
Article Type 1: Peer-reviewed papers 

Understanding and Improving Temporary Road Sign Stability        
Anandanarayanan Nanda Kumar1, Andrew Louis Guzzomi1, Richard Amoh-Gyimah2 a, Peter Ellis2,
Brendon Wiseman2 

1 Department of Mechanical Engineering, The University of Western Australia, Crawley, Western Australia, Australia, 2 Main Roads Western Australia, 
Perth, Western Australia, Australia 

Keywords: temporary road sign, stability, wind, bi-pod, road train, sign, computational fluid dynamics (CFD) 

https://doi.org/10.33492/JRS-D-22-00037 

Journal of Road Safety 
Vol. 34, Issue 1, 2023 

Abstract  
Temporary road signage is used throughout road networks to regulate traffic and provide 
warnings to road users. Wind and other factors induce frequent falling of temporary 
road signage and are a major road safety concern that needs to be addressed. The main 
aim of this paper was to gain an understanding of temporary road sign stability in the 
presence of passing road trains and investigate the possibility of stabilising temporary 
road signage through appropriate design modifications. Simulations and experimental 
trials were carried out to assess the stability of current temporary road signs used in the 
industry. This analysis used Ansys Fluent to simulate fluid dynamics in order to infer 
road sign stability. A field experimental trial was performed using a modified temporary 
road sign developed based on the outcome of the Ansys simulation. The findings from the 
simulations showed that the current design is unstable and highly prone to wind induced 
failure. The simulations suggest that road train transit at 100 km/h is capable of inducing 
approximately 8 m/s wind velocity in the proximity of the sign, which is greater than that 
permissible for a rigid sign with no leg mobility. Field trials showed that the modified sign 
remained stable at 1.2 m from the edge line although it was still prone to falling over at 
closer distances. 

Key Findings   
• Current temporary road signs are inherently unstable, and a design modification may improve stability. 
• 100km/h road train transit is capable of inducing an approximately 8 m/s wind velocity in the proximity of 

the sign. 
• Wind tunnel tests suggest that signs with leg mobility are unstable relative to a rigid sign. 
• A bi-pod leg modification enables the sign to behave rigidly up until a threshold. 
• A field trial of a modified sign was stable at 1.2 m from the edge line. 

Introduction  

Road users often experience construction or maintenance 
works along their routes. Although trailer mounted mobile 
Variable Message Sign (VMS) usage is increasingly com
mon, temporary road signs are still regularly used to warn 
drivers of hazards due to changes in the road environment 
and to direct and regulate traffic flow, particularly in re
gional locations. Although temporary road signs offer an 

efficient way to warn road users, their inability to remain 
stable against wind and vehicle-induced loading has been 
a significant issue and poses severe risks to road users and 
site workers. As such, it is vital to stabilise temporary road 
signs to enable them to serve their function without com
promising safety. The fact that fallen signs can lead to 
safety hazards on roads, especially in rural and regional 
areas where there is less capacity for workers to assess if 
a sign has fallen over, is an issue that needs to be inves
tigated. Research conducted by Main Roads Western Aus
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tralia in 2019 (Main Roads Western Australia, 2019) was 
successful in assessing the stability of different signboards 
and legs of temporary road signs with and without stabilis
ers. However, a limitation of this research was its consider
ation of weight as the only parameter to help stabilise tem
porary road signs. The results from this previous research 
showed that the multi-message sign with bi-pod round legs 
and 15 kg sandbags were the most stable. It was also evi
dent that the wind generated from road trains was the pri
mary cause of instability of road signs although the road 
train effect was not quantified. 

Apart from weight, other factors such as the centre of 
pressure, the frontal area of the sign, wind loading, road 
train aerodynamics, road sign position from the road edge 
line, and different road surfaces are also important factors 
to consider when analysing the stability of temporary road 
signs. 

The primary objective of this paper is to identify the fac
tors that cause sign instability arising from wind and vehi
cle induced loads. The study further proposes modification 
to the current legs of temporary road signs to improve their 
stability. The results from the current study are anticipated 
to assist in increasing public safety and the safety of traffic 
controllers and other road workers. 

Previous Research   

Previous studies described in research literature, where 
computational fluid modelling (CFM) (or computational 
fluid dynamics, CFD) was used for modelling wind loading 
effects, were considered appropriate for the current re
search. Although it appeared no previous studies had inves
tigated the interaction of road trains and temporary road 
signage in a simulated environment, there was relevant lit
erature which could be utilised for this study. 

