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Abstract
The presence of a bridge structure in the river induces changes in the natural geometry of the river cross section by,

therefore, altering the hydraulic regime significantly and causing the so-called backwater effect. Nevertheless, the effect of

the bridge configuration on the hydraulic regime is barely studied. Therefore, the main objective of this study is to

investigate the variations in the water surface profile and flow velocity due to the bridge structure configuration. For this

purpose, the water surface profile and flow velocity on the upstream and downstream of the bridge were investigated for

five flow discharges and four different bridge spans (M = b/B = 0.58, 0.67, 0.75, 0.83). In addition, the relationships

between the bridge’s upstream and downstream average velocities were investigated. The analysis was carried out

experimentally and numerically using the HEC-RAS model. The overall average velocity difference upstream of the bridge

section was - 92.59%, while downstream of the bridge was determined as - 11.95%. So, the average velocities deter-

mined by HEC-RAS were considerably overestimated at the upstream part of the bridge. Linear relationships were

identified for the average downstream and upstream measured velocities in the different openings. The correlation coef-

ficients (R2) were significantly high for considered for all tested b/B ratios. Manning roughness coefficient n = 0.01 was

found suitable for smooth open channel; nevertheless, a higher n value should be considered non-smooth open channel. The

solution-oriented findings from this study might be helpful for engineers by assisting them to reduce uncertainties in the

dimensioning of bridges structures.

Keywords Bridge failure � Bridge scouring � Flood vulnerability � HEC-RAS � River hydraulics

Abbreviations
A Submerged cross-section’s area (m2)

a Velocity weighting coefficient (–)

C Expansion or contraction loss coefficient (–)

1D/2D One dimensional/two dimensional

Fr Froude number (–)

g Gravitational acceleration (m/s2)

h Water depth (m)

he Energy head loss (m)

hn Uniform water depth (cm)

HEC-RAS River Analysis System (RAS), developed by

Hydrologic Engineering Center (HEC) of

U.S. Army Corps of Engineers

L Distance between cross section (m)

n Manning’s roughness coefficient (s/m1/3)

Q Flow discharge (m3/s)

R Hydraulic radius (m)

Re Reynolds number (–)

e Average difference (%)

S Channel’s slope (m/m)

Sf Friction slope (m/m)

V Mean flow velocity (m/s)

Vdownst. Flow velocity downstream (m/s)
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VHEC Flow velocity estimated with HEC-RAS (m/

s)

Vmeas: Flow velocity measured in the flume (m/s)

Vupst. Flow velocity upstream (m/s)

Wb Bridge deck width (cm)

WSPRO Water surface profile (m)

Z River elevation inverts (m)

1 Introduction

Bridges represent a large financial investment and provide

an essential service to the community and economy.

However, at the same time, bridges are vulnerable struc-

tures of transportation networks exposed to multiple haz-

ards, and their failure can severely impact the functionality

of the transport system [1, 2]. Being such essential struc-

tures, they require accurate design, regular investigation,

monitoring, and assessment to ensure good condition and

functionality [3, 4].

The stability and serviceability integrate the bridge’s

superstructure and substructure [5]. Despite their impor-

tance, many bridges are aging quickly due to multiple

reasons, e.g., increasing traffic, dynamic impulses on the

bridge substructure elements, extreme scouring around the

abutments or piers, heavy rainfall, floods, or extreme

temperatures, which are expected to intensify due to cli-

mate change and human-induced factors [3, 4, 6–8].

Often, incorrect design is a prevalent factor of early

bridge aging and failure [9, 10]. However, in most cases,

although the bridge may be correctly designed and built, it

can be damaged or collapsed due to other factors such as

flooding and debris that can damage different components

of a bridge that lead to the failure of the entire structure.

Taking into account that more than one bridge may fail

along a river in the same region, during an extreme event,

closure of river-crossings can lead to severe network dis-

ruption due to very limited or no other diversion alterna-

tives. In this context, flood-induced scouring has been

identified as the predominant cause of bridge failure in

many countries [1, 3, 8].

