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Abstract— Accretion of ice or snow over bridge cables can 

adversely influence the aerodynamic coefficients of the cables. 

Wind-induced vibration has been observed and reported on 

different cable-stayed bridges where atmospheric icing occurred, 

which can lead to cable fatigue and damage to cable attachments, 

and cause safety and serviceability issues. Also, the vibration of 

bridge cables with ice or snow accretion can lead to the 

mechanical breaking of the accretion medium which would 

result in the shedding of this frozen medium. In the present work, 

a computational fluid dynamics (CFD) study using ANSYS 

Fluent was conducted on a 2D model of a bridge cable with ice 

accretion to examine the effect of accretion profile, accretion 

thickness, and accretion surface roughness on the drag 

coefficient, lift coefficient, and vibration frequency of the bridge 

cable. In this study, six different accretion profiles were 

investigated where an elliptical profile was located at different 

angles around the cable and the results were compared to the 

cable with no accretion. Simulation results showed that the 

vortex shedding frequency of the cables with accretion decreased 

by up to 15%, while the drag and lift coefficients increased by up 

to 61% and 58%, respectively. Four different accretion 

thicknesses for one of the accretion profiles were studied in which 

the drag coefficient, lift coefficient, and vibration frequency for 

each case were obtained from the simulations. It was found that 

as the accretion thickness increases, the drag coefficient 

decreases by 20% and the lift coefficient decreases by 58%, while 

there was no significant change in the vibration frequency. It was 

also found that the drag coefficient decreases with the increase of 

the roughness height for the symmetrical accretion profile case. 

This study provides a better understanding of the effect of ice and 

snow accretion on the aerodynamic behaviour of cable-stayed 

bridges which can be a crucial factor in the future designs of 

bridges. Furthermore, the method used in this study can be a 

good tool to predict ice and snow shedding due to mechanical 

breaking.  

Keywords—Wind-induced vibration, lift coefficient, drag 

coefficient, vortex shedding frequency, CFD, accretion profile, 

accretion thickness 

I. INTRODUCTION 

 

Atmospheric icing is one of the natural hazards that can 

affect different structures such as bridges [1-6], power 

transmission lines [7-9], wind turbines [10-12], and 

telecommunication towers [13]. Cable-stayed bridges in the 

United States (U.S.) and the lower part of Canada are 

examples of the structures that are severely affected by this 

phenomenon since nearly 85% of them are located in areas 

where icing events were historically reported [1, 2, 4]. 

Atmospheric icing term is used to summarize all different 

types of formation of ice and snow in the atmosphere which 

can be categorized into precipitation icing, in-cloud icing, and 

hoar frost [14, 15]. Each type requires certain weather 

conditions that lead to the accretion of either ice or snow with 

different characteristics on structures. For example, ice 

accretion can be rime which forms at temperatures well below 

freezing when small diameters water droplets hit the surface 

of the structure, or it can be glaze ice which occurs at slightly 

below the freezing temperature where the impinged droplets 

partially freeze on the surface and the remaining water flow 

which can turn to icicles [16, 17].  

The ice accumulates on the sheath or external surface of the 

stay. The sheath protects the internal high-strength wire 

strands from the elements and can be made of high-density 

polyethylene (HDPE), steel, stainless steel, or aluminium pipe. 

In a typical stay cable, a number of high-strength steel strands 

run parallelly inside a smooth pipe [18]. The parallel seven-

wire strand system is most common in the U.S. and is used in 

almost 75% of its bridges [19]. Loads on the cable are the 

factor that determines the number of strands used in each stay 

cable. In addition to the structural strength, the vibration of the 

cable must be considered in the design of the stay cable.  

Although ice accretion may not pose a threat to the static 

loading of the cable-stayed bridge structure, the formation of 

ice or snow can cause undesirable changes to the dynamic load 

due to the change in the aerodynamic characteristics of the 

cable. The vibration of stay cables is one of the most serious 

problems in bridge aerodynamics and can cause safety and 

serviceability issues in cable-stayed bridges [20]. Wind and 

rain-induced vibrations have been found to cause high 

amplitude vibrations which cause many structural damages 

[21]. This has led to modifications of some surfaces such as 

high-density polyethylene (HDPE) cable sheathing to reduce 

these effects [16, 22].  

