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ABSTRACT 

Pavement design is a vital part in new road construction and rehabilitation of roads. 

American Association of State Highway and Transportation Officials (AASHTO) pavement 

design guideline and Transport Research Laboratory (U.K) Road Note 31 (TRL RN-31) 

guideline are widely used for designing road pavements by most of the road agencies. Both 

these design guidelines are empirical guidelines and based on empirical formulas developed 

from experimental studies conducted in extreme weather conditions. In recognition of the 

potential of analysing pavements and predicting their performance, pavement design 

agencies have been encouraging the movement towards mechanistic empirical pavement 

design methods. Performance models used for the empirical pavement designs are basically 

derived from experiments which are conducted in controlled laboratory conditions. So it 

should be validated before utilising for the road pavement designs. The aim of the research 

was to check the applicability of Mechanistic Empirical (M-E) models developed by 

Austroad guide for tropical climatic conditions prevails in Sri Lankan roads. The computer 

program CIRCLY which is based on Austroad guide was used for the analysis. Cumulative 

Damage Factor (CDF) given by the computer program was compared with the in service 

pavement condition. Pavement Condition Index (PCI) was used to represent the pavement 

condition. PCI values were calculated only for structural based distresses as assessed by 

type, severity and density according to the ASTM method. CDF values obtained from 

CIRCLY were verified with the PCI values obtained from the pavement condition. Since 

PCI and CDF have a good relationship, CIRCLY software which is based on Austroad 

pavement design guideline could be introduced as a good analytical tool for designing road 

pavements in tropical climatic conditions. Then the research was focused on evaluating the 

suitability of a mechanistic empirical pavement design tool CIRCLY to investigate a 

pavement failure. In this study, failure of a non-structural surface road which is failed 

immediately after completing the construction was selected for the analysis. This road was 

designed according to the Overseas Road Note 31(ORN 31) and designed with a non-

structural surface type, Double Bitumen Surface Treatment (DBST). Soil samples collected 

from critically damaged locations were tested. Results showed that the inadequate strength of 

the sub base layer as the reason to the failure. Failure investigations were done using a 

mechanistic tool CIRCLY and reliable reclamation method was proposed. 

Key words: Mechanistic Empirical pavement design, CIRCLY computer program, Pavement 

Condition Index (PCI), Failure analysis 

 

 

 

 

 

 



