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Abstract: The aim of this study is to predict the long-term pavement life using different method of analysis of the 

primary response in the pavement layer. The methods are influence function method (IFM) and Peak Influence Function 

Method (PIFM). A tyre-pavement interaction model was used to predict the 3-Dimensional contact stresses under static 

and dynamic loads. In this model, a truck tyre was loaded on a three-layer flexible pavement surface. The load primarily 

affects the vertical contact stress and the longitudinal contact stress. Statistical method was used to analyse the compare 

the differences between both methods. As a result, elastic modulus of the asphaltic material varies with asphaltic 

concrete thickness, vehicle speed, volume of void, volume of bitumen and temperature. Temperature was found to 

influence the asphaltic material modulus more than others due to the elastic modulus of the mixture’s dependency on 

the stiffness of the bitumen. It is succeeded by vehicle speed, volume of void, volume of binder and AC thickness of 

which is minimal or have almost no effect on strains. In conclusion, Peak influence function is able to predict the 

response in pavement as a result of vehicle loads sufficiently and realistically. Low differences of strain was evidenced 

to reduce the differences resulting in failure.  

 

Keywords: Pavement life, influence function, peak influence function, pavement design  

  

1. Introduction  

Increase number of axles and high tyre pressure from heavy vehicles resulted traffic-related pavement distresses. The 

load that produced horizontal stresses induced between the layers eventually result in crack formation and any local 

settlements that leading to asphalt layers cracking [1]. Other than cracking, several distresses are generally occurring due 

to high axle load are rutting, revelling etc. Previously in empirical pavement design, the stresses/strain or primary response 

analysis in pavement where it is significantly affected to the pavement life performance is not seriously considered [2]. 

Therefore, one step forward was having taken to amend the pavement design guide from empirical pavement design to 

Mechanistic-Empirical pavement design (MEPDG).   

In MEPDG, evaluation   of pavement   response to   vehicular   loading   is   a   very   important consideration to 

predict the most accurate pavement performance as well as to guarantee optimum performance during the design life of 

the pavement. Three key material parameters of relevance to the analytical design or evaluation of a flexible bituminous 

pavement are stiffness modulus of the materials, deformation characteristics and pavement performance are considered. 

http://penerbit.uthm.edu.my/ojs/index.php/ijie
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The main consideration for designing a flexible pavement is limit the tensile strain at the bottom of the asphaltic layer 

and compression strain on top of the subgrade layer. These two responses reflect fatigue cracking and permanent 

deformation of the pavement which are the most critical damage mechanisms for pavement.   

There are two modes of crack origination and progression includes top-down or down-top. Conventionally, cracking 

of the asphaltic layers arises from the tensile strain developed in bound layers as each wheel load passes. It is therefore a 

function of both the magnitude of tensile strain and the number of load applications. It consists of two main phases, crack 

initiation and crack propagation. It is caused by tensile strains generated in the pavement by not only traffic loading but 

also temperature variations and construction practice [3]. Cracking that initiates at the bottom of the layer is more critical 

because such cracking is not visible until the crack reaches the top of the layer. For example, in thinner pavements, 

cracking is commonly assumed to initiate at the bottom of the bound layer where the maximum tensile stress and strain 
occur, and then propagate upwards under repeated load applications. Although, it is agreed by several researchers that, 

generally cracks originate at the top surface of the layer and propagate towards the bottom and this crack is not fit with 

the classical. The general relationship defining the fatigue life based on crack initiation is as follows [4]-[6]:   

  

  (1)  

  

where Nf is number of applications of load to initiate fatigue cracking, ɛt is tensile strain at the bottom of the asphaltic 

layer and k1and k2 are constants.   

     Rutting is associated with permanent deformation of all the pavement layers, and is an accumulation of the small 

irrecoverable part of the deformation caused by each wheel load. It is a function of the visco-elastic nature of the bitumen, 

the mechanical support offered by the grading of the aggregate and the supporting ability of the underlying subgrade. The 

general relationship defining the fatigue life based on crack initiation is as follows [4]-[6]:   

  

  (2)  

  

where Nr is number of applications of load to initiate fatigue cracking, ɛc is compression strain on top of subgrade and k3 

and k4 are constants.  

