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Abstract. In order to accommodate Vietnamese conditions, this paper presents a road profile 

model that combines the international roughness index (IRI) with the Gaussian white noise 

(GWN) function. The proposed model deviates from the cosine model and the original model by 

about 3.6 % and less than 0.1 %, respectively. This model serves as an excitation source for 

analyzing the dynamic interaction between vehicles and pavements. Employing the MATLAB-

Simulink tool, numerical dynamic analyses of a quarter-car model (QCM) were conducted at 

various vehicle speeds and road surface conditions. When comparing dynamic and static 

conditions, the results indicated a difference of over 10 % in the tire pressure applied to the 

pavement. For example, the deviations were 9.9, 16.4, 26.3, and 38.3 % at 40 km/h with 

corresponding IRI values of 1.8, 3.0, 5.0, and 7.0. 

Keywords: road profile, international roughness index, vehicle-pavement interaction, dynamic tire 

pressure, pavement design. 
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1. INTRODUCTION 

 Road roughness increases vehicle vibrations and tire pressure on the pavement, leading to 

dynamic vehicle–pavement interaction, which affects passenger comfort. In Viet Nam, current 

pavement designs are based on a constant pressure of 0.6 MPa, as defined in standards 22TCN 

211-06 [1] and TCCS 38:2022/TCBVN [2]. However, dynamic tire pressure due to surface 

irregularities is also an important factor to consider.  

Several researchers have examined the effects of dynamic tire pressure caused by road 

surface irregularities. Finite element analyses using ABAQUS have been applied to simulate 

random loading on asphalt pavements [3], although these methods are computationally intensive. 

Experimental techniques have also been employed to measure pavement stress and strain under 

dynamic loads [4], offering high accuracy despite their complexity and cost. Additionally, 

lumped-parameter models have been used to explore pavement responses under dynamic 

conditions [5 - 14]. In the context of Viet Nam, however, further investigation remains necessary 

to adapt and refine these approaches for practical application. 
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Synthetic random functions such as sine [15], cosine [11, 13, 16], or exponential [12, 17] 

have been widely used to generate road profiles in dynamic vehicle-pavement analysis, with the 

cosine function being the most common. Although vehicle speed has been considered in some 

cosine-based models, its influence remains insufficiently demonstrated. While ISO profiles use 

PSD to describe surface conditions, Viet Nam relies on IRI values. Recent studies [3, 14] have 

proposed models incorporating speed, randomness, and roughness for excitation. 

To analyze dynamic vehicle-pavement interaction, various models have been used, 

including quarter-car [3, 5, 9, 16, 18], half-car [7, 8, 10, 17], and plane models [19, 20]. Among 

them, QCM is preferred for its efficiency in simulating uniform linear motion [3]. In addition, 

three-dimensional simulations based on the finite element method [21, 22] and full-scale vehicle 

experiments [23 - 25] have also been conducted.  

As discussed, road roughness influences vehicle dynamics, leading to passenger 

discomfort, cargo instability, and increased tire pressure on the pavement. This study proposes a 

road profile function based on     data in Viet Nam and uses MATLAB-Simulink for numerical 

simulation. The focus is on the relationship between bus speed, road condition, and dynamic tire 

pressure. 

2. PROPOSING A ROAD PROFILE MODEL 

2.1. Description  

In the time domain, the road profile      is defined by the differential equation [3, 14]: 

  ̇                        √              (1) 

where         ,   is vehicle speed,        m
-1

 is the reference spatial frequency,        is 

the roughness coefficient (classified from   to  ), and      is Gaussian white noise (GWN) 

with a PSD of 1.0 and mean of 0.0. 

According to [13], the relationship between road PSD and     is given by: 

                     (2) 

where         m3
. For example, the     from the mean        of class B is given by Eq. (3), 

with the full conversion table shown in Table 1. 

      √
      

      
 √

       

              . (3) 

Table 1. Conversion of        to     values. 