The formation of ice on the cables can change the  cable’s 

shape which would vary the flow characteristic and change the 

aerodynamic performance [17], and eventually, trigger wind-

induced vibration with high amplitude. The vibration of stay 

cables may lead to cable rupture and fatigue which may 

ultimately lead to the bridge collapse [23]. Several studies 

were performed to understand the effect of the ice accretion 

on the aerodynamics characteristics and coefficients such as 

the drag and lift coefficients [14, 17, 24, 25]. These studies 

have shown that ice accretion on cables would cause changes 

in the aerodynamic behaviour of the bridge cables.  

Several models were developed to determine the ice and 

snow thickness and the accretion weight [4, 26-30]. One of the 
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assumptions used in estimating the profile of the accretion was 

a simple cosine law that was observed in wind tunnel 

experiments and field observations which led to an elliptical 

accretion profile [4]. Determining the thickness, shape, and 

location of the accretion is important since they will have 

direct effects on the aerodynamics of the bridge cables. In 

addition, the ice and snow accretion would change the 

roughness of the cables, which in turn, would affect the flow 

characteristics around the cables as was observed in Trush et 

al. [31].  

In the present work, a Computational Fluid Dynamics 

(CFD) study using ANSYS Fluent was conducted on a 2D 

model of a bridge cable with ice/snow accretion to examine 

the aerodynamic behaviour of the cables at different 

conditions. Six different accretion profiles were investigated 

where the elliptical profile was located at different angles 

around the cable and the results were compared to the cable 

with no accretion. For one of the accretion profiles, four 

different accretion thicknesses with the values of 12.5 mm, 25 

mm, 50 mm, and 63.5 mm were studied. In addition, the 

surface roughness influence on the accretion was investigated. 

Aerodynamics coefficients, such as the vortex shedding 

frequency, lift, and drag, were obtained from the CFD 

simulations and compared to the clear cable with no accretion 

and to each other. 

II. METHODOLOGY 

 

Computational Fluid Dynamics (CFD) is a branch of fluid 

mechanics that uses numerical analysis and data structures to 

solve and analyse problems related to fluid flows, heat transfer, 

and associated phenomena such as chemical reactions. CFD is 

an extremely powerful technique in the simulation that 

involves fluid flows which also spans a wide range of 

application areas including aerodynamics of aircraft and 

vehicles, electrical engineering, chemical process, marine 

engineering, environmental engineering, meteorology, and 

biological engineering. There are many commercial CFD 

software used in engineering including ANSYS Fluent, one of 

the most commonly used software, which was used in this 

study. 

A. Validation Case 

 

Before running the CFD simulations for the cable with the 

ice or snow accretion, a validation was conducted on a simple 

2D cylinder using the software and the results were compared 

to previous experimental and numerical studies available in 

the literature [32-35]. The computational domain used for all 

simulations has the dimensions of 25𝐷 × 20𝐷 as suggested 

by Pang et al. [36] and Vacondio et al. [37], where 𝐷 is the 

diameter of the cable. In this study, an average value of cable 

diameter 𝐷 = 0.25 𝑚 was used. The inlet boundary is located 

at 10𝐷 upstream of the cable, the outlet boundary is located at 

15𝐷 of the cable, and in the cross-stream direction, both top 

and bottom sides are located at 10𝐷 as shown in Fig. 1. 

 

 

Fig. 1 Computation domain and boundary conditions for the 2D 

cylinder. 

The mesh size around the boundary was 0.01 m with 50 

inflation layers and the mesh size in the rest of the domain was 

set as 0.03 m. The edge sizing of 200 divisions was used 

around the cylinder. Fig. 2 shows the computation domain 

with meshing that was used for the simulation. 

 

 

Fig. 2 Computation domain with meshing around the 2D cylinder. 

