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Abstract: The dynamic effects induced by ice shedding 
propagation on overhead transmission line cables are simulated 
numerically. The numerical model is validated by comparing 
simulation results to observations made on the full-scale test line 
of Hydro-Québec. The uniform ice load is simulated by several 
concentrated loads acting at constant distances along the loaded 
span. Ice shedding propagation is then simulated through the 
removal in a defined sequence of the concentrated loads. The 
model thus built can predict some parameters describing the 
dynamic behavior of the span during the vibration following the 
ice shedding propagation. The numerically obtained results show 
close agreement with the experimental observations, which fact 
confirms the reliability of the model and its applicability for 
predicting the dynamic effects of ice shedding propagation on an 
overhead line conductor. 

1. INTRODUCTION 

Shedding of large ice chunks from transmission line cables 
leads to high-amplitude vibration and excessive transient 
dynamic forces. High conductor rebound may trigger 
flashovers whereas the dynamic loads may cause 
suspension failure and even cascading damage to several 
towers. These problems justify the effort made to simulate 
ice shedding numerically and experimentally on small-
scale or full-scale test lines. The main objectives of the 
present study is to develop a numerical model which can 
simulate ice shedding propagation on transmission line 
cables, and to validate the model by comparing the results 
to observations made on the full-scale test line in [1]. 

2. NUMERICAL MODEL 

The numerical model is implemented using the finite-
element analysis software ADINA [2]. The model of the 
transmission line elements including cable and suspension 
strings is based on former publications [3]. The cable 
damping is considered following the recommendation of 
[4]. The ice load is modeled by several concentrated loads 
acting at constant distances along the loaded span, and 
shedding propagation is simulated through the removal of 
the concentrated loads in a defined sequence. The 
propagation velocity is controlled by associating each 
concentrated load with a time function which determines 
the removal time of that specific load. Two different time 
functions were applied to simulate different shedding 
processes. 

3. APPLICATION FOR A FULL-SCALE TEST LINE 

The numerical model was applied to simulate the ice 
shedding tests on the full-scale test line of Hydro-Québec 
(Fig. 1). 

 
Figure 1: Sketch of numerical model of the unloaded test line 

(vertical dimensions are exaggerated) 

The static analysis determines the cable profile and tension 
in the static equilibrium of the loaded span. The dynamic 
analysis calculates the time histories of cable displacement 
and tension during the vibration following shedding 
propagation. Several parameters describing these time 
histories were compared to experimental observations: the 
period and frequency of vibration, the maximum cable 
displacement above the loaded position during the 
vibration, and the difference between the first maximum 
and minimum of cable displacement and tension. If the 
time function controlling shedding propagation is properly 
chosen, then the computed and measured results coincide. 

4. CONCLUSION 

A numerical model has been developed for simulating the 
propagation of ice shedding on transmission line cables, 
and it was applied for an experimental simulation carried 
out on a full-scale test line in a previous study. The model 
was validated by comparing the numerical results to 
measured parameters. The close agreement between them 
suggests that the model is a reliable tool to simulate ice 
shedding propagation. 
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Abstract—The dynamic effects induced by ice shedding 
propagation on overhead transmission line cables are 
simulated numerically. The numerical model is validated by 
comparing simulation results to observations made on the full-
scale test line of Hydro-Québec. The uniform ice load is 
simulated by several concentrated loads acting at constant 
distances along the loaded span. Ice shedding propagation is 
then simulated through the removal in a defined sequence of 
the concentrated loads. The model thus built can predict some 
parameters describing the dynamic behavior of the span 
during the vibration following the ice shedding propagation, 
such as the time history of cable tension and displacement as 
well as the period of vibration. The decay of vibration may 
also be forecasted once the cable damping is properly defined 
in the model. The numerically obtained results show close 
agreement with the experimental observations, which fact 
confirms the reliability of the model and its applicability for 
predicting the dynamic effects of ice shedding propagation on 
an overhead line conductor. 