Road class 𝑨 𝑩 𝑪 𝑫 

Value 
       

(10
-6
 m

3
) 

    
       

(10
-6
 m

3
) 

    
       

(10
-6
 m

3
) 

    
       

(10
-6
 m

3
) 

    

Lower 

bound 
8 2.22 32 4.43 128 8.86 512 17.72 

Geometric 

mean 
16 3.13 64 6.27 256 12.53 1024 25.06 

Upper 

bound 
32 4.43 128 8.86 512 17.72 2048 35.45 
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The road profile function derived from Eqs. (1) - (2) is:  

  ̇                        √                      (4) 

This function combines    , vehicle speed, and GWN noise to simulate vehicle–pavement 

interaction, as discussed in the following sections. 

2.2. Simulation  

The simulation uses MATLAB-Simulink with the Band-Limited White Noise Block to 

simulate the GWN function, which has a mean value of 0.0 and a     of 1.0. Figure 1 shows the 

time-domain wave signal. Figure 2a shows the simulation of Eq. (4) using the GWN block, 

while Fig. 2b presents a similar simulation of Eq. (1) from [14]. Table 2 provides the data used 

to validate both road profile models.  

 

Figure 1. Waveform signal of GWN function over time. 

 
(a) Present simulation. 

 
(b) Simulation of [14]. 

Figure 2. MATLAB Simulink diagram for road profile simulations. 

Table 2. Basic parameters of road profile [3, 14]. 

Parameter 
   

(m
3
) 

   

(m
-1
) 

    
  

(km/h) 

  

(s) 

  

(m) 

  

(m) 
     

Value 10
-6

 0.1 0.01 40 100 0.25 1000 10
-3

 410
3
 

Figures 3 and 4 show the simulated road profiles for class B and     values of 2.0 - 2.5 per 

TCVN 8865:2011 [27]. Table 3 compares the highest values from the proposed and cosine 

models [16]; errors are minimal-below 0.1 % for class B (due to rounding) and around 3.6 % for 

new road surfaces. The proposed model is used in subsequent dynamic analyses. 
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Table 3. The highest      value that each model could produce. 

No.     value Reference (mm) Proposal (mm) Error (%) 

1 3.13 (Class A) 

Original model 

21.55 21.53 0.09 

2 6.27 (Class B) 43.10 43.13 0.07 

3 12.53 (Class C) 86.21 86.19 0.02 

5 2.0 

Cosine model [16] 

14.27 13.76 3.57 

6 2.2 15.70 15.13 3.63 

7 2.5 17.84 17.20 3.59 

 

 
(a) The result of a proposal. 

 
(b) The result of original model. 

Figure 3. Class B-road profiles. 

 

Figure 4. Road profiles with different     values of TCVN 8865:2011. 
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3. DYNAMIC TIRE PRESSURE ON PAVEMENT 

3.1. Mathematical formulation 

This study uses the QCM system (Fig. 5) for dynamic vehicle-pavement analysis. The 

sprung mass (  ) is the vehicle body mass supported by one wheel, while the unsprung mass 

(  ) includes the wheel, tire, and half the axle or suspension. The QCM has two DOFs 

representing wheel mass (  ) and body mass (  ). Suspension spring and damping rates are    

and   , tire spring rate is   , and   represents the random road profile along the   direction. 

 {

 

  
(

  

  ̇ 
)  

  

   
   

 

  
(

  

  ̇ 
)  

  

   
   

 (5) 

The equations of differential motion produce the following when the lumped rigid bodies in 

Eq. (5) are subjected to the Lagrange method [7, 16]: 

 {
   ̈       ̇   ̇            

   ̈      ̇   ̇                     
 (6) 

and expressed in vector forms 

   ̈  𝑪 ̇     𝑩 (7) 

where   {
  
  

},  [
   
   

], 𝑪  [
     
     

],   [
     

        
], 𝑩  {

 
   

},   is the 

road profile, as stated in Eq. (4). 

