
188 
 

 

 

 

 

The behavior of flexible pavement layers under the influence of 

axle loads with wide-base and conventional conventional dual 

tires. 

1-
 Abdalla Wahdan  

2-
 Ahmed Shehata  

3-
 Ahmed Mamdouh 

 
1-

Professor of Transportation Planning & Traffic Engineering, Faculty of Engineering, Al-Azhar 

University, Egypt. 
2-

 Associate Professor of Highway & Airports Engineering, Faculty of Engineering, Al-Azhar 

University, Egypt. 
3-

 Graduate Student, Dept of Civil Engineering, Faculty of Engineering, Al-Azhar University, Egypt. 

 

 : ٍِخض اٌجؾش

٠ٙذف ٘زا اٌجؾش اٌٝ دساعخ اٌؼشس اٌزٞ ٠ؾذس ٌٍشطف اٌّشْ ٔز١غخ ِشٚس اٌشبؽٕبد راد اٌّؾبٚس اٌّزؼذدح راد 

الأؽّبي اٌؼب١ٌخ اٌزٟ ثٙب اؽبساد ػش٠ؼخ، ٚاٌزٟ رُ رمذ٠ّٙب ٌزؾً ِؾً الإؽبساد اٌّضدٚعخ. رّذ اٌذساعخ ػٍٝ ػذح 

ٚسثبػ١خ، ٚولا  ِٕٙب ِضٚدح ثبؽبساد ػش٠ؼخ ٚاؽبساد ػبد٠خ. رُ اخز١بس ِؾبٚس رشًّ ِؾبٚس أؽبد٠خ، صٕبئ١خ، صلاص١خ، 

( ٚرُ رّض١ً خظبئض Thinner( ٚلطبع أوضش سلخ )Thinٔٛػ١ٓ ِٓ اٌمطبػبد الإعفٍز١خ ّٚ٘ب لطبع سل١ك )

 ِٛادّ٘ب ٌزشًّ ِؼظُ لطبػبد الأعفٍذ اٌّشْ.

ٌزؾ١ًٍ ٚؽغبة اٌزٛرش اٌشذ   (KENLAYER Computer Programرُ اعزخذاَ ثشٔبِظ ؽبعٛثٟ ٠ غّٝ )

الأفمٟ فٟ لبع اٌطجمخ اٌؼ٠ٍٛخ ِٓ ِض٠ظ الأعفٍذ اٌغبخٓ ٚاٌزٛرش اٌؼغطٟ اٌؼّٛدٞ فٟ ٚعؾ وً ؽجمخ ِٓ ؽجمبد 

 اٌشطف، ثبلإػبفخ اٌٝ اٌطجمبد اٌغذ اٌّززب١ٌخ ٌزشثخ اٌمبػذح.

) ػ١ٛة اٌٙجٛؽ رؾذ ِغبس  ( Fatigueٚرُ اعزخذاَ ٘زٖ إٌزبئظ ٌؾغبة اٌؼشس إٌبرظ ػٓ الإعٙبد اٌّزىشس )

 Strain))( ثبعزخذاَ ّٔبرط أداء اٌطش٠ك. رُ اعزخذاَ ّٔٛرط Ruttingإٌبرظ ػٓ اعزخذاَ اٌطش٠ك )اٌؼغلاد (  

area ( ٌؾغبة اٌؼشس إٌبرظ ػٓ الإعٙبد اٌّزىشسFatigue ّٚٔٛرط )VESYS  اٌٙجٛؽ رؾذ ِغبس ٌؾغبة (

 ( فٟ اٌطجمخ الأعفٍز١خ.Rutting) اٌؼغلاد (

( ٌىلا  ِٓ Rutting( ٚالأؾذاس )Fatigueؽغبة ِؼبًِ اٌّؾبٚس ٌّمبسٔخ اٌزٍف إٌبرظ ِٓ الإعٙبد اٌّزىشس ) رُ

اٌّؾبٚس راد الإؽبساد اٌؼش٠ؼخ ٚالإؽبساد اٌؼبد٠خ. ٚأظٙشد إٌزبئظ أْ اٌّؾبٚس راد الإؽبساد اٌؼش٠ؼخ رغجت 

ا أوجش فٟ الإعٙبد اٌّزىشس )  ( ثبٌّمبسٔخ ِغ اٌّؾبٚس راد الإؽبساد اٌؼبد٠خ.Rutting( ٚالأؾذاس )Fatigueػشس 

 

ABSTRACT: 

The study focuses on investigating the impact of heavy multiple-axle setups with 

wide-base tires on flexible pavements.  