VI 
 

TABLE OF CONTENT 
 

1 INTRODUCTION ................................................................................................ 1 

1.1 Problem Statement and Background ............................................................. 1 

1.2 Objectives of the Research ............................................................................ 2 

1.3 Scope of Work ............................................................................................... 2 

2 LITERATURE REVIEW ..................................................................................... 3 

2.1 Flexible Pavement Design Methods .............................................................. 3 

2.2 Empirical Pavement Design Methods ........................................................... 4 

2.2.1 AASHTO Design Guidelines ................................................................. 4 

2.2.2 TRL Road Note 31 ................................................................................. 6 

2.3 Development of Mechanistic-Empirical Pavement Design .......................... 8 

2.4 Mechanistic-Empirical Pavement Design Method ........................................ 9 

2.4.1 Asphalt Fatigue Models ....................................................................... 10 

2.4.2 Rutting Models ..................................................................................... 16 

2.4.3 Effect of AC Layer Thickness to the Fatigue Cracking ....................... 17 

2.5 Material Properties ...................................................................................... 19 

2.5.1 Asphalt Concrete (AC) ......................................................................... 20 

2.5.2 Unbound Granular Material ................................................................. 21 

2.5.3 Subgrade Material ................................................................................ 23 

2.6 Development of Mechanistic Computer Programmes ................................ 23 

2.7 Introduction to CIRCLY ............................................................................. 23 

Declaration………………………………………………………………………... i 

Dedication………………………………………………………………………… ii 

Acknowledgements……………………………………………………………….. iii 

Abstract…………………………………………………………………………… iv 

Table of Content…………………………………………………………………... v 

List of Figures…………………………………………………………………….. vii 

List of Tables……………………………………………………………………... viii 

List of Abbreviations……………………………………………………………... ix 

List of Appendices………………………………………………………………... x 



VII 
 

2.7.1 Fatigue Criteria for AC ........................................................................ 25 

2.7.2 Fatigue Criteria for Cement Treated Material:..................................... 27 

2.7.3 Rutting Criteria for Subgrade Material: ............................................... 27 

2.7.4 Design Traffic ...................................................................................... 27 

2.7.5 Mechanistic-Empirical Pavement Design Procedure ........................... 31 

2.7.6 Cumulative Damage Factor (CDF) ...................................................... 33 

3 METHODOLOGY ............................................................................................. 34 

3.1 Check the Applicability of CIRCLY for Fatigue Performance in Structural 

Road ……………………………………………………………………………..34 

3.1.1 CIRCLY model .................................................................................... 35 

3.1.2 Pavement Condition Index (PCI) ......................................................... 39 

3.1.3 Model validation .................................................................................. 40 

3.2 Failure Investigation Using CIRCLY .......................................................... 41 

3.2.1 Investigation of material properties and field measurement ................ 42 

3.2.2 Model development using CIRCLY .................................................... 47 

4 RESULTS ........................................................................................................... 49 

4.1 Effect of AC Layer Thickness on the Asphalt Fatigue Damage ................. 49 

4.1.1 PCI variation ........................................................................................ 52 

4.1.2 CDF variation ....................................................................................... 52 

4.1.3 Development of a Model ...................................................................... 53 

4.2 Results on Failure Analysis ......................................................................... 55 

4.2.1 Analysis of proposed design ................................................................ 56 

4.2.2 Recommended design for 10 years’ traffic .......................................... 57 

5 CONCLUSION AND RECOMMENDATION.................................................. 59 

6 REFERENCE LIST ............................................................................................ 63 

7 APPENDICES .................................................................................................... 66 

 

 

 

 



VIII 
 

LIST OF FIGURES 

Figure 2.1: Stress distribution over road pavement structure ...................................... 3 

Figure 2.2: AASHTO pavement design procedure ...................................................... 6 

Figure 2.3: procedure for determine layer thicknesses ................................................ 6 

Figure 2.4: Road Note 31 pavement design procedure ................................................ 8 

Figure 2.5: variation of Alligator cracking percentage with asphalt concrete (AC) 

layer thickness ............................................................................................................ 19 

Figure 2.6: Pavement model for mechanistic procedure, showing locations of critical 

strains ......................................................................................................................... 31 

Figure 2.7: Mechanistic design procedure ................................................................. 32 

Figure 3.1: Road pavement structure ......................................................................... 41 

Figure 3.2: Failure location ........................................................................................ 42 

Figure 3.3: Layout of the test pit ................................................................................ 44 

Figure 3.4: Grid lines marked on the test pit area ...................................................... 44 

Figure 3.5: Cross section along grid line A................................................................ 45 

Figure 3.6: Cross section along grid line B ................................................................ 45 

Figure 3.7: Individual deflection of layers (CIRCLY results) ................................... 46 

Figure 4.1: Critical strain variation with the AC layer thickness ............................... 49 

Figure 4.2: CDF variation with the AC layer thickness ............................................. 50 

Figure 4.3: Effect of AC layer thickness on the fatigue performance of the pavement 

in LHS ........................................................................................................................ 50 

Figure 4.4: Effect of AC layer thickness on the fatigue performance of the pavement 

in RHS ........................................................................................................................ 51 

Figure 4.5: PCI variation for LHS and RHS .............................................................. 52 

Figure 4.6: CDF variation for LHS and RHS ............................................................ 52 

Figure 4.7: PCI and CDF variation of new construction in RHS............................... 53 

Figure 4.8: PCI variation with CDF ........................................................................... 54 

Figure 4.9: Model validation ...................................................................................... 55 

Figure 4.10: Individual deflections of actual and proposed design ........................... 58 

 

 