 

Figure 5. Quarter-car model [18]. 

The additional dynamic load of the tire on the pavement (  ) brought on by car vibration 

and the static load of the car (  ) are calculated using Eqs. (8) and (9): 

             (8) 

             (9) 

where    is the tire's vertical displacement from Eq. (7), and        m/s². 

The vehicle random dynamic load   , which is composed of the car static load    and the 

additional dynamic load   , is then applied to the road surface as follows: 
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                            (10) 

Uneven road surfaces cause vibrations in the QCM system, increasing the dynamic vertical 

loads on the pavement, reflected as tire dynamic pressure. Studies [28, 29] show the wheel-road 

contact area is elliptical, modeled as a polygon with two semicircles and a rectangle of 

dimensions   and     , also used in recent research [30]. Here, the contact area is calculated as: 

   
           

 
                    (11) 

It is possible to determine the static pressure and instantaneous dynamic pressure of tires on 

pavement using Eqs. (12) and (13), respectively. 

    
  

 
 

        

 
 (12) 

    
  

 
 

                 

 
    

  

 
 (13) 

In this paper, we propose to use Eq. (14) instead of Eq. (13) to calculate the average dynamic 

pressure on the survey distance. The dynamic load coefficient (   ) represents the variation of 

dynamic loads and is defined by Eq. (15) [6, 9, 14].     is determined by the magnitude of the 

dynamic variation of axle load for a given combination of road surface roughness and vehicle speed 

[10]. 

              
  

 
         

        

 
           (14) 

     
 

  
√∑ (      )

  
 

   
      (15) 

where   is the total number of steps and    
 is the dynamic force at step  . 

However, using Eq. (16), we can also see that the     is equal to the difference between the 

average dynamic and static pressures, and this value is independent of contact area  . 

 
       

  
 

            

  
     (16) 

Therefore, it can be clearly seen that the determination of     values in the dynamic analysis of 

vehicle-pavement interaction are extremely important. 

3.2. Numerical calculations 

This section numerically investigates the bus QCM using the parameters in Table 4. 

Numerical modeling used tire footprints of       cm [30], giving a contact area      
       cm

2
. The QCM contact length      cm [18] yields       cm

2
 from Eq. (11). 

This paper uses       cm
2 
for consistency, with only a 5 % difference between models. Static 

tire pressure on pavement, calculated by Eq. (12), is 
                

   
       N/cm

2
. 

Table 4. Bus QCM's dynamic parameters [11]. 

Parameter    (kg)    (kg)    (10
4 
N/m)    (10

4 
Ns/m)    (10

6 
N/m) 

Value 4000 550 32 1.0 1.7 
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Row 1 in Table 5 shows A1-high class road quality based on TCVN 8865:2011     values. 

This study uses four     values (1.8, 3.0, 5.0, 7.0) representing various surface conditions (row 

2, Table 5). Corresponding constant bus speeds are analyzed; for example,         (good 

condition) matches speeds of 100, 60, 50, and 40 km/h (row 3). Distances traveled in 100 

seconds (row 4) exceed the 200 m minimum per TCVN 8865:2011. Figure 6 shows road profiles 

at         and different speeds using the proposed Simulink model. 

Table 5. Suggestions for     values and bus speeds. 

No. Surface condition Good Fair Poor Very poor 

1     range [27]                               

2 Representative     1.8 3.0 5.0 7.0 

3 Bus speed (km/h) {100, 80, 60, 40} {80, 60, 50, 40} {60, 50, 40, 30} {40, 30, 20, 10} 

4 
Distance (  ) 

(km) 

         ,         ,         ,         , 

        ,         ,         ,          

 

Figure 6. Road profiles with an     of 1.8 and at various speeds. 

Figure 7 illustrates the MATLAB-Simulink simulation of Eq. (7) over 100 s with a 0.01 s 

step using Runge-Kutta integration. The input road profile comes from the Simulink analysis in 

Fig. 2a. Vertical vibrations (Fig. 8) and results (Table 6) are obtained from this simulation. 