Even though abutment and some of the bridge piers are

usually placed on floodplains and remain unsubmerged

during dry seasons nevertheless, during the wet season,

floods may cause a substantial rise in water level and lead

to considerable macro-turbulence around the substructure

elements of the bridge [11]. Those flow characteristics are

leading factors for sediment scouring on alluvial beds by

altering the channel morphology and inducing serious

scouring [8, 12]. In the United States, more than 60% of

bridge failure happens due to scouring [13, 14]. The

number of reported bridges failure due to water damage is

six times that of overload and 20 times that of earthquakes

[1, 15]. Also, in Europe, floods are the main cause of

bridges failure [16]. Similarly, bridge failure causes are

observed in other regions, such as South America [17] and

Asia [18–20]. To minimize the risk of failure, the hydraulic

requirements of a stream crossing during the development,

construction, and maintenance phases of bridges must be

carefully addressed.

Thus, hydraulic regime through bridges is an essential

factor for computing water surface profiles and, conse-

quently, the correct bridge design. Accurate computation of

the water surface profiles at a bridge structure is essential

for well-functioning the bridge itself, safety utilization

during high-flow discharges, flood-induced damage

reduction, stream stability, and controlling the scouring

evolution, among others [21–23].

For better flood prediction and adopting the proper

mitigation and protection measures, it is critical to have

comprehensive information about a given stream’s hydro-

logical and hydraulic characteristics. Bridges are of various

types and constructed on natural rivers characterized by

different regimes; therefore, planning, design, and con-

struction should be handled carefully according to the

river’s flow regime type [24, 25]. The optimal bridge

design needs accurate estimation of water level fluctuations

and hydraulic regime analysis using experimental and

modeling tools [26–29].

The opening formed by the bridge’s elements must be

capable of conveying the high-flow discharges. For this

purpose, considering the structure’s safety but at the same

time, the cost, crucial elements of the bridge such as the

foundation depths piers, geometric of the elements, and the

highest point on the low chord of the bridge opening must

be determined carefully. Hydraulic head acting on bridge’s

elements are relatively small compared to the structural

load. However, hydraulic influence around the bridge due

to its geometrical characteristics and infrastructure ele-

ments negatively affects the structure itself [30]. A bridge

designed with a high safety factor may cause more afflux

on the upstream, increasing the cost of river regulation

structures [31].

Therefore, it is crucial to develop more cost-effective

recommendations to reduce the construction cost and

ensure the well-functioning of the bridge structures. While

some bridge openings may induce relatively uniform flow

velocity across the entire bridge opening, in most instances,

there are wide variations in the velocity profile. In some

flow segments, e.g., near the center of the stream, the

velocity may be considerably higher than the average
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velocity [22, 30]. Thus, the changes in the flow due to the

geometric bridge structure should be carefully examined.

A handful of experimental and numerical studies

investigate the influence of the flow regime around piers

groups and other substructure elements [7, 21–23, 30, 32].

Ardiclioglu, Seçkin and Seçilir [33] investigated the effects

of bridge structures on maximum afflux conducting several

experimental tests at a laboratory channel. Polynomial

equations for maximum afflux were obtained based on flow

depth, Froude number, and slope. Hadi and Ardiclioglu

[32] investigated the maximum afflux through experimen-

tal tests and modeling in the HEC-RAS package. Namely,

they conducted laboratory experiments considering ten

flow discharges in a smoothed channel. The hydraulic

parameters computed with HEC-RAS demonstrate to be

closer to the measured values for maximum afflux and

water surface profiles for large openings. Also, Hadi and

Ardiclioglu [32] found that when the opening ratio

increases, the position where maximum affluxes were

observed initially also shifted upstream of the channel.