CFM/CFD is a method of discretising basic equations in
volving fluid flows such as wind and solving them numer
ically using dedicated computing software (Kataoka et al., 
2020). It has been widely used in the engineering industry 
to simulate real-world wind dynamics problems (Wei, 2017) 
in a timely and cost-effective manner, thus minimising the 
number of experiments required. For example, Palmer et al. 
(2003) and Kataoka et al. (2020), have shown that CFD is 
well suited for analysing the effects of wind speed on static 
and dynamic structures and describe the wide range of ap
plications and use of CFD in wind engineering analysis. 

Bodies subjected to fluid flow can be divided into 
streamlined and blunt bodies. Understanding blunt bodies 
and their flow separation is essential to this study. A blunt 
body is a body that, due to its shape, experiences separated 
flow over a substantial part of its body (Flay, 2013). A study 
by Irwin (2008) reviews certain blunt-body phenomena and 
their effect on structures and people, including the analysis 
of highway signs. A road sign may be treated as a blunt 
body and can be assumed as a 2D flat plate. Castelli et al. 
(2012) presented the numerical simulation of a flow field 
around a thin flat plate placed perpendicular to the fluid 
flow, providing insight into the flow field. 

Turbulent flows are classified as highly unsteady and 
random flows. Several studies, such as Murakami (1993) 
and Murakami and Mochida (1988), have been available 
where a selection of turbulent flows and flow fields around 
3D blunt bodies have been analysed. Murakami (1993) com
pared various turbulence models suited for blunt bodies, 
and the standard K-ε turbulence model was found to be 
the most effective for blunt-body aerodynamics simulation. 
Castelli et al. (2012) also noted K-ε as an effective turbu
lence model for flat plate simulation for external flows. 

Coleman & Baker (1994) analysed the aerodynamic be
haviour of high-sided trucks experimentally to determine 
wake characteristics and vorticity generation. The turbu
lence and wake characteristics are discussed from the per
spective of a yaw angle with the sign positioned relative to 
the truck’s direction. It was concluded that as the yaw an
gle increases, the turbulence and vorticity also rise. These 
results were similar to the work done by Larsson (2020), 
where the dependence of yaw angle on turbulence and drag 
coefficient of heavy haulage truck is presented. The drag 
coefficient was seen to increase with an increasing yaw an
gle. 

A combined experiment of a road train passing a road 
sign has also been studied by Quinn et al. (2001a, 2001b). 
They analysed wind-induced and vehicle-induced effects on 
a road sign using atmospheric boundary layer theory. From 
the field measurements, it was concluded that wind direc
tion appeared to have a significant effect on the measured 
load values, and sign shape is not a dominating factor in 
wind loading. Insight into horizontal loads on overhead 
sign structures, due to vehicle-induced wind gusts, were 
also discussed by Cali et al. (2000). Tests with varying ve
hicle speed, vehicle length, vehicle shape, and sign height 
were analysed. 

To understand the various factors that cause temporary 
road signage instability and to find ways to stabilise sig
nage, this research utilises both CFM and experimental ap
proaches to investigate temporary road sign stability and 
wind effects arising from passing road trains. 

Method  

The methodology adopted to investigate the stability of 
temporary road sign is discussed in five sub-sections: pre
liminary investigation, assumptions, analytical method, 
computational fluid modelling, and experimental analysis. 
A brief description of each sub-section is given below. 

Preliminary investigation   

The main aim of the preliminary investigation was to ob
tain information for the CFM simulation process. This in
volved choosing the wind speed based on available weather 
data and designing a representative road train. 

Step 1: Wind Profile     

Wind speed is one of the critical parameters that can affect 
the accuracy of results obtained in this study. With a 
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Figure 1. a) Wind Profile above the ground in the         
vicinity of sign. b) Road Train simulated in SolidWorks          

planned field experiment to be conducted in the Port Hed
land region as part of this study, the wind speeds for Port 
Hedland were retrieved from the Bureau of Meteorology 
(BoM). The BoM wind speed data shows a typical maximum 
wind speed value in the Port Hedland region to be 10 m/s. It 
must be noted that BoM measures wind speed at the height 
of 10 m from the ground using an anemometer. The tempo
rary road sign used in this project has a maximum height of 
1.33 m. 

Wind speed varies with respect to height according to 
the law of the wall (Kent et al., 2018). The vertical profile 
of horizontal wind, commonly called wind profile, refers to 
the variation of the horizontal wind vector as a function 
of height. The surface roughness and different atmospheric 
stability conditions greatly influence wind profile and need 
to be accounted for in estimating wind speed (Konow, 
2015). A log law wind profile is chosen to represent the ve
locity in the vicinity of the road sign and is considered valid 
to a height of 100 m (surface layer and atmospheric bound
ary layer). Equation 1 is used to find the mean wind speed 
at a height . 

