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Along-Wind Dynamic Analysis and Determination of Gust Loading Factor (GLF) for
Large Single-Column Billboards
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ABSTRACT: The effective role of billboards in advertising has led to the expansion of their use in
open spaces and public places. The large panel area and light weight have made billboards sensitive
to wind, and many cases of their damage have been reported recently. The design of structures against
wind force is generally done with the gust loading factor (GLF) method. However, this method is
specific to tall structures in most codes and standards, and there are no relations for billboards. In this
research, the along-wind responses and the GLF have been calculated for large single-column billboards
using frequency domain analysis of MDOF models using MATLAB software. First, an example of a
tall billboard was presented and the responses of the structure and the GLF were determined for it,
and the effect of basic wind speed and area roughness on the GLF was investigated. Then, billboards
with different geometric specifications were designed and analyzed against wind load. According to the
results, aerodynamic damping was one of the important factors limiting vibration, especially in rough
areas. The GLF increased with the decrease of the structure’s height and increase of ground roughness, in
such a way that it reached 4.71 for the urban area and 10 meters high billboard, which indicates the high
importance of vibrations of billboard is in this situation. Due to the high dynamic response, the safe and
resistant design of these structures requires the accurate determination of the GLF.
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2- Research basics
The structure was modeled as a cantilever beam with the

1- Introduction
Billboards are light-weight structures with a relatively

large area under wind loads [1, 2]. Possible wind-induced
damage to these structures not only causes significant
economic losses but also threatens the safety of pedestrians
[3]. Vibrations caused by wind can cause fatigue and
premature failure of billboards [4]. Most of the studies on
billboards have been in the field of determining the overall or
local wind pressure coefficient, the effect of wind direction,
screen porosity, and similar cases, and their dynamic response
has been less investigated. Some researchers investigated the
pressure coefficients and drag force of panels with different
boundary conditions using wind tunnel tests and studied the
effect of wind direction and the role of panel porosity [5,
6]. Similar studies investigated large single-panel, double-
panel, and V-shaped billboards [7, 8]. In this research, the
static and along-wind dynamic responses and the gust loading
factor (GLF) for large single-column billboards have been
determined. First, the results for a billboard extracted from
a previous study are presented, and then, billboards in the
height range of 10 to 25 meters are conceptually designed
and investigated.
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masses concentrated in the nodes. The structural damping
was assumed to be one percent. Aerodynamic damping was
determined from the relationship presented in references [1
and 9]. The response of the structure was calculated using the
random vibrations theory. The variance of the displacement
of the structure in the ith degree of freedom was calculated
using the following formula:

E[xf] = Ii:Sxﬁ (0)dw (1)

which § a)) is the ith member on the main diagonal
of the response spectral density matrix. The GLF is defined
as the ratio of the total along-wind response of the structure
(the sum of the static and the dynamic responses) to the static
response [10]:

C,=l+g, [%j )
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(a) (b)

Fig. 1. (a) General design and dimensions of the stud-
ied billboard [2] (b) the MDOF analytical model of the
structure

where u is the average loading effect, g, is the peak
coefficient, and o is the standard deviation of the loading
effect. The logarithmic law is adopted for the wind velocity
and the along-wind dynamic force, which is dependent on
the fluctuating wind speed, was determined based on Von
Karman’s wind velocity spectrum.

3- Properties of the Structure and other Assumptions

The schematic configuration and dimensions of the
studied billboard extracted from reference [2] are shown
in Fig. 1(a). The fundamental period of the structure along
the perpendicular to the board plane is determined as 0.95
seconds. The structural model of the billboard was considered
as a 14- degrees of freedom system with beam elements and
the stiffness of the board was ignored in the structural model
(Fig. 1(b)). The hourly average base speed was assumed to
be between 0 and 40 m/s. The response of the structure was
determined using the frequency domain analysis and the
random vibrations method by programming in MATLAB
software.

4- Analysis and results

For the billboard introduced in the previous section, Fig.
2(a) shows the aerodynamic damping parameters for the three
studied terrains, versus the basic wind speed. According to
this figure, the aerodynamic damping in the open terrain is
higher than in suburb and city terrains. In such a way that its
value reaches 21.89% for a wind speed of 40 m/s in the open
area. Fig. 2(b) shows the changes in the GLF for the three
terrains. The GLF in urban areas is higher than other terrains.
High ground roughness, low aerodynamic damping, and low
average wind speed in urban areas compared to other areas
are the main reasons for high GLF in this area. The value of
the GLF in this terrain is about 3.35 for high speeds, which
shows that the total maximum response of the structure is
3.35 times the static response.
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Fig. 2. Variations of a) aerodynamic damping and b)
GLF versus basic wind speed for open, suburban and
urban terrains

5- Conclusions

The general results of the research for the studied
structures are as follows:

For the example billboard, the GLF in the open terrain
was in the range between 2.3 and 2.4. This factor was higher
in city and suburb terrains due to the high ground roughness,
low aerodynamic damping, and low average wind speed.
For the basic speed of 40 m/s, the values of GLF in open,
suburb, and city terrains were obtained as 2.38, 2.76 and 3.35,
respectively.

