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ABSTRACT 

The application of Open Graded Friction Courses (OGFC) as a pavement material 

has become a suitable solution for areas with high rainfall intensities. Since, 

OGFC material can act as a function-oriented pavement material to enhance 

permeability, reduce noise, and introduce more friction, improving the properties 

OGFC asphalt material to meet the requirements has drawn the attention of 

researchers in the last few decades. It is evident that the existence of a complex 

interconnected void network in OGFC has directly affected the durability and the 

permeability of the mixture. Further, the interconnected void network entirely 

depends upon the internal aggregate arrangement. Therefore, the identification of 

the internal arrangement of aggregates is very important to understand the void 

structure and improve the performance of designing OGFC. The lack of 

availability of quality controlling tools in the industrial construction stage leads 

to the occurrence of defects at the service stage and most of these issues can be 

minimized by investigating the internal structure of OGFC. This study presents a 

cost effective, rapid Digital Image Processing (DIP) method to determine the 

internal aggregate structure and the gradations of a core sample during the design 

and construction stages. Further, the proposed method enables the identification 

and quantification of segregation variation, internal voids and material 

distribution along the depth of the specimen. Experimental program of the study 

majorly included permeability test and durability test to compare the analytical 

results obtained for validation and justification.  The internal aggregate structure 

data was collected by capturing cross section images in order to introduce a 

feasible way of implementing a gradation analysis. The cross sectional details 

were analysed to obtain details of areas, lengths and coordinates by developing 

an algorithm in MATLAB software. MATLAB was also used to obtain 2D 

aggregates structures and 3D models of specimens were constructed by using the 

python tool “plotly” on “Anaconda” platform. This research provides 

fundamentals to interpret and analyse data using DIP to construct the internal 

aggregate structure of OGFC specimens to identify and quantify deviations by 

the means of gradation, segregation and voids. 

Keywords: Digital Image Processing, Gradation, Internal Structure, MATLAB, 

OGFC 



 

iv 

 

 

 

LIST OF PUBLICATIONS  

 

Conference Publications 

 

1. Title:  Analysing the Durability and the Lateral Drainage Characteristics of Open 

Graded Friction Course Pavement 

 

Conference: International Conference on Civil Engineering and Applications 2019 

 

Journal Publications  

 

1. Road Materials and Pavement Design (Under Review) 

Title: Analysis of the Spatial Distribution of Aggregate Gradations of Open Graded 

Friction Courses by Digital Image Processing 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

v 

 

CONTENT 

 

Declaration ............................................................................................................................... i 

Acknowledgement .................................................................................................................. ii 

Abstract ................................................................................................................................. iii 

List Of Publications ............................................................................................................... iv 

1.       Introduction ................................................................................................................ 1 

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

1.2 Research Significance ................................................................................................. 3 

1.3 Research Statement ..................................................................................................... 3 

1.4 Aim .............................................................................................................................. 4 

1.5 Objectives .................................................................................................................... 4 

1.6 Research Methodology ................................................................................................ 5 

1.6.1 Experimental program ................................................................................................. 6 

1.6.2 Analytical model development program ..................................................................... 6 

2.         Literature Review........................................................................................................ 8 

2.1 Pros and cons of OGFC ............................................................................................... 8 

2.1.1 Horizontal drainage ................................................................................................. 8 

2.1.2 Vertical drainage ...................................................................................................... 8 

2.1.3 Condition after rain .................................................................................................. 8 

2.1.4 Reduction of hydroplaning, splashing and spraying ............................................... 9 

2.1.5 Reduction of surface shine ...................................................................................... 9 

2.1.6 Skid resistance ......................................................................................................... 9 

2.1.7 High surface friction .............................................................................................. 10 

2.1.8 Reduction of tire noises ......................................................................................... 10 

2.1.9 Reduction of road temperature .............................................................................. 11 

2.1.10 Clogging ................................................................................................................ 11 



 

vi 

 

2.1.11 Rutting ................................................................................................................... 11 

2.2 Usage of OGFC ......................................................................................................... 12 

2.3 Preparation of specimens .......................................................................................... 13 

2.4 Gradations of specimen ............................................................................................. 14 

2.5 Image data extraction and processing ........................................................................ 14 

2.6 Illustration of 3D models ........................................................................................... 16 