Although hydraulic models enable us to conduct high-

performance computations at a different scale, still the

input data plays a crucial role in the accuracy of results

[24, 34]. In this regard, determining correct roughness

represented by Manning’s n coefficient is crucial but, at the

same time, a challenging task [34, 35]. Especially in

hydraulic modeling of bridge structures, the determination

of Manning’s n coefficient is challenging and very sensi-

tive as it affects the bridge’s dimensions. Thus, roughness

influences the water surface profile, which dictates the

dimensions of specific structural elements of the bridge

[22, 23].

Roughness can be affected by factors such as the geo-

morphology of the river and the opening of the bridge’s

spans, among others [13, 34, 36]. While the influence of the

geomorphology of the river on roughness is well investi-

gated and reported in the literature, to the best of the

authors’ knowledge, the influence of the bridge’s span

opening on the roughness and, consequently, on the

hydraulic regime of the flow discharge passing through the

bridge is scarcely investigated. Therefore, this study’s main

objective is to investigate how a bridge’s spans opening

affect the roughness and other hydraulic parameters, such

as water surface profile and velocity, which have a crucial

role in designing cost-effective bridges.

Namely, the main objective of this study is to under-

stand the influence of bridge structures equipped with

rectangular cross-section elements (i.e., four different

bridge spans) on water surface profile and average velocity

experimentally and numerically using the HEC-RAS

model. Specifically, the water surface profiles and average

velocities on the upstream and downstream faces of the

bridge for five different discharges and four different

bridge spans were investigated. In addition, the relation-

ships between the measured and computed average veloc-

ities upstream and downstream of the bridge were

investigated. Thus, this study intends to offer a better

understanding of hydraulic regime—bridge’s substructures

elements interactions to assist engineers in designing cost-

effective bridges.

2 Materials and Methods

2.1 Experimental Setup

The experiments were performed in a glass-walled rect-

angular laboratory flume 9.5 m long, 0.6 m wide, and

0.6 m depth at the Laboratory of Hydraulics of Erciyes

University, Kayseri, Turkey. The water flow rate by the

flume was measured with the support of a UFM-600 type

ultra-sound current meter mounted on the pipe, transferring

the water from a constant-head tank to the flume entrance

[37]. Water surface profiles and velocities were measured

using a point gage mounted on a tripod, which can move

freely in three dimensions (Fig. 1a).

Flow velocities were measured using the Streamflow

Velocity Meter 400 type ‘‘Low-Speed Propeller Probe’’

[38], placed on the tripod (Fig. 1b). To precisely determine

the point velocity in the measurements, the average fre-

quency was determined every 10 s on the digital display, as

seen in Fig. 1c, this process was repeated three times for

each point, and the point velocities were then determined

with the help of the average of these three frequencies.

Bridge models with rectangular cross section and four

openings, i.e., spans (M = b/B = 0.58, 0.67, 0.75, 0.83)

were used in the experiments, where b; is the bridge span

and B; is the channel width (60 cm). The bridge deck

width, made of wooden material, is Wb = 5 cm. The

dimensions and the configuration of the bridge’s rectan-

gular spans are given in Fig. 1a. The bridge model was

placed at the 6th meter of the channel to determine average

upstream and downstream velocities and see the effect of

the bridge structure in the water surface profile fluctuations.

Velocity measurements were made at the 1 cm in front of

the upstream and downstream faces of the bridge section at

the middle of the bridge span. Point velocities were mea-

sured for five different steady flow conditions, as given in

Table 1.

Where Q = discharge, hn = uniform water depth, V (Q/

A) = mean flow velocity, S = channel’s slope, Reð4VR=tÞ
= Reynolds number, and FrðV=

ffiffiffiffiffiffiffi

ghn
p

Þ = Froude number.