Uniform inflow velocity is specified at the inlet and a 

moderate value of turbulence intensity (5%) was defined 

across the inlet boundary. The outlet boundary condition was 

assigned as a pressure outlet in which the flow that reaches the 

outlet was a fully developed unidirectional flow and the gauge 

pressure was zero. The upper and lower boundaries were 

assigned as symmetry boundary conditions. A “No-slip” 

condition for the velocity and a zero-gradient condition for 

pressure gradient was defined on the cylinder wall. The 

cylinder was assumed to be smooth with roughness height 
(𝐾𝑠) of zero. The 𝑘 − 𝜔 𝑆𝑆𝑇 turbulence model was used as it 

covers a wide range of flow profiles with good accuracy [36]. 

PISO algorithm was used to solve the pressure-velocity 

coupling equations and a second-order upwind scheme was 

used for the spatial discretization of the simulations. The 

validations were conducted for two different Reynolds 

Numbers (𝑅𝑒); 𝑅𝑒 = 100 and 𝑅𝑒 = 200. 

The values of the drag coefficient (𝐶𝑑), lift coefficient (𝐶𝑙), 

and Strouhal number (𝑆𝑡) of the simulation were compared 

with the numbers from previous studies as shown in TABLE 

I. The drag and lift coefficients are dimensionless numbers 

used to measure the resistance and the lift on the object when 

it experiences fluid flow. The drag and lift coefficients can be 

calculated from Equations [1] and [2], 
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 𝐶𝑑 =
2𝐹𝑑

𝜌𝑉2𝐴
 [1] 

 

 𝐶𝑙 =
2𝐹𝑙

𝜌𝑉2𝐴
 [2] 

 

where 𝐹𝑑 is the drag force, 𝐹𝑙 is the lift force, 𝜌 is the density 

of the fluid, 𝑉 is the free stream velocity, and 𝐴 is the frontal 

area of the cylinder. 

The Strouhal number is a dimensionless parameter relevant 

to vortex excitation, which is the ratio of inertial forces due to 

local acceleration to the inertial force due to convective 

acceleration of the flow, which can be calculated using the 

following equation, 

 

 𝑆𝑡 =
𝑓𝑑

𝑉
 [3] 

 

where 𝑓 is the frequency of vortex shedding in 𝐻𝑧 and 𝑑 is 

the cable diameter. Strouhal number (𝑆𝑡) plays an important 

role in the calculation of wind velocity at which oscillation 

due to vortex shedding occurs. 

 

TABLE I. COMPARISON OF SIMULATION RESULTS WITH PREVIOUS 

STUDIES 

Results 
𝑅𝑒 = 100 𝑅𝑒 = 200 

𝐶𝑑  𝐶𝑙 𝑆𝑡 𝐶𝑑  𝐶𝑙 𝑆𝑡 

Linnick and 

Fasel [32] 
1.34 0.33 0.166 1.34 0.69 0.197 

Herfjord [34] 1.36 0.34 0.168 1.35 0.70 0.196 

Xu and Wang 

[35] 
1.42 0.34 0.171 1.42 0.66 0.202 

Present Study 1.46 0.40 0.172 1.32 0.64 0.198 

 

As shown in TABLE I, the discrepancy between the 

simulation results and the previous studies varies across the 

drag coefficient (𝐶𝑑) , the lift coefficient (𝐶𝑙) , and the 

Strouhal number (𝑆𝑡). The value discrepancies also differ for 

both Reynolds number cases. The average discrepancy in the 

value of the drag coefficient is 6% for 𝑅𝑒 = 100 and 3.8% for 

𝑅𝑒 = 200 , while the discrepancy in the value of the lift 

coefficient is 15.6% for 𝑅𝑒 = 100 and 6.77% for 𝑅𝑒 = 200. 