file:///C:/Users/User/Downloads/ThesisEdited.doc%23_Toc480901952
file:///C:/Users/User/Downloads/ThesisEdited.doc%23_Toc480901953
file:///C:/Users/User/Downloads/ThesisEdited.doc%23_Toc480901954
file:///C:/Users/User/Downloads/ThesisEdited.doc%23_Toc480901955
file:///C:/Users/User/Downloads/ThesisEdited.doc%23_Toc480901956
file:///C:/Users/User/Downloads/ThesisEdited.doc%23_Toc480901956
file:///C:/Users/User/Downloads/ThesisEdited.doc%23_Toc480901957
file:///C:/Users/User/Downloads/ThesisEdited.doc%23_Toc480901957
file:///C:/Users/User/Downloads/ThesisEdited.doc%23_Toc480901958
file:///C:/Users/User/Downloads/ThesisEdited.doc%23_Toc480901959
file:///C:/Users/User/Downloads/ThesisEdited.doc%23_Toc480901960
file:///C:/Users/User/Downloads/ThesisEdited.doc%23_Toc480901961
file:///C:/Users/User/Downloads/ThesisEdited.doc%23_Toc480901962
file:///C:/Users/User/Downloads/ThesisEdited.doc%23_Toc480901963
file:///C:/Users/User/Downloads/ThesisEdited.doc%23_Toc480901964
file:///C:/Users/User/Downloads/ThesisEdited.doc%23_Toc480901965
file:///C:/Users/User/Downloads/ThesisEdited.doc%23_Toc480901966
file:///C:/Users/User/Downloads/ThesisEdited.doc%23_Toc480901967
file:///C:/Users/User/Downloads/ThesisEdited.doc%23_Toc480901968
file:///C:/Users/User/Downloads/ThesisEdited.doc%23_Toc480901968
file:///C:/Users/User/Downloads/ThesisEdited.doc%23_Toc480901969
file:///C:/Users/User/Downloads/ThesisEdited.doc%23_Toc480901969
file:///C:/Users/User/Downloads/ThesisEdited.doc%23_Toc480901970
file:///C:/Users/User/Downloads/ThesisEdited.doc%23_Toc480901971
file:///C:/Users/User/Downloads/ThesisEdited.doc%23_Toc480901972
file:///C:/Users/User/Downloads/ThesisEdited.doc%23_Toc480901973
file:///C:/Users/User/Downloads/ThesisEdited.doc%23_Toc480901974
file:///C:/Users/User/Downloads/ThesisEdited.doc%23_Toc480901975


IX 
 

LIST OF TABLES 

Table 2.1: Empirical relationships developed by different agencies ......................... 11 

Table 2.2: Constant values introduced by different agencies .................................... 17 

Table 2.3: Presumptive values for elastic characterization of unbound granular 

material ....................................................................................................................... 22 

Table 2.4: Standard subbase modulus values ............................................................. 23 

Table 2.5: Correlations of subgrade CBR value to resilient modulus value .............. 23 

Table 2.6: Reliability factors for different project reliability ..................................... 26 

Table 2.7: Standard axle load for each axle group type ............................................. 30 

Table 2.8: Load damage exponents for each damage type ........................................ 30 

Table 3.1: Layer thicknesses of the selected cross sections ....................................... 35 

Table 3.2: Average climate data - Kantale ................................................................. 36 

Table 3.3: Asphalt design modulus at WMAPT of 32°C .......................................... 36 

Table 3.4: Calculated asphalt modulus values at WMAPT of 39.5°C ....................... 38 

Table 3.5: Selected asphalt modulus at WMAPT of 39.5°C ..................................... 38 

Table 3.6: Selected material properties ...................................................................... 39 

Table 3.7: Estimated design traffic and traffic multipliers ........................................ 39 

Table 3.8: Pavement Condition Index (PCI) rating scale .......................................... 40 

Table 3.9:  Material properties of the sub base soil ................................................... 43 

Table 3.10: Design and actual layer thicknesses ........................................................ 46 

Table 3.11: Material Properties .................................................................................. 47 

Table 4.1: Damage ratios for 10 years design traffic ................................................. 55 

Table 4.2: Damage ratios for 2 years design traffic ................................................... 56 

Table 4.3: Damage ratio for the proposed design (for 10 years design traffic) ......... 57 

 

 

 

 

 

 



X 
 

LIST OF ABBREVIATIONS 

 

 

 

 

 

 

 

 

 

 

 

 

Abbreviation Description 

AASHTO American Association of State Highway and 

Transportation Officials 

ABC Aggregate Base Course 

AC Asphalt Concrete 

CBR California Bearing Ratio 

CDF Cumulative Damage Ratio 

CESAL Cumulative Equivalent Standard Axle Load 

CNSA Cumulative Number of  Standard Axles 

DBST Double Bitumen Surface Treatment 

DESA Design Equivalent Standard Axles 

ESAL Equivalent Standard Axle Load 

M-E Mechanistic-Empirical 

MEPDG Mechanistic Empirical Pavement Design Guide 

PCI Pavement Condition Index 

RF Reliability Factor 

SAR Standard Axle Repetitions 

ITT Indirect Tensile Test 

TRL Road Note 31 Transport Research Laboratory Road Note 31 

WMAPT Weighted Mean Annual Pavement Temperature 



XI 
 

LIST OF APPENDICES 

 

Appendix A - Test Pit Data ........................................................................................ 66 

Appendix B - As Build Drawing data ........................................................................ 67 

Appendix C - Calculation of WMAPT value for Kantale.......................................... 69 

Appendix D – Distress Photographs .......................................................................... 71 

Appendix E – PCI Values for Calibration…………………………………………..74 

Appendix F – PCI Values for Validation ................................................................... 76 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