The researchers considered various axle configurations, including single, tandem, 

tridem, and quad, equipped with both conventional and wide-base tires. The flexible 

pavement sections under investigation were categorized as "thin" and "thinner" based 

on their thicknesses and material properties.  
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To assess the damage caused by large axle load combinations to these pavement 

sections, the researchers employed the KENLAYER Computer Program to calculate 

the pavement response during forward analyses. 

This involved measuring the horizontal tensile strain at the bottom of the hot mix 

asphalt and the vertical compressive strain at the middle of each pavement layer, 

including the subgrade soils. 

The study evaluated two primary types of pavement distress, namely fatigue cracking 

and pavement surface rutting, using the calculated pavement responses in performance 

models. The strain area model was used to estimate fatigue damage, while the VESYS 

rutting model was used for rutting damage. 

In comparing the pavement damage caused by axles with conventional and wide-base 

tires, the researchers computed axle factors for each axle configuration. The results 

indicated that axles equipped with wide-base tires experienced more significant wear 

and rutting damage compared to conventional tires.  

Overall, the study highlights the potential negative effects of wide-base tires on 

pavement integrity, particularly in terms of fatigue cracking and rutting, and 

emphasizes the importance of considering these factors in pavement design and 

maintenance. 

 

1. Introduction 

The economic alliances between nations have led to significant growth in commercial 

operations, resulting in increased transportation activities on road networks. Heavy 

vehicles play a crucial role in transporting the majority of freight.  

To enhance efficiency and reduce environmental impact, the truck industry has introduced 

wide-base tires as a replacement for conventional tires. 

 These wide-base tires offer various benefits, including reduced fuel consumption, lower 

tire costs and repair expenses, decreased pollution and noise, and a positive impact on tire 

recycling. Additionally, using wide-base tires improves hauling capacity, ride comfort, 

handling, braking, and safety. 

Researchers have undertaken studies comparing the performance of conventional and 

wide-base tires after the introduction of the latter. 

They focused on various aspects such as contact area, contact stress, pavement 

responsiveness, and pavement damage impact.  

At a constant load, variations in tire inflation pressure primarily influenced contact stresses 

in the center region of the contact area for two types of wide-base tires (385/65R22.5 and 

425/65R22.5). Higher inflation pressure resulted in larger contact pressures in this central 

region, while the contact pressures in the tire's outer rims remained unaffected. 

However, at constant inflation pressure, fluctuations in tire load affected the contact 

stresses in the outer areas of the contact region, with higher loads leading to higher 

stresses.  

Yap (1988) conducted a comparable investigation and found that the highest contact stress 

was still located in the middle of the contact area. 
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Comparing tire load increases caused by inflation pressure and subsequent tire load 

increases for various tire types, wide-base tires exhibited higher contact stresses as 

inflation pressure increased but showed less increase in stress with tire load. Nonetheless, 

wide-base tires showed larger vertical contact stresses in both situations.  

Myers et al. (1999) studied three contact stress components under different truck tires and 

found that wide-base tires have higher vertical and transverse contact stresses compared to 

other types of tires due to their higher load-per-tire ratio.  

Vertical contact stresses were not uniformly distributed, with the greatest value occurring 

at the center of the contact area, roughly 2.3 times the inflation pressure.  

Moreover, the maximum vertical stresses of wide-base tires were approximately 1.5 times 

larger than those of bias ply and radial tires. In terms of transverse stresses, wide-base tires 

once again outperformed at the center of the contact area, with the maximum transverse 

stress being approximately one-third of the maximum vertical contact stress. It is essential 

to note that the relationship between pavement reaction (stress, strain, and deflection) and 

pavement performance (fatigue, rutting, etc.) is not linear, highlighting the need to 

measure the pavement damage caused by axles equipped with wide-base tires.  

At the Virginia Smart Road Test Facility, Al-Qadi et al. (2002) conducted tests to 

compare the pavement responsiveness of conventional dual tires and newly introduced 

wide-base tires with the same tire pressure. The study found that the wide-base tires 

induced a similar horizontal strain under the hot mix asphalt layer as the conventional dual 

tires, resulting in comparable fatigue damage for both tire types. However, the wide-base 

tires caused stronger vertical compressive stresses on the top hot mix asphalt layers of the 

tested pavement. As the depth increased, the difference in stresses between the two tire 

types decreased, becoming negligible at the subbase layer's bottom. 

