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ABSTRACT

Due to rapid development and population growth, construction industry has emerged with few
new problems. The major problem faced by the industry is the scarcity of construction material
and disposal of construction waste because of high disposal cost and inadequate land fill area.

Northern region of Sri Lanka is undergoing a massive infrastructure development within a
shorter period especially in the road sector development. Roads are major consumers of
aggregate and soil and the influence of aggregate cost is more in total construction cost of the
roads.

The aggregates for these road construction projects are transported from Medawachchiya due to
scarcity of local material and the approximated transport distance from Medawachchiya is more
than 150 km. Hence, transport cost is approximately 70% of the project cost. In order to curtail
the cost of construction of roads and reduce the industrial waste disposal, the possibility of using
building waste as road construction material has been studied.

Building debris such as concrete, random rubble masonry, concrete block and plaster were
selected for this research. Experimental studies were carried out to determine the engineering
properties of the recycled construction material and compared with conventional road
construction material. Aggregate Impact Value Test, Aggregate Crushing Value Test, Los
Angeles Abrasion Test and California Bearing Ratio Test were carried on selected building
debris to find out the suitability for road base construction. Crushed samples of selected debris
were tested to determine the suitability for replacement of soil in road construction. It has been
observed that the Random Rubble Masonry debris can be directly used for road base construction
however, crushed debris of block masonry, plaster and concrete can replace the soil for
construction of sub base, shoulder, embankment and for surface of ‘D’ & ‘E’ class roads after
adding suitable percentage of plastic clay.



ACKNOWLEDGEMENTS

I am most grateful to Dr.U.P.Nawagamuwa for his dedication and commitment throughout the
research work as my supervisor. He gave me good guidance and constructive criticism to
complete my project successfully. I am also grateful to the course coordinator
Dr.U.P.Nawagamuwa and the research coordinator Dr. Nalin De Silva.

I wish to thank the Vice Chancellor, Dean, Faculty of Engineering and the Head, Department of
Civil Engineering of University of Moratuwa for allowing me to make use of the facilities
available at the University.

I also wish to thank all the lecturers of the post graduate course on Foundation Engineering &
Earth Retaining System for their valuable efforts in the lecture series and for giving guidance and
encouragement to get success in my professional career.

I am also thankful to the Director General and Director Training of Road Development Authority
for sponsoring me for this postgraduate study. I am particularly indebted to thank to my
superiors, Director and the Deputy Director for nominating me for the course and providing
office facilities to complete this study. Further, I wish to thank staff of Road Development
Authority, Northern Province for supporting me in several ways to complete my Research. My
sincere thanks ought to Director Research & Development of RDA and other technical staffs of
Research and Development branch for helping me to carry out the tests in the laboratory.

Finally I would like to thank my family members for their kind support extended to me.

Pirashanthy Shankar,

Road Development Authority



CONTENTS

AADSETACE. .. vttt ettt ettt st b e sttt b st b st b s £t h Rt e b s £t e b e eh £t eb e en e ebeen e et enene i
ACKNOWIEAZEIMENL....c...cvivitieieit ettt st st e st st sttt enen s ii
COMLENES. ..ttt sttt ettt et ebe s e bbb s a sea e s st b ses st eb et ebe se e eb e e ea ebese s ben e iii
Iy o T =0 Y- RPN Vi
LSt OF TADIES ... ettt e e e e e e s e viii
LiSt Of ADDICVIAtIONS. ....eeuirivcriieet sttt sttt ettt ses e s e st b s b s ses s s e s ene e Xi
Chapter1 INEPOAUCTION. ...ttt e e e e s e s 1
1.1 General iNtrOQUCTION. ....cc.euiuireeieeeire ettt ettt et ettt re e s esee e s 1
1.2 Problem Stat@meEnt.........cccovueuiieriieiie sttt st st st ebe st e s e 4
1.3 ODJECLIVES..c.cuiviueieit sttt b b s st st s e bt b st 4
1.4, MEthOdOIOEY ..ottt et st s et b e s bt st e e en e e 4
Chapter2 LItEIatUI® TEVIEW.....veuerieieiee ettt s e s e st s ere s en s 5
2.1 INEEOAUCHION. ....ecveeeceit ittt ettt sttt et s st st s et ben e sbenenene 5

2.2 Laboratory Tests to Determine Properties of Material in Road

CONSIIUCTION. ...ccuvee sttt st e s e s e e en e eae st ee e s s ene s 8
2.2.1 TeSts ON AZEIEZALES. ... cvvviviieiieriieire ettt ettt et er e s e 8
2.2.1.1 Aggregate Impact VAlUC.......ccccceeeriiiirieniiieniie ettt e en e 8
2.2.1.2 Aggregate Crushing Value..........couviriiniiiniiicicccc e 8
2.2.1.3 Los Angeles Abrasion ValUe .......cccceveeiiiniiennninieiineie ettt s 8
2.2.1.4 F1aKiness INAEX......cceoveriiiriiiiiiisiie st s e 8
2.2.1.5Water ADSOTPIION. c....uveuiteeictiee sttt sttt sttt es e s ses e s et ebe s ene e 9
2.2.2 Tests 0N SOLL...ciiiiiiiiciici s 9



