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Abstract. Today climate change is one of the most significant threats and global issues that should be
concerned. It causes the increased number of natural disasters such as hurricanes, storms, typhoons and
floods. Under these critical hydrological conditions, transportation infrastructure includes bridges easily got
submerged, damaged and lead to its failures. Evaluation of bridge stability, hydrodynamic forces acted to
bridges and understanding the complex flow behavior in particular during and after flooding plays an important
role to estimate the probability of failure risks for existing bridges and optimal design of future bridges. In the
present paper, the turbulent flow with high Reynolds number over a fully submerged bridge deck with various
length-to-thickness ratios is numerically investigated by using ANSYS FLUENT. The blockage and
submergence ratios are defined as 0.23 and 2, respectively. The realizable K—e model and volume of fraction
(VOF) is applied to predict the complex water surface profiles over the bridge deck and turbulence
characteristics including backwater effect upstream of the bridge. Effects of the aspect ratio to the drag
coefficient are studied.

1. Introduction

Bridge is an essential important infrastructure, a vital joint of the transportation network. Nowadays
because of climate change and global warming, number and frequency of natural disasters such as hurricanes,
storms, typhoons and floods has increased and caused devastating impacts on transportation infrastructures
include bridges. It can cause the inundation, damages and lead to failures of bridge structures which were not
designed for critical hydrological conditions.

Vietnam is one of the five countries worst affected by climate change. In Vietham, there are over 3450
rivers and streams with a 3260 km long coastline. Hence, Vietham is always at highest risk from natural
disaster as recently ranks eighth in the most affected countries by extreme weather events between 1996 and
2015 and fourth among countries with the highest proportion of the population exposed to river flood risk
worldwide [1].

According to Ministry of Transportation and Communication, Vietnam’s transportation infrastructure was
often damaged by the flooding. For example, during October—December 2016 five floods caused heavy
damage to the transportation infrastructure, mostly roads and bridges, in the eighteen provinces. Flood flows
from upstream rivers inundated the surrounding areas and damaged many bridges. Figure 1(a) shows the
picture of A-Sap Bridge partially inundated by the flood. The middle section of this bridge was completely
washed away and severed a village with more than 1400 people on November 2, 2016. Figure 2 demonstrates
the photo of a collapsed bridge in Binh Dinh Province due to flooding. Four villages of An Nghia and Hoai An
communes have been isolated.
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Table 1 shows the number of damaged and collapsed bridges caused by the floods of 2016 in the four
most suffered provinces Binh Dinh, Ninh Thuan, Phu Yen, Quang Ngai, according to the data provided by the
provincial governments [2, 3].
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Figure 1. A-Sap bridge collapsed in Thua Figure 2. A bridge collapsed in Hoai An,
Thien Hue province, Vietnam, November 2016. Binh Dinh province, Vietnam, 2016.

Table 1. Number of damaged and collapsed bridges.

Province Binh Dinh Ninh Thuan Phu Yen Quang Ngai Total

Number of damaged

and collapsed bridges 57 43 113 40 253

During flood and other natural disasters, the water level in river rapidly increases and consequently the
bridges are got fully or partially submerged. Hydrodynamic forces caused by flood flows strongly affect the
bridges structures. It can cause the shearing or overturning of the bridge deck and failure of the bridge
superstructures. The bridges subjected to inundated conditions are more liable to failure. Therefore,
understanding the complex turbulent flow and determination the hydrodynamic forces acted on the bridge
under extreme hydrological conditions are crucial to evaluate the bridge safety, the probability of failure risks
for existing bridges and optimal design of future bridges.

In order to estimate the stability of bridges, the drag force plays very important role. The drag force is a
combination of viscous (friction) drag and pressure drag (or form drag), which is dependent mainly on the
geometry of the body, the location of separation and reattachment points. Generally, the viscous drag on a
bridge deck is negligible when compared with the form drag. Some relationships between the drag coefficient
and parameters of bridges and flows were examined. Most studies in the literature have studied hydrodynamic
forces acting on unsubmerged bridge decks but there are only a few studies about water flow over inundated
bridges and the accompanying water surface profiles.

