WASTE ENGINE OIL WITH RECLAIMED ASPHALT
CONCRETE FOR LOW VOLUME ROAD SURFACING
IN SRI LANKA

Jayawickrama G.G.1.S
199616A

Dissertation submitted in partial fulfillment of the requirements for the degree

MSc. / PG Dip. in Material Science

Department of Material Science and Engineering

Faculty of Engineering

University of Moratuwa

Sri Lanka

August 2024



Declaration by the candidate

| certify that this is my own work and, to the best of my knowledge, this dissertation
differs from any thesis that has been submitted for a degree or diploma in any
University or Institute of higher learning. | have not incorporated approved published
or written material by another individual into this work except where the
acknowledgements are made in the text. | declare that | have the right to use this
content wholly or partially in any future projects (like articles or books).

Signature ............cooeeeiinai Date ......ooooeiiiiiii,



Declaration by the supervisor

The individual mentioned above has conducted research work for the Masters
dissertation under my supervision and guidance. | affirm the above statement made
by the student is accurate and correct.

Name of the supervisor: ..........................

Signature of the supervisor: ....................... Date: ....oooviiiiiiiii



Table of Contents

Declaration by the candidate.............cooiiieiieii i 2
Declaration by the SUPEIVISON .........ccveiuiiiieiieie et 3
Table OF CONENTS ..o bbb 4
LISt OF TADIES ..ttt 5
LIS OF FIGUIES ..ttt ettt st e e enes 6
ACKNOWIEAGEMENT ... 7
F N o] o] £V T AT ] USRS 8
011 - Tod OSSPSR 9
CHAPTER 0L .ottt sttt sttt st naans 10
I R 1 (oo [0 od o] USRS PTRTRPRURPRIR 10
1.2 The problem Statement ...........cccviiiiieie e 13
IR T O 1 o] 1< ox £ PSS 13
CHAPTER 02 ...ttt sttt bbbt eneans 14
LITErature REVIBW .....ccuieiiiie ettt sttt aneenne s 14
2.1 Properties of asphalt CONCIete ..o 14
2.2 Environmental impact of waste engine Oil ............ccoceviiiiiniiniec 14
2.3 RECYCHING AN FBUSE ...ttt 14
2.4 Asphalt concrete modifiCation...........ccccoveiiiii i 15
2.5 Environmental and Economic Effect..........ccocvviiiiiiicinice e 16
2.6 Real world Challenges.........cvoivviieiiccece s 17
2.7 Applications of the Asphalt Concrete Modification.............cccccoovveieiicivenenne 17
L0 o 1 e I X SRS 19
METNOTOIOGY ... 19
(O o 1 e I 0 OSSR S 22
RESUIES aNd DISCUSSION .....cvveiereieeieesieeiesiesiee e et sie et e st nae s e seeeneennes 22
PropertieS 0f WEO .......oooiiiiiie et 22
PropertieS OF RAC ...t 23
Properties of BitUMEN.........ccooiiiiicce e 25
Properties of Hot Bin SAMPIES.........ccveiiiiiiiieeec e 29
Blending Of @gQregate .........ccoiiiiiiiieeese e 30

(O o 1 e I 0 SRS 42
(@0 o4 113 [ o ISR 42

R E =T =] 0TS 43



List of Tables

Table 4.1 — Chemical properties 0f WEO...........cociiiiiiiiiiieee e 22
Table 4.2 — Physical properties 0f WEO .........ccccovieiiiieieece e 23
Table 4.3 — PropertieS 0f RAC ...t 24
Table 4.4 — Properties of BItUMEN .........ccooieiiiie e 25
Table 4.5 - Determination of Percentage of Asphalt Mixture (AASHTO-T184-
76)(ASTM D2L72-T5) w.ooveeveeeereieseeeeesseeseessessees s as s ss s ssssss s 26
Table 4.6 - Grading of extracted aggregate — Stage OL........ccccooeveiiienininniiiieeiee 26
Table 4.7 - Grading of extracted aggregate — Stage 02.........cccccevererenininniinieeees 27
Table 4.8 - Quantitative Extraction of Bitumen From Bituminous Paving Mixtures
(ASTM D 2172) - Research RAC SAMPIE ....cvoveiiiiiiiiiiieeeeee s 27
Table 4.9 - Properties of HOt Bin SAMPIES........cccovvieiiiiiiiiceee e 29
Table 4.10 - PhySiCal PrOPerti€S.......c.ccviieiieieiie et 29
Table 4.11 - Combined Gradation for BC with Aggregate Replacement - Binder
course (SSCM Table 506 -1 0f ICTAD) ......coiiiiiieie e, 30
Table 4.12 - Combined Gradation for WC with Aggregate Replacement - Wearing
Course, Type - 1 SSCM (Table - 506-1, ICTAD & CMC Specifications)............... 31
Table 4.13 - Permissible Varation from Job Mix Formula (SSCM Table - 506-1,