Keywords-cable vibration; full-scale experiment; ice 
shedding; numerical modeling; overhead transmission line 

I.  INTRODUCTION 
Shedding of large ice chunks from transmission line 

cables leads to high-amplitude vibration and excessive 
transient dynamic forces. High conductor rebound may 
trigger flashovers whereas the dynamic loads may cause 
suspension failure and even cascading damage to several 
towers. These problems justify the particular interest in cold 
climate regions to predict the cable jump height as well as 
the tension developing in the cable and at the suspension 
during cable vibration following ice shedding. This 
information allows us to evaluate the severity of the 
phenomenon. 

Field observation of ice shedding is a difficult task, 
because of the unforeseeable and non-repetitive occurrence 
of the phenomenon. Therefore, great effort has been made to 
simulate ice shedding numerically and experimentally on 
small-scale or full-scale test lines. Numerical models have 
been developed using a commercial finite element software 
ADINA [1]. These models were applied to simulate ice 
shedding from a single conductor [2, 3] or from conductor 

bundles [4, 5]. Small-scale experimental setups were 
constructed in order to validate the numerical models [2]. 
Ice shedding on full-scale test lines was simulated by load 
dropping tests [6]. All of these models considered sudden 
ice shedding from one conductor or from a part of one 
conductor when modeling partial shedding. However, ice 
shedding propagation along the span is a more 
representative process of the natural shedding phenomenon 
than sudden shedding. More recently, full-scale experiments 
were designed to simulate ice shedding propagation along a 
span of the Hydro-Québec test line [7]. The main objectives 
of the present study is to develop a numerical model which 
is applicable to simulate ice shedding propagation, and to 
validate the model by comparing the results to observations 
made on the full-scale test line in [7]. 

II. NUMERICAL MODEL 
The numerical model for simulating ice shedding 

propagation from one span on a transmission line is 
presented in this section. This model is implemented using 
the finite element analysis software ADINA [1]. The model 
of the transmission line elements including cable and 
suspension strings is based on former publications [2, 3]. 
The cable damping is considered following the 
recommendation of [8]. The model of ice shedding 
propagation is developed in the present paper. 

A. Transmission Line Elements 
The cable is modeled by two-node isoparametric truss 

elements with large kinematics. A constant initial pre-strain 
corresponding to the installation conditions is prescribed as 
an initial condition for all cable elements. The material 
properties of the cable are accounted for by a nonlinear 
elastic material model, not allowing compression and 
assuming Hookian small-strain behaviour in tension [2, 3]. 
The cable is assumed to be perfectly flexible in bending and 
torsion. The mesh contains 100 cable elements in each span. 

The cable damping is considered as Rayleigh damping 
as proposed in [8]. In this case the damping matrix is a 
linear combination of the mass matrix and stiffness matrix, 
and the Rayleigh damping coefficients are obtained from the 
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natural circular frequencies and damping ratios, respectively, 
in two different vibration modes [9]. 

The suspension strings are modelled by beam elements 
and by elastic isotropic material properties with constant 
cross-section. They are allowed to swing freely in the 
vertical plane during cable vibration [2, 3]. 

B. Ice Load and Shedding Propagation 
Although ice load usually appears on conductors as a 

distributed load, this model will consider ice load by several 
concentrated loads acting at constant distances along the 
loaded span. Modeling ice load this way makes the 
simulation of shedding propagation possible by removing 
any of the concentrated loads at arbitrary time instants. 
Furthermore, it facilitates the simulation of the full-scale 
tests [7] where the load was also attached at several discrete 
points along a span. Ice shedding propagation is then 
simulated through the removal in a defined sequence of the 
concentrated loads. The propagation velocity is controlled 
by associating each concentrated load with a time function 
which determines the removal time of that specific load. 

The characteristics of time function which defines a load 
removal is shown in Fig. 1(a). The time, , denotes the 
beginning of load removal,  stands for time interval of 
load removal, and 

it

rtΔ

stΔ  is the time step in the numerical 
simulation. It is assumed that a load is removed suddenly, 
i.e. <rtΔ stΔ . This time function is applied for each load at 
different time instances. If n loads act along the span and  
denotes the wave propagation time along the span, then the 
time instance when the defined time function is applied for 
the ith load may be determined as follows: 

wT

1i w
it T

n
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+
   i = 1,…,n 

An alternate time function is also applied in the model, 
because the previous time function does not consider an 
important effect that occurs when the ice chunk shed from a 
part of the conductor does not break off the ice which is still 
attached to the remaining part of the conductor. When ice 
sheds, the cable is unloaded at that position. However, the 
falling ice applies an excess load on the conductor where the 
ice is still attached. The tests presented in [7] simulate such 
processes. Thus, numerical modeling will also be carried out 
 

 

Figure 1.  Time functions for load removal 

by applying the time function shown in Fig. 1(b). The 
models using the time functions shown in Figs. 1(a) and 1(b) 
will be called Model-1 and Model-2, respectively. 

