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Abstract 

Assessment of Performance for Subbase course on Design Life was outlighted in this paper.  The research consisted of 

studying the effect of variation of subbase layer depths (12", 14" ,16"), resilient modulus (30 ,35 ,40) Ksi and number 

of load repetitions(10000, 15000 , 20000) on the design life of flexible pavement subbase by using KENPAVE 

software. It was found that the percentage of increasing the design life of pavement results from increasing subbase 

layer thickness was increased with the increasing the resilient modulus, and the percentage of increasing the design life 

of pavement results from increasing subbase resilient modulus was increased with the increasing of thickness layer. but 

the repeated load has no effect on the percentage of increasing the design life of pavement when that thickness of 

subbase layer  and resilient modulus is increased. The design life of pavement increased, with increasing subbase layer 

thickness for variable resilient modulus and layer thicknesses. 
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1. Introduction 

In the latest years, the maximum allowable gross vehicle weights and axle loads were raised. This enhance the 

allowable gross vehicle weight and led to more than proportional raise in the deterioration of pavement environment 

(Luskin and Walton 2001). The mechanistic – empirical design method mixed the elements of mechanistic modeling 

and performance models in calculating the required pavement depth for a set of design conditions. A performance 

model which is a set of laboratory based models is used to forecast the performance of pavement in terms of physical 

distresses such as rutting and fatigue during the design life (Ibrahim , 2010). Effective properties of pavement materials 

are a solution requirement for a good design. To be efficient and useful for pavement design, characterization should be 

based on material properties that correctly capture the material response to external stimulus of traffic loading as 

subjective by erection quality and environmental conditions. The proposed AASHTO guide is mechanistic-empirical in 

nature and advocates the use of a number of mechanical properties such as the resilient modulus of unbound materials, 

which contain granular materials and local soils (Zaghloul, 1993). 
2. Objective of the Study 

The main objective of this research was studying the effect of variation of subbase layer thickness(12", 14" ,16")  , 

Resilient Modulus (30 ,35 ,40 ) ksi and number of load repetitions(10000, 15000 , 20000) on the design life of flexible 

pavement, also studied the relationships among those parameters. This objective was done by using KENPAVE 

program that analysis an example about flexible pavement when these variables were considered.   
3. KENPAVE Distress Models 

Distress models in KENPAVE software are the fatigue cracking and rutting. the strains that formed due to cracking and 

rutting have been considered more critical for the structural design of flexible pavements. the first strain is the 

horizontal tensile strain (Ɛt )  at lower of the asphaltic layer, which led to fatigue cracking, and the second strain is 

nornal compressive strain (Ɛc) at the upper of subgrade layer, which led to the permanent deformation or rutting 

(Asphalt Institute , 1981 ). 
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These models could be used to forecast the design life of new flexible pavement with assuming pavement pattern and if 

the reliability for a certain distress is less than the minimum level necessary, the assumed pavement pattern should be 

changed (Huang, 2004). 

3.1 Fatigue Cracking Models 

Miner’s cumulative damage theory has been widely used to forecast fatigue cracking (Miner , 1945). It is commonly 

approved that the allowable number of load repetitions is related to the tensile strain at the lower of the asphalt layer. 

The amount of damage is expressed as a damage ratio, which is the relation between predicted and allowable number of 

load repetitions. The damage occurs when the total of damage ratio reaches to one. 

The main difference in the various design methods is the transfer formulas that transmit the HMA tensile strains to the 

allowable amount of load repetitions. The allowable amount of load repetitions (Nf) could be calculated by using 

Equation 1. 

 Nf= f1 (Ɛt )
-
 
f2

 (E)
-
 
f3

          ...................................(1) 

where  

tis tensile strain at the lower of HMA, E is modulus of elasticity of HMA and 

f1 , f2 and f3 are constants calculated by calibration. 

3.2 Rutting Models 

Rutting models are used to estimated the normal compressive strain on the upper of the subgrade and are extensively 

used. The allowable amount of load repetitions (Nd ) is related to the normal compressive strain (c) on upper of the 

subgrade by Equation 2: 

Nd f c)
- f5
  ................................... (2) 

where  f4 and f5 are calibrated values using forecast performance and field inspection. 

In the subgrade strain technique, it is assumed that if the subgrade compressive strain is restricted, logical surface rut 

depths will not be exceeded. Unless standard depth and materials are used for design, the assessment of surface rutting 

that based on the subgrade strain does not appear to be logical (Gedafa , 2006). 

4. Methodology 

This work studies the effect of subbase layer thickness, resilient modulus and amount of load repetitions for flexible 

pavement on the design life of pavement, this was achieved by using KENPAVE program. the example that applied in 

this program was assumed a flexible pavement with four layers (surface , base , subbase , subgrade) and subject to 

repeated load produced from one load group. this load group represented in single axle - dual tire load with (6")contact 

tire radius and (60 )psi contact tire pressure. 