In the case of billboards conceptually designed with
different geometric specifications, for constant height, a
slight difference in the GLF was observed. With the decrease
in the height of the billboard, due to the increase in the surface
roughness and the decrease in the average wind speed and
aerodynamic damping, the GLF increased. The average GLF
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for heights of 10, 20, and 25 meters in the open terrain was
determined as 2.85, 2.54, and 2.45, respectively. The average
values of GLF for open, suburb, and city terrains were equal
to 2.61, 3.11, and 3.95, respectively.

Based on the results of this research and considering
the wide range of changes for GLF and its complexity, it
is recommended to pay enough attention and accuracy in
calculating and determining the GLF, especially in the cases
of rough terrains and low billboard height.
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Table 1. Recommended values for roughness length for different terrains [26]
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Fig. 3. a) The overall design and dimensions of the stud-
ied billboard [2] (b) Analytical model of the structure
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Fig. 2. Schematic layout of a single-column billboard
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Fig. 4. The effect of the number of billboard column elements up to the bottom of the screen on the total peak
displacement of the top point of the billboard in an open terrain for wind speed of 30 m/s
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Table 2. Properties of the structural model of the studied billboard

() ez (M%) ok (55, e (10°N.m?) (m) oL Jlio e (m) el o) ojleds
1.20 224 1712 1.016 220 1
1.20 2.24 1.712 1.016 4.40 2
1.20 2.24 1.712 1.016 6.60 3
1.20 2.24 1.712 1.016 8.80 4
1.20 2.24 1.712 1.016 11.00 5
1.20 2.24 1.712 1.016 13.20 6
1.20 2.24 1.712 1.016 15.40 7
1.20 2.24 1.712 1.016 17.60 8
1.20 2.24 1.712 1.016 19.80 9
1.36 5.06 1.712 7.00 22.00 10
1.52 7.88 1.712 7.00 23.13 11
1.52 7.88 1.712 7.00 24.25 12
1.52 7.88 1.712 7.00 25.38 13
0.76 3.94 1.712 7.00 26.50 14
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Fig. 5. The first three modal shapes of the structure and the corresponding vibration periods
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Fig. 6. a) Changes in static displacement and total peak displacement of the top point of the billboard versus basic
wind speed, b) Changes in gust loading factor versus basic wind speed (open area)
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Fig. 7. a) Variations of aerodynamic damping versus basic wind speed, b) Variations of gust coefficient versus
surface roughness for open terrain and basic speed of 30 m/s
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suburban, and urban terrains
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Table 3. Geometrical characteristics of b

illboards and analysis results for open terrain

- s bl Cwles had

Cq os(Mpa)  xp(cm) t(mm)  D(cm)

2832 206.9 8.65 14 70
2869 1992 73 17 80
2537 2010 o430 20 100
2553 2014 9573 25 110
2442 2003 3593 23 110
2459 1970 9953 25 130

e LT G S e
Vu(m/s)  my(kg/m?) b(m) c (m) h(m)
38.89 100 8 4 10
38.89 120 12 4 10
44.24 140 8 4 20
44.24 160 12 4 20
45.96 180 8 4 25
45.96 200 12 4 25
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Table 4. Geometrical characteristics of billboards and analysis results for suburban terrain
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Ce os(Mpa)  xp(cm) ttmm) D(cm)  Vu(m/s) my(kg/m?) b(m) ¢ (m) h(m)
3.484 203.6 9.17 13 65 31.14 100 8 4 10
3.544 202.5 7.92 15 75 31.14 120 12 4 10
2.973 203.0 27.93 20 90 37.30 140 8 4 20
2.995 208.0 25.90 24 100 37.30 160 12 4 20
2.816 208.9 40.67 22 100 39.28 180 8 4 25
2.845 199.8 32.57 24 120 39.28 200 12 4 25
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Table 5. Geometrical characteristics of billboards and analysis results for city terrain
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Ce os(Mpa)  xp(cm) ttmm) D(cm)  Vu(m/s) my(kg/m?) b(m) ¢ (m) h(m)
4.662 199.4 9.74 12 60 23.65 100 8 4 10
4.765 198.3 8.96 16 65 23.65 120 12 4 10
3.683 206.4 30.19 18 80 30.77 140 8 4 20
3.723 206.7 30.77 22 95 30.77 160 12 4 20
3.422 203.5 41.87 21 95 33.06 180 8 4 25
3.456 200.6 35.81 24 110 33.06 200 12 4 25
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