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Abstract. The local scour at abutments, elliptical and straight guide banks in plain rivers was studied. The flow pattern and 
the scour hole parameters at abutments, elliptical and straight guide banks are different. Some researchers believe that the 
guide banks can be used to protect the abutments, namely to remove the scour hole from the abutment. But the scour hole 
does not disappear; it is developing at the head of a straight guide bank and is of a greater size than that at abutments. The 
scour near the straight guide banks has not yet been studied. A streamline concentration, a local increase in flow velocity, 
vortex and eddy structures, flow separation, an additional flow contraction by a separation zone, and a scour hole were 
observed at the head of the straight guide banks. The differential equation of equilibrium for the bed sediment movement in 
clear water is used, and a new method for computing the scour development in floods at straight guide banks is elaborated. 
The method is confirmed by experimental data. This method can be used for predicting in advance the scour development at 
straight guide banks with the flow and riverbed parameters varying during floods of different probability, sequence, 
frequency, and duration. 
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1. Introduction 
 

The scour development in floods at abutments [1], 
elliptical guide banks [2, 3], and straight guide banks was 
studied. According to the tests and methods proposed, the 
scour depth at the straight guide banks is greater than that 
at the elliptical guide banks and abutments with equal 
time, hydraulic, and riverbed parameters. 

The concentration of streamlines, a local increase in 
flow velocity, vortex and eddy structures, flow 
separation, an additional flow contraction by a separation 
zone at the alignment of bridge crossing, and the 
development of a scour hole were observed at the 
upstream head of the straight guide bank.  

The size, shape, length, and other parameters of 
guide banks were studied by different authors [4–13], and 
others. According to some studies, the guide banks can be 
used to protect the abutments. However, the scour hole 
does not disappear, it is developing at the head of the 
straight guide banks and has a greater size than that at the 
abutments. 

The straight guide banks considerably change the 
flow pattern. An additional contraction of the flow by a 
separation zone reduces the flow area at the opening of 
the bridge crossing and increases the backwater value, 
slopes, flow velocities, and non-uniformity of the flow 
velocities and scour at the alignment of the bridge.  

The length of a separation zone depends on the 
contraction of the flow by the bridge crossing.  

The differential equation of equilibrium for the bed 
sediment movement in clear water is used, and a new 
method for computing the scour development at the 
straight guide banks during multiple floods is elaborated. 
The method is confirmed by experimental data. By using 
this method, the scour development at the head of the 
straight guide banks during floods can be computed in 
advance at the stage of design or in the maintenance 
period. 

 
2.  Experimental setup 

 
Tests were carried out in a flume 3.5 m wide and 21 

m long.  
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Experimental data for the open flow conditions are 
presented in Table 1. The dimension of the upper part of a 
straight guide bank, namely the length, was the same as 
that calculated for an elliptical one according to the 

Latishenkov method [14] and was found to be dependent 
on the flow contraction rate and the main channel width. 
The length of the lower part of the straight guide bank 
was assumed to be half of the upper part.  

 
Table 1. Experimental data for open flow conditions in flume 

 
Tests L  hf  V  Q  Fr Rec Ref 

 cm cm cm/s l/s    
L1 350 7 6.47 16.60 0.0780 7500 4390 
L2 350 7 8.58 22.70 0.0103 10010 6060 
L3 350 7 10.30 23.60 0.1243 12280 7190 
L4 350 7 8.16 20.81 0.0984 10270 5590 / 5660 
L5 350 7 9.07 23.48 0.1094 11280 6140 / 6410 
L6 350 7 11.10 28.13 0.1339 13800 7550 / 7840 
L7 350 13 7.51 35.48 0.0665 13700 9740 
L8 350 13 8.74 41.38 0.0756 16010 11395 
L9 350 13 9.90 47.10 0.0876 14300 14300 

 
 
The discharge distribution between the channel and 

the floodplain was studied under open flow conditions.  
The rigid bed tests were performed for different flow 

contraction rates, so that to investigate the flow velocity, 
the flow separation, and the changes in water level in the 
vicinity of the straight guide bank.  