3.        Experimental Program ............................................................................................... 17 

3.1 Overview ................................................................................................................... 17 

3.2 Preparation of OGFC specimen ................................................................................ 17 

3.3 Selection of void filler material ................................................................................. 19 

3.4 Permeability test ........................................................................................................ 20 

3.5 Durability Test........................................................................................................... 22 

3.6 Development of photo booth ..................................................................................... 23 

3.7 Preparation of specimen for image capturing ........................................................... 24 

4.         Analytical Model ...................................................................................................... 26 

4.1 Image data extraction ................................................................................................ 27 

4.1.2 Extracting Delaunay distances ............................................................................... 33 

4.1.2.1 Codes explained ..................................................................................................... 33 

4.1.2.2 Inputs ..................................................................................................................... 34 

4.1.2.3 Outputs................................................................................................................... 34 

4.1.2.3.1 Information as images ........................................................................................ 34 

4.1.2.3.1 Numerical information ....................................................................................... 35 

4.2 Processing of MATLAB outputs .............................................................................. 36 

4.2.1 Calculation of minimum size of area retaining value for aggregate segments ...... 36 

4.2.2 Arrangement and processing of data for visualization inputs ............................... 37 

4.2.3 Development of interconnected void models ........................................................ 37 

4.2.4 Distance between aggregates ................................................................................. 38 



 

vii 

 

4.3 3D Visualization of data ............................................................................................ 38 

5.         Results And Discussion ............................................................................................ 39 

5.1. Experimental test results comparison ........................................................................ 39 

5.1.1 Permeability test data ............................................................................................. 39 

5.1.2 Durability test data................................................................................................. 39 

5.1.3 Relationships among air voids, durability and permeability ................................. 40 

5.1.4 Total voids Vs permeability .................................................................................. 41 

5.2 3D visualization of data............................................................................................. 42 

5.2.1 Interconnected Void Distribution .......................................................................... 42 

5.2.2 Aggregate distribution obtained by image processing .......................................... 43 

5.2.3 Simulated interconnected void networks ............................................................... 43 

5.3 Aggregate distribution analysis ................................................................................. 45 

5.4 Vertical segregation analysis ..................................................................................... 47 

5.5 Horizontal segregation .............................................................................................. 50 

6.        Conclusion ................................................................................................................. 55 

7.        References .................................................................................................................. 57 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

viii 

 

TABLES 

 

Table 2.1: Accident reduction according to Louisiana police ................................................. 12 

Table 2.2: Comparison between Marshal and Superpave compaction methods ..................... 13 

Table 3.1: Gradations of selected OGFC ................................................................................. 18 

Table 4.1: Aggregate data collection ....................................................................................... 32 

Table 4.2: Void data collection ................................................................................................ 33 

Table 4.3: Retaining aggregates of a sieve for the input of Delaunay algorithm .................... 34 

Table 4.4: Corner aggregates of (a) Convex and (b) Delaunay triangles ................................ 36 

Table 5.1: Experimental results of permeability test ............................................................... 39 

Table 5.2: Experimental results of durability test .................................................................... 40 

Table 5.3: Sieve analysis using area measurements in layers. ................................................. 47 

Table 5.4: Distance between aggregate analyzed using Delaunay triangles ........................... 51 

Table 5.5: Horizontal segregate analysis of sample from specimen A .................................... 53 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128517588


 

ix 

 

FIGURES 

Figure 1.1: Research Methodology ............................................................................................ 5 

Figure 2.1:OGFC surface and dense graded surface under wet weather condition ................... 9 

Figure 2.2: OGFC surface and dense graded surface under wet weather condition ................ 10 

Figure 2.3: Noise level of different asphalt types .................................................................... 10 

Figure 2.4: Usage of OGFC in Japan ....................................................................................... 13 

Figure 2.5: Different types of gradations used as OGFC......................................................... 14 

Figure 2.6: Cut section of the specimen used for this study .................................................... 15 

Figure 3.1: Specimens prepared to carry out durability test .................................................... 17 

Figure 3.2: :(a) Superpave gyratory compactor (b) bench mixer ............................................. 18 

Figure 3.3: (a) Asphalt mixer (b) Oven ................................................................................... 18 

Figure 3.4: Trial filler materials used to fill interconnected voids .......................................... 20 