III. APPLICATION FOR ICE SHEDDING PROPAGATION 
FROM A FULL-SCALE TEST LINE 

A. Numerical Model of Hydro-Québec Test Line 
The Hydro-Québec test line consists of three suspension 

spans and two dead-end spans. Ice shedding propagation on 
the middle span from a single conductor and from vertical 
arrangements of three conductors was simulated in [7]. Ice 
weight was modeled by a conductor which was held initially 
by pulleys at each end of the span, and which was connected 
to the test conductor by strings at every 15 m along the span. 
The load simulated this way was 0.6 kg/m. Shedding was 
initiated by releasing the pulley at one end of the span, and 
then the strings broke one after the other simulating the 
propagation of load shedding. It took 3 s to break all the 
strings holding the dead-weight conductor in the tests with a 
single conductor. Geometrical data on the line are provided 
in Fig. 2 which is a sketch of the numerical model of the 
unloaded test line. The ice shedding tests were performed on 
Condor conductors suspended with I-insulator strings. 
Geometrical and material data of the conductor and insulator 
strings are shown in Table I. The conductor damping is due 
mainly to aerodynamic resistance whereas structural 
damping is several orders of magnitude smaller [10]. The 
damping coefficient due to aerodynamic resistance in the 
first vibration mode was determined as 0.01 in [10], and the 
Rayleigh damping coefficients were obtained in this case 
using the natural circular frequencies and damping ratios in 
the first symmetric and antisymmetric modes. 

The numerical model considered all the five spans as 
shown in Fig. 2. The dead-end spans were fixed to the 
ground allowing no displacement and no rotation of the 
endpoints. The towers were assumed to be rigid, i.e. no 
displacement was allowed at the fixed ends of suspensions, 
but the suspensions were allowed to rotate around the 
suspension point in the vertical plane of the set-up. The sag 
of the middle span without load was determined in 
correspondence with the original set-up [7]. The profiles of 
the other four spans were obtained from the condition that 
the cable tension in the unloaded set-up should be the same 
in all the spans. The load was modeled by concentrated 
loads at every 15 m, thereby applying 29 loads along the 
450-m-long middle span. As the length of a cable element 
was chosen to be 3 m there were 5 cable elements between 
two loads. Load removal was controlled by time functions 
described in Section II.B so that the whole span is unloaded 
in 3 s. Thus, = 3 s, n = 29, and the time between the 
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Figure 2.  Sketch of numerical model of the unloaded test line (vertical 

dimensions are exaggerated) 



 

TABLE I.  GEOMETRICAL AND MATERIAL DATA OF CONDUCTOR 
AND INSULATOR 

Parameter Unit Value 
Conductor type – Condor 

ACSR 54/7 
Conductor diameter (mm) 27.8 
Cross-sectional area of the conductor ( ) 2mm 455.1 
Mass per unit length of the conductor (kg/m) 1.522 
Conductor density ( ) 3kg/m 3337 

Young’s modulus of the conductor (GPa) 68.3 
Insulator length (m) 1.8 
Insulator mass (kg) 8.2 
Insulator density ( ) 3kg/m 2700 

Young’s modulus of the insulator (GPa) 70 
Poisson’s ratio – 0.3 

 
removal of two consecutive loads is 0.1 s. The time step of 
the computation was chosen to be stΔ = 0.01 s and stΔ = 
0.005 s in Model-1 and in Model-2, respectively. 