Assuming the surface on which the sign is positioned to 
be open flat shrubland terrain, a representative roughness 
length, z0, of 0.05 m and the zero plane displacement d = 
0 (Geerts & Linacre, 1997) enables wind speeds above the 
surface to be estimated based on the 10 m BoM value. 

Figure 1a represents the wind profile at different heights 
of the road sign. The maximum wind speed at the top of the 
road sign is calculated to be 6.2 m/s. 

Step 2: Heavy Haulage Vehicles      

Port Hedland Traffic volume road data from the heavy ve
hicles access strategy report released by the Town of Port 
Hedland (Kleyweg, 2020) were assessed to understand the 
presence of heavy vehicles in the region. Twenty per cent of 
total traffic volume per day on Port Hedland roads is com
prised of heavy haulage vehicles with the daily average be
ing close to 1,000 and the maximum approximately 1,500 
road trains per day. 

SolidWorks was used to simulate a 60 m road train in ac
cordance with Main Roads Western Australia specifications 
(Main Roads Western Australia, 2021) (see Figure 1b). 

This geometry falls under the Restricted Access Vehicle 
(RAV) category and is the longest road train permitted in 
Western Australia. Several road train models are available 
in Australia corresponding to different prime mover and 
trailer designs, varying gaps between the trailers, etc. 
These changes are likely to alter the results, though likely 
in the high-frequency content with the lower frequency 
phenomena governed primarily by the main (large) features 
(Larsson, 2020). Thus, these feature details were considered 
not critical to the fundamental understanding of when a 
sign falls. 

Assumptions  

The speed limit on Western Australian roads was a relevant 
factor taken into consideration for road train simulation. 
The maximum speed permitted for a 60 m road train is 
90 km/h. But considering the maximum speed limit of 100 
km/h for standard heavy haulage vehicles in Western Aus
tralia (Regulator, 2020), the simulation was run with a 100 
km/h input velocity. 

The standard temporary road sign design has yaw axis 
leg mobility (Figure 2a). Initially this degree-of-freedom 
was removed and the whole assembly assumed to be a rigid 
body (Figure 2b). 

Roads in Australia have a slight cross fall to avoid flood
ing. This research assumed the road pavement surface to be 
horizontal across the width. Figure 2b depicts the geometry 
of rural roads and the proportions/ dimensions of a typical 
road train in Western Australia. Also displayed is the typi
cal location and size of a temporary road sign with respect 
to the lane edge line. 

In all cases, it was assumed the wind direction was per
pendicular to the sign. It is important to note that symme
try is used for the sign structure as it only has the mean 
wind force acting perpendicular (i.e., parallel to the road 
centreline). Due to the constrained legs, the rotational mo
ment is absent in the XZ plane. 

Analytical Method   

The maximum permissible load that a rigid sign can with
stand, assuming it falls over without sliding, can be deter
mined using the force and moment free body diagram (FBD) 
in Figure 2c. 

This analysis is performed by assuming the road sign is 
a rigid body on a horizontal road surface. In addition, it is 
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Figure 2. a) Sign leg mobility: non-rigid sign with yaw         
degree of freedom (left) and rigid sign with no yaw           
degree of freedom (right) b) Road geometry and         
position of truck and sign on 3m Western Australian          
roads (note that the reference is to the lane edge line)            
c) Side view and Free Body Diagram of sign          

Table 1. Average weight of temporary road signage       
parts  

Item Name QTY Individual Mass (kg) 

Multi-Message Sign 1 4.8 

Bi-Pod Round Leg 2 3.4 

assumed that a uniform wind velocity at standard atmos
pheric conditions acts on the sign. Table 1 lists the weight 
of the temporary road signs, both the body and the legs. 

Equation 2 expresses the drag force  on the sign gen
erated by a uniform wind profile. Where  is the density of 
the air,  is the frontal area,  the drag coefficient and V 
the velocity of the wind perpendicular to the sign. 

From Figure 2c, it can be seen that the weight balances the 
combined reaction forces from the front and rear legs. This 
yields Equation 3. 

Accounting for the sign geometry, the moment on rear 
points on the legs equates to: 

The condition of instability of road sign is given by: 

Equations (3), (4), and (5) are used to find the drag force 
( ), which in turn gives the maximum wind velocity ac
cording to Equation (2) for which the sign can remain sta
ble. This method is performed for the road sign with and 
without sandbags by substituting the weights into Equation 
(4). 

Computational Fluid Modelling    

All the relevant parameters such as drag coefficient, vehicle 
and wind-induced velocities, and flow field around the road 
sign and a passing road train were analysed using Ansys 
Fluent CFD software (ANSYS, 2021). The road sign and road 
train were simulated separately, and their interaction was 
inferred from individual models due to computational limi
tations. It is important to remember that the velocity in the 
vicinity of road sign is calculated as the difference between 
input velocity and vehicle induced velocity. It is noted that 
the road sign CFD is supplemented with the force analysis 
discussed in the preliminary investigation section to deter
mine the drag coefficient ( ). 

