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Abstract: The lateral security of heavy vehicle in deteriorative weather is one of the main causes of accidents of vehicles 
on roads. Road safety has become a subject of great concern to institutions of higher education and scientific research 
institutions. There are important theoretical and practical significances to explore applicable and effective lateral safety 
warning methods of heavy vehicles. One of the purposes of this paper is to provide a good theoretical basis for the core 
technology of heavy vehicle safety features for our country's independent research and development. Aiming at the issue 
of lateral security of heavy vehicle for road conditions in deteriorative weather, this paper constructs the framework of the 
lateral security pre-warning system of heavy vehicles based on cooperative vehicle infrastructure. Moreover, it establishes 
vehicle lateral security statics model through analysis of the force of the car in the slope with section bending and states 
the parameters of vehicles for no rollover. The side slip is indexed to calculate critical speed of vehicles in a bend. This 
paper also analyzes the influence of road friction coefficient, the road gradient and the turning radius on the lateral 
security of the vehicle with critical speed on the asphalt pavement with surface conditions ranging from wet, dry, snowing 
or icy. The calculation results show that the bad weather road conditions, road friction coefficient and turning radius have 
obvious influence on the lateral security critical speed. Experimental results indicate that the critical speed error warning 
is within 4% and it meets the design requirements. 
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1. INTRODUCTION 

 Traffic system is a complex system. In the worst weather 
conditions, road friction  decreases, due to which vehicles 
more often  tend to be out of the driver’s control [1, 2]. In 
heavy trucks, there is a high center of gravity, large loading 
capacity and the aspect ratio is relatively large. When the 
vehicles turn onto unfamiliar roads, since the drivers are not 
familiar with the road information and conditions, excessive 
speed and unexpected turn radius can cause the vehicles to 
easily sideslip and rollover [3]. Therefore,  environmental 
information for vehicle safety is very important. As an 
important part of intelligent traffic system, vehicle-road 
collaboration infrastructure is very important to improve 
vehicle safety and realize the sustainable development of 
transportation system. 

 Cooperative vehicle infrastructure has become a cutting-
edge technology and a research hotspot in the international 
intelligent transportation field. Europe and the United States 
and other developed regions promote the study of Propulsion 
technology positively [4-6]. This paper  studied  the lateral 
security of heavy vehicles and made the state parameters of 
vehicles to avoid rollover and prepares side slip index to 
calculate critical speed of vehicles in bends, as a means to  
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simulate lateral security situation of the vehicles in the dry 
wet or icy asphalt pavement conditions. It also analyzes the 
influence of road friction coefficient, road gradient and 
turning radius on the lateral security critical speed under 
different weather conditions. 

2. THE FRAMEWORK OF THE LATERAL 
SECURITY PRE-WARNING SYSTEM OF HEAVY 
VEHICLES BASED ON COOPERATIVE VEHICLE 
INFRASTRUCTURE 

 Fig. (1) represents a systematic diagram of the lateral 
security pre-warning system of heavy vehicles based on 
cooperative vehicle infrastructure; the system consists of the 
roadside equipment, roadside wireless transmitter module, 
wireless receiver module and vehicle warning system. It 
broadcasts road information by wireless transmitter module 
installed on the roadside. This information is transmitted to 
the vehicle mounted unit, which in turn transmits back the 
vehicle information and real-time speed of the vehicle to the 
road side wireless transmitter module. It  calculates the safest 
bend speed limit depending on the weather conditions and 
informs the driver of the optimum approach speed limit near 
the bend. 

3. CALCULATION OF THE LATERAL SECURITY 
CRITICAL SPEED OF VEHICLES PARAMETERS 
CONSIDERING THE EFFECT OF ROAD 

 At present, dynamics model for rollover/sideslip 
generally adopts the vehicles as a quasi-static model having 
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a rigid body. For the calculation of critical speed for the 
lateral security of vehicles on a bend, the model ignores 
deformation of vehicle suspension and flexible deformation 
of tires [7, 8]. The analysis of literature [9] shows that 
comparison of the rigid vehicles with suspension vehicles 
demonstrates  the rollover thresholds of both of them as 
being close. Therefore, this paper adopts the static model and 
neglects suspension deformation, as shown in Fig. (2). In the 
diagram, FC is the centrifugal force, Ff is the lateral friction, 
θ is the road transverse slope angle, B is the distance 
between the center of the two tires on either side of the 
vehicle, hg is the height of the center of gravity, G is the total 
gravity of vehicle. 

 
Fig. (1). The framework of the lateral security pre-warning system 
of heavy vehicles based on cooperative vehicle infrastructure. 