Naudascher and Medlarz (1983) determined theoretically and experimentally the hydrodynamic forces
acting on the partially submerged bridge deck. They introduced a relationship between the drag coefficient,
the elevation of the bridge and the angle between the flow and the bridge axis. The force coefficients were
proposed to estimate the peak hydrodynamic loading acting on the bridge deck induced by flow instability and
vortex formation [4].

In 1995, The Federal Highway Administration (FHWA) researched on the hydrodynamic loads on piers and
the bridge deck. They suggested a constant value of drag coefficient within the range 2.0 to 2.2 [5]. The drag
coefficient for fully or partially submerged bridge superstructure can be calculated using the following equation:

C ’H
Fy =2l &
where Fp is drag force per unit length of bridge, N/m;

p is the water density, assumed equal to 1000 kg/m?;

H is depth of submergence, m;

Uo is flow velocity, m/s;

Cpis drag coefficient per unit length.
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Okajima A. et. al (1997) analyzed the blockage effect on the drag coefficient for a rectangular bridge
deck in a uniform flow at Reynolds number R, = 4.10°. The results showed that drag coefficient depends

greatly on blockage ratios D/Ho, where D is the thickness of the cylinder and Ho is the depth of the upstream
flow [6].

Malavasi & Guadagnini (2003, 2004, 2007) carried out experiments applying a time resolved PIV
technique to investigate the flow field and examine the hydrodynamic loading on bridge decks with the aspect
ratio of the cylinder was L/D =3 and L/ D =1 (where L is the streamwise length of the cylinder) for
different submergence levels, Reynolds numbers and deck Froude numbers. Their results showed that due to
the presence of a free surface, force coefficients can either be larger (by more than a factor of 2) or lower than
the corresponding values of an unbounded domain. The flow fields around the deck had strong asymmetry
and a complex vortex-shedding regime. The blockage ratio affects the forces acted on the bridge deck [7-10].
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Figure 3. A Schematic diagram of a fully submerged cylinder (Malavasi & Guadagnini, 2003).

T. Picek, Havlik, Mattas, & Mares (2007) conducted experiments to calculate of flow through partially
and fully submerged rectangular bridge decks of a rectangular shape. They proposed equations for a
calculation of the backwater using empirical equations treating the relative height of an obstacle as a major
parameter and the discharge of the pressure flow through decks using the scheme dividing the total flow into
the pressure flow and the weir flow [11].

In 2008, Malavasi with Trabucchi used a three-dimensional k-¢ turbulence model to simulate the
hydrodynamic loading and investigate the bounding effects of a solid wall on the flow around a rectangular
cylinder with aspect ratio L/ D =3 placed in a steady flow, above a solid wall with different gap ratios h/D.
They found that the pressure distribution in the gap zone highly changes when the cylinder is closed to the
wall [12].

Arslan T. et al. (2013) used a large eddy simulation (LES) model and flume experiments to study the
flow field around a partially submerged sharp-edged rectangular cylinder. The drag and lift forces were
estimated and compared with the measurements. Their results indicated that the drag forces increase with the
submergence ratio. The flow separation and reattachment underneath the cylinder and the vortex formation
in the wake region were highly affected by the submergence ratio and the turbulence intensity in the
approaching flow [13].

Chu C. et al. (2012, 2016) used a Large Eddy Simulation (LES) model to investigate the interactions
between a free surface flow and fully submerged bridge decks for different Reynolds number, Froude
number, submergence ratio and blockage ratio. He also conducted an experiment in a water flume on a
rectangular cylinder with the aspect ratio L/ D = 3. They concluded that the drag coefficient of the cylinder
was dependent on the deck Froude number and blockage ratio, rather than the Reynolds number [14, 15].