5. Application of KENPAVE Program 

Tables (1), (2) represent the inputs data for the example of flexible pavement used to achieve the objective of this study. 

 

 

Table (1) Layers properties Inputs for Design Example  

Layer no. Layer type Resilient modulus (ksi) Poisson ratio Thickness (in) 

1 Surface 300 0.32 3 

3 Stabilized base 150 0.37 5 

4 Subbase 30 0.41 12 

5 subgrade 7.5 0.45 ------- 

 

Table (2) Traffic and Vehicles properties Inputs for Design Example  

Axle type 
Contact radius, 

(in.) 

Contact pressure 

, (psi) 

Duals spacing 

(in.) 
Axles spacing (in.) 

Single axle - dual tire 6 60 20 ------- 
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6. Results and Discussions 

6-1 Effect of Subbase Thickness on Design Life of pavement with Variable Resilient Modulus  

The results of analysis of design example that assumed in this study by using KENPAVE program were illustrated in 

the following figures. Figures (1, 2, 3) show that, when the thickness of subbase layer increased, the design life of 

pavement was increased for resilient modulus (30, 35, 40) ksi. Figures (4, 5, 6) illustrated that, the percentage of 

increasing in design life of pavement results from increases thickness of subbase layer, increased with increasing 

resilient modulus. The same trend was obtained for all repeated load (10000, 15000, 20000). 

Figure (1) Effect of Subbase Thickness on Design Life of pavement with Variable Resilient Modulus              

(repeated load= 10000 repetition) 

 

 

 

 

**Percentage of increasing% 

**Percentage of increasing% 

Figure (2) Effect of Subbase Thickness on Design Life of pavement with Variable Resilient Modulus                                                 

(repeated load= 15000 repetition ) 
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Figure (3) Effect of Subbase Thickness on Design Life of pavement with Variable Resilient Modulus                      

(repeated load= 20000 repetition) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4) Percentage of increasing design life of pavement resultant from increasing thickness of subbase layer,                   

with variable resilient modulus (repeated load= 10000 repetition) 
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Figure (5) Percentage of increasing design life of pavement resultant from increasing thickness of subbase layer,                     

with variable resilient modulus (repeated load= 15000 repetition) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (6) Percentage of increasing design life of pavement resultant from increasing thickness of subbase layer,                          

with variable resilient modulus (repeated load= 20000 repetition) 

 

 

6-2- Effect of Resilient Modulus for Subbase Layer on Design Life of pavement with Variable thickness of layer  

Figures (7, 8, 9) show that, when the resilient modulus of subbase layer increased, the design life of pavement was 

increased for thickness (12 , 14, 16) inch. Figures (10, 11, 12) illustrated that, the percentage of increasing the design life of 

pavement results from increasing the resilient modulus of subbase layer, increased with the increasing of subbase layer 

thickness. The same trend was obtained for all load repetition (10000, 15000, 20000). 
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Figure (7) Effect of Resilient Modulus for Subbase Layer on Design Life of pavement with Variable layer            

thickness (repeated load= 10000 repetition) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure (8) Effect of Resilient Modulus for Subbase Layer on Design Life of pavement with Variable layer            

thickness (repeated load= 15000 repetition) 
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Figure (9) Effect of Resilient Modulus for Subbase Layer on Design Life of pavement with Variable layer thickness 

(repeated load= 20000 repetition) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure(10) Percentage of increasing design life of pavement resultant from increasing Resilient Modulus 

of subbase layer, with variable thickness layer(repeated load= 10000 repetition) 
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Figure(11) Percentage of increasing design life of pavement resultant from increasing Resilient Modulus                 

of subbase layer, with variable thickness layer (repeated load= 15000 repetition) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure (12) Percentage of increasing design life of pavement resultant from increasing Resilient Modulus                         

of subbase layer, with variable thickness layer (repeated load= 20000 repetition) 
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VII. CONCLUSIONS 

 

The following conclusions was obtained from this study: 

a-The design life of pavement increases with the increasing subbase layer thickness for variable resilient modulus.  

b-The design life of pavement increases with the increasing subbase resilient modulus for variable layer thickness. 

c-The percentage of increases of design life of pavement results from increases subbase layer thickness was increased 

with the increasing resilient modulus. 

d-The percentage of increasing the design life of pavement results from increased subbase resilient modulus was 

increased with the increasing thickness layer. 

e-The repeated load has no effect on the percentage of increasing the design life of pavement when thickness of 

subbase layer and resilient modulus was increased. 
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