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ABSTRACT 

Solid waste can be defined as the useless and unwanted products in the solid state derived from 

the activities of and discarded by society [1 ]. Specific definition from Ministry of Housing and 

Local Government that control solid waste management in Malaysia say that solid waste can be 

define as any scrap material or other unwanted surplus substance or rejected products arising 

from the application of any process, any substance required to be disposed of as being broken, 

worn out, contaminated or otherwise spoiled; or any other material that is required by the 

authority to be disposed of [2]. 

Solid waste is one of the three major environmental problems in Malaysia. It plays a significant 

role in the ability of Nature to sustain life within its capacity. Currently, over 23,000 tonnes of 

waste is produced each day in Malaysia. However, this amount is expected to rise to 30,000 

tonnes by the year 2020. The amount of waste generated continues to increase due to the 

increasing population and development, and only less than 5% of the waste is being recycled [1]. 

Apart of solid waste that derived from household and commercial activity, solid waste from 

construction also bring significant value to the environmental problem. Research that had been 

done by Asian Institute of Technology School of Environment, Resources and Development 

shows that 28.34% (including industrial waste) come from construction and demolition (C & D) 

waste which produce 1.55 Million Tons per year [4]. 

At the same time, the sources of natural aggregates are depleted and there is an increasing 

demand because of the increased construction and maintenance activity from time to time. At 

that point, this project will consist of further research on recycling the aggregate that been obtain 

from building demolition waste for asphalt concrete. Tests will be conducted to evaluate the 

performance of asphalt concrete made with recycled aggregate to know whether it met all the 

requirements of local specifications or not. 
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CHAPTERl 

INTRODUCTION 

1.0 INTRODUCTION 

1.1 Background of Study 

Since early 16th century in the colonization of British and Dutch, only a few 

building was built in Malaysia. In early 20th century, as the economic condition 

improved, building construction started to grow all around the country. After 40-

50 years, many of these buildings require demolition for reconstruction or major 

renovations. The demolition of these buildings creates large amounts of debris and 

waste known as construction and demolition (C & D) waste. Most C&D waste 

goes into landfills, increasing the burden on landfill loading and operation. As the 

sources of natural aggregates are depleted and there is an increasing demand 

because of the increased construction and maintenance activity from time to time, 

this project will consist of further research on recycling the aggregate that been 

obtain from building demolition waste for asphalt concrete. The output of this 

study can be used to evaluate the operation and performance of asphalt concrete 

made with recycled aggregate. 

(!1--"'r 
't 

;\;) 

Figure 1.1 : Building Demolition Activity 
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1.2 Problem Statements 

1. The past decade of rapid economic growth and industrialization has caused 

serious environmental challenges in Malaysia. 

2. Due to growing population and increasing consumption, Malaysia generates 

waste at 23,000 tons per day [I]. 

3. Solid waste is one of the three major environmental problems in Malaysia. 

And almost 30% of the solid waste came from building construction and 

demolition (C&D) [3]. 

4. Most C&D waste goes into landfills, increasing the burden on landfill loading 

and operation. 

5. A proper research on recycle or reuse of C&D waste should be done to sustain 

the world from solid waste. 

6. Sources of natural aggregates are depleted and there is an increasing demand 

for new development. It means, Recycling Building Demolition Waste in Hot

Mix Asphaltic Concrete will bring benefit to the environment and at the same 

time, it provide alteroative for aggregate in asphaltic concrete. 

1.3 Objectives 

1. To improve environment condition by recycle and reuse building construction 

and demolition, one of the significant solid waste. 

2. To provide alteroative for aggregate in asphaltic concrete. 

3. To further investigate the performance of asphalt concrete made with r~gyded 

aggregate whether it met all the requirements of local specifications or not. 

1.4 Scope of Study 

In order to complete this project, several scopes of study and laboratory test had to 

be done. The major scopes are as follows: 

1. To get information on type of building demolition that suitable to be recycled 

or reused. 

2 
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• There will be a research towards the current building demolition type and its 

composition. 