Blockage Ratio and Effect of Clearance from the         
ground surface   

The Blockage Ratio, BR, is defined by Equation (6) and 
refers to the ratio of projected area of the object in the flow 
direction to the cross-sectional area of domain around the 
object. In accordance with standard practice, a blockage ra
tio value of less than or equal to 3% was chosen for both the 
road sign and road train CFD as this value minimises the 
introduction of error into the results (Altinisik et al., 2015). 

Figure 3a-i represents the theoretical  value of 1.28 for 
3D flow around a flat plate (National Aeronautics and Space 
Administration, 2021). As can be seen, there are equal dis
tances from the top and bottom of the domain to the sign. 
In reality, temporary road signs are placed with the bottom 
of the sign 0.4 m from the ground, (Figure 3a-ii). This re
duced clearance makes the wind exert an unequal force on 
the top and bottom of the sign, which is likely to increase 
the apparent drag coefficient. 

CFD – Road Sign     

Initially, the signboard was assumed to be a 2D flat plate, 
and the simulation was performed without legs. The leg’s 
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Figure 3. Sign with blockage ratio showing (a-i) normal clearance (a-ii) reduced clearance b) geometry of onsite                
road sign CFD (c) Mesh generated for onsite CFD (d) Side view of road train                

small cylindrical profile is thought to contribute negligible 
resistance and drag to the incoming wind velocity, thereby 
not causing a considerable change in the result. 

The simulation can be separated into onsite road sign 
CFD and wind tunnel CFD. 

Onsite Road Sign CFD     

Pre-Processing Stage   

After conducting the blockage ratio calculations, the com
putational domain and model were generated in Ansys Flu
ent. The dimensions of the domain were 25 m × 8 m × 8 
m (L × W × H). The boundary conditions of the domain in

cluded a velocity inlet, pressure outlet, walls, and ground. 
The road sign was located close to the inlet boundary of the 
domain with an upstream length of 5 m and a downstream 
length of 20 m. This enabled the fluid to develop a fully de
veloped flow. The geometry of the domain is represented in 
Figure 3b. To reduce the computational time, symmetry was 
applied to the domain. 

The next step in pre-processing was the mesh genera
tion, which discretises the domain into smaller elements. 
Both volume mesh and surface mesh were used for mesh 
generation, together with tetrahedral elements. The ‘Body 
of Influence’ property was applied around the road sign 
geometry generating a finer mesh in the road sign vicinity. 
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Also, inflation was utilised to understand the effects in the 
boundary layer (region close to the sign). 

To find the optimum mesh size for maximum accuracy 
and optimised computational time, a mesh convergence 
study was conducted. This was performed by doubling the 
number of elements until the resulting drag coefficient 
reached a constant value. Four million elements were re
quired for convergence, accounting for the second-highest 
number of elements giving the required result with op
timised computational time. The mesh near the sign is 
shown in Figure 3c. 

Simulation Stage   

The flow was assumed steady, and the calculation of 
Reynolds number indicated that the flow was turbulent. To 
model the turbulence in the flow characteristics, the Real
isable K- Epsilon ( ) turbulence model was used as it 
provides better performance on flows involving flow sepa
ration, adverse pressure gradients, etc. (Murakami, 1993). 

A perpendicular uniform wind velocity of 10 m/s was 
supplied at the inlet of computational domain to determine 
the drag coefficient and drag force. This value corresponds 
to the maximum wind velocity in the Port Hedland region 
measured at the height of 10 m (World Weather Online, 
2021). The  value obtained from the simulation is com
plemented with the values from the analytical method to 
find the maximum permissible velocity. 

Wind Tunnel Road Sign CFD      

The process was similar for the wind tunnel simulation ex
cept for the dimensions used for the computational domain 
and mesh convergence. Because the wind tunnel simulation 
was validated using results from the wind tunnel experi
ment, the actual wind tunnel dimensions of 2.86 m × 2.23 
m × 5 m (W × H × L) were used for the Ansys simulation. 
The same mesh convergence study was conducted and, as 
expected, the mesh converged at a smaller number of ele
ments equal to 1 million. 

CFD – Road Train     

The aim of the road train simulation was to identify the 
wind induced from a passing road train along the sign. 
The road train model was designed ignoring certain geo
metric features, which likely have negligible influence on 
road sign stability. The design has certain assumptions in
cluded to reduce the computational time whilst aligning 
with practical experiments. In this study, the yaw angle is 
assumed as zero since experiments were to be conducted on 
straight stretches of road. Additionally, non-rotating tyres 
were simulated so as to reduce computational time and 
avoid the complexities present in dynamic meshing. 