Kim et al. (2005) conducted an evaluation of the stresses generated by wide-base tires and 

their impact on the pavement's subgrade using two-dimensional and three-dimensional 

finite element calculations. 

The research revealed that wide-base tires induced nearly four times the amount of 

permanent stresses in the pavement layers compared to conventional tires. This leads to an 

overestimation of the pavement design life when using Load Equivalency Factor (LEF) 

values designed for conventional dual tires. 

Researchers also analyzed pavement response and predicted pavement damage to assess 

the influence of wide-base tires on pavement damage.  

It was found that the relationship between pavement response and pavement damage is not 

linear, necessitating a more comprehensive approach to measuring the impact of wide-base 

tires on the pavement. 

Sebaaly and Tabatabaee (1992) investigated the effects of tire pressure, tire type, axle 

load, and axle design on instrumented test sections under actual truck loading and highway 

speed. Their findings indicated that wide-base single tires consistently exhibited higher 

stresses and deflection than conventional dual tires. The fatigue and rutting damage factors 

for wide-base single tires were observed to range from 1.5 to 1.7 and from 1.2 to 2.0 for 

single and tandem axles, respectively. 
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Overall, these studies demonstrate that the use of wide-base tires can significantly affect 

pavement behavior and damage, emphasizing the importance of considering the specific 

characteristics of wide-base tire configurations in pavement design and maintenance 

practices. 

2. Damage Calculation Due to Multiple axle loads 

To evaluate the fatigue damage caused by traffic loads, Matthews et al. (1993) conducted 

various laboratory fatigue experiments, including simple fracture, support fracture, direct 

axial, diametral, triaxial, fracture tests, and wheel tracking tests. 

These experiments were designed as stress-controlled or strain-controlled tests, involving 

either a single pulse with a rest interval or a constant sinusoidal load. Similarly, laboratory 

studies have been carried out to predict pavement rutting (Ayres, 2002), but these trials 

were also based on a single load pulse. However, in real-world scenarios, the passage of 

heavy axle group vehicles results in repeated load pulses on the pavement surface. 

Due to the absence of laboratory experiments based on multiple pulses, the damage caused 

by repeated axle loads was not fully understood.  

To address this gap, Michigan State University recently conducted extensive laboratory 

testing that replicated various axle loads for both flexible and rigid pavements. 

Salama and Chatti (2011) leveraged this testing data and examined techniques to predict 

fatigue and rut damage on asphalt concrete pavements subjected to multiple axle loads. 

Several methods for assessing pavement damage caused by numerous axles were evaluated 

using the laboratory data, and the level of agreement with the measured laboratory 

performance served as the assessment criterion. They concluded that the dissipated energy 

and strain area approaches showed high agreement with laboratory-measured axle 

parameters for fatigue damage, while the peak strain approach exhibited good agreement 

with laboratory-calculated axle parameters for rutting damage. 

In this study, the strain area and peak strain techniques, validated by Salama and Chatti, 

will be employed to calculate pavement fatigue and rutting damage, respectively. 

 

The pavement damage will be computed for both thin and thinner pavements with specific 

thicknesses and material properties. Axle factors for fatigue and rutting damage can be 

determined using the strain area and peak strain formulas, respectively, as illustrated in the 

sections below (presumably in the research paper). 

These approaches aim to provide a more comprehensive understanding of the impact of 

repeated axle loads on pavement degradation and performance. 
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Figure 16:  Thicknesses and material properties of thin and thinner pavement sections 

 

2.1.1. Fatigue 

Fatigue is one of the most common types of distress experienced by flexible pavements.  

It is caused by tensile strain at the bottom of the hot mix asphalt layer, leading to fatigue 

cracking in the pavement.  

In the study conducted by Huang (1993), the KENLAYER computer software will be 

utilized to calculate the horizontal tensile strain at the bottom of the hot mix asphalt layer 

under various axle configurations, including single, dual, tridem, and quad axles, equipped 

with both conventional conventional dual tires and wide-base tires. 

The strain area approach has been identified as the most promising method for quantifying 

fatigue damage. 