From these results, it can be noted that the discrepancies 

decreased for the higher Reynolds number which could be 

related to the flow behaviour. The Strouhal number average 

discrepancy is 2.1% for 𝑅𝑒 = 100 and 1.2% for 𝑅𝑒 = 200, 

which shows that the results of the simulations are in good 

agreement with the previous studies' data. Fig. 3 and Fig. 4 

show the time-history plot of the drag coefficient (𝐶𝑑) and lift 

coefficient (𝐶𝑙)  at 𝑅𝑒 = 100  and Power Spectral Density 

(PSD) of lift coefficient (𝐶𝑙) at 𝑅𝑒 = 100, respectively.  

 

 

 

Fig. 3 Time-history plot of 𝐶𝑑 and 𝐶𝑙 at 𝑅𝑒 = 100. 

 

Fig. 4 Power Spectral Density (PSD) of 𝐶𝑙 at 𝑅𝑒 = 100. 

B. Configuration and Numerical Model 

 

The simulation model was set up with the focus to study the 

wind flow around the ice accreted bridge cable. Similar to the 

validation case discussed earlier, the computation domain has 

the dimensions of 25𝐷 × 20𝐷 as shown in Fig. 1, where the 

diameter of the cable (𝐷)  was taken to be 0.25 𝑚 . The 

accretion shape followed the cosine law assumption [4], which 

led to the presence of an elliptical thick ice layer on the 

windward side of the cable as shown in Fig. 5. Six different 

profiles were considered for this study in which the elliptical 

profile was located at different angles with respect to the wind 

direction in addition to the clear cylinder case. Fig. 6 shows 

the profiles where each profile was given cross-section 

numbers from 2 to 7 and the clear cylinder was given cross-

section number 1. In addition, four different thicknesses of ice 

accretion were used for cross-section number 2 to study the 

influence of Various thicknesses. Also, three different 

roughness heights were applied to cross-section 2 for one of 

the thicknesses. 

 

Fig. 5 Cable cross-section with ice/snow accretion covering 

windward side following the cosine law.  

The boundary conditions were similar to the validation case, 

however, the inlet velocity was taken as 5 𝑚/𝑠, a typical wind 

speed for an ice storm, which changed the Reynolds number 
(𝑅𝑒) to 93,262. 
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Cross-section 1 

 

Cross-section 2 

 

Cross-section 3 

 

   

Cross-section 4 

 

Cross-section 5 

 

Cross-section 6 

 

 
Cross-section 7 

 

Fig. 6 Cable cross-sections used in the CFD simulations where 

cross-section 1 represents a clear cylinder and cross-sections 2 to 7 

show cylinders with ice/snow accretion at different locations. The 

arrow shows the flow direction for all cases.  

To obtain better results, inflation and edge sizing were used 

on the wall of the cylinder to define structured mesh where the 

circumference of the cylinder was evenly divided into 200 

divisions in edge sizing. Quadrilateral elements were defined 

around the cylinder boundary, and triangular elements were 

defined in the outer zone to optimize the computation time and 

accuracy. Fig. 7 shows the meshing near the cylinder surface. 

 

 

Fig. 7 Mesh near the cylinder with inflation and edge sizing. 

Similar to the validation case, the 𝑘 − 𝜔 𝑆𝑆𝑇  turbulence 

model was used, PISO algorithm was used to solve the 

pressure-velocity coupling equations, and the second-order 

upwind scheme was used for the spatial discretization. 

TABLE II summarizes the computation conditions that were 

used for the simulations. 

 

TABLE II. COMPUTATION CONDITIONS FOR THE SIMULATION 

Diameter of cable 0.25𝑚 

Fluid Material Air 

Simulation Type Transient Simulation 

Temperature 273 𝐾 

Wind Speed 5 𝑚/𝑠 

Kinematic Viscosity 1.338 ∗ 10−5  𝑚2/𝑠 

Reynolds Number 93,262 

Turbulence Model 𝐾 − 𝜔 𝑆𝑆𝑇 

Algorithm for Pressure-Velocity 

coupling equations 
PISO Algorithm 

Interpolating schemes 

Momentum Second-order upwind 

Turbulent kinetic energy Second-order upwind 

Turbulent dissipation rate Second-order upwind 

Time-dependent solution 

formulation 
Second-order implicit 

Boundary Conditions 

Inlet Velocity Inlet 

Outlet Pressure Outlet 

Upper and lower wall Symmetry 

Cable wall No-slip condition 

III. RESULTS AND DISCUSSION 

 