The SolidWorks model was imported into Ansys for as
signing domain and boundary conditions. The mesh con
vergence process for the road train simulation itself was a 
time-consuming process due to it being a bigger computa
tional domain. The computational domain has an upstream 
length of 60 m, and 120 m was chosen for the downstream 
length for a fully developed flow. A blockage value of less 

Table 2. Coefficient of friction between steel and       
selected surfaces   (Mihora et al., 2012)     

Surface Coefficient of friction (μ) 

Asphalt 0.70 - 1.20 

Gravel 0.57 - 0.70 

Concrete 0.40 - 0.50 

than 3% was selected (Altinisik et al., 2015). Even with 
mesh convergence achieved at 5 million mesh elements, the 
computational time took longer than the road sign simula
tion likely due to the complex geometry, boundary condi
tions and ensuing wind profile. 

To simplify the simulation, the road train was assumed 
stationary, and the walls and ground were made to move 
with a velocity similar to the inlet velocity. A uniform inlet 
velocity of 100 km/h was used. The ground surface was con
sidered rough to account for the roughness of the testing 
site. 

Figure 3d shows trailers on a road train and the naming 
convention.  is the section at the cabin, and the sections 
of the trailer at the beginning and rear are denoted by 
and  respectively, where  is the number of trailers 
from the prime mover. These regions were selected as these 
changes in geometry in relation to the road sign may coin
cide with fluctuations in wind velocity. 

Experimental Analysis   

The experiments were divided into Stability Test and Wind 
Tunnel Test. Both performed the function of validating the 
analytical and CFD results. 

Stability Tests   

Physical stability tests were conducted at the Centre for En
gineering Innovation at The University of Western Australia 
(UWA)'s Shenton Park Research Facility. They were con
ducted to analyse and compare the stability of both rigid 
and non-rigid signs on different surfaces: smooth concrete, 
gravel, and asphalt. Table 2 depicts the coefficient of fric
tion between mild steel and the different surfaces. 

Nine points were chosen on the signboard as shown in 
Figure 4a, at which separate push forces were applied with a 
100 N digital force gauge, made by Starr Instruments (2021) 
(Figure 4b), to understand the stability failure points of the 
sign. The force was noted when instability (movement/slid
ing or lift) occurred. 

The tests were initially performed with a non-rigid sign 
followed by a rigid sign, and were repeated three times to 
verify repeatability. To remove leg mobility/rotation and 
produce a rigid sign, a tie wire was used. Figure 4b shows 
the different experimental setups. 

Wind Tunnel Experiment    

The wind tunnel experiment was used to validate the wind 
tunnel simulation. The experiment was conducted in the 
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Table 3. Data obtained from onsite simulation of rigid sign         

Onsite Simulation Wind Tunnel Simulation 

Cd Fd (N) Vmax (m/s) Cd Fd (N) Vmax (m/s) 

Road Sign without Sandbags 1.38 73 8.5 2.28 73 6.7 

Road Sign with Sandbags 1.38 452 21.7 2.28 452 16.5 

wind tunnel at UWA’s Structural Laboratory and resembled 
the wind tunnel simulation. The wind tunnel schematic is 
represented in Figure 5a. 

The risks associated with the testing were analysed, and 
necessary risk mitigation measures were adopted to avoid 
hazards to operators and the wind tunnel. The experimen
tal methodology commenced with placing the road sign in 
the middle of Section 1 of the wind tunnel, as this section 
provided the required velocity (Figure 5b). Initial tests were 
conducted for the non-rigid sign followed by the rigid sign. 
To prevent the road sign from falling and/or blowing into 
the honeycomb flow straightener structure, four 10 kg 
weights were attached to the sign by guide wires without 
affecting the aerodynamics. Once the setup was completed, 
the velocity was gradually increased from 0 m/s until a con
tinuous movement in the sign was noticed. The experiment 
was repeated three times and results recorded to ensure re
peatability in measurements. 

Design Modification   

In order to avoid an entirely new road sign design, a simple 
design modification to the bi-pod round legs was proposed 
to make the sign behave rigidly up until a threshold load 
(i.e., from the wind) and then behave like one with leg (yaw) 
mobility above that. The latter attribute ensures the sign 
falls flat into the ground plane, minimising the hazard. This 
was achieved by welding washers to either side of the sign 
legs where they join as shown in Figure 6a and accompany
ing sketch in Figure 6b. 