The aim of the sand bed tests was to study the scour 
processes, the changes in the flow velocity with time, the 
effect of hydraulic parameters, the flow contraction rate, 
the grain size of the bed material, the scour development 
in time, the bed level changes along the straight guide 
bank, and the size of the flow separation zone.  

The openings of the bridge model were 50, 80, 120, 
and 200 cm. The flow contraction rate Q/Qb (where Q is 
the flow discharge and Qb is the discharge in the bridge 
opening under open flow conditions) varied from 1.56 to 
5.69 for the depth of floodplain of 7 and 13 cm. The 
Froude number varied from 0.0665 to 0.1339. The slope 
of the flume was 0.0012. 

The tests with a sand bed were carried out in the 
conditions of clear water.  

The sand was placed 1 m up and down the 
contraction of the flume. The mean grain size was 0.24 
mm with a standard deviation. The conditions that FrR = 
Frf was fulfilled, where FrR and Frf are the Froude 
numbers for the plain river and for the flume, 
respectively. The tests in the flume lasted for 7 hours with 
time scale 7. With respect to the real conditions, the test 
time was equal to 2 days. This was the mean duration of 
time steps into which the flood hydrograph should be 
divided. 

 
3.    Method 
 

The differential equation of equilibrium bed sediment 
movement in the conditions of clear water has the form 
 
 

sQdt/dw =   (1) 

where t = time; w = volume of scour hole; Qs = sediment 
discharge out of the scour hole.  

According to laboratory tests, the scour hole volume 
at the straight guide banks was w = 1/6 πm2hs

3. 
The left-hand part of Eq. (1) can be written as 
 

dt
dhah

dt
dhhm

2
1
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dw s2

s
s2

s
2 =π=    

 (2) 
 
where hs = scour depth; m = steepness of the scour hole; 
and a = ½ πm2.  
The sediment discharge is determined by the Levi [15] 
formula 
 

4
ls VBAQ ⋅⋅=    

 (3) 
 
where B = mhs = width of the scour hole; Vl = local 
velocity at the head of the straight guide bank; and A = 
parameter in the Levi formula [15]. 

The sediment discharge upon development of the 
scour is  
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where b = AmVl

4; kstr = coefficient of changes in the 
discharge due to scour.  

The hydraulic characteristics, the flow contraction 
rate, the velocities V0 and Vl, the grain size in different 
bed layers, the sediment discharge, and the depth and 
width of the scour hole varied during the flood.  
Upon development of the scour, we have 

Here, γ = specific weight of sediments; β = 
coefficient of reduction in V0 due to the vortex and eddy  
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systems; V0 = velocity required to start the sediment 
movement; d = mean grain size of the bed material; and hf 
= depth of water in floodplain. 
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Taking into account Eqs. (2) and (4), differential Eq. 

(1) can be presented as 
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where D = a/b.  

After integration, we have 
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It was assumed that D was constant inside the time 

interval. 
After integration with new variables, x = 1+ +hs/2hf, hs = 
2hf (x – 1), and dhs = 2hfdx, we have 
 

1i2
fi

i
i N

hD4
tN −+=                      (9) 

 
where Ni = 1/6xi

6 – 1/5xi
5 and ti = time interval. 

Using the graph N = ƒ (x) or the data of Table 2 for 
the calculated Ni, we find xi and the scour depth at the 
end of time interval: 
 

)1x(h2h fs −=                        (10)  
 

The scour depth depends on the side-wall slope of 
the straight guide bank and the angle of flow crossing: 
 

α−= kk)1x(h2h mfs             (11) 
 

where km = coefficient depending on the side-wall slope 
of the guide bank [16]; and kα = coefficient depending on 
the angle of flow crossing [10]. 