  

2. Methodology   

In this study, quarter truck model was use to simulate the static and dynamic wheel loads. Qurter-truck parameter 

values used is corresponds to dual axles fitted with steel suspensions loaded with 2.4 tonnes. Truck speed is kept constant 

at 20 m/s. The Road with IRI=2 is used [7-9]. The load applied on to the axisymmetric model is in the form of stress 

pulsed vertically to the centre of the model. The Influence function method (IFM) and Peak Influence Function Method 

(PIFM) were used to simulate the critical responses on the two layer of pavement structure consist of asphaltic concrete 

and granular subbase laid on the subgrade soil. The PIFM and IFM will be based on the previous study done by Buhari 

et al. [8]. In accordance, the response at a particular location as a function of time, t, based on PIFM can be written up as 

follows:   

  

  (3)  

  

and for IFM as follows:  

  

  (4)  

  

where l(V,x-Vt) is the influence function for speed, V and (x-Vt) is distance from the point of load applied. The analytical 

response analysis using IFM is far more complicated and time consuming compared to the PIFM [8]. For smooth road 

surface with the same pavement structure and material characteristic, via the employment of both methods, the maximum 

influence function vertically under the center of the load is similar along the load. However, for rough road surface, they 

might differ. It is known that the dynamic behavior of the vehicle will tend to be most responsive to excitation from tyre 

and wheel. Rougher pavement surface tends to increase the amplitude of dynamic forces. In this condition, response at a 

particular point might prevail over the response from the vicinity of the points [10].   

The evaluation of this method with other theoretically different methods for determining stresses, strains and 

deflections in pavement structures was followed Ullidtz & Ekdahl [11]-[12]. It was found that the simple method based 

on Odemark’stransformation and Boussinesq’s equation claimed to be as good as, or, better than the more sophisticated 

methods employing the Finite Element Method. On that same note, they also claimed that the difference between 

theoretical assumptions of continuum mechanics and the real conditions of particulate pavement materials are so 

imperative that there is no improvement to be obtained through the use of more sophisticated methods. They concluded 

that other than using a method based on more appropriate assumption available for pavement analysis, the simple methods 

are to be favored.  

The elastic modulus of the bituminous binder used is based on the Van der Poel nomograph which is the simplest 

constitutive model for an asphalt mixture named theory of linear elasticity [10]. In this theory, materials are usually 



Buhari et al., International Journal of Integrated Engineering Vol. 12 No. 1 (2020) p. 233-242  

 

 

  235  

assumed to be homogeneous, isotropic and linear elastic and characterized by time-independent constants of 

proportionality between stress and strain. These kinds of materials are described as elastic, where the loading curve is 

identical to the unloading curve. Several other assumptions made in this method include: (i) all layers are assumed to be 

infinite in lateral extent, (ii) all layers have finite thickness except for sub-grade assumed to be infinite and, (iii) all 

materials are weightless [12-13]. Linear elastic theory assumes linear behavior over any stress range and that material 

response is non-viscous and all the deformation is recoverable. According to Van der Poel, for asphaltic materials, 

Young’s modulus was replaced by a ‘stiffness modulus’ since the stiffness varied with loading durations and 

temperatures. Using these limitations, the stresses calculated for linear elastic theory are reasonable and may be used as 

the basis for pavement design. A few researchers such as Peutz et al. and Eisenmann et al. successfully applied linear 

elastic models in flexible pavement design as well as performance evaluation in the past [13-14]. At present, the elastic 

model is employed by numerous organisation, including Shell in the BISAR computer programme for pavement structure 

analysis. Moreover, Van Der Poel introduced the concept of ‘stiffness’ to describe the behaviour of pure bitumen as a 

function of loading time and temperature [15]. He indicated that the stiffness of bitumen at lower strains could correlate 

with the penetration index and softening point of the bitumen. The research resulted in the highly acclaimed Van der Poel 

nomograph, by means of which, the deformation of bitumen can be calculated as a function of stress, time and 

temperature. The significance of the temperature’s effect on stiffness was reported to be similar to that of the strain effects 

on fatigue life and was more prominent than other material variables [16].   