The average velocities were measured for five discharges

and four different b/B ratios on the upstream and down-

stream parts in the middle of the spans. Mean velocity V, in
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a vertical, is obtained from velocity measurements at sev-

eral points at a given vertical. In the vertical–velocity curve

method, a series of velocity observations at given points

well distributed between the water surface and the stream

bed was conducted at each chosen vertical [34]. The mean

velocity in the vertical is obtained by measuring the area

between the curve and the ordinate axis and dividing the

area by the flow depth in this vertical using Eq. (1).

V ¼
P viþviþ1ð Þ

2
hi

h
: ð1Þ

In this Equation, two consecutive velocities, vi and vi?1,

and for a depth hi, show the distance between consecutive

velocities measurements points.

2.2 Numerical Simulations

The HEC-RAS model was used to conduct the hydraulic

simulation of the flow regime passing under the bridge. In

this study, since the analysis consists in modeling a rela-

tively small laboratory-scale channel and bridge, the cross-

sections are taken at a relatively small span along the

channel to characterize the carrying capacity. The geome-

try of the channel, normal depth with bed slope, and flow

resistance are required for simulating uniform flow using a

hydraulic model. Using the bridge geometrical data menu,

bridge location on the channel was selected along with all

the details of the experimental model. The bridge itself

explained above is composed of four-span with different

dimensions. Water surface profiles in HEC-RAS are com-

puted from one cross section to the next by solving the

energy equation to a body of water enclosed by two cross

sections at locations 1 and 2 as follows, Eq. (2):

h2 þ Z2 þ
a2V3

2

2g
¼ h1 þ Z1 þ

a1V3
1

2g
þ he ð2Þ

where h is the water depth at cross sections, Z is the river’s

elevation inverts, V is the mean flow velocity, a is the

velocity weighting coefficient, g is the gravitational

acceleration, and he is the energy head loss. The energy

head loss between two cross sections is encompassed of

friction losses and contraction and expansion losses

expressed as follows, Eq. (3):

he ¼ LSf þ C
a2V2

2

2g
� a1V2

1

2g

� �

; ð3Þ

where L is the distance between cross Sects. 1 and 2 along

the direction of the flow, Sf is the friction slope between

two cross sections, which is computed using Manning’s

equation as follows, Eq. (4):

Q ¼ 1

n
AR2=3Sf

1=2; ð4Þ

where Q is the flow discharge, n is the Manning roughness

coefficient; A is the flow area, R is the hydraulic radius, and

Fig. 1 The experimental flume and measurement equipment

Table 1 Flow properties measured for different flow conditions

Test Q (lt/s) hn (cm) V = Q/A (m/s) S Re Fr

1 7.16 3.45 0.346 0.001 42,387 0.595

2 14.2 5.31 0.446 0.001 79,634 0.618

3 21.23 6.88 0.514 0.001 113,990 0.626

4 28.47 8.34 0.569 0.001 147,043 0.629

5 34.27 9.42 0.606 0.001 172,150 0.631
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C is the expansion or contraction loss coefficient. The

Manning roughness coefficient n was calibrated for bridge

modeling with the HEC-RAS model in the smooth open

channel. Manning’s n coefficient was set within the

allowable range (0.0085–0.0120) for the smooth channel

used in the laboratory work [24, 35]. In the bridgeless

open-channel model, different Manning n values were

iteratively tested [35]. The average velocities were deter-

mined in the 6.5 m of the channel where the bridge was

placed, in the middle section of the channel (y = 30 cm).

Relative differences between measured and computed

average velocities for four bridge spans are calculated

using Eq. (5):

e %ð Þ ¼ Vmeas: � VHEC

Vmeas:
� 100: ð5Þ

The HEC-RAS model assumes that a contraction occurs

whenever the flow velocity downstream is greater than the

upstream. When the change in the river cross-section is

small and the flow is subcritical, the contraction and

expansion coefficients are equal to 0.1 and 0.3, respectively

[24]. In a more abrupt change, such as these occurring at

bridges, the used values are 0.3 and 0.5, respectively

[22, 36, 39]. However, the HEC-RAS model will auto-

matically select the appropriate equation, depending on

how the bridge structure operates hydraulically. The first

scenario could be when only the upstream side of the

bridge is in contact with the water; the second is when the

bridge contraction is flowing full [23]. Manning roughness

coefficient was determined iteratively for each case. Flow

discharges were tested in the flume until the differences

between simulated and observed water surface profile and

velocity, respectively, were relatively small [22, 35, 39].