In this study, three different parameters were considered to 

determine their effects on the aerodynamics performance 

which include the location of the accretion profile, the 

accretion thickness, and the accretion roughness. The 

accretion thickness was taken as 25 mm for the simulations 

that examine the effect of the location of the accretion; 

whereas for the effect of the thickness study, four different 

thicknesses were considered in the simulations including 12.5 

mm, 25 mm, 50 mm, and 63.5 mm, and each was applied only 

to cross-section 2. For the influence of the accretion roughness, 

three different roughness heights (𝐾𝑠) of 5 mm, 10 mm, and 

15 mm were used on cross-section 2 where the roughness was 

assumed uniform by setting the roughness constant (𝐶𝑠) as 0.5 

in ANSYS Fluent. Results of these study cases are presented 

in the following sections.  

A. Effect of Accretion Location on Bridge Cables 

Aerodynamic Performance  

 

Initially, the simulation was run for the clear cylinder 

(cross-section 1) to determine the aerodynamics coefficients, 

i.e., drag coefficient (𝐶𝑑) , lift coefficient (𝐶𝑙) , vortex-

shedding frequency (𝑓), and Strouhal number (𝑆𝑡). Then, the 

simulations were run for the other six profiles with accretion 

(cross-sections 2 to 7). Finally, the results of the six cases were 

compared to the clear cylinder case and each other.  

Fig. 8 shows the results of the clear cylinder study (cross-

section 1). As shown in the figure, the drag coefficient, lift 

coefficient, frequency, and Strouhal number obtained from the 

simulation were: 0.93, -1.2 to 1.2, 5.2 Hz, and 0.26, 

respectively. The simulation results of the other six cases are 

shown in TABLE III. Fig. 9 shows the results of one of the six 

cases with ice accretion (cross-section 3). 

 

Flow Direction 

(All Cases) 
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(A) (B) 

 
(C) 

Fig. 8 Simulation results of the clear cylinder (cross-section 1) with 

no accretion where A) drag coefficient vs flow time, B) lift 

coefficient vs flow time, and C) PSD of lift coefficient vs frequency 

are displayed. 

  

(A) (B) 

 
(C) 

Fig. 9 Simulation results of the cylinder with ice/snow accretion 

(cross-section 3) where A) drag coefficient vs flow time, B) lift 

coefficient vs flow time, and C) PSD of lift coefficient vs frequency 

are displayed. 

TABLE III. Comparison of drag coefficient, lift coefficient, 

frequency, and Strouhal number for different cable cross-sections 

Cross-

section 
𝐶𝑑 𝐶𝑙 𝑓(𝐻𝑧) 𝑆𝑡 

1(Clear) 0.93 -1.20 to 1.20 5.2 0.26 

2 1.03 -1.45 to 1.45 5.0 0.25 

3 1.13 -1.30 to 0.60 4.4 0.22 

4 1.17 -1.70 to 0.70 4.4 0.22 

5 1.29 -1.40 to 1.10 4.4 0.22 

6 1.50 -1.35 to 1.80 4.4 0.22 

7 1.48 -1.40 to 1.90 4.4 0.22 

 

As shown in TABLE III, the drag coefficients for the cables 

with accretion were higher than the clear surface. The drag 

coefficient increases from nearly 10% for cross-section 2 to 

61% for cross-section 6 case which had the highest drag. The 

change in the drag coefficient is related to the mechanism of 

how the air flows around the cylinder. For the lift coefficient, 

the coefficient value oscillates about 𝑦 = 0 (X-axis) for the 

clear cylinder case and cross-section 2 where the accretion 

was facing the windward side. However, the lift coefficient 

oscillates about either a positive 𝑦 value or negative 𝑦 value 

instead of 𝑦 = 0  as in the rest of the cases due to the 

asymmetric shape of the cylinder with accretion compared to 

the first two cases. Considering the maximum values of the lift 

coefficients for all cases in comparison to the clear cable, the 

lift coefficient increased by nearly 58% for cross-section 7. It 

can also be seen from the above simulation results that the 

vibration frequency and the Strouhal numbers were maximum 

for the clear cable (cross-section 1) but decreased for the 

cables with accretion cases by 4% in the cross-section 2 case 

and by nearly 15% in the rest of the cases.  