Field Trial   

Field trials were conducted using the modified ‘rigid’ sign 
shown in Figure 6a, to validate simulation results with on-
site conditions. The experiment was conducted on Great 

Northern Highway (1.3 km North of Bindoon-Moora Road) 
on 17 November 2021. The trial was conducted under 
proper care and safety guidance as approved by Main Roads 
Western Australia. Photos as well as a video recording of 
the experiment were taken to facilitate analysis of the 
sign’s behaviour when subjected to wind and vehicle-in
duced loads. The experiment was done in two phases: 1) the 
temporary road sign was placed 1.2 m away from the edge 
line of the pavement and 2) the sign was placed 1 m from 
the edge line. The stability of the road sign, subjected to 
ten heavy haulage vehicle drive-by tests, was analysed after 
both phases 1 and 2 were completed. 

Results and Discussion    

The results and discussion are divided into the following 
subsections: analytical and CFD for a road sign, CFD for a 
road train, and experimental results. 

Analytical and CFD – Road Sign       

By identifying the maximum safe force acting on the road 
sign, the maximum permissible velocity that the sign can 
withstand was estimated. This was done by substituting the 
estimated drag coefficient from the road sign simulation 
into Equation 2. The velocities are determined for a sign 
with and without sandbags for the onsite CFD. Table 3 gives 
the maximum force and velocity values for the estimated 
value for the rigid sign. The magnitude of maximum per
missible load is verified using the stability test, whereas the 
results from the wind tunnel simulation are validated using 
the wind tunnel experiment. 

As expected, the drag coefficient estimated was greater 
than the theoretical drag coefficient value of 1.28 (National 
Aeronautics and Space Administration, 2021) for a 2D flat 
plate experiencing 3D flow. This is likely due to the reduced 

Understanding and Improving Temporary Road Sign Stability

Journal of Road Safety 29



Figure 4. (a) Points on sign where forces were applied         
(left) and the digital force gauge used for testing          
(right) (b) Experimental setup on different surfaces        
(concrete, gravel, asphalt) for non-rigid (left) and rigid         
(right) signs   

clearance between the ground and bottom of the road sign, 
and resultant asymmetrical flow. In the wind tunnel sim
ulation, a higher value of  is obtained, equal to 2.28. 
The increased blockage ratio of 18% is anticipated to be the 
cause of this larger value. 

CFD – Road Train     

The effect of induced wind can be represented with the ve
locity streamlines, which provide the magnitude and direc
tion of wind flowing down the stream of the road train. The 
streamlines, illustrated in Figure 7a, are generated in the 
plane at the height of 0.4 m, representing one of the planes 
passing through the sign. It is noted that the results pre
sented are only the ‘x’ component of induced velocity. 

Flow separation is visible near the prime mover in the 
vicinity of the sign and is responsible for the sign’s stability. 
Additionally, the turbulence from road train motion, the 
gap between the trailers, and the gap between the trailer 
and prime mover are likely to affect sign stability. 

Though the wind velocity induced by the road train ap
peared to be opposite the road train motion initially, its di

rection tends to reverse after the passage of the first trailer 
of the road train. Eventually, the velocity reaches the max
imum value that tips the sign to the ground when the rear 
of the third trailer was in line with the road sign. 

Asymmetrical wind loading on the sign panel may cause 
failure earlier than expected as the current road sign leg 
yaw mobility cannot transmit a moment in the XZ plane. 
The effect of passing road trains on sign stability at differ
ent positions along the trailers of the road train is shown in 
Figure 7b. The values not circled represent vehicle induced 
velocities in the direction opposite to the movement of the 
road train, while circled values represent velocities in the 
direction of road train motion. 

Stability Test   

The force values measured to move the sign for a load in di
rection parallel to the road centreline are given in Table 4 
for the non-rigid sign and Table 5 for the rigid sign on all 
three surfaces: concrete, gravel, and asphalt (upper, middle, 
lower). 

The measured values show that the non-rigid sign tends 
to slide when force is supplied with the force gauge, where 
Fmax represents sliding. It was clear from the experiment 
that the rotational moment translates into rotary motion 
for the non-rigid sign, and the continuous supply of these 
forces will make the sign collapse to the ground on all three 
surfaces. The same sliding motion was seen for the rigid 
sign on concrete surfaces. Irrespective of the leg mobility, 
the sign on an asphalt surface was observed to be the most 
stable, followed by gravel and concrete. The friction coeffi
cient between the steel legs and different surfaces is likely 
to have affected the stability. 

The results of the rigid sign from the analytical method 
can be compared with the findings of the stability test. The 
force values estimated for instability analytically at centre 
point ‘5’ was 73 N, whereas a higher force value was mea
sured for the rigid sign at point 5 on gravel and asphalt. 

Wind Tunnel Test    

The average velocity values of the three measurements 
taken during the experiment at which the sign visibly 
moved or changed position are presented. 