The strain area approach involves using Equation 1 to calculate the number of fatigue 

cycles until pavement failure. This approach will be employed to assess the damage caused 

by different axle configurations compared to the damage caused by a standard axle.  

The fatigue strain area model will be utilized to determine the Axle Factors (AF), which 

allow for a direct comparison of the damage caused by various axles with the damage 

caused by a standard axle. 

By using this approach, researchers can better understand the impact of different axle 

configurations and tire types on the fatigue performance of flexible pavements. 

 

                       Nf = 18.865 * Ao
-0.478

     (1) 

Where: 

Nf      = is the number of cycles to fatigue failure, and 

Ao      = is the initial area under the strain curve for a standard axle or any axle or 

truck.  

    and 

AF = Damage of axle / Damage of the standard axle 

                                    = Nf std axle /  Nf axle or truck  

                                    = (  Ao std axle / Ao axle or truck)
-0.478 

  (2)  

 

 

 
a)Thin section  

b) Thinner section 
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Figure 1.2 shows the area under the tensile strain curve for the standard axle for thin and 

thinner pavements. 

    Standard axle (Thin pavement)                                               Standard axle (Thinner pavement) 

Figure 1.2 Area under the tensile strain curve for standard axle 

Figure 1.3 shows the area under the tensile strain curve for the single axle 13 ton for both 

conventional dual and wide-base tires for thin and thinner pavements. 

     Single axle 13 ton (Thin pavement)                Single axle 13 ton (Thinner pavement) 

Figure 1.3 Area under the tensile strain curve for single axle 13 ton 

To calculate the Axle Factor for any axle we can use the following equation. 

(Dual)           AF = (Ao std axle / Ao axle)
-0.478 

= (501.7 * 10
-5   

/ 786.9 * 10
-5

)
 -0.478 

= 1.24 (thin) 

(Wide-base) AF = (Ao std axle / Ao axle)
-0.478 

= (501.7 * 10
-5   

/ 1075.1 * 10
-5

)
 -0.478 

= 1.44 (thin) 

(Dual)          AF = (Ao std axle / Ao axle)
-0.478 

= (589.2 * 10
-5   

/ 907.8 * 10
-5

)
 -0.478 

= 1.23 

(thinner) 

(Wide-base) AF = (Ao std axle / Ao axle)
-0.478 

= (589.2 * 10
-5   

/ 1183.2 * 10
-5

)
 -0.478 

= 1.40 

(thinner) 
 

Figure 3 a and b show the Axle Factors (AFs) calculated from the strain area method for 

single 13 ton, tandem 26 ton, tridem 39 ton and single 10 ton, tandem 20 ton, tridem 30 ton 

and quad axle 40 ton with dual and wide-base tires for both thin and thinner pavements. 

The results show that the fatigue damages increasing with the increased axle 

configurations (from single axle to tandem or tridem or quad axles) because the area under 

the tensile strain pulse is increasing with the increased axle configurations, and the fatigue 

damages increasing with an average of 9.83 % and 5.65 % with increased axle loads from 

10 ton to 13 ton at single axle for thin and thinner pavements respectively, and the fatigue 

damages increasing with an average of 9.72 % and 5.55 % with increased axle loads from 

20 ton to 26 ton at tandem axle for thin and thinner pavements respectively, and the fatigue 

damages increasing with an average of 9.98 % and 5.8 % with increased axle loads from 
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from 30 ton to 39 ton at tridem axle for thin and thinner pavements respectively, because 

the area under the tensile strain pulse is increasing with the increased axle loads. and the 

results show that the wide-base tires impose more fatigue damage for both thin and thinner 

pavements because the area under the tensile strain pulse with wide-base tire more than the 

area under the tensile strain pulse with conventional dual tire with the increased axle 

configurations see Figure 1.3. The wide-base tire cause more fatigue damage in the thinner 

pavement since the thin hot mix asphalt do not provide enough protection for the sublayers 

especially the aggregate base to sustain the heavy axle loads. 

 

2.1.2. Rutting 

Rutting is another significant distress type experienced by flexible pavements. It is 

primarily caused by the vertical compressive strain in the pavement layers. 

In the study, the KENLAYER computer program will be utilized to calculate the vertical 

compressive strain at various positions within the pavement layers. 

These positions include the middle of the hot mix asphalt (HMA) layer, the apparent 

middle of the base layer, and the middle of the subsequent six subgrade layers, each with a 

thickness of 40 inches. 