The pavement system was simulated using the methods introduced by Ullidtz [11]. He was produced the simplest 

way of describing a pavement system that is, of a half space. Material properties of each layer are homogeneous. Each 

layer except the bottom layer has finite thickness and is modelled as a semi-infinite solid. All layers are infinite in the 

horizontal direction, all layers are isotropic, which means that the material properties are the same in every direction, 

surface shearing forces are not present on the surface and each layer is characterised by two properties: Poisson’s ratio 

and the elastic modulus. The Method of Equivalent Thickness (MET) principle denotes the transformation of a system 

consisting of layers with different moduli into an equivalent system where all layers have the same modulus.  

Boussinesq’s equation is plausible for application in this method.  

Other than that analysis for dual layer system was using Odemark Method. For calculating stresses or strains above 

an interface or, within the compression of the layer over the interface, the system is treated as a half-space with a modulus 

of a first layer. For calculating stresses and strains at or below the interface of the layer and vertical stress or horizontal 

strain at the bottom of the upper layer, the interface above is transformed to an equivalent layer with modulus of second 

layer and Poisson’s ratio but with the same stiffness as the original layer [17].    

Eqs (1) and (2) were used to simulate the pavement distress occurred in the pavement. The major factors affect the 

constants 𝑘1 and 𝑘2 are the volumetric proportion of binder, 𝑉𝐵 and Initial Softening Point, TRBI. The constant values 

can be estimated from the equation given in Brown and Brunton as follow [17]:   

 

 

     

    (5)  

 

      (6)  

  

Alternatively, the following equation may be used:  

  

  (7)  

  

where k is equal to 46.82 for life to critical conditions and k equal to 46.06 for life to failure.  

  

3. Results and Discussion  

Various stress produced by differing vehicle loads spread throughout the pavement and the stress distribution effect 

on radial strains at the base of the asphaltic layer as well as vertical strain on top of the sub-grade soil as a function of 

distance are shown in Fig. 1. The pavement structures and material properties used in the analysis have been previously 

explained in the prior section. As demonstrated, tensile strain at the bottom of the asphalt layer is lesser than the 

compressive strain at the top of the subgrade.   
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Fig. 1 - Compression strain on the top of sub-grade layer (line on top) and tensile strain at the bottom of 

asphaltic concrete (line at bottom) using Road 1 

  

3.1 Critical Strain in the Pavement  

Fig. 2 illustrates the critical strains on top of sub-grade using the IFM. It was found that by arranging the influence 

function at all points along the road then, multiplying each point with the forces generated by the vehicles travelling 20 

m/s at each point. To justify; subject to the line with the square marker, the maximum point represented by (i) is the 

maximum strain generated by the load on point (i) at time, t and the strain noted as (i+20) is the strain generated influence 

by the load at point (i) at time t.  

 

Fig. 2 - Illustration of strains at bottom of bituminous layer using IFM results using Road 1 

  

  

Table 1 - Pavement properties variations. Road 1 using tahe values in the bracket 

 Pavement layer  h (mm)  Air void, vv  Binder %, vb  Modulus (GPa)  

Asphaltic layer  150  

(200)  

250  

300  

350  

(4), 6, 8,10,  

12  

4, 6, (8),10,12  E1  

Granular Sub-base  200  -  -  (E2=0.1E1)  

E2=0.02E1  

E2=0.01E1  

Subgrade Soil  ∞  -  -  E3 (CBR- 5%)  

 
  

 Comparing both the methods, the contrariety of the influence function defined using IFM and PIFM for 100 m length 

of road is able to be identified. The implicit values of the differences between the influence functions at vertical under 

load at each point along the 100 m road length that were computed in the employment of both methods were defined by 

the following equation.  