2.2.2.1 California Bearing Ratio..........ccveerriiieiiniiie ettt e s s s 9

2.2.2.2 TAQUIA LAMIE... ottt er e ser e s s s s en e s er e s e 9
2.2.2.3 PlaStiC LIMIT..cuiiiireiueiiietcie sttt st sttt et st eae s e b st es e st es b st eae s enseneea 10
2.2.2.4 PlastiCIty INAEX....c.ccerurueeieeirecieriire ettt et s e e e 10
2.2.2.5 Modified Compaction Test........cecruieiniiicrieirieserie sttt s 11
2.3 Desired Material Properties in Road Construction...........ccueeveeversveierineenesirveierineene s 12
2.3.1 AGEIEEALE...c.eeeeueieeie ettt ettt ettt et ettt e eaeehe et sae st e e see e e s 12
2.3.1.1 Base CONSIIUCLION. ......c.ecererrereereieree st s eseae s er e s s e sen e en s e ene s e ene e 12
2.3.2 SOLLuu ittt ettt sttt eate sttt sttt et et ettt e s R bR s een e b een et eeane 13
2.3.2.1 Properties of soil topping for earth roads..........ccovverireriiieicriieiceicres e 13
2.3.2.2 Properties of intermediate layer for earth roads...................cooi 13
2.3.2.3 Properties of Gravel SUrfacing........cccvveuririeneienieinece st s 13
2.3.2.4 Properties of sub base Material........ccoeeverieiriereriniriirere sttt 13
2.3.2.5 ROAA SROULAETS......cuoiriiirirs ettt ettt s s s e s 15
2.3.2.6 Road EMDanKMENL.......c.ccoiuivirieirireire ettt s s e s e s 15
Chapter3 Testing and Calculation
3.0 INETOAUCTION. ...c.eteeiieire ettt ettt et e ettt ses e e s 16
3.1 Aggregate Impact Value Test.......ccuviviiirriiiiinice et 18
3.2 Aggregate Crushing Value Test.....ccovviirineeriiiiineee st sttt s es e s 20
3.3 Los Angeles Abrasion Value Test.......coueieeririeeniinieeniireee et seeene 22
3.4 Water ADSOTPHION TESt......ceiviviieiiriirtciirt ettt s s st s 24
3.5 Consistency Test of Crushed Debris........ccovvevirieriiecinieiineccreerceere e 25
3.6 Modified Compaction TeSt........cccuveuiriveririreniininiiri s s 29



3.7 California Bearing Ratio TeSt......ccccvurviirerieiieirecieieiireeie ettt 32

Chapter4 Results and ANALYSiS.......ccovueveeieicrieierienti sttt s 36
A1 RESUILS .ottt et et e e e e e e e s s ee e e 36
4.2 ANALYSIS. e cteuiuireeieieire ettt et e et et b st s e b s e et n et e n e een 41
Chapter5 COMNCIUSION. ..ttt et sttt et s et st st s e b st st s s ses et eseebe st sesseseneesesesnns 45
References

Appendix I  Observation of Aggregate Impact Value Test

Appendix 2 Observation of Aggregate Crushing Value Test

Appendix 3 Observation of Los Angeles Abrasion Value Test

Appendix 4  Observation and Calculation of Atterberg Limit Test
Appendix 5  Observation and Calculation of Modified Compaction Test
Appendix 6  Observation and Calculation of California Bearing Ratio Test

Appendix 7  Photos



LIST OF FIGURES

Figure 1.1
Figure 1.2
Figure 1.3
Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4
Figure 3.5
Figure 3.6
Figure 3.7
Figure 3.8
Figure 3.9
Figure 4.1
Figure 4.2
Figure 4.3
Figure 4.4
Figure 4.5
Figure 4.6
Figure 4.7
Figure 4.8
Figure A4.1
Figure A4.2

Figure A4.3

Road Sector Development in the Northern Province of Sri Lanka

Aggregate Usage in Road Construction
Building Debris
Location Map of Test Samples
Aggregate Impact Value of different type of debris
Aggregate Crushing Value of different type of debris
Los Angeles Abrasion Value of different type of debris
Graph for no. of blows Vs. Moisture Content of Sample 1
Results of Atterberg Limit Test
Graph for Moisture Content Vs. Dry Density of Sample 1
Results of Modified Compaction Test
Graph for penetration Vs Load of Sample 1
Results of Coarse Particle Test
Results of Atterberg Limit Test
Results of Modified Compaction Test
Results of CBR Test
Comparison of Coarse Particle Test
Comparison of Atterberg Limit Test Results
Comparison of Compaction Test Results
Comparison of CBR Test Results
Graph for no. of blows Vs. Moisture Content of Sample 2
Graph for no. of blows Vs. Moisture Content of Sample 3