The calculations will continue until the vertical compressive strain becomes negligible and 

does not result in any permanent deformation due to the applied truckload. 

To determine the total rutting at the pavement surface, which includes rutting in the HMA 

layer, base layer, and subgrade, the most appropriate model is the VESYS rutting model.  

This model takes into account the cumulative effect of rutting at different layers of the 

pavement structure and provides a comprehensive assessment of the overall rutting 

damage. 

By using the KENLAYER program to calculate the vertical compressive strain and the 

VESYS rutting model to assess the total rutting, researchers can effectively evaluate the 

impact of different axle configurations and tire types on the rutting performance of flexible 

pavements. 

This data will help in understanding the extent of rutting damage caused by various axles 

and aid in making informed decisions for pavement design and maintenance. 

model which has this capability, Moavenzadeh, 1974.  

Equation 3 shows the form of the model. 

 

. 𝑝 = 𝑕AC
 AC

1- AC
(∑ (𝑛𝑖)

 ; AC( 𝑒𝑖 AC)
 
𝑖< ) + 𝑕base

 base

1- base
(∑ (𝑛𝑖)

 ; base( 𝑒𝑖 base)
 
𝑖< ) 

+𝑕SG
 SG

1- SG
(∑ (𝑛𝑖)

 ; SG( ei,SG)
 
𝑖< )                                                                        (3) 
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Where:  

 𝑝 
 

= total cumulative rut depth (in the same units as the layer thickness), 

i = subscript denoting axle group, 

K = number of axle groups, 

h = layer thickness for HMA layer, combined base layer, and subgrade layer,  

n = number of load applications, assume n = 1*10
6
 (one million repetitions), 

e = compression vertical elastic strain at the middle of the layers, 

 
= permanent deformation parameter representing the constant of proportionality    

    between plastic and elastic strain, and  

 
= permanent deformation parameter indicating the rate of change in rutting as the 

number of load applications increases. 

 

Since the rutting calculation using the VESYS model will be used for the relative 

comparison of different axles with conventional and wide-base tires, Table 1 shows 

average values for permanent deformation parameters which were presented in 

previous research, Salama, 2005.  

Table 1: shows the average values of the permanent deformation parameters. 

Pavement layers HMA Base Subgrade 

 0.65 0.7 0.75 

 0.8 0.4 0.025 

The rutting damage factors for axles can be calculated from Equation 4. However, the 

truck factor will be calculated by summing the axles factor of the truck axle.  

 

Damage factor = Rutting (any axle) / Rutting (standard axle)   (4) 

 

3. RESEARCH PROCEDURE 

I apologize, but as an AI language model, I don't have access to external data or images 

such as tables and figures. However, based on the information provided in the previous 

messages, I can summarize the research approach for evaluating pavement damage caused 

by conventional and wide-base tires as follows: 

Research Approach: 

1. Axle Design: The study will consider various axle configurations, including single, 

dual, tridem, and quad axles, equipped with both conventional conventional dual tires 

and wide-base tires. 

2. Forward Analysis Software: The KENLAYER computer program will be used for 

forward analysis to calculate the pavement response, including horizontal tensile 

strain at the bottom of the hot mix asphalt layer and vertical compressive strain at 

different positions within the pavement layers. 

3. Performance Model for Fatigue Damage: To assess fatigue damage, the strain area 

approach will be used, which quantifies the number of fatigue cycles until failure. 
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This will be applied to both conventional and wide-base tire configurations to 

compare their fatigue performance. 

4. Performance Model for Rutting Damage: The VESYS rutting model will be employed 

to calculate the total rutting at the pavement surface, considering rutting in the hot mix 

asphalt, base layer, and subgrade. This model will be used to evaluate the impact of 

different axle configurations and tire types on pavement rutting. 

5.Axle Load Data: Data on axle loads from the various axle configurations, including both 

conventional and wide-base tires, will be collected and used as input for the analysis. 

Figure 2: Flow Chart of the Study Plan (Unfortunately, I don't have access to this figure, 

so I cannot provide a description of it). 

By following this research approach and utilizing the mentioned software and models, 

the study aims to provide valuable insights into the pavement damage caused by 

conventional and wide-base tires under different axle configurations. The findings will 

contribute to understanding the performance differences between these two tire types 

and guide decision-making in pavement design and maintenance practices. 