 

 (8)  
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where Pdif is percentage difference between strains, if1 is critical strain determined using IFM at subject point and if2 is 

critical strain determined using PIFM at subjected point. Fig. 3 and Fig. 4 establish the comparison of strains using IFM 

and PIFM. A positive value means that at the point where there is a difference, the strain prevails by the strain at the 

nearest point at the right or at the left. As shown in the figure, differences of the strain at the bottom of the asphaltic 
concrete layer are smaller that is, the maximum difference stands at less than 30%. Almost all differentiations are lower 

than 10%. Although, in average, the differences along each road is lower than 20%.   

Overall, with the use of both methods, differences between the strains at the bottom of asphalt concrete can be said 

to be lower than the difference of that on top of sub-grade. This is owed to the curve of the strain at the bottom of an 

asphaltic concrete layer is narrower than the influence function curve at the top of the sub-grade. Subsequently, the 

possibility of the influence from the load at the nearest point to overshadow the maximum influence at the subject point 

is lesser than the influence at the top of the sub-grade layer. This phenomenon becomes more apparent when the road 

surface is rougher.  

  

 

Fig. 3 - Percentage differences of tensile strain at bottom of asphaltic layer using IFM and PIFM. Quarter-truck 

model, a truck of single axle with steel suspension travelling on Road 1 at truck speed of 20m/s 

  

  

 

Fig. 4 - Percentage differences of compression strain on top of sub-grade layer using IFM and PIFM.  

Quartertruck model, a truck of single axle with steel suspension travelling on Road 1 at a speed of 20 m/s 

  

3.2 Pavement life using IFM and PIFM  

Two failure mechanisms were considered in this study that is fatigue due to tensile strain at the bottom of asphaltic 

layer and rutting due to compressive strain on top of subgrade layer. Eq. (1) is used in this analysis. Fig. 5(a) shows the 

differences in number of allowable trucks to rutting using IFM and PIFM for 20 m distance in percentages. That is 

considering by showing the 100 m results may not showing the gap between the lines due to very small differences. Close 

up the results within 20 m distance, the maximum difference is approximately 11.8% about 14.5 m from the origin. 

Compare to the differences in fatigue failure as shows in Fig. 5(b), the maximum differences is significantly lower than 

the differences in rutting failure that is only 6.5 %. This is due to the fact that the fatigue influence function curve is 

narrower than the rutting influence function curve. Also shown the figure, among the percentage differences, the higher 

differences are determined at the points that have significant increasing and decreasing slope between the points of the 

road or might considered as rougher part of the road.  

Fig. 6(a-g) shows the percentage differences between numbers of allowable cycles to the rutting generated by dual 

axle with steel suspension travelling on several roads at speed 20 m/s, using both methods. As seen in the Fig. 6(a-e), 

comparison the differences of the number of cycles to rutting in percentage results from the travelling vehicles on the 

roads that have similar IRI=2, the maximum differences computes are less than 15% and the difference at almost all the 

points is about 5%. As expected, differences are increasing when road roughness is higher as seen in Fig. 6(a) and Fig. 6 

(f-g). The maximum differences then higher than 15% and majority of the differences are almost achieving 10%.  
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 Distance (m)    

(a)  

 

(b)  

Fig. 5 - Comparison differences of number of allowable cycles to failure calculated using IFM and PIFM for 20 

m road length; (a) Percentage differences of the number of allowable cycles to rutting and (b) Percentage 

differences of the number of allowable to fatigue on each point using both methods 
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(h) Road@IRI3.5  

Fig. 6 - Percentage differences of number of allowable to rutting generated by the vehicle travelling on several  

roads using IFM and PIFM  

  

3.3 Sensitivity Study  

The sensitivity analysis was performed to examine the effect of IFM used to predict pavement performance. The 

analysis encompasses a broad range of air temperature, vehicle speed, air void, volume of bitumen and asphaltic concrete 

thickness as results in Fig. 7.  