 
Fig. (2). Force analytical graph of heavy truck on the side slope 
when steering. 

 

3.1. Critical Speed of Index for No Sideslip 

 According to quasi-static model of vehicle shown in  
Fig. (2), the necessary condition of no sideslip is that vehicle 
lateral force is less than the lateral friction, that is 

  
Fc cos! +G sin! " Ff = (G cos! # Fc sin! ) f   (1) 

where, 
  
Fc =

mu2

R
，u is the speed of vehicle, R is the radius 

of bend, f is the road friction coefficient. 
 Inserting Fc into formula (1), we can get: 

  
uchmax !

gR( f " tan# )
f tan# +1

  (2) 

3.2. Critical Speed of Index for No Rollover 

 According to quasi-static model of vehicle shown in Fig. 
(2), the vehicle does not rollover while vehicle rollover 
torque is less than the stability torque, that is: 

  
(Fc cos! +G sin! )hg "

(G cos! # Fc sin! )B
2

  (3) 

 Feeding Fc into formula (3), we can get: 

  
ucf max !

gR(B " 2hg tan# )

2hg + B tan#
  (4) 

3.3. Analysis of Critical Speed of Driving Safety 

 Comparing roll with sideslip, the consequences are 
more serious. Therefore, considering the driving safety,  the 
slip should occur before the rollover, that is: 

  
uchmax ! ucf max   (5) 

When the vehicle is in sideslip, the speed will not increase, 
and the rollover phenomenon would not happen. Inserting 
formula (2) and formula (4) into formula (5), we can get: 

  

gR( f cos! " sin! )
f sin! + cos!

#
gR(B cos! " 2hg sin! )

2hg cos! + B sin!
  (6) 

 That is: 

   
f ! B

2hg

i
1+ tg 2"

1# tg 2"
  (7) 

 For general dry asphalt pavement, f is in the range of 
0.6-0.8. Therefore, in the process of using and designing  
vehicles, the height of the center of gravity should be 
lowered in order to meet the requirements of formula (7). 

4. ANALYSIS OF INFLUENCE OF ROAD 
PARAMETERS ON THE LATERAL SECURITY 
CRITICAL SPEED OF VEHICLES 

4.1. Basic Parameters 

 At full load, the height of the center of gravity, hg, is 
1360mm, B is 1860 mm, acceleration of gravity, g, is 
9.81m/s2, the road transverse slope angle θ is 1.15°, radius of 
curve R is 125 m. Road friction coefficient in deteriorative 
weather is shown in Table 1 below. 
Table 1. Road friction coefficient of road conditions in 

deteriorative weather. 
 

Weather Conditions Friction Coefficient 

Dry asphalt pavement 0.6 

Rainy pavement 0.4 

Snowy pavement 0.28 

Icy pavement 0.18 
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4.2. Influence of Road Friction Coefficient on the Lateral 
Security Critical Speed of Vehicles 

 Inserting the basic parameters of road and vehicles into 
formula (2) and formula (4), the critical speed for rollover 
and sideslip of heavy vehicles in the road conditions of 
deteriorative weather can be obtained as shown in Table 2. 

 As the formula (5) shows,  the sideslip must be 
controlled if the rollover is to be prevented, so in order to 
make the vehicle turn safely, lateral security critical speed 
should be equal to sideslip critical speed. As shown in Table 
2, with the increase of road friction coefficient, the lateral 
security critical speed of vehicles is greater. 

4.3. Influence of Transverse Slope of Road on the Lateral 
Security Critical Speed of Vehicles 

 In order for the rain water to drain, pavement and road 
should have certain transverse slopes; the slope values were 1%, 
1.5%, 2%, 2.5%, 3% and 3.5%. Taking pavement of rainy, 
snowy and icy roads for example, the influence of transverse 
slope on the critical speed is shown in Tables 3-5. 

 As Tables 3-5 show that with the increase of transverse 
slope and decrease of road friction coefficient, the lateral 
security critical speed of vehicle decreases gradually. 
4.4. Influence of the Road Turning Radius on the Lateral 
Security Critical Speed of Vehicles 
 Different roads have different requirements for the design 
of turning radius; the values of turning radius were 30 m,  
60 m, 125 m, 250 m and 500 m. Taking pavement of rainy, 
snowy and icy roads for example, the influence of turning 
radius on the critical speed is shown in Tables 6-8. 
 Tables 6 and 8 show that with the increase of turning 
radius, the lateral security critical speed of vehicle increases 
and with the decrease of road friction coefficient, the lateral 
security critical speed of vehicle decreases. 
 The model and pre-warning method above will be 
verified by remote control vehicle model test. Taking dry 
asphalt pavement as an example,  pilot test and theoretical 
analysis of lateral security critical speed under different 
turning radiuses were analyzed. The results show that critical 
speed error warning is within 4% and it meets the design 
requirements. 