 
 

Table 2: Summary of the research methodology 

 Item Availability Considered in the research 

Axle configuration Single to eight-axle group Single to quad axle 

Axle load values Different axle load values  

Single =10 and 13 tons, 

Tandem = 20 and 26 ton, 

Tridem =30 and 36 tons, and 

Quad = 40 ton 

Forward analysis software Several MLET and FEM software KENLAYER (MLET) 

Fatigue model Several fatigue models Strain area model 

Rutting model Several Rutting models 
Total rutting at the pavement 

surface using the VESYS model 
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Figure 17: Flowchart of the analysis 

 

4. ANALYSIS AND DISCUSSIONS 

4.1. Fatigue 

Figures 3a and 3b illustrate the Axle Factor values obtained from the strain area method 

for different axle configurations and tire types (dual and wide-base) on both thin and 

thinner pavements. The Axle Factor is a measure of the fatigue damage caused by each 

axle configuration compared to a standard axle. 

The results demonstrate that fatigue damage increases as axle configurations transition 

from single to tandem, tridem, and quad axles.  

This escalation is attributed to the increase in the area under the tensile strain pulse with 

larger axle configurations, indicating a higher level of pavement stress. 

Additionally, the study reveals that wide-base tires impose more fatigue damage on both 

thin and thinner pavements compared to conventional dual tires. 

This is because the area under the tensile strain pulse with wide-base tires is larger than 

that with conventional dual tires, especially with increased axle configurations. 

For thin pavement, the increase in fatigue damage due to wide-base tires is approximately 

16.03%, 16.1%, 16.29%, and 16.06% for single, tandem, tridem, and quad axles, 

respectively.  

Similarly, for thinner pavement, the percentages of increase in fatigue damage are 

approximately 14.24%, 13.58%, 13.43%, and 13.84% for single, tandem, tridem, and quad 

axles, respectively. 

It is notable that the wider tires cause more fatigue damage in the thinner pavement 

because the thin hot mix asphalt layer does not offer sufficient protection to the underlying 

sublayers, especially the aggregate base, to withstand the heavy axle loads. 

Pavement Type 

 

Pavement response: 

1- H.T.S
*
 and 2- V.C.S

**
   

Pavement performance 

 

Relative damage of different 

Axles  

Tire Type 

1- Conventional and 2- Wide - Base 

Axle configuration 

 

Comparison between damage of 

conventional and wide-base tires 

Pavement damage comparison 

*
H.T.S Horizontal Tensile Strain  

** 
V.C.S Vertical Compressive Strain 
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Overall, the results suggest that wide-base tires and larger axle configurations significantly 

impact pavement fatigue, particularly in thinner pavements, and should be carefully 

considered in pavement design and maintenance strategies. 

  

a) Thin pavement                                                                 b) Thinner pavement 
 

Figure 3: Shows the Axle Factors of fatigue damage for different axle configurations on 

both thin and thinner pavements, comparing the impact of wide-base tires to conventional 

dual tires. 

 

Figure 4 provides a summary of the overall increase in fatigue damage caused by axles 

with wide-base tires compared to conventional dual tires for both thin and thinner 

pavements. 

The results indicate that, on average, wide-base tires impose approximately 16.12% more 

fatigue damage than conventional dual tires on thin pavements.  

In contrast, for thinner pavements, the average increase in fatigue damage is slightly lower 

at 13.77%. 

This means that wide-base tires tend to cause more significant fatigue damage on thinner 

pavements than on thin pavements. The higher percentage increase in fatigue damage 

observed in the thinner pavement can be attributed to the reduced thickness of the hot mix 

asphalt layer, which leads to less protection for the underlying layers, making them more 

susceptible to the stress induced by wide-base tires. 

These findings emphasize the importance of considering pavement thickness and tire type 

in pavement design and maintenance to mitigate the impact of heavy axle loads and 

prolong the pavement's service life. 

 

 

 

 

 

 

 

 

 

Figure 4: Normalized fatigue damage due to dual and wide-base tires for thin and thinner 

pavements for axles. 
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4.2. Rutting 

more vulnerable to the heavy axle loads imposed by wide-base tires. 

These findings further emphasize the significance of considering pavement thickness and 

tire type in pavement design and maintenance to minimize the impact of heavy axle loads 

and prolong the pavement's lifespan. 