Thus, for each bridge configuration (i.e., number and the

spans’ ratio), an appropriate Manning’s n coefficient was

recommended to represent the roughness induced due to

the number of piers introduced in the bridge structure.

3 Results and Discussion

3.1 Characterization of the Measured
and Simulated Water Surface Profiles

Figure 2 shows the energy (i.e., only simulated) and water

surface profiles measured during the experimental work

and computed with the HEC-RAS model for different

configurations (i.e., numbers and spans’ ratio) of the bridge

structure and flow discharges. In general, results show no

considerable fluctuation of water surface profile upstream

of the bridges at four configurations and for five flow dis-

charges scenarios. In contrast, downstream of the bridge,

the water surface profile fluctuations increase with the

increase of the spans’ ratio and flow discharge passing

through the bridge structure. The highest fluctuations of the

water surface profile occur near the bridge contraction, then

it stabilizes.

Figure 3 shows the variability of the water surface

profile differences between measured and computed with

HEC-RAS along the flume for four bridge configurations

and five flow discharges, respectively.

Results show that despite the iterative computations

conducted with HEC-RAS to assign the most accurate

Manning’s n value, the difference between measured and

simulated water surface profile increases with increasing

the spans’ ratio in the bridge structure. Thus, making the

estimation of the water surface profile more challenging

with hydraulic models such as HEC-RAS. Nevertheless, in

the bridges with a relatively small span ratio, except for

Q = 7.16 l/s, the water surface profile difference variability

is smaller than other bridge configurations (i.e., with a

higher span ratio). In real cases, although not very com-

mon, the high uncertainty of water surface profile estima-

tion with hydraulic models during low flow could be due to

random obstacles such as debris, large stones, and woods

near the bridge piers, which are overlooked [23, 39].

However, water surface profile differences for low flows

are generally smaller than higher flows. The slight differ-

ence in water surface profile in low flows is due to low

turbulence and eddies, especially near the bridge piers

[21, 24, 39].

In contrast, higher turbulence and eddies occur close to

the bridge piers during high-flow discharges that signifi-

cantly alter the water surface profile both upstream and

downstream of the bridge, particularly close to the piers. In

prolonged flood events, it may cause severe damages or, in

the worst case, failure of the bridge structure itself

[13, 29, 30]. Thus, during high-flow events, in bridges with

more than one span and a high ratio of the span, the

uncertainty of water surface profile estimation with

hydraulic models such as HEC-RAS is higher as the afflux

formed upstream of the bridge obstructs the flow and

causes higher turbulences and eddies around the bridge’s

piers and also hydraulic regime in the downstream direc-

tion tends to be supercritical [22, 23]. Such undesirable

hydraulic effects can be avoided or mitigated by applying

collars elements at a different level of the bottom part of

the bridge’s piers [8, 28]. In the case of bridges with sev-

eral spans, an overestimation of Manning’s n value may

slightly increase the cost of the bridge construction; nev-

ertheless, the bridge’s safety is significantly higher

[30, 39]. Therefore, depending on the number of spans and

spans’ ratio, also considering the influence of the vegeta-

tion and geomorphology, a Manning’s n value between

0.01 and 0.07 can be recommended to be used in hydraulic

International Journal of Civil Engineering

123



models for estimating the water surface profile near the

abridge structure [21, 22, 35].

3.2 Comparison of the Measured and Simulated
Average Velocities

As shown in Fig. 4a, average velocities for the two-span

bridge were found as 55.3 cm/s at y = 16.3 cm. The same

method calculated average vertical velocity as 95.5 cm/s at

y = 16.3 cm downstream of the bridge (Fig. 4b).