Graph for no. of blows Vs. Moisture Content of Soil

vi



Figure AS.1
Figure A5.2
Figure A5.3
Figure A6.1
Figure A6.2
Figure A6.3
Figure A6.4
Figure A7.1
Figure A7.2
Figure A7.3
Figure A7.4
Figure A7.5
Figure A7.6
Figure A7.7

Figure A7.8

Graph for Moisture Content Vs. Dry Density of Sample 2
Graph for Moisture Content Vs. Dry Density of Sample 3
Graph for Moisture Content Vs. Dry Density of Soil
Graph for penetration Vs Load of Sample 2

Graph for penetration Vs Load of Sample 3

Graph for penetration Vs Load of Soil

Graph for penetration Vs Load of RR Masonry debris
Construction Debris

Concrete Debris

Random Rubble Masonry Debris

Cement Plaster Debris

Concrete Block Wall

Lime Stone

Road Base Construction

Sub Base Construction

vii



LIST OF TABLES

Table 2.1 Desired Liquid Limit Value of Road Construction Material
Table 2.2 Desired Plastic Index Value of Road Construction Material
Table 2.3 Desired Maximum Dry Density Value of Road Construction Material
Table 2.4 Desired Properties of Road Base Aggregate

Table 2.5 Grading of Aggregate for Road Base

Table 2.6 Desired Properties of Upper Sub — base material

Table 2.7 Desired Properties of Lower Sub — base material

Table 2.8 Grading of Sub base material

Table 2.9 Desired Properties of Road Shoulder material

Table 2.10  Desired Properties of Road Embankment material

Table 3.1 Aggregate Impact Value Test of Concrete debris

Table 3.2 Result of Aggregate Impact Value Test of Concrete debris
Table 3.3 Aggregate Crushing Value Test of Concrete debris

Table 3.4 Result of Aggregate Crushing Value Test of Concrete debris
Table 3.5 Los Angeles Abrasive Value Test of Concrete debris

Table 3.6 Result of Los Angeles Abrasive Value Test of Concrete debris
Table 3.7 Atterberg Limit Test of Sample 1

Table 3.8 Table for no. of blows Vs moisture content of sample 1
Table 3.9 Plastic Limit of Sample 1

Table 3.10 Results of Atterberg Limit Test

Table 3.11 Moditfied Compaction Test of Sample 1

Table 3.12 Table for moisture content Vs. dry density of sample 1

Table 3.13 Results of Modified Compaction Test

viii



Table 3.14 Reading of California Bearing Ratio Test of Sample 1

Table 3.15 Table for penetration Vs. load of sample 1

Table 3.16 Results of California Bearing Ratio Test

Table 4.1 Summary of Aggregate Test Results

Table 4.2 Summary of fine particles test results

Table 4.3 Criteria for Road Base Material

Table 4.4 Criteria for fine particle material in Road Construction

Table 5.1 Summary of Compliance in Road Construction

Table Al.1 Reading of Aggregate Impact Value Test of RR Masonry Debris
Table A1.2  Reading of Aggregate Impact Value Test of Concrete Block Debris
Table A2.1 Reading of Aggregate Crushing Value Test of RR Masonry Debris
Table A2.2  Reading of Aggregate Crushing Value Test of Concrete Block Debris
Table A3.1 Reading of Los Angeles Abrasive Value Test of RR Masonry Debris
Table A3.2 Reading of Los Angeles Abrasive Value Test of Concrete Block Debris
Table A4.1  Reading of Atterberg Limit Test of Sample 2

Table A4.2  Table for Plastic Limit of Sample 2

Table A4.3 Reading of Atterberg Limit Test of Sample 3

Table A4.4 Table for Plastic Limit of Sample 3

Table A4.5 Reading of Atterberg Limit Test of Soil

Table A4.6  Table for Plastic Limit of Soil

Table AS.1 Reading of Modified Compaction Test of Sample 2

Table A5.2  Reading of Modified Compaction Test of Sample 3

Table A5.3 Reading of Modified Compaction Test of Soil

Table A6.1  Reading of California Bearing Ratio Test of Sample 2

Table A6.2  Results of California Bearing Ratio Test of Sample 2



Table A6.3
Table A6.4
Table A6.5
Table A6.6
Table A6.7

Table A6.8

Reading of California Bearing Ratio Test of Sample 3

Results of California Bearing Ratio Test of Sample 3

Reading of California Bearing Ratio Test of Soil

Results of California Bearing Ratio Test of Soil

Reading of California Bearing Ratio Test of RR Masonry Debris

Results of California Bearing Ratio Test of RR Masonry Debris



LIST OF ABBREVIATIONS

AlV - Aggregate Impact Value
ACV - Aggregate Crushing Value
LAAV - Los Angeles Abrasive Value
CBR - California Bearng Ratio

LL - Liquid Limit

PL - Plastic Limit

PI - Plastic Index

MDD - Maximum Dry Density
OMC - Optimum Moisture Content
SSCM - Standard Specification of Construction & Maintenance of Roads & Bridges
BS - British Standards

ASTM - American Standards for Testing and Materials

xi