2. To study on default ingredient of hot mix asphaltic concrete and the mechanism 

• It will be some research of current aggregate used. 

• The research of building demolition as the alternative of aggregate will be 
i 

done 

3. To test the quality and performance of recycled building demolition as 

aggregate in hot mix asphaltic concrete. 

• It will be some laboratory test to be conducted throughout the project such as 

The Marshall Test, Immersion Compression Test, Loss of Stability Test and 

the Wheel Track Test 

• The laboratory test is to evaluate the asphalt concrete made with recycled 

aggregate 

1.5 Relevancy of the studies 

This study is relevance to the highway construction industries construction and 

demolition recycling industry. The joint venture is significant for them to add the 

environment friendly element to replace natural coarse aggregate with iecycling 

building demolition. By the result of this research, recycling building demolition 

can solve the depleted natural aggregate problem and lead to a better pertbrmance 

of hot mix asphaltic concrete. 

1.6 Feasibility ofthe study 

This research is feasible because of the availability of materials of natural 

aggregate and sample of recycling concrete. The equipments in Universiti 

Teknologi PETRONAS (UTP) are also significant to carry out this pmject. 

3 
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CHAPTER2 

LITERATURE REVIEW 

Solid waste is a major sustainability concern and actions are urgently required to develop a 

thoroughly technical knowledge base for enabling appropriate use of material, rather than 

disposing of all the material used in landfill. The government, private sector and researches 

are struggling to solve this matter. The info of their researches can be referred at Global 

Environment Centre website and presentation by Department of National Solid Waste 

Management, Ministry of Housing and Local Government on Solid Waste Management in 

Malaysia. Construction and demolition waste are most common type of solid waste in 

Malaysia 

Based on research done by Asian Institute of Technology, School of Environment and 

Development Thailand in their research entitled Report on Reduce, Reuse and Recycle (3r) 

Practices in Construction and Demolition Waste Management in Asia shows that 65.80% of 

recycling building demolition in Malaysia consists of concrete and aggregate. It indicates that 

this project is significant to be conducted in this country [3]. 

There are a lot of references from textbooks, handbook, and encyclopedia that are dealing 

with construction demolition waste and specialized topics as well as journals are available in 

the area of recycle waste in asphalt concrete. Among the reference books that describes about 

construction waste is edited by Mukesh C.Limbachiya and John J.Robert in Construction 

Demolition Waste. It presented 40 papers regarding International Conference to explore 

waste minimization practice that been held by the Concrete and Masonry Research Group. 

All of them give related information about recycling building demolition method [4]. 

The specific journals that describe Recycling Building Demolition WttBte in Hot-Mix 

Asphaltic Concrete in Kuwait by Ahmad H.Aljassar, Khalifa Bader Al-Fadala and 

Mohanuned A.Ali also bring a holistic view towards this project including iaboratory test that 

should be conducted which are The Marshall Test, Immersion Compression Test, Loss of 

Stability Test and the Wheel Track Test and the result of test done in Kuwait had been 

attached [5]. 

4 
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The journal written Marios N. Soutsos, Kangkang Tang, Stephen G. Millard has described 

the concrete building blocks made with recycled demolition aggregate especially on the case 

study done at United Kingdom [6]. These journals give clear overview on what kind of 

materials is used and what experimental methods should be taken. It provides few 

manipulated variables for this experiment to know the optimum quality of recycle aggregate. 

It consists of the study on RCA (recycle concrete aggregate) and RMA (recycle masonry 

aggregate). 

Journal entitles Evaluation of Building Material Recycling on HMA permanent Deformation 

by Shen and Du had done an experiment towards aggregate and bitumen [7]. There are 2 

types of aggregate which are River Crushed Stone (RCS) and Reclaimed Building Material 

(RBM) and 2 type of asphalt cement (binder) used. This research, shows that RBM 

performed well compared to RCS, but no significant effect of different asphalt cement. The 

similar result was gain by the same author on different research which entitles Application of 

Gray Relational Analysis to Evaluate HMA with Reclaimed Building Materials [8]. 