With the non-rigid sign, a slight movement was recorded 
on the left leg at a wind velocity of 4.45 m/s. A further rise 
in wind velocity to 5.65 m/s resulted in the left leg moving 
uniformly in the direction of wind velocity. In comparison, 
the rigid sign undergoes slight movement at a higher wind 
velocity of 5.3 m/s as expected and a significant movement 
at 5.9 m/s. Both the legs moved uniformly at the same time 
during the experiment. 

The surface in the wind tunnel can be contrasted with 
the concrete surface for comparing stability and wind tun
nel results. The measured average force value from the sta
bility test for the non-rigid sign to undergo sliding was 75 
N, at a wind velocity of 6.74 m/s. This was found to be 5.65 
m/s in the wind tunnel experiment, where a high blockage 
ratio was present in the wind tunnel test. 

Understanding and Improving Temporary Road Sign Stability

Journal of Road Safety 30

https://journalofroadsafety.org/article/67858-understanding-and-improving-temporary-road-sign-stability/attachment/135210.jpeg


Table 4. Measured axial push force values that generate instability for a non-rigid sign on concrete (upper),                
gravel (middle) and asphalt (lower) surfaces respectively        

Points 
on 

sign 
Fmax for R1r = 0 Fmax for R1l = 0 Fmax for R1r = 0, R1l = 0 Fmax for Sliding 

T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3 

1 - - - - - - - - - 42.9 44.3 43.6 

2 - - - - - - - - - 82.3 77.6 86.3 

3 - - - - - - - - - 45.3 41.8 40.4 

4 - - - - - - - - - 57.5 56.9 60.8 

5 67.0 66.0 68.8 - - - - - - 71.6 79.9 73.9 

6 - - - - - - - - - 43.2 39.7 42.1 

7 30.6 29.3 27.9 - - - - - - 42.9 38.4 44.7 

8 43.9 44.7 44.8 - - - - - - 53.1 53.0 53.0 

9 - - - 40.5 40.7 40.1 - - - 45.0 46.9 45.0 

 

T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3 

1 - - - - - - - - - 57.5 58.8 62.0 

2 - - - - - - - - - - - - 

3 - - - - - - - - - 77.4 78.4 78.9 

4 - - - 51.7 51.3 51.8 84.9 85.4 85.6 90.7 89.0 91.6 

5 - - - 58.6 55.3 57.9 86.6 85.7 84.9 93.8 92.2 93.0 

6 - - - - - - - - - 54.9 57.4 53.9 

7 50.8 51.6 51.0 32.7 33.0 33.1 54.2 54.1 54.0 - - - 

8 - - - 36.7 36.7 36.4 55.5 55.8 55.1 - - - 

9 - - - - - - 57.4 56.0 56.1 59.4 57.5 58.4 

 

T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3 

1 - - - - - - - - - 77.6 77.7 78.1 

2 - - - - - - - - - - - - 

3 - - - 93.9 89.6 91.0 - - - - - - 

4 - - - 55.1 55.1 55.2 80.5 81.5 81.6 92.8 93.1 93.5 

5 57.9 56.5 59.0 - - - 75.6 73.9 77.8 94.1 94.0 95.8 

6 47.2 46.3 47.5 - - - - - - 74.1 73.9 77.8 

7 28.9 29.5 28.3 - - - 50.6 50.8 50.4 62.6 62.4 62.9 

8 52.1 51.6 50.4 - - - 52.1 51.7 50.9 - - - 

9 - - - 37.0 36.9 37.8 54.5 53.8 55.4 77.3 80.5 82.3 

Onsite Field Trial    

The transition of the modified sign from being stable to 
falling under the 4-trailer road train is shown in Figure 8. 

The onsite trial started at 8:22 am, and the stability was 
tested ten times during the passage of a heavy haulage ve
hicle/road train. For Phase 1, the sign was placed 1.2 m 
from the edge line. The sign remained stable throughout 
phase 1 of the trial. The test was terminated at 8:53 am. In 
comparison with the previous study by Main Roads WA, the 
bi-pod round legs collapsed at the same spot when tested 
1.2 m from the edge line (see Table 6 for comparison). 
Phase 2 began at 8:56 am, with the sign being moved closer 
to the edge line, 1 m from the edge line. A fall was recorded 
after the passage of the first road train (road train with two 

trailers). The trial was terminated after the first fall, and 
the end time was noted to be 9:05 am. It is also noted that 
no tests were conducted by Main Roads WA in the previous 
field trial where the sign was placed at 1 m from the edge 
line. The results are summarised in Table 6. 