In reality most of the bridge decks are quite elongated but all the above mentioned studies only
examined the flow over the bridge deck with the aspect ratio L/ D < 3. The flow mostly was steady or sub-
critical. Results obtained through experiments and numerical simulations mainly by using OpenFOAM. There
are no available studies about the water flow over bridge decks with aspect ratios larger than 3. The effect of
the free surface mostly was not considered. Besides it, the definition of the drag, lift and moment are clear,
but the specific formula is almost impossible based on the theoretical derivation due to the dependence of
force coefficients on the shape of objects.

Therefore, the aim of the present paper is to numerically study the behavior of the turbulent flow over
the fully submerged bridge deck but with different aspect ratio of the deck L/ D =1...7 . Based on the obtained
data, the relationship between the drag coefficient and the bridge deck’s ratio was determined. In order to
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reduce the cost and time solving problem, the 2D computational domain and boundaries are chosen as
economical and reliable approach to provide a valuable view of the flow over submerged bridge decks.

2. Methods

In fluid mechanics, the governing equations of fluid flow are the conservation laws of the mass,
momentum and energy. According to that, the rate of increase of mass in a fluid element equals the net rate
of flow of mass into that fluid element:

a_p+8(pu) . d(pv) . d(pw)
ot OX oy 0z

The time rate of change of momentum in a fluid element equals the net rate of momentum flow out of
the fluid element plus the sum of forces acting on the fluid element. The momentum equations for
incompressible flow called the Navies — Stokes equations have bellowed forms [16, 17]:

=0, (2)

Du _ g_a_p+ 82u+82u+62u -
Pot P2 o M o oy o)
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Pot 7% m M e Tt )

The increase rate of energy of a fluid particle equals net rate of heat added to the fluid particle plus net
rate of work done on the fluid particle. The energy of a fluid is defined as the sum of internal (thermal)

energy U, kinetic energy k and gravitational potential energy. In total there are 5 equations (mass, X-, Y-, Z
momentum and energy) with 7 unknowns (density, pressure, velocity, internal energy, temperature).

In this study, numerical simulations were carried out using FLUENT package. This is a strong analysis
tool for modeling based on the finite volume method. The finite element method is developed for numerical
solution of complex problems in different fields with varying geometries, material types and loadings. In this
method, the complex models are first divided into smaller, simpler and solvable elements called finite
elements. Then, by assembling the results of solving each element into larger system, the total solution of
model is obtained.

Under critical hydrological conditions, the turbulent flow is irregular, random and chaotic flow,
characterized by fluctuating velocity. Hence, the most difficulty in numerically modeling the turbulent flow over
the bridge deck is the adequate reproduction of the wake region in the downstream and vortex shedding
phenomenon. There are different turbulence models available in FLUENT such as Reynolds — Averaged
Navier-Stokes (RANS) models, Large Eddy Simulation (LES), Direct Numerical Simulation (DNS) [18, 22-25].

DNS (Direct Numerical Simulation) model requires very small time steps and high cost that is not
suitable for practical industrial applications available today. As for the Large Eddy Simulation (LES), the
excessively high resolution is required for wall boundary layers that can only be achieved for flows at very low
Reynolds number and on very small geometric scales. For this reason in this paper, the realizable k-¢ model,
one of the RANS models, is chosen to model the turbulent flow over the submerged bridge deck with different
aspect ratios.

RANS models are the most economic approach for computing complex turbulent flows. These models
simplify the problem to the solution of two additional transport equations and introduce an Eddy-Viscosity
(turbulent viscosity) to compute the Reynolds Stresses [19-21, 26-28]. The Reynolds-averaged momentum
equations are as follows:

[au_i —5U_iJ op, o[ ou | R
pl = +u S + (6)

o fox ) ox o “ox ) o,

Realizable k—¢ model was developed by Shih et al. (1994) and contains a different transport equation

for the turbulent dissipation rate &, than the traditional k-¢ approach. This turbulence model differs from the
other model in two ways: it contains a new alternative formulation for the turbulent viscosity and a new modified
transport equation for the ¢ derived from an exact equation for the transport of the mean-square vorticity
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fluctuations. The term realizable means that the model satisfies some certain mathematical constraints on the
Reynolds stresses consistent with the physics of turbulent flows [29-32]

Comparing with standard model, the realizable k-¢ model has many advantages such as: more
accurately predicts the spreading rate of both planar and round jets; provide superior performance for flows
involving rotation, boundary layers under strong adverse pressure gradients, separation, recirculation and
strong streamline curvature.