As shown in Fig. 5, when there is no bridge in the

experimental channel, measured and simulated average

velocities by HEC-RAS are relatively close for a Man-

ning’s n = 0.01.

The average difference between measured and com-

puted velocities was found as - 0.71. Thus, in the case of

laboratory conditions for smooth open-channel flows, it

would be appropriate to consider Manning n = 0.01.

Nevertheless, the same recommendation is not valid for

non-smooth open-channel flows as many geomorphologi-

cal factors influence roughness [23, 35]. As mentioned in

Sect. 2.2, we tested five flow discharges and four bridge

openings to conduct HEC-RAS simulations. Once the

necessary data were inserted, the program became ready to

run a steady flow simulation. After the computations were

completed, the average velocities were determined at the

middle of the openings (Fig. 6). As shown in Fig. 6,

average velocities at the middle of the opening at

y = 16 cm for upstream and downstream were calculated

as Vupst. = 1.12 and Vdownst. = 1.15 m/s, respectively, for

the fifth flow discharge scenario as that was the case where

higher water surface profile fluctuations occurred.

In this study, since the experimental channel is relatively

small, the velocity variations in the cross section near the

bridge’s opening are small but abrupt; namely, it varies

from 0.4 to 1.2 m/s. The simulated average velocities in

each bridge span with HEC-RAS were compared with the

measurements for five flow discharge scenarios (Table 2).

As shown in Table 2, the differences between measured

and simulated velocities at the bridge upstream are high

and significantly affected by the spans’ ratio. The average

value of these differences is - 92.59%. In contrast, the

differences between measured and computed velocities

downstream of the bridge were relatively small. The

average value of downstream velocity difference was

determined as - 11.95%. Negative values mean that the

measurement values are smaller than those calculated by

HEC-RAS. Figure 7 shows the graphical distributions of

velocity differences in the span mid-sections on the

upstream and downstream faces for a two-span bridge (b/

B = 0.75).

Figure 7a shows the distribution of differences deter-

mined at y = 16.3 and 43.8 cm on the upstream part of the

bridge. As shown in Fig. 7a, the velocity differences of

both openings are close to each other and high

(- 111.59%) for b/B = 0.75. The velocity differences
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determined in both openings at the downstream section of

the bridge are again close to each other and smaller than

the upstream face (- 31.34%). As presented in Table 2, a

similar trend was observed for other openings.

3.3 Relation of the Upstream and Downstream
Average Velocities

Relation of the velocities measured at the downstream and

upstream spans of the bridge was investigated. As dis-

cussed above, the highest variability of the water surface

profile was observed both experimentally and numerically

for the bridge’s span b/B = 0.75. Therefore, we wanted to

see if and how this high variability in water surface profile

Fig. 3 Water surface profile variability measured and computed with HEC-RAS along the flume for four bridge configurations and five flow

discharges scenarios
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affects flow velocity upstream and downstream of the

bridge. As shown in Fig. 8, there is a linear relationship

between downstream and upstream mean velocities that

can be defined through the linear equation shown in the

respective figure. This finding indicates that water surface

profile variations significantly affect flow velocities at both

sides (i.e., upstream and downstream) of the bridge and

almost at the same degree [14, 27]. Thus, for b/B = 0.75,

the a and b coefficients of the respective equation were

determined as 2.035 and -0.144, respectively.

As shown in Table 3, the correlation coefficient for this

relationship is relatively high (R2 = 0.918).

Similarly, values of determination coefficient (R2) were

found for other opening ratios (Table 3). As can be seen

from the table, coefficient a gets more prominent as the

opening ratio (b/B) gets smaller. R2 values were determined

to be relatively high for all analyzed b/B ratios.