Study Limitations   

Whilst attempts have been made to identify explicit as
sumptions when deriving the models, and conducting the 
simulations and experiments, this study still has many lim
itations. The practical applications of the findings pre
sented in this study need to be further explored to translate 
the simulation and wind tunnel testing to real world en
vironments. Whilst some in-field testing was conducted, it 
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Table 5. Measured axial push force values that generate instability for a rigid sign on concrete (upper), gravel                 
(middle) and asphalt (lower) surfaces respectively.       

Points 
on 

sign 
Fmax for R1r = 0 Fmax for R1l = 0 Fmax for R1r = 0, R1l = 0 Fmax for Sliding 

T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3 

1 - - - - - - - - - 48.7 47.2 48.9 

2 - - - - - - - - - 103.9 104.7 101.3 

3 - - - - - - - - - 47.2 48.4 47.9 

4 - - - - - - - - - 60.8 63.8 60.8 

5 - - - - - - - - - - - - 

6 - - - - - - - - - 61.2 65.7 64.9 

7 - - - 32.7 31.7 32.8 - - - 56.4 63.4 60.8 

8 - - - - - - 58.4 59.2 58.4 - - - 

9 - - - 37.0 36.5 37.3 - - - 51.9 51.5 53.8 

 

T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3 

1 - - - - - - - - - 99.5 97.7 99.4 

2 - - - - - - - - - - - - 

3 - - - - - - - - - 89.4 90.3 89.0 

4 - - - 51.5 48.6 49.0 - - - 70.6 69.5 70.0 

5 - - - - - - 93.5 93.9 92.7 - - - 

6 60.4 61.8 60.4 - - - - - - 92.4 91.4 87.4 

7 - - - - - - 58.4 59.1 59.4 - - - 

8 - - - - - - 60.5 62.4 61.4 - - - 

9 - - - 35.5 35.3 37.8 52.0 51.1 50.0 - - - 

 

T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3 

1 85.9 84.9 85.4 - - - - - - 87.9 88.4 88.3 

2 - - - - - - - - - - - - 

3 - - - 92.7 91.8 93.4 - - - - - - 

4 - - - 68.7 65.4 65.0 - - - 79.8 80.0 77.5 

5 - - - - - - 93.6 94.8 93.5 - - - 

6 47.9 46.8 47.5 - - - - - - 76.4 75.4 77.5 

7 27.8 29.4 30.5 - - - 56.7 59.4 59.8 - - - 

8 - - - - - - 60.9 61.5 60.9 - - - 

9 - - - 50.9 51.5 50.9 60.9 61.9 63.9 - - - 

Table 6. Observations for Phases 1 and 2 with comparison to previous study            

Phase Date Trial Spot No. Product (Leg Type & Frame) Fall Recorded 

Phase 1 17 Nov 2021 UWA & MRWA 5 Modified Bi-pod Round (MMS) No 

Phase 1 2 July 2020 MRWA 5 Mobile Bi-pod Round (MMS) Yes 

Phase 2 17 Nov 2021 UWA & MRWA 5 Modified Bi-pod Round (MMS) Yes 

was limited. It would have been beneficial to test with a 
larger number of passing trucks. There also needs to be 
some effort to ensure passing vehicles are traveling at the 
same distance from the edge line within their lane. To make 
further recommendations, more testing with direct control 
comparisons is recommended. This may be facilitated with 

two signs in the same camera frame/view close to each 
other, a sign with normal legs and one with the modifica
tion. 
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Figure 5. (a) UWA wind tunnel schematic      (The University of Western Australia, 2021)       (b) Temporary Road sign     
with weights   

Conclusions  

Analytical and simulation results suggest that a rigid road 
sign remains stable until an induced velocity of 8.5 m/s acts 
on it due to wind loading arising from ambient conditions 
and/or the passage of heavy haulage vehicles comprising 
different numbers of trailers. 

From CFD, 8.7 m/s was the maximum velocity generated 
by the passage of a truck, which is greater than the max
imum permissible velocity that the sign can withstand. It 
was evident from the simulation that the sign with four 
sandbags remains stable even at the combined wind veloc
ity of approximately 15 m/s which may be expected onsite 
(6.2 m/s from log law and 8.7 m/s from road train). This cor
roborates well with the results of the previous Main Roads 
Western Australia study. A non-rigid sign is more unstable 
due to leg mobility and is highly likely to collapse at lower 
velocities. 

A simple retrofit modification was made to the bi-pod 
legs to enable the sign to behave as a rigid sign up until a 
threshold and then behave like a sign with leg (yaw) mo
bility. The configuration remained stable at 1.2 m from the 

edge line, but collapsed at a closer distance of 1 m. The ob
servations from the field trial for the modified sign was con
sistent with the results obtained from simulations and an
alytical approach which suggested that a fully rigid sign is 
expected to fall in the presence of the wind generated from 
a typical road train. 
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