
xiii  

TABLE OF CONTENT 
 

 

 
 

Chapter 

Number 

 
Description 

 
Page 

 
TITLE PAGE............................................................................. i 

 APPROVAL PAGE................................................................... ii 

 PROCESS VERBAUX (BERITA ACARA) ........................... iii 

 PERNYATAAN ......................................................................... iv 

 MOTTO AND DEDICATION ................................................. v 

 ACKNOWLEDGEMENT ........................................................ vii 

 ABSTRACT ............................................................................... xi 

 ABSTRAK.................................................................................. xii 

 TABLE OF CONTENT ............................................................ xiii 

 LIST OF TABLE....................................................................... xvi 

 LIST OF FIGURE ..................................................................... xvii 

 LIST OF ABBREVIATIONS................................................... xviii 

 

I 

 

INTRODUCTION 

 

1.1 Background.................................................................................. 1 

1.2 Problem Limitation...................................................................... 3 

1.3 Objectives of the Study ............................................................... 3 

1.4 Scope of the Study....................................................................... 3 

 

II 

 

LITERATURE REVIEW 

 

2.1 Introduction ................................................................................. 4 

2.2 Hot Mix Asphalt .......................................................................... 4 

2.3 Warm Mix Asphalt ...................................................................... 5 

2.3.1 Advantage of WMA .................................................................... 7 

2.4 Material for WMA....................................................................... 8 

2.4.1 Zeolite.......................................................................................... 8 

2.4.2 Sasobit ......................................................................................... 11 



xiv  

 

2.5 Dense Graded Asphalt Mixtures ................................................. 13 

2.6 Summary of the Literature Review ............................................. 14 

 

III 

 

RESEARCH DESIGN AND METHODOLOGY 

 

3.1 Introduction ................................................................................. 15 

3.2 Investigation of Warm Mix Asphalt............................................ 15 

3.3 Bitument Test .............................................................................. 17 

3.3.1 Penetration Test ........................................................................... 17 

3.3.2 Softening Point ............................................................................ 19 

3.4 Mix Design for Dense Graded Wearing Coarse (DG-WC)......... 21 

3.5 Material Aggregate ...................................................................... 22 

3.6 Additives...................................................................................... 25 

3.7 Design and Properties of WMA Mixtures................................... 26 

3.8 Marshall Test ............................................................................... 27 

3.8.1 Marshall Method of Mix Design ................................................. 28 

3.8.2 Steps of Design............................................................................ 28 

3.8.3 Apparatus..................................................................................... 29 

3.8.4 Procedure..................................................................................... 30 

3.8.5 Preparation of Test Specimens .................................................... 30 

3.9 Analysis Data............................................................................... 31 

3.9.1 Equation and Sample Calculation Marshall Test 31 

 

IV 

 

DESIGN AND CALCULATION 

 

4.1 Introduction ................................................................................. 36 

4.2 Make the Specimen ..................................................................... 36 

4.2.1 Asphalt Characterization ............................................................. 36 

4.2.2 Aggregate Compotition by Sieve Analysis ................................. 37 

4.2.3 Marshall Specimen ...................................................................... 40 

4.2.3.1 Bulk Specific Gravity Mixtures................................................... 40 

4.2.3.2 Maximum Specific Gravity Mixtures.......................................... 42 

4.2.3.3 Percent Voids in Mineral Aggregate (VMA) .............................. 42 

4.2.3.4 Void in the Mix (VIM) ................................................................ 43 



xv  

 

4.2.3.5 Void Filled with Asphalt (VFA).................................................. 45 

4.2.3.6 Stability........................................................................................ 46 

4.2.3.7 Flow ............................................................................................. 47 

4.2.3.8 Stiffness/ Marshall Quotient........................................................ 48 

4.3 Comparison Result between HMA and WMA............................ 49 

 

V 

 

CONCLUSION AND RECOMMENDATIONS 

 

5.1 Conclusions ................................................................................. 50 

5.2 Recommendations ....................................................................... 50 

  

Referencess................................................................................. 

 

xix 

 Appendices ................................................................................. xxi 



xiii  

LIST OF TABLE 

 

 
Table Number Description Page 

 

 

Table 2.1 Gradation Limits for Dense Graded Wearing Coarse .................... 13 

Table 3.1 Grading Limits for DG-WC ........................................................... 22 

Table 4.1 Base Asphalt Properties ................................................................. 36 

Table 4.2 Sieve Analysis Dense Grade Wearing Coarse HMA ..................... 37 

Table 4.3 Sieve Analysis Dense Grade Wearing Coarse WMA .................... 37 

Table 4.4 Marshall Specimen Measurement for DG-WC HMA ................... 40 

Table 4.5 Marshall Specimen Measurement for DG-WC WMA .................. 40 

Table 4.6 Bulk Specific Gravity of HMA ...................................................... 41 

Table 4.7 Bulk Specific Gravity of WMA ..................................................... 41 

Table 4.8 Result of VMA from HMA ........................................................... 43 

Table 4.9 Result of VMA from WMA ........................................................... 43 

Table 4.10 Result of VIM from HMA ............................................................. 44 

Table 4.11 Result of VIM from WMA ............................................................ 44 

Table 4.12 Result of VFA from HMA ............................................................. 45 

Table 4.13 Result of VFA from WMA ............................................................ 45 

Table 4.14 Result of Stability from HMA ....................................................... 46 

Table 4.15 Result of Stability from WMA ...................................................... 47 

Table 4.16 Result of Flow from HMA ............................................................. 47 

Table 4.17 Result of Flow from WMA ............................................................ 48 

Table 4.18 Result of Marshall Quotient from HMA ........................................ 49 

Table 4.19 Result of Marshall Quotient from WMA ....................................... 49 

Table 4.20 Marshall Test Results of HMA and WMA Mixtures .................... 49 



xiv  

LIST OF FIGURES 

 

 

 
Figure Number Description Page 

 

 

Figure 1.1 Flexible Pavement Structure ............................................................ 1 

Figure 2.1 Chemistry Structure of Zeolite ......................................................... 9 

Figure 2.2 Particles of Zeolite ......................................................................... 10 

Figure 2.3 Sasobit ............................................................................................ 12 

Figure 3.1 Flowchart and Design of Methodology ......................................... 16 

Figure 3.2 Penetration Test Apparatus ............................................................ 17 

Figure 3.3 Softening Point .............................................................................. 19 

Figure 3.4 Zeolite After Heating ..................................................................... 26 

Figure 3.5 Test Specimen Preparation ............................................................ 29 

Figure 3.6 Specification of Marshall Equipment ............................................ 30 

Figure 3.7 Sample Test Result from a Marshall Mix Design.......................... 35 

Figure 4.1 Aggregate Gradation for Dense Grade Wearing Coarse HMA ..... 38 

Figure 4.2 Aggregate Gradation for Dense Grade Wearing Coarse WMA .... 39 



 

LIST OF ABREVITATIONS 
 

 

 
 

HMA : Hot Mix Asphalt 

WMA : Warm Mix Asphalt 

DG-WC : Dense Graded Wearing Coarse 

Gmb : Bulk Spesific Gravity Mixtures 

Gmm : Maximum Spesific Grvity 

Wd : Weight in Dry 

Ww : Weight in Water 

SSD : Saturated Weight 

Gse : Effective Spesific Gravity 

Gsb : Bulk Spesific Gravity Aggregate 

VMA : Voids in Mineral 

VIM : Voids in Mix 

VFA : Voids Filled with Asphalt 

MQ : Marshall Quotient 