From the sources, it can be concluded that throughout the project, the mechanical behavior of 

recycled-aggregate concrete was tested out on specimens manufactured by fully replacing 

natural with recycled aggregates. A course and fine fraction of recycled aggregate will be 

used. These fractions were directly taken after debris from building demolition is currently 

disposed ads suitably selected, ground, cleans and sieved. 
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CHAPTER3 

METHODOLOGY/PROJECT WORK 

3.1 Project work 

Start 

----------------- ___ ,,,_ ···------------·-----·----l Research 

literature Review 

Building Demolition Classification 

r . I Performance of Recycle Aggregate Test 
. -------- •-¥--~-·--'~"-"····"----'. -"~-·-·.----,.~._~________; 

(' . 

I Check Requirements of Local Specifications 

Final Report 

------ ---·-·--------------

L ---

End 

Figure 3.1: Project Activities Flow 
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RECYCLE CONCRETE OBTAIN 

CRUSH THE MATERIAL 

CLEAN AND SEPARATED 

MARSHALL TEST, IMMERSiON 
COMPRESSION RATIO, WHEEL 

TRACKING TEST 

DATA ANALYSIS 

Figure 3.2: Recycling Test Detail 

The project is a study base project that involves several laboratory test related to asphalt 

concrete. Specifically, it is a study of recycling building demolition as the alternative for 

natural aggregate in hot mix asphaltic concrete. First and for most, the project will begin with 

the research on several issues which had been mention in the research methodology below. 

With the collective information, the project will proceed with the literature review on 

recycling building demolition. This study will hopefully create a significant impact toward 

the environment. Besides, the author will discuss a basic knowledge about aggregate in 

asphalt concrete. It also covers the basic test that should and should not be conducted 

throughout the project. 

After completing the literature review, the further studies will move on to the classification of 

building demolition. There will be concrete, stone masonry, natural slate, brick, pipes and 

many other materials left after the construction finish. All the components have different 

characteristics, advantages and disadvantages to become recycle asphalt concrete. Then, there 

will be few laboratory tests to assess the performance of recycled aggregate after the suitable 

waste material from construction had been figure out. The understanding of natural aggregate 
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composition and local specification requirement for the index of retained strength, average 

net retained strength, loss of stability, wheel tracking rate and other experiment will give a 

great overview to the whole project besides having a basic knowledge on material waste in 

building demolition. 

Lastly, all the studies and discussion will be compiled in the final report. Apart from that, the 

result of laboratory result will be further explain and justifies. The operational and safety 

requirements also can be developed from the study. 

3.2 Research Methodology 

Research is a method taken in order to gain information regarding the major gccpe of the 

project. The sources of the research cover the handbook of building demolition and hot mix 

asphaltic concrete, e-journal, e-thesis and several trusted link. 

The steps of research: 

1. Gain information of the major sustainability concern nationally which ;, •olid wn:~te. 

2. Focus on the small scope which is building demolition waste. 

3. Find the tendency of recycling or reuse the building demolition waste for asphaltic 

concrete. 

4. List down experiment of testing the recycled aggregate 

5. Simplify the method used 

3.3 Laboratory Test 

It is a method of testing with the goal of explaining the nature of reality. For recycle building 

demolition waste in hot mix asphaltic concrete, some experiment should be done to evaluate 

the strenglh of the recycled aggregate. 

The recycle concrete will be taken from the construction area nearby as well as taking 

fragments of concrete from the Concrete Laboratory at UTP. 

8 
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The lists of related laboratory test are: 

1. Sieve Analysis 

2. Marshall Test 

Figure 3.3 : Marshall Flow and Density Equipment and Marshall Specimen 

9 



3.4 Activities/Gantt Chart and Milestone 

Detail/Week 

1 Selection of Project Topic: 
Recycling Building Demolition Waste in Hot-Mix 
Asphaltic Concrete 

2 Preliminary Research Work: Research on literatures 
related to the topic 

Submission of Extended Proposal 

Project Work: 
Study on the research scope and method 

Seminar 

Project work continues: Further investigation on the 
project and do modification if necessary 

7 Viva: Project defense and Progress Evaluation 

8 Submission of Draft Report 

9 Submission of Final Report 

6 

J 

! 