To determine the scour depth development during 
the flood, the hydrograph was divided into time steps 

with duration of 1 or 2 days, and each time step was 
divided into time intervals up to several hours (Fig. 1). In 
the laboratory tests, the time steps were divided into 20 
time intervals. For each time step, the following 
parameters must be determined: hf – water depth in the 
floodplain; Q/Qb – flow contraction rate; ∆h – maximum 
backwater (after computing the general scour 
development in time by Rotenburg method [17]; d – grain 
size; H – thickness of the bed layer with di; and γ – 
specific weight of the bed material.  

As a result, we have Vl, V0, A, D, Ni, Ni-1, and hs at 
the end of time intervals and finally at the end of the time 
step. For the next time steps, the flow parameters change 
under the action of the flood because of the general and 
local scour developed during the previous time steps  
 
Table 2. The value of Ni as a function of xi 

 
xi 1.0 1.2 1.4 1.6 1.8 
Ni -0.033 0.0002 0.18 0.70 1.90 

 
xi 2.0 2.2 2.4 2.6 2.8 
Ni 4.29 8.62 15.98 27.20 46.07 
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Fig. 1. Hydrograph divided into time steps and time intervals of 
the hydrograph. 

 
The depth of the local scour at the head of the 

straight guide banks depends on the general scour at the 
opening of the bridge crossing. 
 
4.  Results  
 

The contraction of the river by bridge embankments 
with straight guide banks considerably alters the flow 
pattern. The streamlines become curved; the 
concentration of streamlines, increased longitudinal and 
transverse slopes of the water surface, a local increase in 
velocity, vortex and eddy structures, and the origin of a 
flow separation zone (between the extreme streamline and 
the straight guide bank) are observed (Fig. 2). The flow is 
redirected by the straight guide bank to the opposite 
riverbank in the case of a one-side contraction or to the 
center of bridge opening in the case of a two-side 
contraction. The additional contraction of the flow by the 
separation zone significantly increases the flow velocities 
and the scour non-uniformity at the opening of the bridge 
crossing.  



 525

Approaching the bridge-crossing model, the 
longitudinal flow velocity along the extreme streamline 
reduces and, not far from the straight guide bank, 
becomes almost zero. At the head of the guide bank, the 
flow velocity is sharply increasing, the water level shows 
a sharp drop, and the development of the scour hole is 
observed.  

According to the tests, the length of the flow 
separation zone at the alignment of the model bridge 
crossing depends on the initial flow contraction rate (Fig. 
3). 

The local velocity is changing with the flow 
contraction rate, the length of the separation zone, and the 
Froude number of open-flow conditions. The local 
velocity was found according to the formula 
 

strstrl hg2V ∆⋅ϕ=   
 (12) 

 
where ϕstr = velocity coefficient for the straight guide 
banks; g = gravitational acceleration; and ∆hstr = 
maximum backwater determined by the Rotenburg (1969) 
formula. 
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Fig. 2. Section of the flow separation zone near the straight 
guide bank (test ST29) 
 

In the rigid bed conditions, the changes in the local 
velocity and water level were measured for different flow 
contraction rates, and the values of ϕstr were found. 
Figure 4 shows the velocity coefficient ϕstr as a function 
of the flow contraction rate. With increasing flow 
contraction rate, the velocity coefficient ϕstr decreases.  

The velocity coefficient depends on the shape of the 
guide banks; at elliptical guide banks, the value of ϕel is 
higher than that of ϕstr at the straight guide banks. 

The hydraulic losses at the straight guide banks are 
higher than those at elliptical guide banks, and 
consequently the value of ϕstr is smaller than ϕel. 
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Fig. 3. Ratio between the bridge opening length and the flow 
separation zone length versus the flow contraction rate 
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Fig. 4. Velocity coefficient ϕstr versus the flow contraction rate 
for straight guide banks 
 
Table 3. Comparison between the experimental and calculated 
data for local velocities at the straight guide banks 
 

