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DETERMINATION OF THE INFLUENCE 
AREA OF A BRIDGE CROSSING IN 
A RIVER STREAM

The object of research is the formation of the influence zone of the bridge crossing in the river flow. The method for 
determining the length of the zone of influence of the bridge crossing provides for the calculation of such parameters as 
the specific discharge of floodplains, the length of the zones of compression and spreading, and the full backwater in 
front of the bridge section. The proposed approach is based on changing the properties of the central stream of the river 
flow in the zone of artificial influence of the bridge structure. Determination of the flow depth and the inclined free 
surface is carried out according to the corresponding finite-difference analogs of differential equations describing the 
change in these quantities. All calculations are made, respectively, for each branch of a flood or flood, for a certain day. 
Calculations start with a full spreading alignment, where all hydraulic characteristics of the flow have natural values.

The paper presents the calculation of the zone of influence of the bridge crossing on the river Seversky Donets on 
the T-05-14 highway within the Donetsk region (Ukraine). It has been established that the development of general 
channel deformations in the channel and on the floodplains occurs in a section from 1195 m to 2144 m long. The 
distribution of the river flow depth is obtained, which increases from 0.58 m to 2.17 m in the alignment of the bridge 
crossing after the flood. With an increase in the flow rate of the river flow, the parameters of the compression zone 
also increase from 246 m to 1382 m, and the spreading zones decrease from 949 m to 762 m. The change in the 
parameter of the central jet occurs in accordance with the distribution of the compression and spreading zones during 
the course of the flood. The obtained results are the initial conditions for conducting research on predicting eroded 
processes in a river flow, taking into account artificial compression in the zone of influence of the bridge crossing.

Keywords: bridge crossing, floodplain, influence zone of the bridge, zone of river compression, spreading zone 
of the river.
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1. Introduction

Predictions of the possible inflow of water to the bridge 
and the development of inevitable channel deformations 
are the basis for the correct assignment of the required 
dimensions of the bridge crossing structures. The greater 
the compression of the river flow, the greater the channel 
deformations become and, as a consequence, the depth of 
the supports sinking increases. With a decrease in the 
opening of the bridge passage, the total support in front 
of the bridge increases, which induces an increase in the 
embankments of approaches and spans. With a large com-
pression of the river, in conditions of intense work of the 
crossing, certain types of regulatory structures are also 
provided. Accordingly, the actual question is to determine 
the dominant characteristic of the bridge crossing – the 
width of the opening, which determines the length of the 
bridge and its other parameters.

2.  �The object of research
and its technological audit

The object of research is the formation of the influence 
zone of the bridge crossing in the river flow.

The general erosion of the river flow is formed in the 
influence zone of the bridge crossing, which in length 
consists of two zones – compression and spreading. Com-

pression zone is the zone of the upper reach of the bridge, 
where there is an increase in the channel flow along the 
river and, accordingly, the convergence of the streamlines 
of the river flow, it is limited by the section of the be-
ginning of compression and the section of the bridge. 
The spreading zone is the zone of the downstream of 
the bridge crossing, where there is a decrease in channel 
flow rates and, accordingly, an increase in flow on the 
floodplains along the river, it is limited by the section 
of the bridge crossing and the section of full spreading, 
where the natural regime of the river is restored.

3. The aim and objectives of research

The aim of research is to determine the parameters of 
the influence zone of the bridge crossing, where the forma-
tion of general erosion (development of general deforma-
tions) in the river flow occurs. To do this, it is necessary  
to complete the following tasks:

1. To develop a method for determining the length of
compression and spreading zones, taking into account the 
parameters of the central jet and a mathematical model 
of the level change and the inclined free surface of the 
river flow.