The modeled transport equations for K and ¢ in the realizable k-¢ model are:

o 0 o) ok

—(pk)+ (pku.)=— [,u+—t]— +G, +G, + pe-Y, +5S,, 7)

ot OX, Vo, ) OX,

0 0 0 U, | os

— u. +— |— |+ pC,S C, C G, +S,, 8
~(pe)+ aXj(pe )= o [u Gjaxj pCSe—p +f 2 ®)
C, =max {0.43, L] (9)

n+5

k

n=S;, (10)
S=_/25.5S. (11)

ij~ij »
where Gk — the generation of turbulence kinetic energy due to the mean velocity gradients;
Gb — the generation of turbulence kinetic energy due to buoyancy;

Ym — the contribution of the fluctuating dilatation in compressible turbulence to the overall dissipation

rate;
C2, C1. — constants;
ok, 0. — the turbulent Prandtl numbers for K and ¢, respectively;
Sk, S¢ — user-defined source terms.
According to Launder et al., the values of the constants in the realizable k-¢ model are given in Table 2
[20].
Table 2. The values of the constants in the realizable k-& model
C, C, C, Ok O
0.09 1.44 1.9 1.0 1.2

Beside the realizable k-¢ model, the Volume of Fraction method was considered to determine more
accurately the water surface profiles. Based on the obtained data, the drag coefficient can be determined.

The VOF method is proposed by Hirt and Nichols in 1981 [21]. VOF model belongs to the Euler-Euler
approach, which is based on the concept of a fractional volume of fluid to calculate the shape and location of
a constant-pressure free surface boundary. In this scheme, two or more fluids can be modeled by solving one
set of momentum equations for all fluids and for turbulent flows; a single set of turbulence transport equation
is solved. The Interface tracking scheme is used to locate free surface flow. It is assumed that two or more
fluids in the flow domain are not interpenetrating. The Navier Stoke equations are solved in either Cartesian
or cylindrical coordinates.

In this method, the volume fraction a in the two-phase flow varies from 0 to 1 and is obtained from a
transport equation:

%@‘ ai (a1r;)=0. (12)

The value of & =1 corresponds to a cell full of water; and a =0 to the cell is full of air.
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Data from works carried out by Chu (2016) were adopted as benchmark to clarify the accuracy of the
FLUENT numerical model in simulating flows over submerged bridge decks. The conditions set for the
numerical simulations were the same as those used in the experiment.

Design Modeler and Meshing tool of Workbench were used to create the geometry model and generate
the mesh model relatively. The bridge deck is modeled in a rectangular shape. Initial data were: thickness
D =0.06 m, distance from the underside of the deck to the channel floor was h =0.14 m, upstream velocity

U =1 m/s, water depth of the undisturbed flow H =0.26 m. In this case, the flow is turbulent and
supercritical as the Reynolds number equals:

Re = _ 60000. (13)

14

The Froude number of the flow and the deck respectively are:

Fr :L:0.63; (14)
\JgH
Fr, =L—1.3. (15)

5"

The blockage ratio was defined as:

Br=D/H =0.23. (16)
The submergence ratio is the ratio of the depth of water above the bridge deck to its thickness:
h"=(H-h)/D=2. (17)

The size of the computational domain plays a great important role. The upstream and downstream
lengths of the computational model are chosen in such way that the inlet and outlet boundary conditions do
not significantly influence free surface development, flow around the bridge deck, and forces on the bridge.
Because of the turbulent flow, the inlet is placed 30D upstream of the deck and the outlet 30D downstream
to capture the whole velocity field and give accurate results. The same domain is used for all aspect ratios.