B. Effect of Accretion Thickness on Bridge Cables 

Aerodynamic Performance  

 

To assess the effect of the accretion thickness on the bridge 

cable aerodynamic characteristics, simulations were 

performed for one of the above-discussed cases (cross-section 

2) with four different thicknesses: 12.5 mm, 25 mm, 50 mm, 

and 63.5 mm. This case was considered since generally, the 

wind would be blowing on the windward side where ice 

accretion was located. As was done in the previous cases, the 

drag coefficient (𝐶𝑑) , lift coefficient (𝐶𝑙) , vortex-shedding 

frequency (𝑓), and Strouhal number (𝑆𝑡) were obtained from 

the simulations and were used for comparison. Fig. 10 shows 

the simulation results for one of the cases (thickness of 12.5 

mm) and TABLE IV shows the results of all the cases. 

 

TABLE IV. Comparison of drag coefficient, lift coefficient, 

frequency, and Strouhal number for different accreted ice thickness 

Accretion 

Thickness 
𝐶𝑑 𝐶𝑙 𝑓(𝐻𝑧) 𝑆𝑡 

0 mm 0.93 -1.20 to 1.20 5.2 0.26 

12.5 mm 1.16 -1.5 to 1.5 4.8 0.24 

25 mm 1.03 -1.45 to 1.45 5 0.25 

50 mm 0.82 -1 to 1 5 0.25 

63.5 mm 0.74 -0.5 to 0.5 5 0.25 

 

  

(A) (B) 

 
(C) 

Fig. 10 Simulation results of the cylinder with ice/snow accretion 

(cross-section 2) with a thickness of 12.5 mm where A) drag 

coefficient vs flow time, B) lift coefficient vs flow time, and C) 

PSD of lift coefficient vs frequency are displayed. 
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As presented in TABLE IV, the drag coefficient decreases 

as the thickness of the accreted ice increases, which was also 

observed in previous studies [38]. In addition, the range of lift 

coefficient decreases as the ice thickness increases. The drag 

coefficient decreased by 20% and the lift coefficient decreased 

by 58% for the accretion thickness of 63.5 mm. The decrease 

in the drag coefficient is believed to be due to the streamlining 

of the cable profile with accretion. The frequency and Strouhal 

number did not change significantly from the clear cable and 

were constant from thickness 25 mm and higher.  

 

C. Effect of Accretion Roughness on Bridge Cables 

Aerodynamic Performance  

 

Surface roughness is one of the crucial parameters that can 

affect the aerodynamics behaviour of bridge cables. To study 

the effect of accretion roughness on the aerodynamic 

coefficients of the cables, three different roughness heights 
(𝐾𝑠) of 5 mm, 10 mm, and 15 mm were applied to cross-

section 2 with an accretion thickness of 25 mm. Similarly, the 

drag coefficient (𝐶𝑑) , lift coefficient (𝐶𝑙) , vortex-shedding 

frequency (𝑓), and Strouhal number (𝑆𝑡) were obtained from 

ANSYS Fluent for all cases. Fig. 11 shows the simulation 

results for one of the roughness heights (𝐾𝑠 = 5𝑚𝑚)  and 

TABLE V shows the results of all cases. 

 

  

(A) (B) 

 
(C) 

Fig. 11 Simulation results of the cylinder with ice/snow accretion 

(cross-section 2) with a thickness of 25 mm and surface roughness 

of 5 mm where A) drag coefficient vs flow time, B) lift coefficient 

vs flow time, and C) PSD of lift coefficient vs frequency are 

displayed. 