Table 3.1: Gantt chart and Key Milestone 

10 
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CHAPTER4 

RESULT AND DISCUSSION 

4.1 Component of Recycling Building Demolition 

The first task on the project is to come out with the component of recycling building 

demolition in Malaysia. A full analysis of construction and demolition waste in Asia' 

countries had been thoroughly done by Asian Institute of Technology, School of 

Environment, Resources and Development Thailand. The research shows that the source of 

construction waste at the project site includes materials such as soil and sand, brick and 

blocks, concrete and aggregate, wood, metal products, roofing materials, plastic materials and 

packaging of products. The composition of total waste generation is shown in Figure 4.1, 

which is percentage by weight. Concrete and aggregate is the largest component with 65.8% 

[3]. The big number of concrete and aggregate component will give a significant factor to 

propose this material to replace natural aggregate in the industry. 

~-· - ' .. 

()~(1" .. 

I" ' I I 

I It•", (I II'' " 

I I I 

w h1 11. k :md hh11 . .'b 

8111l'lal proJu~L 

• pl ;~ -.uc and pal'bgm~ 
mall'lt .th 

Figure 4.1 :Detail of Construction and Demolition Waste in Malaysia 
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4.2 Sieve Analysis 

Sieve analysis helps to determine the particle size distribution of the coarse and fine aggregates. 

In this experiment the sieve analysis had been done by following standard by the authority. Sieve 

size is standardized by the JKR code and so do the passes aggregates through them 4lld thus 

collect different sized particles left over different sieves. 

The Apparatus: 

i) A set of sieves of sizes -

• 28mm 

• 20mm 

• 14mm 

• lOmm 

• 5mm 

• 3.35mm 

• 2.35mm 

• 150J.1m 

• 75J.1m 

ii) Balance or scale with an accuracy to measure 0.1 percent of the weight of the test sample. 

The weight of sample available should not be less than the weight given below:-

Coarse Aggregate :2000 g 

Sand :500 g 

Procedure to determine particle size distribution of Aggregates: 

i) The test sample is dried for 24 hours at a temperature of 160°. 

ii) The sample is sieved by using a set of JKR Sieves. 

iii) On completion of sieving, the material on each sieve is weighed. 

12 
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iv) Cumulative weight passing through each sieve is calculated as a percentage of the total 

sample weight. 

v) Fineness modulus is obtained by adding cumulative percentage of aggregates retained on each 

sieve and dividing the sum by 100. 

Reporting of Results 

The results should be calculated and reported as: 

i) the cumulative percentage by weight of the total sample 

ii) the percentage by weight of the total sample passing through one sieve and retained on the 

next smaller sieve, to the nearest 0.1 percent. The results of the sieve analysis may be recorded 

graphically on a semi-log graph with particle size as abscissa (log scale) and the percentage 

smaller than the specified diameter as ordinate. 

Result of the Experiment 

Sieve analysis determines the gradation or distribution of aggregate particle sizes within a given 

sample. Sieves are shaken in a mechanical shaker for approximately 10 minutes, or the minimum 

time determined to provide complete separation for the sieve shaker being used [9]. The sieving 

result are shown in Table 4.1 and illustrated in Figure 4.2 for natural aggregate, and Table 4.3 

and Figure 4.3 for recycle aggregate as follow. 

13 
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Sieve Size Cumulative Retained (%) 
(mm) Passing(%) 

28 100 0.00 

20 98.69 1.31 

14 71.56 27.13 

10 59.59 11.97 

5 57.32 2.27 

3.35 57.00 0.32 

2.35 44.52 12.48 

0.15 9.97 34.55 

0.075 6.00 3.97 

Filler 0 6.00 

TOTAL 100 

Table 4.1: Sieve Analysis Result for Control Sample 

100 

90 

80 

~ 70 
1111 c 60 Ui 
Ill 
ftl a. 
Ill 
1111 

so 
ftl .. c 40 
Ill 
u 
Ill 30 
CL 

20 

10 

0 
0.01 0.1 1 10 100 

Grain size (mm) 