The grid near the bridge deck was denser because the flow pattern in the region is more complex and
gradually increases away from the bridge deck. The height of first layer near the surface of bridge deck is

0.005D. The minimum orthogonal quality is larger than 0.6, which is considered as good quality.

Figure 4. Mesh in region around bridge deck.

The boundary conditions for modeling consist of the inlet, the outlet and the walls. Considering the VOF
method, the flow domain was divided into two phases, air and water. Air was considered as the secondary
phase. The operating pressure is 101325 Pascal. The operating density was set as the density of the lightest
phase (air) that is 1.225 kg/m?3. Respectively, the inlet has two parts: the lower part where water is coming in
and upper part is for air. At the water inlet part, a uniform velocity is applied. The interaction coefficient between
water and air is set as 0.072.

The outlet boundary was defined as the pressure outlet used to specify a static gauge pressure at the
boundary. Top boundary is given as pressure outlet with a zero atmospheric pressure. Bottom and deck are
considered as no-slip wall. The geometry of the 2D solution domain and the boundary conditions used for the
numerical simulations are shown in Figure 2.

Thai, T.K.C.
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Figure 5. Computational domain and boundary conditions.

The numerical solution was considered converged when the residuals of the discretized transport
equation reached a value of 1x107® for all variables including pressure, velocity, turbulent kinetic energy
and turbulence dissipation rate. To obtain results more accurately, in the present study, the PISO algorithm
(Pressure Implicit with Splitting of Operators) is used for pressure-velocity coupling. The Pressure-Implicit
with Splitting of Operators (PISO) pressure-velocity coupling scheme is based on the higher degree of the
approximate relation between the corrections for pressure and velocity. The PISO algorithm performs two
additional corrections: neighbor correction and skewness correction. It can carry on a stable calculation with
larger time step and under-relaxation factors for both momentum and pressure compared to other schemes
[18].

Pressure was discretized with a PRESTO Scheme. QUICK Schemes which based on a weighted
average of second-order-upwind and central interpolations of the variable is used for pressure discretization
and for momentum, kinetic energy and dissipation equations. The inlet flow domain is patched with inlet
velocity along with initialization of turbulence kinetic energy and turbulence dissipation rate.

3. Results and Discussion

As mentioned in section 2, before employing the numerical model to study the flow over the bridge deck,
the numerical simulation for the deck with the aspect ratio L/ D =3 have been performed and compared with
the data from Chu’s works in order to validate models using by author. As the results, the drag coefficient,
obtained by the present model equals 2.45. Comparing to the drag coefficient obtained by Chu (2016), a good

agreement between them has been observed. The error was (2.64 —2.45)-100/2.64 = 7.2 %.

The simulated water surfaces are compared in Figure 6. Overall, the free surface water profile
obtained from the present numerical model shows reasonable agreement with the profile from Chu’s model.
Based on these mentioned above results, the capability of the present numerical model can be proved.

1.25
1
o 0.75 - _
X Stream flow Brige deck
N
05 r
Chu's model (2016)
0251 ___ Present model
0 ‘ ‘ ‘
-4 -2 0 2 4
x/D

Figure 6. Free surface water profile of the flow over the decks

Figure 7 shows the free surface water profiles of the flow over the decks with different aspect ratios
L/ D =1;3;5;6. As the cross-sectional shape of the bridge deck varies, the behavior of the flow changes.

As we can see from these pictures, the shape of water surface profiles over submerged bridge deck is
quite complex. First, a backwater effect appeared at the upstream of the deck, the water surface was elevated
and then the water surface suddenly dropped and gradually recovered. The deck’s aspect ratio decreases,
the water level decreased more dramatically at the downstream.
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c) d)

Figure 7. Free surface water profiles
ayL/D=1;b) L/ID=3;¢c) L/D=5;d) L/D=6.