Table 2. The critical speed for rollover and sideslip of heavy vehicles in the road conditions of deteriorative weather. 
 

Friction Coefficient Critical Speed for Rollover 
(km/h) 

Critical Speed for Sideslip  
(km/h) 

The Lateral Security Critical 
Speed (km/h) 

0.6 95.4 102 95.4 

0.4 77.4 102 77.4 

0.28 64.1 102 64.1 

0.18 50.3 102 50.3 

 
Table 3. Influence of transverse slope of road on the lateral security critical speed of vehicles on the rainy pavement. 
 

Transverse Slope Critical Speed for Rollover 
(km/h) 

Critical Speed for Sideslip  
(km/h) 

The Lateral Security Critical 
Speed (km/h) 

1.0 78.6 103.1 78.6 

1.5 78.0 102.6 78.0 

2.0 77.4 102.0 77.4 

2.5 76.8 101.5 76.8 

3.0 76.2 100.9 76.2 

3.5 75.6 100.4 75.6 

 

Table 4. Influence of transverse slope of road on the lateral security critical speed of vehicles on the snowy pavement. 
 

Transverse Slope Critical Speed for Rollover  
(km/h) 

Critical Speed for Sideslip  
(km/h) 

The Lateral Security Critical 
Speed (km/h) 

1.0 65.4 103.1 65.4 

1.5 64.8 102.6 64.8 

2.0 64.1 102.0 64.1 

2.5 63.4 101.5 63.4 

3.0 62.8 100.9 62.8 

3.5 62.1 100.4 62.1 



Lateral Security of Heavy Vehicle in Deteriorative Weather The Open Mechanical Engineering Journal, 2014, Volume 8    295 

CONCLUSION 

1) This paper constructed the framework of the lateral 
security pre-warning system of heavy vehicles based 
on cooperative vehicle infrastructure. The system 
consisted of the roadside equipment, roadside 
wireless transmitter module, wireless receiver module 
and vehicle warning system. 

2) Vehicles for no rollover and side slip were indexed 
to calculate critical speed of vehicles on road bends. 

3) Analysis on the influence of road friction coefficient, 
road gradient and turning radius on the lateral security 
critical speed in the pavement condition of asphalt 
pavement with either dry rainy, snowy or icy surface 
was conducted. The simulation results show that in 
the bad weather road conditions, road friction 

Table 5. Influence of transverse slope of road on the lateral security critical speed of vehicles on the icy pavement. 
 

Transverse Slope Critical Speed for Rollover 
(km/h) 

Critical Speed for Sideslip  
(km/h) 

The Lateral Security Critical 
Speed (km/h) 

1.0 51.9 103.1 51.9 

1.5 51.1 102.6 51.1 

2.0 50.3 102.0 50.3 

2.5 49.5 101.5 49.5 

3.0 48.7 100.9 48.7 

3.5 47.9 100.4 47.9 

 
Table 6. Influence of turning radius on the lateral security critical speed of vehicles on the rainy pavement. 
 

Turning Radius Critical Speed for Rollover 
(km/h) 

Critical Speed for Sideslip  
(km/h) 

The Lateral Security Critical 
Speed (km/h) 

30 37.9 50.0 37.9 

60 53.6 70.7 53.6 

125 77.4 102.0 77.4 

250 109.5 144.3 109.5 

500 154.8 204.0 154.8 

 
Table 7. Influence of turning radius on the lateral security critical speed of vehicles on the snowy pavement. 
 

Turning Radius Critical Speed for Rollover 
(km/h) 

Critical Speed for Sideslip  
(km/h) 

The Lateral Security Critical 
Speed (km/h) 

30 31.4 50.0 31.4 

60 44.4 70.7 44.4 

125 64.1 102.0 64.1 

250 90.7 144.3 90.7 

500 128.2 204.0 128.2 

 

Table 8. Influence of turning radius on the lateral security critical speed of vehicles on the icy pavement. 
 

Turning Radius Critical Speed for Rollover 
(km/h) 

Critical Speed for Sideslip  
(km/h) 

The Lateral Security Critical 
Speed (km/h) 

30 24.7 50.0 24.7 

60 34.9 70.7 34.9 

125 50.3 102.0 50.3 

250 71.2 144.3 71.2 

500 100.7 204.0 100.7 
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coefficient and turning radius have obvious influence 
on the lateral security critical speed. 
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