Minimum range Data Collected Maximum range 

Figure 4.2: Particle Size Distribution of Natural Aggregate 
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From the distribution of aggregate for the control sample, specific quantity of aggregate are 

determined for the natural aggregate which are: 

Coarse Aggregate : 511.2g 

Sand : 601.2g 

Filler : 87.60g 

From Particle Size Distribution curve shown in Figure 4.2, this aggregate type can be 

classified as gap-graded due to the deficiency of a certain particle size of the aggregate. It can be 

noted at between 3.35mm to 5mm sieve size where only 0.32% of aggregate type is retained 

while there are 34.55% retained on 0.15mm sieve. Therefore, the big difference between these 

two sizes of retained particle has classified the aggregate soil type as gap-graded. Based on the 

result shown in Table 4.1 and Particle Size Distribution curve in Figure 4.2, there is 40.41% of 

the total soil not passing 5mm sieve while 59.59% passed through 5mm sieve. Aggregate that did 

not pass 5mm sieve is categorized under ' coarse aggregate' while more than finer than 5mm 

sieve is classified as 'fme aggregate' (1 0]. 

The table below shows the JKR standard for Gradation for Asphaltic Concrete. 

Gradation for Asphaltic Concrete 

Sieve Size Percentage by Weight Passing 

28 100 

20 76-100 

14 64-89 

10 56-81 

5 46-71 

3.35 32-58 

2.35 20-42 

0.15 12-28 

0.075 6-16 

Filler 4-8 

Table 4.2: JKR Standard for Asphaltic Concrete 
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Otherwise, the sieve analysis also been done to the recycle aggregate and the result are as 

followed: 

Sieve Size (mm) Cumulative Passing (%) Retained (%) 

28 100.00 0.00 

20 90.31 9.69 

14 78.22 12.09 

10 70.86 7.36 

5 59.90 10.96 

3.35 48.56 11.34 

2.35 39.20 9.36 

0.15 11.02 28.18 

0.075 6.30 4.71 

Filler 0 6.30 

TOTAL 100 

Table 4.3: Sieve Analysis Result for Recycle Aggregate 

100 

90 
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80 

1111 70 
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Ui 60 
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0 
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Grain size (mm) 

Minimum range Data Collected Maximum range 

Figure 4.3: Particle Size Distribution of Recycle Aggregate 
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From Particle Size Distribution curve shown in Figure 4.3, this aggregate type can also be 

classified as gap-graded due to the deficiency of a certain particle size of the aggregate but the 

gap is better than the natural aggregate as it nearly covered all the grain size equally. It can be 

noted at between 0.075mm to 0.15mm sieve size where only 4.71 % of aggregate type is retained 

while there are 28.18% retained on 0.15mm sieve. Therefore, the big difference between these 

two sizes of retained particle still classified this sample aggregate type as gap-grade. Based on 

the result shown in Table 4.3 and Particle Size Distribution curve in Figure 4.3, there is 46% of 

the total aggregate is coarse aggregate while 63% classified as fine aggregate [10]. 

4.2 MARSHALL TEST 

The objective of this test is to determine optimum binder content and compare t..he component of 

sample in terms of stability, flow, stiffhess, air void percentage and density. The binder content 

are varies as followed: 

• 5% 

• 5.5% 

• 6% 

• 6.5% 

• 7% 

• 7.5% 

• 8% 

Procedure to determine MarshaU Stability of bituminous mixture 

i) Heat the weighed aggregates and the bitumen separately up to l70oC and 163oC respectively. 

ii) Mix them thoroughly, transfer the mixed material to the compaction mouJd arranged on the 

compaction pedestal. 

17 
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Figure 4.4 : Mechanical Mixer 

iii) Give 75 blows on the top side of the specimen mix with a standard hammer (45cm, 4.86kg). 