Figure 3.5: Permeability apparatus developed for this study ................................................... 21 

Figure 3.6: Specimen used for permeability test ..................................................................... 22 

Figure 3.7: Los Angeles abrasion machine .............................................................................. 22 

Figure 3.8: Cross sectional pieces to images by the developed photo booth ........................... 23 

Figure 3.9: (a) Top and (b) bottom inner sides of photo booth................................................ 24 

Figure 3.10: The sample preparation for DIP (a) Cut sections of the specimen (b) Sliced 

sections ..................................................................................................................................... 24 

Figure 4.1: Analytical model development diagram................................................................ 26 

Figure 4.2: Interface of the MATLAB software with several code segments ......................... 27 

Figure 4.3: Functions of MATLAB algorithm for data extraction of cross-sectional images . 29 

Figure 4.4: All input images of one specimen (images input per one execution) ................... 30 

Figure 4.5: Black and white image of identified aggregates ................................................... 30 

Figure 4.6: Voids and centres of aggregates and identified voids ........................................... 31 

Figure 4.7: Aggregate shapes assumed as elliptical shapes marked on 2D images ................. 31 

Figure 4.8: Collected details from projected elliptical shape .................................................. 32 

Figure 4.9 : Interface of the MATLAB software with the Delaunay distance algorithm ........ 33 

Figure 4.10 : Raw image prepared for processing ................................................................... 34 

Figure 4.11: Output image of Delaunay distance algorithm .................................................... 35 

Figure 4.12 : Interface of the algorithm developed to obtain interconnectivity of voids ........ 37 

Figure 5.1 : Change of (a) number of interconnected voids and (b) area of interconnected 

voids with the depth ................................................................................................................. 40 

file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661389
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661390
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661391
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661392
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661395
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661396
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661397
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661398
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661399
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661400
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661401
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661402
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661403
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661404
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661405
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661405
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661406
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661407
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661408
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661409
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661410
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661411
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661412
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661413
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661414
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661416
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661417
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661418
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661418


 

x 

 

Figure 5.2 :  Total and area of voids of three different gradations .......................................... 41 

Figure 5.3 : Relationship between permeability and total interconnected void segments ....... 41 

Figure 5.4 : 3D illustration of identified void segment arrangement and void sizes of (a) 

Gradation A, (b) Gradation B and (c) Gradation C ................................................................. 42 

Figure 5.5 : 3D illustration of identified aggregate segments coordinates and sizes of (a) 

Gradation A, (b) Gradation B and (c) Gradation C ................................................................. 43 

Figure 5.6 : Prediction model 01 developed for (a) Gradation A specimen, (b) Gradation B 

specimen and (c) Gradation C specimen ................................................................................. 43 

Figure 5.7 Prediction model 01 developed for (a) Gradation A specimen, (b) Gradation B 

specimen and (c) Gradation C specimen ................................................................................. 44 

Figure 5.8: The minimum aggregate area retaining on each sieve of each sample in pixels by 

Area Approximation Method ................................................................................................... 45 

Figure 5.9: Validation of the area approximation method by comparison of experimental 

retained aggregate weights and weights calculated based on the AAM; (a) Sample A, (b) 

Sample B, and (c) Sample C percentages ................................................................................ 46 

Figure 5.10: Comparison between Maximum area of aggregate passing through the sieve 

sizes based on AAM and original sieve sizes for (a) Sample A, (b) Sample B, and (c) Sample 

C. .............................................................................................................................................. 46 

Figure 5.11 : Sieve analysis by DIP of different layers of (a) Sample A, (b) Sample B, and 

Sample (c) ................................................................................................................................ 48 

Figure 5.12 : Raw images of selected cross sections for validation ........................................ 49 

Figure 5.13: Cross section of a horizontally segregated area for (a) 2.36 mm and (b) 9.5 mm 

retaining aggregates ................................................................................................................. 50 

 

 

file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661419
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661420
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661421
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661421
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661422
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661422
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661424
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661424
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661425
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661425
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661426
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661426
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661426
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661427
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661427
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661427
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661429
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661430
file:///C:/Users/anuradhalakm/Documents/MSC%20Kasun/Thesis%20-KV%20Dedigamuwa%20OGFC.docx%23_Toc128661430

