsettling influence in bed profile by the presence
of floating bridge is contrarily corresponding to the tailgate water
depth notwithstanding the type of bed material. That can outlined
for constant discharge and bridge draft, as the tailwater depth
decrease the current velocity increase and contraction scour acts
effectively.

Moreover, unnoticeable impact of tailwater depth on the scour
length is displayed. Concentrating on the scour depth, because of
the fine particle size of bed material No.2, it is less sensitive to
the fluctuations of tailwater depths compared to bed material
No.1 of larger particle size.

Regarding the most critical scenario where the maximum flow
turbulences are found, on account of bed material No.1, the scour
depth is increased by 13.04% and 30.43% for 14 and 16 cm con-
trasted with 12 cm tailwater depths. Then again the instance of
bed material No.2, the scour depth is increased by 32.01% and
56.03% for 14 and 16 cm contrasted with 12 cm tailwater depths.
Therefore, it remarks that the bed morphological changes are
inversely to the tailwater depth.
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The experimental outcomes are utilized for relating the diverse
dimensionless variables for developing empirical formulae to reg-
ister the characteristics of the contraction scour introduced in
terms of depth and length. With the assistance of nonlinear regres-
sion investigation, the accompanying experimental recipes are
inferred:

ds

yt
¼ exp �0:136

Lb
yt

� �
þ 381:86

d50

yt

� �
þ 1:06

d
yt

� �
þ 0:238Fr � 2:82

� �

ð4Þ

Ls
yt

¼ exp½0:078 Lb
yt

� �
� 133:71

d50

yt

� �
þ 0:69

d
yt

� �
þ 0:027Fr

þ 2:01� ð5Þ
The coefficients of determination (R2) for Eqs. (4) and (5) are

0.887 and 0.801, respectively. Eqs. (4) and (5) are valid for the fol-
lowing conditions: 50 � Q � 110L/s; 0.105 � Fr � 0.931;
3:125 � Lb

yt
� 5:833 ; 0:0015 � d50

yt
� 0:004; 0:25 � d

yt
� 2:5.

From Eqs. (4) and (5) it tends to be presumed that the parti-
cles size of bed material is the main factor that influences the
scour depth and length; where increasing the d50 increase the
scour depth, and lessening the scour length. It is likewise seen
that d

yt
has the following most prominent impact on the scour

parameters. For the flow conditions utilized, it is seen that reduc-
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ing the values of Fr decrease the scour parameters. At last, as the
bridge length increment the scour depth diminishes and the scour
length expands.

To check the adequacy of the derived equations; Fig. 12 is plot-
ted to exhibit the relation between the measured scour depth and
length contrasted with the calculated values utilizing Eqs. (4) and
(5). Regarding the scour depth, Fig. 12 demonstrates that the calcu-
lated values coordinated with the measured with most
extreme ± 8% of error. However the percentage of errors is
increased to ± 10% for the scour length. That agreed with the
derived coefficients of determination for Eqs. (4) and (5).

6. Conclusions

The experimental study to explore the bed morphological
changes resulted in the presence of floating bridge are carried
out within the range of used data and prompts the accompanying
conclusions:

� The discharge is the most active parameter that influences the
bed topography, however the tailwater depth has the least
impact.

� To shield the bed material from scouring, the channel must be
lined at the site of the floating bridge. The minimum upstream
protection length has to be 2yt regardless the diameters of bed



0

0.1

0.2

0.3

0.4

0.5

0.6

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

Ca
lc

ul
at

ed
 (d

s/
y t)

Measured (ds/yt) 

(a) 
Zero error

±8% Error

5

7

9

11

13

15

17

19

5 7 9 11 13 15 17

Ca
lc

ul
at

ed
 (L

s/
y t)

Measured (Ls/yt) 

(b) 
Zero error

±10% Error

Fig. 12. Comparison between measured and calculated values for: (a) ds/yt; (b) Lsmax/yt.

A.D. Ghanim, M.M. Ibrahim and M.A. Hassan Ain Shams Engineering Journal 12 (2021) 475–486
material, which agreed with [19]. However, the minimum
downstream protection length has to be 4yt and 12yt in case
of bed material No.1 and 2, respectively.

� The morphological changes are imperceptibly at the first 1 m
upstream the bridge as most of changes are located underneath
and downstream the bridge.

� The maximum scour depth is located just upstream the bridge
under any flow condition.

� The influence of any tested parameter is highlighted on the
scour depth, however it can be ignored on the scour length.

� Regardless the bridge length and draft, the morphological
changes increase as the discharge increment and tailwater
depth decline.

� Under fixed bridge length, the bridge draft increase as static
load over the bridge increase, leading to decrease the flow depth
underneath the bridge, subsequently the bed morphological
changes are remarkable.

� For fixed bridge draft, the morphological changes increase as
the bridge length decrease.

� Under any flow condition, as the diameters of bed material
decrease, the scour length increase however the scour depth
decrease.
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