2. To calculate the parameters of the influence zone
of the bridge crossing on a flat river using the proposed 
method.
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4. � Research of existing solution  
of the problem

In  [1], based on the results of field and laboratory stu
dies, a three-dimensional model of the river with zones of 
bends, confluence and separation of the flow is presented. 
The model is proposed to predict changes in the configura-
tion of the channel and floodplain, as well as the transport 
of river sediments. The division of the river, in particular 
the floodplain flow into zones depending on the mode of 
sediment transport, their deposition in floodplain areas, is 
presented in  [2]. Prediction of sediment transport in order 
to eliminate the consequences of the passage of floods and 
floods in the zones of river flow bends are given in [3]. The 
studies in the mentioned works are presented for natural 
zones, without taking into account the presence of arti-
ficial structures and the corresponding effect of artificial 
compression on the velocity structure of the river flow.

In order to predict the eroded processes in the zone of 
the bridge crossing, the velocity structure of the river flow 
at the bend is modeled in  [4]. The studies are based on 
one-dimensional and two-dimensional models of the chan-
nel by the finite element method, but the determination 
of the magnitude of deformations in the floodplains has 
not been proposed.

The study of flood runoff in the area of the bridge crossing 
is considered in work  [5]. The authors presents the results 
of experimental studies on the throughput of the river flow 
directly in the alignment of the bridge, the development of 
local erosion at bridge supports and the parameters of the 
velocity structure in floodplain areas. The work [6] shows the 
change in the flow depth, considers the zones of conditional 
separation of the channel and floodplain flows, the influence 
of their configurations on the eroded processes. The influ-
ence of the construction of the bridge on the hydrology of 
floodplains within large cities is analyzed in  [7]. Within the 
framework of the presented study, a conceptual assessment 
of morphological changes in the river and its floodplain was 
carried out. The influence of the configuration of river flows, 
forms of cross-sections of channels and floodplains on the 
velocity structure, changes in depths are investigated on the 
basis of numerical experiments in  [8]. The determination of 
the boundaries of the influence of the bridge crossing on 
the basis of field observations or the results of a numerical 
experiment is not analyzed in  [5–8].

The study of the development of general erosion in the 
downstream of hydraulic structures on the basis of model-
ing sediment transport and deformation processes in the 
channel in an uneven flow is presented in  [9]. In  [10], the 
dependence of the relative depth of erosion on the degree 
of compression of the river flow is established. But in the 
above boundary conditions, in  [9, 10], it is precisely the 
parameters of the zones of influence of the hydraulic engi-
neering construction that are not indicated.

Thus, the results of the analysis allow to conclude that the 
determination of the influence zone of artificial compression 
of hydraulic structures, bridge crossings in particular, is an 
urgent task in predicting deformation processes in river flows.

5.  Methods of research

The method for determining the length of the influence 
zone of a bridge crossing in a river flow is based on the 
approach proposed in  [11, 12]. Based on the analysis of 

hydraulic phenomena at the bridge crossing according to 
the channel flow rate transformation, the dependences of 
the change in the parameters of the central stream of the 
river flow are obtained. At the beginning of the calculation, 
the basic initial data are specified that characterize the 
general parameters of the computational domain (Table 1).

Table 1

Output data of calculating the influence zone of a bridge crossing

No. Parameter name Mark Unit
Parameter 

value

1 Longitudinal slope of the bottom J – 0.00018

2 Average elevation of the channel bottom Z
r – 143.7

3 Average elevation of the floodplain bottom Zf–p – 146.64

4 Acceleration of gravity g m/s2 9.81

5 River flood width Briv m 466.3

6 Average channel width Br m 58.11

7 Average width of the greater floodplain bf–pb m 212.26

8 Average width of the lesser floodplain bf–ps m 149.08

9 Roughness coefficient on floodplains N – 0.067

10 Bridge opening width Bbr m 267

The calculation provides for a sequence with the de-
termination of the following values. Determine the natural 
specific discharge of floodplains:

q
Q Q

B Bf p
riv r

riv r
− =

−
−

, 	 (1)

where Qriv – total discharge of the river, m3/s; Qr  – river 
channel discharge, m3/s; Briv – width of the river flood, m;  
Br  – average channel width, m.