It is seen from the figure that the maximum variance is lower for the higher temperature. This is because a higher 

compression strain caused by a higher temperature is narrower than a compression strain caused by a lower temperature. 

In this condition, the maximum response is dominated by peak influence function. The same findings were recorded when 

there were variations of volume, void, and binder. Furthermore, for a higher vehicle speed, the considerable difference of 

tyre force with the nearest point due to instantaneous up/down phenomenon had ability to increase the percentage of 
differences.  

Table 2 displays the results of the maximum percentage of differences along the 100 m of different road level when 

the asphaltic concrete (AC) temperature, vehicle speed, AC thickness, AC void content and AC binder content are 

considered variables. Only one road with IRI=2 takes into account the difference in results among them. As expected, for 

all variables, the percentages of differences increase with higher road roughness. The highest value is recorded as 19.8. 

Amongst the different variables, the highest is AC bitumen with 7%. The volume of bitumen in the mixture and its 

rheological behavior has a major bearing on the susceptibility of the asphalt to cracking. Bitumen at high temperature 

plays a role in helping maintain the service function of the flexible pavement from cracking; namely, healing. In asphalt-

concrete mixture, bitumen is responsible for the visco-elastic properties whilst the mineral skeleton influences elastic and 

plastic properties.  
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Fig. 7 - Maximum difference percentages of the number of allowable rutting calculated using IFM and PIFM as 

the temperature, volume of void, volume of binder, AC thickness and vehicle speed act as variables  

  

  

Table 2 - Percent differences of stiffness modulus for varies parameter and road level using IFM and PIFM  

Variables/Road  IRI=2  IRI=2.5  IRI=3  IRI=3.5  

Temperature (‘C) 17  
15.16  16.91  18.34  19.42  

22  14.88  16.58  18.01  19.06  

27  14.54  16.23  17.65  18.61  

32  14.24  15.92  17.3  18.29  

37  14.08  15.62  16.92  17.93  

Veh. speed (m/s)  

10.6  15.12  17.55  19.18  18.98  

15.7  15.17  17.91  19.24  19.01  

20.6  15.56  16.86  18.34  19.01  

25.6  16.15  17.56  18.48  19.04  

30.6  16.28  17.66  18.52  19.06  

AC. air void (%) 

4  15.16  16.85  18.34  19.40  

6  15.15   16.83  18.32  19.37  

8  15.13  16.83  18.31  19.35  

10  15.12  16.8  18.27  19.34  

12  15.06  16.78  18.27  19.31  

AC. Bit. (%) 

7  

  

16.91  

  

18.24  

  

19.26  

  

19.80  

8  16.55  17.96  19.08  19.74  

9  16.08  17.60  18.86  19.64  

10  15.44  16.29  18.50  19.48  

11  14.50  16.28  17.92  19.18  

AC. Thickness  

0.15  13.89  15.66  16.98  18.62  

0.2  14.61  16.50  17.90  19.24  

0.25  15.17  16.86  18.34  19.40  

0.3  15.27  16.92  18.42  19.43  

0.35  15.33  16.96  18.46  19.44  

  

Therefore, elastic modulus of the asphaltic layer differs due to some variables examined in accordance to the 

relationship put forth by Brown and Brunton [17]. Initially, the dependency of the elastic modulus of asphaltic layer on 

the frequency of the applied load and temperature variation was examined. There are five different air temperatures, 27ºC 

(yearly average of temperature measurement), ±5ºC and ±10ºC of a yearly average is chosen. To differentiate the vehicle 

speed, five different vehicle speeds representing the real measures of heavy goods vehicles speeds on highway roads are 

determined. The 24-hour data was grouped into five bandwidths and the median of each bandwidth was determined for 
the analysis.  