The velocity streamlines over the bridge decks are shown in Figure 8. This figure shows that the flow
around the decks is significantly affected by the aspect ratios (L/D) of the deck. For bridge deck with small

aspect ratio L/ D <5, no reattachment is presented at the lower side due to the short length of the deck.

In the case of greater L/ D ratio suchas L/ D >5, flow changes from separated to reattachment type of
flow. The length of the deck is long enough to allow reattachment of the separated flow. Reattachment of
flow along the side surface causes the wake to expand considerably less than the flow without reattachment.

As the shear layer separates at the leading corner, the main vortex is formed along the cylinder side.
Under the effect of the free surfaces, vortices around the bridge deck are asymmetry. A small vortex is
generated at the upper side of the deck. The reattachment occurs at the end of this vortex.

In case of bridge deck with small aspectratio L / D =1, no vortex is formed right at the bottom of bridge
deck. For greater ratios L/ D >1, a vortex is formed at the lower side with the length about 2D in the case
L/ D = 2 and then increased to about 3D. The main vortex acting on the lower side of bridge deck (if existing)
always has a longer length than on the upper side.

In the wake region, a reversed flow is generated. Two vortices are formed in the reversed flow region
along the rear sides of the deck. The vortices in this reversed flow region fluctuate along the rear sides of the
deck. In the case of L/ D =1, the below vortex placed lower than the bottom side of the deck. As the aspect

ratio increases, the place of this vortex is going up and its size also decreases. In the case of L/ D =6, the
two vortices in the wake region are most asymmetry through horizontal middle line of bridge deck. In addition,
as the aspect ratio increases, the distance where the shear layers from upper and lower side of the deck meets

decreases. For the case of L/ D =1, this distance is about 2D but then decreases to about 1D when
L/D=6.

The drag coefficient of the bridge deck is dependent on the deck aspect ratio. Results of the numerical
modeling are presented in Table 3.

The Figure 9 shows the variations of the mean drag coefficient according to the aspect ratio. The largest
values of the mean drag coefficient are found for aspect ratio L/ D = 2. As shown in this graph, the drag
coefficient is increased quite rapidly as the aspect ratio L/ D increased from 1 to 2. But in the case of the
aspect ratio L/ D >2, as the aspect ratio increases, the drag coefficient decreases. In the case of
2<L/D<6 the difference in drag force between two aspect ratios decreases dramatically but declines
slowly when L/ D >6.

Thai, T.K.C.
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Figure 8. Structure of flow over bridge deck.
a)L/D=1;b) L/ID=2;¢c) L/D=3;d)L/D=4¢) L/D=5;f)L/D=6.

Table 3. Drag coefficient at different aspect ratio of bridge deck.

Figure 9. Variation of the mean drag coefficient according to aspect ratio.
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This tendency can be explained by the fact that the drag force is dependent on the geometry of the
bridge deck and the location of separation and reattachment points. From L/ D =1to L/ D =2, the vortex
formation region moves closer to the deck and creates the higher base suction. Thus, in this case, the drag
force increases. As the aspect ratio increases, the pressure distribution along the side surface of the deck
changes, a region of higher pressure called the pressure recovery region occurs after flow reattachment. This
pressure recovery region pushes the vortices further downstream. The further downstream the vortices form
from the trailing edge of the cylinder, the base suction pressure decreases and also the drag. In another word,
as the aspect ratio increases, the effect of the base suction decreases. Besides it, the friction between flows
and bridge decks also affects the drag force. As the aspect ratio increases, the frictional effect leads to the
increase of the drag force. According to The Federal Highway Administration (FHWA), the submerged bridge
deck in these cases is not in safe zone but at high risk of damages as the drag coefficient always larger
than 2.1.

4. Conclusions

In this study, the numerical modeling was performed for the fully submerged bridge decks with various
aspect ratios using ANSYS FLUENT package. The realizable K—¢ model and Volume of Fraction method were
used to investigate the turbulent flow over the bridge deck.