o 1Y ) SO PO 31
Table 4.14 - Job mix formula and tolerance bands for WC............ccccoenviiiiiiennnnn 32
Table 4.15 - Job mix formula and tolerance bands for BC..........cccccocvviviiiiiniiennnn 33
Table 4.16 - WEAING COUISE ......cveiueeieeieiteecie e ste et teeae e ste e sveenaesnnenreas 33
Table 4.17 - BINAEr COUISE ......oiuiiiiiieiieieieie ettt 34
Table 4.18 — Properties of pure DItUMEeN ... 36
Table 4.19 — Properties of bitumen after adding waste engine oil.............cccceeveneee. 39



List of Figures

Figure 3.1 — Process flow chart
Figure 4.1 — Particle size distribution curve for research RAC sample

Figure 4.2 — Particle size distribution stage 1

Figure 4.3 — Particle size distribution stage 2

Figure 4.4 - FTIR graph for waste engine oil

Figure 4.5 - FTIR graph for waste engine oil + Bitumen
Figure 4.6 — Penetration test

Figure 4.7 — Softening point test

22
28
30
31
34
34
36
37



Acknowledgement

First and foremost | would like to express my sincere gratitude to my research
supervisors, Mr. M.R.S.V. Udayakumara, Department of material science, University
of Moratuwa for his valuable support, guidance and kind cooperation throughout this
project.

I convey my special thanks to Prof. A.M.P.B.Samarasekara,University of Moratuwa,
for his cooperation and support for completion of this study.

Finally, 1 would like to thanks to the staff members of laboratory, department of
material science, University of Moratuwa, Material laboratory, Road development
authority, Kegalle& Bitumen laboratory of research and development division, Road
development authority.



Abbreviations

WEO — Waste Engine Oil

RAC - Reclaimed Asphalt Concrete
NA — Not Applicable

WC — Wearing Course

BC — Binder Course



Abstract

This thesis focuses on an evaluation of the effectiveness of waste engine oil (WEO)
in modifying asphalt concrete for application in low traffic pavement construction in
Sri Lanka. The objectives include: The first application includes the assessment of
the potential for using WEO in asphalt mixes, the second is to identify the optimal
ratio of WEO for certain characteristics of the material, and the third is considering
the possibilities for improving the state of the environment by introducing WEO in
road construction, increasing the rate of waste recycling.

The research used a detailed collection of data from the scientific sources on the
subject, work upon the aspects of waste-engine oil and reclaimed asphalt concrete.
Initially, basic studies evaluates the versatility ranges of WEO in asphalt mixtures to
establish the right proportions (0.5%, 1%, 1.5%, 2.0 %) of this additive to be
incorporated. A detailed mix design was worked out and Marshall specimens were
made for the purpose of testing. Density, stability, flow, air voids, and voids in
mineral aggregates (VMA) have been used for assessment purpose.

The study shows that waste engine oil has a high potential of replacing the
conventional materials in the wearing and binder courses of pavement through using
it in asphalt concrete mixtures. _evaluation of waste engine oil was carried out at
0.5% to 2.0% for the wearing course and 0.5% to 1.5% for the binder course. These
concentration levels are within regulatory requirements used in road construction. In
particular, the mixes with 0.5 % 1 % and 1.5% w/w of waste engine oil meet its
required quality, which indicates that the incorporation of waste oil weakens the
material’s performance.

The outcomes of the study suggest that it is indeed possible to incorporate waste
engine oil in to the asphalt mixtures for construction of low traffic volume roads;
thus a sustainable solution to waste disposal. It promotes environmental
sustainability to end the continuation of pollution in Sri Lanka by attempting to
recycle waste products. Consequently, the use of waste engine oil within the asphalt
concrete mixtures can be a good approach to promote sustainable construction, and at
the same time cut down pollution.