Fig. 8 shows the increase and decrease of stiffness modulus when the variables are changed. The differences were 

then determined by comparing the elastic modulus already calculated for the 2nd, 3rd, 4thand 5th value whereas elastic 

modulus was calculated for the 1st value. It can be seen that the curves are divisible into two separate regions positive and 

negative. It should also be noted that the negative difference for temperature, volume of binder and volume of void 
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indicates a decrease in strain with increased parameter values and the difference for vehicle speed is positive that bears 

indication that an increase in strain is parallel to an increase of speed. A linear relationship is shown simply to illustrate 

the trend of the data. It is clear that over the range of variables, temperature is the one factor that influences the asphaltic 

material modulus more than others. This is followed by vehicle speed, volume of void, volume of binder and asphalt 

concrete thickness that ultimately, has minimal or almost no effect on strains.   

  

  

Fig. 8 - Percentage comparison of asphaltic concrete modulus, E1 calculated using variation parameters. Data 

points denoted for the parameters start from the second value. Example: for parameter volumes of void, data 

point 1, 2, 3 and 4 are 6%, 8%, 10% and 12%, respectively 

  

Theoretically, as viscous as liquid is in normal service temperature, bitumen has some specific features such as; its 

ability to still flow even at high temperature [24]. Bitumen is visco-elastic material and its behavior and stiffness varies 

from purely viscous to wholly elastic depending on the temperature and loading time at reference points that varies with 

truck speed. Consequently, the increase in temperature reduces the elastic modulus significantly due to the elastic modulus 

of the mixture dependency on the stiffness of the bitumen. In similarity, variations of bitumen and void content give the 

same patterns increasing parameter values found to reduce their elastic modulus. In contrast, the increment of elastic 

modulus as the vehicle speeds increase caused asphalt materials to be sensitive to vehicle speed and the frequency content 

of the applied loads. Higher speeds meant shorter durations of an applied axle, thus lowered effects on the material. Apart 

from that, there is little impact on the elastic modulus when the asphaltic layer thickness is varied approximately 0.0136%, 

0.0273%, 0.0409% and 0.0545% for data point 1 to 4 respectively.  

  

4. Summary  

The following conclusions can be drawn from the prediction of pavement life using influence function and peak 

influence function for mechanistic-empirical pavement design analysis:  

• The elastic modulus of the asphaltic material varies with asphaltic concrete thickness, vehicle speed, volume of void, 

volume of bitumen and temperature. Temperature was found to influence the asphaltic material modulus more than 

others due to the elastic modulus of the mixture’s dependency on the stiffness of the bitumen. It is succeeded by 

vehicle speed, volume of void, volume of binder and AC thickness of which is minimal (or have almost no effect) 

on strains.  

• Stress produced by vehicle loads spread throughout pavements at different weights. The maximum influence function 

is vertically under the centre of load.  

• The compression influence function on top of the subgrade layer is approximately 3.5 times higher than the tension 

influence function at the bottom of asphaltic layer.   

• Increase in the E1/E2 was seen to significantly increase critical stresses and strains for fatigue and rutting failure 

tremendously.  

• Permanent deformation (rutting) predicted via primary response defined by the IFM and PIFM resulted in low 

differentiation (lower than 20%). Although, the value could increase or decrease as a correspondence to the pavement 

material and material properties.  

• The differences of the tensile strain produced at the bottom of an asphaltic layer are less than that of the difference 

in compression strain produced on top of sub-grade. This is due to the fact that the influence function curve of tensile 

strain is narrower than the influence function curve of compression strain. Thus, the possibility of influence from the 

load at the nearest point to dominate maximum influence at the subject point is lesser than the influence at the top of 

the sub-grade layer.   

• The road surface roughness seems to significantly increase the comparison between the fatigue life and rutting value 

using IFM and PIFM.     

• The peak influence function is able to predict the response in pavement as a result of vehicle loads sufficiently and 

realistically. The low differences of strain in turn reduce the differences resulting in failure.  
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