B. Results 
The load was applied on the cable in the static analysis. 

The resulting profile is shown in Fig. 3. There is an 
excellent agreement between the calculated and measured 
additional displacements at mid-span. The sag of the 
unloaded cable was 11.32 m, which increased by 2.8 m in 
the experiments and by 2.76 m according to the numerical 
model. On the other hand, there is a discrepancy between 
calculated and measured results at positions closer to Tower 
3. Greater displacement was measured at 150 m than at mid-
span which may be due to the asymmetry of the 
configuration (different lengths of the neighboring spans), 
although the effect of this asymmetry is less significant 
according to the numerical simulation. The cable tension in 
the unloaded span was 33.4 kN, which increased to 36.6 kN 
in the experiment and to 37.7 kN in the numerical modeling. 

The dynamic analysis provided the time histories of 
cable displacement and cable tension. Fig. 4 presents the 
cable jump at different positions along the span, i.e. the 
maximum vertical displacement above the loaded position. 
Model-1 underestimates this jump. However, when the 
alternate time function is applied, the model provides a close 
prediction of the experimental results. 

 

 

Figure 3.  Cable deformation in the loaded static equilibrium 

 

Figure 4.  Cable jump during ice shedding propagation 

 

Figure 5.  Time history of cable displacement at mid-span as obtained 
numerically 

 

Figure 6.  Time history of cable tension at mid-span as obtained 
numerically 

The time histories of cable displacement and cable 
tension at mid-span are drawn in Figs. 5 and 6, respectively. 
The whole span sheds in 3 s, so that the shedding 
propagation arrives to mid-span after 1.5 s. The cable at 
mid-span does not move noticeably in the first 1.5 s of the 
simulation. At the same time, the cable tension decreases 
slightly when using Model-1 and increases slightly 
according to Model-2. The vibration amplitude is greater in 
the latter case due to the abrupt increase of the load 
preceding shedding. A small drop in the cable position and a 
small peak in the cable tension when ice sheds at mid-span 
 



 

TABLE II.  COMPARISON OF NUMERICALLY AND EXPERIMENTALLY 
OBTAINED CABLE DISPLACEMENT AND TENSION AT MID-SPAN; (D) – 

DISPLACEMENT TIME HISTORY, (T) – TENSION TIME HISTORY 

Parameter Unit Num. 
Model-1 

Num. 
Model-2 

Field 
Exp. [7] 

Period (D) (s) 5.73 5.77 5.8 
Frequency (D) (Hz) 0.175 0.173 0.17 
Drop (D) (m) -0.03 -0.97 -1.4 
1st ampl. (D) (m) 5.07 6.83 7.15 
Jump (T) (kN) 0.0018 1.57 2.5 
1st ampl. (T) (kN) 6.09 10.33 9.8 

 

(1.5 s after the shedding propagation begins) may also be 
observed in the latter case similarly to what was reported in 
[7]. 

Some characteristics of the computed and measured time 
histories are compared in Table II. The period, and 
consequently the frequency, of vibration in the numerical 
simulation and in the experimental tests coincide. The initial 
drop in the cable position and the initial peak in the cable 
tension are almost non-existent in the simulation by Model-
1, and they are underestimated even by Model-2. However; 
the first amplitude, i.e. the difference between the first 
maximum and minimum, in both time histories are predicted 
with an error of less than 5% by Model-2, and they are 
significantly underestimated by Model-1. Thus, Model-2 
provides a close approximation of the propagating shedding 
phenomenon simulated experimentally on a full-scale test 
line in [7]. However, if the ice sheds in chunks which break 
off the remaining part of the ice then Model-1 will probably 
be a better choice for simulation. 

IV. CONCLUSION 
A numerical model has been developed for simulating 

the propagation of ice shedding on transmission line cables. 
The ice load was simulated by several concentrated loads 
applied along the span, and the shedding propagation by 
their consecutive removal. The load removal was controlled 
by a time function which could be adjusted according to the 
modeled phenomenon. The model was applied for an 
experimental simulation carried out on a full-scale test line 
in a previous study. The model was validated by comparing 
the numerical results to the following measured parameters: 
cable profile and tension in the static equilibrium of the 
loaded span, maximum cable displacement above the loaded 
position during the vibration following propagating 

shedding, and time histories of cable displacement and 
tension during the same vibration. The close agreement of 
numerical and experimental results suggests that the model 
is a reliable tool to simulate ice shedding propagation. 
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