Tests ∆h Q/Qb Vl.exp Vl.calc Vl.calc / 
 cm  cm/s cm/s Vl.exp 

ST26 6.29 5.69 50.00 50.90 0.9823 
ST27 2.88 5.27 41.05 36.10 1.1371 
ST28 5.82 5.69 49.00 48.90 1.0020 
ST29 2.26 3.66 38.00 37.70 1.0080 
ST30 3.67 3.87 44.50 47.10 0.9448 
ST31 3.95 3.78 59.70 49.30 1.2110 
ST32 1.11 2.60 26.70 28.00 0.9536 
ST33 1.656 2.69 34.00 34.90 0.9742 
ST34 1.098 2.65 41.20 39.30 1.0483 
ST35 0.422 1.56 18.60 18.60 1.0000 
ST36 0.575 1.66 20.30 21.60 0.9398 
ST37 0.77 1.67 25.60 25.00 1.0240 

 
A comparison between the experimental and 

calculated data for local velocities at the straight guide 
banks is presented in Table 3.  

With the development of scour hole, the local 
velocity decreases in the time step of the hydrograph 
under steady flow conditions. The discharge across the 
width of a scour hole also changes: Qs = kstrQse, where Qf 
= flow discharge across the width of the scour hole with a 
plain bed; Qse = flow discharge across the width of the 
scour hole with scour depth hs; and kstr = coefficient of 
changes in the discharge due to scour at the straight guide 
banks (Fig. 5). The coefficient kstr depends on the flow 
contraction rate Q/Qb. The local velocity at any time step 
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of hydrograph and at any depth of the scour hole is found 
by the following formula: 
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Using Eq. (13), we can calculate the changes in the local 
velocity with scour development under steady or unsteady 
flow conditions.  

Part of the bed materials removed from the scour 
hole gets deposited along the extreme streamline, while 
another part of sediments is transferred away and gets 
deposited inside the separation zone. Along the straight 
guide bank, the bed level increases (Fig. 6).  

The straight guide banks help to remove the scour 
from the abutments, but at the same time increase the 
flow contraction rate, the non-uniform distribution of the 
flow velocities, and the scour at the opening of the bridge, 
the backwater value and slopes, as well as the depth of 
scour. The conditions of the flow passage through the 
bridge opening with straight guide bank become worse 
than in the case of the abutment alone. A considerable 
scour hole is developing at the heads of the straight guide 
banks and is greater in size than at the abutments and 
elliptical guide banks. Consequently, the straight guide 
banks cannot be used for abutment protection. 
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Fig. 5. Coefficient kstr versus the flow contraction rate Q/Qb 

 
A comparison between the experimental and 

calculated volumes of a scour hole at the straight guide 
banks is presented in Table 4. The results obtained 
showed an acceptable agreement. 

The shape of the scour hole at the straight guide 
banks was not changing with time during the tests. The 
scheme of a scour hole at the head of the straight guide 
bank of test ST26 with bridge opening Lb = 50 cm and 
flow contraction rate Q/Qb = 5.69 is presented in Fig 7. 
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Fig. 6. Bed-level changes in time at the upstream part of the 
straight guide bank (test ST33) 
 
 
Table 4. Comparison of the experimental and calculated 
volumes of the scour hole at the straight guide banks 
 

Tests Time hs Wexp Wcalc Wexp / 
 min cm cm3 cm3 Wcalc 
ST27 220 14.60 4912.0 4760.0 1.0319 
ST26 40 13.10 3519.7 3498.0 1.0062 
ST26 70 15.20 5660.9 5800.0 0.9760 
ST26 90 16.00 6901.0 7520.0 0.9177 
ST26 300 19.30 11722.4 11950.0 0.9810 
ST29 20 5.40 419.0 535.0 0.7832 
ST30 80 10.10 3072.0 3045.0 1.0089 
ST33 120 7.40 1240.9 1255.0 0.9888 
ST33 240 7.90 2003.3 1820.0 1.1007 
ST34 270 11.50 3165.6 3465.0 0.9136 

 
 
 

Comparisons between the experimental and 
calculated scour depth development in time for different 
flow parameters and flow contraction rates in tests ST32 
and ST34 are illustrated in Figs. 8 and 9. 