Rows 2 and 10 in Table 6 show that max road roughness         increases with     and 

vehicle speed. For a bus at 40 km/h,         rises with     values of 5.25, 8.76, 14.59, and 

20.43 mm; at        ,         increases from 5.25 to 8.31 mm as speed rises from 40 to 100 

km/h. Similar trends appear in    and     (rows 3, 4, 11, 12). Faster speeds on rougher roads 

increase vertical vibrations and reflect poorer road profiles, consistent with theory [31, 32]. 
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Figure 7. Simulink diagram for Eq. (7). 

 

Figure 8. In case of        , 100-s vibrations of the suspension and axle DOFs. 

Dynamic pressure measures instantaneous max values, but average dynamic pressure over 

100 s (hundreds of meters) should be used in calculations. Rows 5-6 and 13-14 show 

instantaneous and average dynamic pressures exceed static pressure. Differences between 

average and instantaneous pressures (rows 7, 15) range from 0.58 to 2.50 N/cm². For         

at 100 km/h, average dynamic pressure is 93.65 N/cm², 15.6 % higher than static; at 40 km/h, 

deviation drops to 9.9 %. At 40 km/h, higher     (3.0, 5.0, 7.0) causes larger deviations (16.4 %, 

26.3 %, 38.3 %). 
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Table 6. Process of computing dynamic pressure numerically. 

No.     value 1.8 3.0 

1 Speed ( ) 100 80 60 40 80 60 50 40 

2      (mm) 8.31 7.43 6.44 5.25 9.21 10.72 9.79 8.76 

3   
    (mm) 8.96 8.02 6.94 5.70 13.36 11.57 10.56 9.45 

4     (%) 15.58 13.93 12.07 9.85 23.22 20.11 18.36 16.42 

5 
  
    

(N/cm
2
) 

94.55 93.12 91.50 89.57 101.20 98.49 96.96 95.28 

6      (N/cm
2
) 93.63 92.30 90.78 88.99 99.82 97.30 95.88 94.31 

7 
  
         

(N/cm
2
) 

0.92 0.82 0.72 0.58 1.38 1.19 1.08 0.97 

8     value 5.0 7.0 

9 Speed ( ) 60 50 40 30 40 30 20 10 

10      (mm) 17.87 16.32 14.59 12.64 20.43 17.69 14.45 10.22 

11   
    (mm) 19.29 17.61 15.75 13.64 22.05 19.09 15.59 11.02 

12     (%) 33.52 30.60 27.37 23.70 38.32 33.18 27.09 19.16 

13   
   (N/cm

2
) 110.10 107.60 104.80 101.60 114.30 109.80 104.60 97.66 

14      (N/cm
2
) 108.20 105.8 102.30 100.20 112.00 107.90 103.00 96.53 

15 
  
         

(N/cm
2
) 

1.90 1.80 2.50 1.40 2.30 1.90 1.60 1.13 

4. CONCLUSIONS 

In this study, a road profile model combining the GWN function with     values (Eq. 4) 

were proposed, showing deviations of 3.6 % from a random cosine model and less than 0.1 % 

from the original model. Numerical simulations using a QCM in MATLAB-Simulink were 

performed to analyze vehicle-pavement interaction under various     levels (1.8, 3.0, 5.0, and 

7.0) and bus speeds (10 - 100 km/h). The results emphasize the significance of    , which 

quantifies the difference between average dynamic and static pressures. At 40 km/h, pressure 

deviations reached 9.9, 16.4, 26.3, and 38.3 %, respectively. The use of average dynamic 

pressure via     is recommended in pavement design to improve load representation and 

structural accuracy. This approach supports compliance with Vietnam’s 22TCN 211-06 and 

TCCS 38:2022/TCBVN specifications and contributes to the development of more reliable and 

realistic pavement structures. 
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