We acknowledge that despite the significant contribu-

tion of this study, we identify some limitations that can be

addressed in future studies. Since the experimental work

was conducted in a smooth laboratory flume. There are

various uncertainties in the flume interactions’ bridge-flow

discharge and morphology. Namely, our analysis was

focused solely on the interaction of flow discharge with the

bridge structure itself, assuming no friction with the

surrounding environment. However, in the natural envi-

ronment, as mentioned above, the geomorphology,

including the bathymetry, type of vegetation, and geolog-

ical formation of the river, has a considerable influence on

the hydraulic regime of the flow closer to the bridge

structure; in other words, it influences the roughness

[23, 35]. To the authors’ knowledge, previous works

assume the flow velocity, or scour depth, as the intensity

measure that does not account for the streaming charac-

teristic effectively. Thus, an arbitrary velocity increase

does not represent the field flow velocity. Usually, in field

conditions, flow velocity plateaus may even drop after the

river’s overflow [30]. One of the critical disadvantages of

flow velocity is that it does not represent the hydraulic

parameters in the river uniquely; for example, the same

flow velocity may occur for different hydraulic conditions.

Moreover, the flow velocity is not easy to measure in the

natural field or readily available for rivers. Nevertheless,

considering this study’s specific objective, we believe that

the limitations above do not jeopardize the significance of

this study.

4 Conclusion

Experimental and HEC-RAS bridge modeling was carried

out to investigate the effects of bridge structures configu-

ration on the water surface profile and the average flow

velocities. For this purpose, the water surface profile and

the average flow velocities upstream and downstream of

the bridge at five flow discharges and four bridge spans

(M = b/B = 0.58, 0.67, 0.75, 0.83) were considered. The

following main conclusions can be summarized from this

study.

• Water surface profile variability and differences were

higher for higher spans ratios and flow discharges. The

opposite occurred for low flows.

• Manning roughness coefficient n = 0.01 was found

suitable for smooth open-channel flows; nevertheless,
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depending on the geomorphological conditions, a

higher n value should be considered when conducting

hydraulic simulations for a non-smooth open-channel

flow or a natural stream.

• Average velocities in bridge spans can be easily

determined with HEC-RAS for smooth open-channel

flows; nevertheless, this process might be challenging

for non-smooth open-channel flows as the roughens

varies in space and time.

• The average differences between the measured and

simulated velocities for five flow discharges were high

for both sides of the bridges.

• The overall average velocity difference at the upstream

bridge section is - 92.59%. In other words, the average

velocities determined by HEC-RAS were

overestimated.

• The overall average velocity differences in the down-

stream section of the bridge were determined as

- 11.95%, relatively small compared to the upstream

part.

• A linear relationship between downstream and

upstream measured mean velocities was observed for

each span.

• The slopes of the linear relationship (i.e., a coefficient)

become higher as the bridge span ratio gets smaller. The

correlation coefficients of these relations R2 were pretty

high for all bridge’s span ratios.
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Table 2 Differences between measured and simulated average

velocities

b/B Error (%)

Upstream Downstream

0.58 - 127.06 - 7.78

0.67 - 98.01 - 8.70

0.75 - 111.59 - 31.34

0.83 - 33.70 0.03

Average - 92.59 - 11.95
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Overall, this study concludes that hydraulic models

overestimate several hydraulic parameters, especially when

used to model the hydraulic regime of flow discharge

passing through hydraulic structures such as bridges.

Nevertheless, the accuracy of the results greatly depends on

the flow regime type and accurate representation of the

channel roughens. As the findings of this study revealed,

the differences were quite remarkable from upstream to

downstream of the structure and significantly affected by

the opening ratio. However, considering the importance of

bridge structures, those overestimations are irrelevant.

Accurate determination of the roughness represented by

Manning’s n coefficient is crucial in the correct design of

bridges and other hydraulic structures. Therefore, future

studies would consider the influence of the geomorphology

and vegetation on the roughness. Finally, this study’s

methodology and solution-oriented findings might help

engineers accurately design bridge structures constructed

in natural or artificial channels.
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