TABLE V. Comparison of drag coefficient, frequency, and Strouhal 

number for different accretion roughness for cross-section 2 with a 

thickness of 25 mm  

Roughness 

height (Ks) 
𝐶𝑑 𝐶𝑙 𝑓(𝐻𝑧) 𝑆𝑡 

0 mm 1.03 -1.45 to 1.45 5 0.25 

5 mm 1.052 -1.45 to 1.45 5 0.25 

10 mm 1.04 -1.45 to 1.45 5 0.25 

15 mm 1.035 -1.45 to 1.45 5 0.25 

As can be seen in TABLE V, the accretion roughness 

increased the drag coefficient in comparison to the original 

case with no roughness. Also, as shown in this table, the drag 

coefficient value decreases with the increase in roughness 

height (𝐾𝑠). Roughness height had no impact on the vortex 

shedding frequency and Strouhal number which is expected 

since the roughness is uniform. For the same reason, the lift 

coefficient value was the same and the mean value of the lift 

coefficient oscillates around 𝑦 = 0 for all cases.   

IV. CONCLUSIONS 

 

This work utilized a CFD approach to study the 

aerodynamic performance and vibration frequency of cable 

with a simplified elliptical ice/snow accretion shape following 

the cosine law. The study aimed to understand the effect of the 

accretion location, the thickness, and the accretion roughness 

on the drag coefficient (𝐶𝑑) , lift coefficient (𝐶𝑙) , vortex-

shedding frequency (𝑓), and Strouhal number (𝑆𝑡) by using 

ANSYS Fluent. The important findings of this study can be 

summarized in the following points: 

• The cable section with ice accretion has a higher value 

of drag coefficient than clear cylindrical cable with no 

ice accretion. The drag coefficient of the iced cable 

section increased by up to 61% from the clear cable. 

• Cable with no ice accretion and with symmetrical ice 

accretion by taking the wind direction into account have 

the lift coefficient oscillates around 𝑦 = 0 . For the 

cable with asymmetrical accretion, the lift coefficient 

oscillates either about positive 𝑦  value or negative 𝑦 

value depending on the location of the accretion. The 

lift coefficient of iced cable increased by up to 58%. 

• The maximum percentage change in the value of 

vibration frequency (𝑓) due to icing accretion location 

was 15.4%. 

• As the thickness of accretion increases, both the drag 

coefficient value and the range lift coefficient decrease. 

The drag coefficient decreased by 20% and the lift 

coefficient decreased by 58% in this study. 

With the increase in the roughness height (Ks), the value of 

the drag coefficient decreases. The roughness height has no 

impact on the vibration frequency (f) of ice accreted cable 

section. This study shows that the location of the ice accretion 

had some effects on the aerodynamics forces acting on the 

cables. Both the drag and lift coefficients increased with the 

change of the accretion location which can cause more stress 

on the cables and shorter fatigue life. Although there were no 

significant changes in the cable vibration frequency due to 

icing, it is believed that for different accretion profiles, more 

changes can occur in the frequency. The change in the 

accretion thickness was conducted for only one of the profiles 

that had symmetrical accretion where the accretion was facing 

the wind. For this case, the drag and lift coefficients decreased 

with the increase of the thickness due to the streamlining of 

the profile and there were no significant changes in the 

vibration frequency. However, this could also change if 

another accretion location was considered. Moreover, the 

change of the ice roughness for the symmetrical case (cross-

section 2) was found to increase the drag coefficient which 

decreases as the roughness height increases, but it was found 

to have minimal to no effect on lift coefficient, vortex 

shedding frequency, and Strouhal number. However, it may 

differ if a different profile was considered, or the roughness 
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was not uniform. In addition to affecting the fatigue life of the 

bridge cables, these changes in aerodynamics behaviours and 

frequency may lead to mechanical breaking of the accretion 

medium. This would result in the shedding of the frozen 

medium. Ice or snow shedding from bridge cables can be a 

serious problem to the public and bridge operators as it affects 

public safety in addition to causing economic losses. 
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