Figures 5a and 5b illustrate the Axle Factors of total surface rutting, calculated using the 

VESYS rutting model, for different axle configurations on both thin and thinner 

pavements.  

The comparison is made between the impact of wide-base tires and conventional dual tires. 

The results indicate that rutting damage increases with the increasing axle configurations, 

which means that as the number of axles (from single to tandem or tridem or quad) 

increases, the vertical compressive strain also increases, resulting in more total surface 

rutting. 

Additionally, the results show that wide-base tires impose more rutting damage for both 

thin and thinner pavements compared to conventional dual tires. 

This is because the vertical compressive strain with wide-base tires is higher than with 

conventional dual tires as the number of axles increases. 

The percentage increase in rutting damage due to wide-base tires is as follows: 

 For thin pavement: approximately 32.76%, 26.27%, 22.93%, and 16.45% for 

single, tandem, tridem, and quad axles, respectively. 

 For thinner pavement: about 37.44%, 32.7%, 30.16%, and 27.8% for single, 

tandem, tridem, and quad axles, respectively. 

The higher percentage increase in rutting damage observed in the thinner pavement can be 

attributed to the same reason mentioned earlier - the thin hot mix asphalt layer provides 

less protection for the underlying 

sublayers, especially the aggregate base, making them   

       a) Thin pavements                                                                 b) Thinner pavements 

Figure 5: Shows the Axle Factors of total surface rutting damage caused by different axle 

configurations for both thin and thinner pavements, comparing the impact of wide-base 

tires and conventional dual tires. 
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The results reveal that total surface rutting damage increases with the increasing axle 

configurations, meaning that as the number of axles (from single to tandem or tridem or 

quad) increases, the vertical compressive strain also increases, leading to more total 

surface rutting. 

Moreover, the findings indicate that wide-base tires impose more total surface rutting 

damage for both thin and thinner pavements when compared to conventional dual tires. 

This is evident from the higher vertical compressive strain caused by wide-base tires as the 

number of axles increases. 

The percentage increase in total surface rutting damage due to wide-base tires is as 

follows: 

 For thin pavement: approximately 24.6% on average for single, tandem, tridem, 

and quad axles. 

 For thinner pavement: about 32.03% on average for single, tandem, tridem, and 

quad axles. 

The higher average percentage increase in total surface rutting damage observed in the 

thinner pavement can be attributed to the same reason mentioned earlier - the thin hot mix 

asphalt layer provides less protection for the underlying sublayers, making them more 

susceptible to the heavy axle loads imposed by wide-base tires. 

These results highlight the importance of considering the pavement's thickness and the 

type of tires used in pavement design and maintenance, as wide-base tires can significantly 

impact the total surface rutting damage, potentially reducing the pavement's service life. 

Proper measures and adaptations may be necessary to mitigate the adverse effects of wide-

base tires on thinner pavements. see Figure 6. 

 

Figure 6: Normalized rutting damage due to dual and wide-base tires for thin and thinner 

pavements for axles 

 

4.3. OVERALL COMPARISON 
An overall comparison between the Axle Factors (AFs) of different axle configurations 

with dual and wide-base tires for fatigue and total surface rutting damage indicated the 

followings. 

 The axle factor for fatigue is always less than the axle factor for rutting. 

 The axle factors for axles with wide-base tires are always higher than the same axle 

with conventional dual tires.  
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 The most critical axle factors are existed with wide-base tire running over thinner 

pavement.  

 The fact that the axle factors for fatigue and rutting are completely different in their 

values indicate that the pavement damage factors should be separated, and each 

pavement distress should be dealt with independently during the design procedures 

similar to the Mechanistic-Empirical Design Guide (M-E PDG). 

  

5.CONCLUSIONS 

 

 In general, axle loads with wide-base tires impose more fatigue and rutting damage 

than axles with conventional tires. 

 The fatigue and rutting damage increase with the increased axle configurations (from 

single axle to tandem or tridem or quad axles). 

 Axles with wide-base tires impose more fatigue damage with an average of 16.12 % in 

comparison to fatigue damage with conventional dual tires for thin pavements whereas 

this percentage with an average of 13.77 % for thinner pavements.  

 Axles with wide-base tires impose more total surface rutting damage with an average 

of 24.6 % in comparison to total surface rutting damage with conventional dual tires 

for thin pavements whereas this percentage with an average of 32.03 % for thinner 

pavements. 
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