The compression ratio of the river flow is calculated:
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Determine the length of the influence of the bridge crossing:
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where Bbr  – the width of the bridge opening, m; J  – lon
gitudinal slope of the bottom; hr  – channel depth, m.

Calculate the cross-sectional area of the river flow:

ωriv r r f p f pB h b h= + − − , 	 (4)

where bf p−  – the average width of the floodplain (larger and 
smaller), m; hf p−  – average depth of the floodplain (greater  
and lesser), g.

Determine the Froude number:
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Determine the value of full backwater:
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Determine the length of the compression zone:

l lz c z br_ _ .= ⋅ξ 	 (7)

Determine the length of the spreading zone:

l lz s z c_ _ .= −( )1 ξ 	 (8)

The parameters of the central jet in the spreading zone 
are determined:

R
l

z s
z s br

br
_

_
.=

−
β

β 1
	 (9)

The parameters of the central jet in the compression 
zone are determined:

R
l

z c
z c br

br
_

_
.=

−
β

β 1
	 (10)

The step of the longitudinal coordinate of the calcu-
lated alignment is assigned, the total length of the section 
is determined as:

l l l li i i i
i

i

= = +−
=
∑∆ ∆1

0

, 	 (11)

where li  varies from 0 to lz c_  in the compression zone and  
from 0 to lz s_  in the spreading zone.

Calculate the values of the curve of the free surface of 
the river flow in the influence zone of the bridge crossing. 
Determination of the influence zone of the bridge cross-
ing is based on the equation of stable uneven movement 
in open channels in a one-dimensional formulation. The 
proposed approach to solving the problem is based on the 
solution, according to [11], by the method of Yu. Abramov 
using the properties of the central stream of the river flow 
in the zone of artificial compression. The finite-difference 
analogue of the differential equation, which describes the 
change in flow depths, has the form:
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where m – the reciprocal of the channel roughness coef-
ficient n, m n= 1 ; R – parameter of the central jet; li –  
longitudinal coordinate of the calculated section, m; g – 
acceleration of gravity, m/s2.

Initial conditions: h h= 0 at l = 0; h hi=  at l li= . All cal-
culations are made, respectively, for each branch of a flood 
for a certain day. Calculations should start with the full 
spreading alignment, where all hydraulic characteristics of 
the flow have natural values, the third term in equation (12)  
is taken with the «+» sign. Moreover li− =1 0, but li  changes in 
the spreading zone from 0 to lz s_ . The value of the parameter 
of the central jet in the spreading zone is R Rz s= _ . The value 
li = lz s_  corresponds to the value of the bridge backwater.

Having reached the bridge alignment, to continue the 
calculation in the compression zone, it is necessary to re-
place the sign in front of the third term with «–». Give 
the value hi−1 to the value of the obtained depth under the 
bridge, accept the distance li− =1 0 and change the value of 
the central jet parameter in the compression zone R Rz c= _ . 
The value li ranges from 0 to lz c_  value that is the distance 

from the bridge to the beginning of the compression zone 
where a full backwater is formed under the bridge.

Based on equation (12), the slope of the free surface 
of the river flow is calculated:
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Changing the slope of the free surface will make it 
possible to clarify the boundaries of the compression and 
spreading zones in the alignment of the bridge crossing.

6.  Research results

The calculation of the influence zone of the bridge was 
carried out on the river. Seversky Donets near the village.
Brusovka on the T-05-14 highway, km 83+575, Donetsk 
region (Ukraine). Every year, during the spring flood and 
rainfall floods, the floodplain is flooded to a depth of 0.5 
to 3.3  m for 1–2  weeks, on depressions the water stays for 
1–3 months. The initial calculation data are given in Table 1.