The development of the scour depth measured in 
tests and calculated by the method suggested is similar, 
namely the rapid development at the initial stage of the 
process is gradually reduced with time (Figs. 8 and 9). A 
comparison between the experimental and calculated 
scour depths at the straight guide banks after 7 hours from 
the start of tests is presented in Table 5. According to the 
data obtained, the results are acceptable. 
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Fig. 7. Scheme of a scour hole athe straight guide bank (test ST26) 
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Fig. 8. Scour development in time at the head of the straight 
guide bank (test ST34) 
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Fig. 9. Scour development in time at the head of the straight 
guide bank (test ST32) 
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Table 5. Comparison of the experimental and calculated depths of scour at the straight guide banks 
 

Tests Q Q/Qb hf Lb d Vl hs.exp hs.calc hs.exp/ 
 l/s  cm cm mm cm/s cm cm hs.calc 

ST26 22.7 5.69 7 50 0.24 50.9 19.9 23.6 0.8432 
ST27 16.55 5.27 7 50 0.24 36.1 16.6 14.6 1.1370 
ST28 22.7 5.69 7 50 0.24 48.9 20.8 22.7 0.9163 
ST29 16.55 3.66 7 80 0.24 37.7 10.4 11.5 0.9043 
ST30 22.7 3.87 7 80 0.24 47.1 14.2 15.7 0.9045 
ST31 27.14 3.78 7 80 0.24 49.3 18.3 16.4 1.1159 
ST32 16.55 2.60 7 120 0.24 28.0 6.4 7.3 0.8767 
ST33 22.7 2.69 7 120 0.24 34.9 8.7 10.1 0.8614 
ST34 27.14 2.65 7 120 0.24 39.3 12.3 12.0 1.0250 

 
 

The order of calculating the dimensions of the scour 
hole at the straight guide banks is as follows. 
1.  The hydrograph of the design flood should be divided 
into time steps. Each time step in turn should be divided 
into time intervals.  
2.  The values of water depths and flow velocities at each 
time interval under open-flow conditions should be 
calculated. 
3.  Grain sizes of the bed materials and depths of the bed 
layers with different grain sizes should be found. 
4.  The general scour depth is calculated at each time step 
of the flood hydrograph by the Rotenburg (1969) method. 
As a result, we determine the flow contraction rate and 
the maximum backwater value. 
5. Using the method suggested, we determine the 
development in time of depth, width, and volume of the 
scour hole at the straight guide banks with different 
probability, sequence, frequency, and duration of flood 
hydrograph. 
 
5.    Conclusions 
 

In the tests and by the methods suggested, it was 
found that the dimensions of scour at the bridge crossing 
structures – abutments, elliptical and straight guide banks 
– are different.  

The tests at the head of straight guide banks showed 
the presence of a streamline concentration, a local 
increase in the flow velocities and backwater value, the 
origin of vortex and eddy systems, the flow separation, an 
additional flow contraction by the separation zone, and an 
increase in the non-uniformity of flow velocities and 
scour depths in the opening of the bridge crossing. The 
conditions of the flow passage through the bridge opening 
with the straight guide bank become worse than in the 
case of the abutment alone.  

The scour hole developing at the head of the straight 
guide banks is greater in size than that at the abutments 
and elliptical guide banks. 

Because of the flow-pattern changes, non-uniform 
velocities and scour distribution at the bridge opening, as 
well as a considerable scour at the head of straight guide 
banks, the straight guide banks cannot be used as 
abutment protection measures; they work only in special 

cases when it is necessary to redirect the flow from the 
abutment.  

In the present study, the differential equation of the 
bed sediment movement under clear-water conditions was 
used, and a method for calculating the scour development 
at the head of the straight guide banks during floods was 
elaborated and confirmed by experimental data. The 
method suggested can be used for predicting in advance 
the scour development at the head of straight guide banks 
at the stage of design or in the maintenance period. 
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