The present study showed that ANSYS FLUENT software is useful tool to study the turbulent flow
without going for expensive and time consuming experiments. The water surface profiles and drag coefficient
on submerged bridge decks can be accurately predicted. Effects of the aspect ratio to the flow behavior and
drag coefficient are studied. As the aspect ratio of bridge decks decreases, the water level decreased more
dramatically at the downstream. The flow changes from separated to reattachment type in the case of

L/ D >5. Two vortices are formed in the reversed flow of the wake region along the rear sides of the deck.
As the aspect ratio increases, the distance where the shear layers from upper and lower side of the deck
meets also decreases. The largest values of the mean drag coefficient are found for aspect ratio L/ D =2.
In the case of the aspectratio L/ D > 2, as the aspect ratio increases, the drag coefficient decreases.

The goal of this work is to obtain a better knowledge of the hydrodynamic characteristics of the flow
over a bridge deck section with different aspect ratio and determine the drag coefficient in the case of the
blockage and submergence ratios were 0.23 and 2, respectively. In future, this work can extend to other cases
of different blockage and submergence ratios. Author hopes that it can help researchers to evaluate the bridge
safety under critical hydrological conditions.
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moaennpoBsaHune

AHHOTauuA. B HacToswee BpeMsa U3MEHeHWe KnumaTa ABMSeTCs OAHOW M3 CaMbIX CepbesHbIX Yrpo3 u
rnobanbHbix nNpobnem. OHO BbI3blBAET YBENUYEHME YUCMA CTUXMUHBLIX GeACTBUA, TaKMX Kak yparaHbl,
WTOPMbI, TakdyHbl N HaBOAHEHUS. B 3TUX KPUTUYECKMX TMOPONOrMYEeCcKUX YCroBUSX, TpaHCnopTHasi
WH(ppacTpykTypa, BKovawLwas B cebs MOCTbI, Nerko noarannvMeBaeTcs, NOBPEXAaeTCa U paspyllaeTcs.
OueHka yCTOMYMBOCTM MOCTa, onpefeneHve rMapOAMHAMUYECKUX CWUIM, OEWCTBYHOLIMX Ha MOCTbl, M
NMOHMMaHWe CMOXHOro pexunma noToka Bo BPeEMs U Mocne 3aTONMeHus, UrpatoT BaXKHYIO porib B onpeaeneHum
BEPOATHOCTN BO3HWKHOBEHUSI PUCKOB aBapuu ONS CYLIECTBYIOLLMX MOCTOB M ONTUMAribHOW KOHCTPYKLMU
Oyoywmx moctoB. B HacTodwen pabote TypOymeHTHbIM NOTOK € Gonbwym 4vucrioM PewnHonbaca Hag
MOATOMMEHHBIM HACTUIIOM MOCTa C pPas3fUYHbIM COOTHOLIEHWEM [AfWHbI K TOMWMHE OblNl YMCMAEHHO
nccnenoBaH c ucrnonb3oBaHeM nporpammbl ANSYS FLUENT. CooTBeTCTBEHHO, KOSMULMEHTLI NoaKaTUS
notoka M 3atonneHus pasHbl 0,23 n 2. Wcnonbayemasi k—¢ mogens n obbvem dpakuum (VOF) 6binu
NMPUMEHEHbI A51s1 MPOrHO3MPOBaHUS COBOKYMHOCTU nNpoduiert cBo6oAHON NOBEPXHOCTW BOAblI Ha4 HAacTUIIOM
MOCTa M XapakTepucTUKn TypOymeHTHOCTU, BKIOYas BRvsSHME noanopa B BepxHeM Obedbe mocTa. Bbina
n3yvyeHa 3aBUCUMOCTb COOTHOLUEHUS ANWHBI K TOMLWMHE HACTUNOB MOCTOB OT KO3dduumeHTa CnnoLHOCTH
KOHCTPYKLMNA.
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