The output parameters of the computational domain 
are presented in the graphs (Fig.  1).
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Fig. 1. Initial parameters of the computational domain of Seversky Donets: 
a – total Qriv and channel Qr flow rates of the river; b – level of the river 

surface, H; c – distribution of channel hr and floodplain hf–p depths
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The calculation results for the influence zone of the 
bridge crossing are shown in Fig.  2,  3. In Fig.  2 shows 
the calculation of the specific discharge of floodplains ac-
cording to the relation (1), where for each next stage of 
flooding there is an increase in discharge for more than 
24  days. According to formulas (3), (7), (9), the values 
of compression and spreading zones of the river flow in 
the general influence zone of the bridge crossing are ob-
tained. Here, with increasing flow rates, a general increase 
in the length of the influence zone is observed, as well 
as an increase in the compression zone, an increase and 
then a decrease, after the 8th day, of the spreading zone. 
Accordingly, a change in the parameters of the central 
jet is observed in the compression and spreading zones 
obtained with relations (9), (10), Fig.  2,  b,  c.

After calculating the values of the zone of compres-
sion and spreading, the distribution of river flow depths 
was obtained (Fig.  3,  a), where it is possible to deter-
mine the change in depths directly in the section of the 
bridge crossing.
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Fig. 2. The calculated parameters of the computational domain of the 
Seversky Donets: a – natural specific discharge of floodplains; b – length 
of the influence zone of the bridge crossing, the length of the zones of 
compression and spreading; c – parameters of the central jet in the 

compression and spreading zones
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Fig. 3. The calculated parameters of the computational domain of Seversky 
Donets on each flood branch for a certain day: a – slope of the free 

surface of the river flow; b – flow depth

The boundaries of the compression and spreading zones 
can be more clearly determined by the change in the 
slope of the water surface, determined by equation  (13). 
In the presented graph (Fig.  3,  b), at the 10th step of 
the calculation, a change in the inclined free surface in 
the alignment of the bridge crossing is observed. The fall 
is inclined – from 10 to 12  steps, the rise – at 12  steps 
of all stages of the flood.

7.  SWOT analysis of research results

Strengths. The proposed method, based on the change in 
the flood width and the depth of the river flow, makes it 
possible to determine the parameters of the influence zone 
of the bridge crossing, within which limits to calculate the 
general and local deformations in the channel and on the 
floodplain during floods.

Weaknesses. A rather laborious process of calculation, it 
requires a large amount of initial data, which is necessary 
and difficult to obtain in full-scale conditions.

Opportunities. The studies carried out are the initial con-
ditions for predicting deformations or eroded processes, both 
in the channel and in the floodplain areas of lowland rivers.

Threats. Depends on the accuracy and reliability of the 
initial data, which can be obtained during long-term field 
observations by specialists of appropriate qualifications.

8.  Conclusions

1.	 Based on the consideration of hydraulic phenomena 
at the bridge crossing, a method for determining the pa-
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rameters of the zone of its influence has been developed.  
The proposed method makes it possible to obtain the 
lengths of the compression and spreading zones, changes 
in the depth and slope of the free surface of the river 
flow. Numerical studies must be carried out, respectively, 
on each branch of a flood or flood, on a certain day, and 
begin with a full spreading alignment, where all hydraulic 
characteristics of the flow have natural values.

2.	 The influence zone of the bridge crossing on the river 
was determined. Seversky Donets, where the development 
of general channel deformations and erosion takes place 
in the channel and on the floodplains, which varies from 
1195 m to 2144 m. the spreading zone, which, in the course 
of the flood, accordingly decreases from 949  m to 762  m. 
The parameters of the central jet vary in accordance with 
the distribution of the compression and spreading zones. 
Based on the equation of stable irregular movement in 
open channels, a change in the flow depth was obtained, 
which increases from 0.58 m to 2.17 m in the section of the 
bridge crossing. changes on the first line of the flood from 
–0.00016 to –0.00018, on the sixth – from –0.00032 to 
–0.00037. The results are the basis for conducting research 
on predicting the development of deformation processes  
in a river flow, taking into account artificial compression, 
in the influence zone of the bridge crossing.
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