Reverse the specimen and give 75 blows again. Take the mould with the specimen and cool it for 

a few minutes. 

iv) Remove the specimen from the mould by gentle pushing. Mark the specimen and cure it at 

room temperature, overnight. 

v) A series of specimens are prepared by a similar method with varying quantities of bitumen 

content, with an increment of0.5% (3 specimens). 

vi) Before testing of the mould, keep the moulds in the water bath having a temperature of 60oC 

for half an hour. 

18 
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Figure 4.5 : Bath the mould before testing 

vii) Check the stability of the mould on the Marshall Stability apparatus. 

Figure 4.6 : Marshall Stability apparatus 
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Results for Control Sample 

Table 4.4: Result for Control Sample (Natural Coarse Aggregate used 
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Result Analysis for Control Sample (Using Natural Coarse Aggregate) 

2.180 

2.178 

2.176 

2.174 
2.172 

2.170 

2.168 

2.166 

2.164 

2.162 

2.160 

" •'I I ktt~it' 

I~ I It 111h.'l1 I k _: 111 I 

5 2.169 

5.5 2.172 

6 2.175 

6.5 2.179 

7 2.174 

7.5 2.169 

8 2.161 

Table 4.5: Density for Control Sample 

Density (kg/m3) 

~ 2.175 

~~72 
"'f.169 

5 5.5 6 6.5 7 

-+-Density (kg/m3
) 

7.5 

Figure 4.7: Density for Natural Coarse Aggregate 

2.161 

8 8.5 

From the density graph at Figure 4.7, the maximum density is when the bitumen content is 

6.5%. The value of density is 2.179kg/m3
• 
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',, '-l.il'illl\ 

I~ 1111111 ~·I i I k '\ I 

5 3.41 

5.5 5.79 

6 8.26 

6.5 6.06 

7 3.87 

7.5 3.69 

8 3.34 

Table 4.6: Marshall Stability for Control Sample 

Marshall Stability (kN) 

£ '·" 
3 41 

5 5.5 6 6.5 7 7 5 8 8 .5 

Figure 4.8: Marshall Stability for Natural Coarse Aggregate 

From Figure 4 .8, for Marshall Stability, the optimum bitumen content is when it is 6% and the 

value is 8.25kN. 
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5 11.09 
5.5 10.41 
6 9.70 

6.5 8.99 
7 8.65 

7.5 8.30 
8 8.10 

Table 4.7: Percentage of Air Void for Control Sample 

Porosity (%} 
12.00 .....______ 
10.00 

8.00 
...._,. ______ ...!: 

6.00 

4.00 

2.00 

0.00 

5 5.5 6 6.5 7 75 8 8.5 

Porosity(%) - Expon. (Porosity(%)) 

Figure 4.9: Porosity for Natural Coarse Aggregate 

And from the porosity or air void test on Figure 4.9, the nearest bitumen content that 

corresponding to the median of designed limits of percent air voids (Vv) in the total mix which is 

3.5% is 8% bitumen content. 
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So, to determine the optimum bitumen content of the whole natural aggregate experiment is by 

calculating the average of the results of maximum stability, maximum density and correspond 

bitumen content at 3.5% air void [11]. 

• Binder content corresponding to maximum stability, A 

• Binder content corresponding to maximum bulk specific gravity, B 

• Binder content corresponding to the median of designed limits of percent air voids in the 

total mix, C 

OBC=A+B+C 
3 

OBC = 6 + 6.5 + 8 
3 

OBC=6.83% 

Based on the calculation of the major factors to determine Optimum Bitwnen Content, it can 

be concluded that the OBC for the sample that used natural aggregate is 6.83%. 

After the OBC had been analyzed, the value will be checked whether it meets other JKR 

guideline in Standard Specification for road Work (JKR/SPJ/rev2005) which is as followed: 

• Stability >6200N 

• Within flow limit (2-4mrn) 

• Maximum Stiffness (> 280kg/mrn) 

• The porosity is on the range of 3%-5% 
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5 2.43 
5.5 2.25 

6 2.19 
6.5 2.00 
7 2.22 

7.5 2.75 
8 3.07 

Table 4.8: Marshall Flow for Control Sample 

Flow (mm) 

3.07 
2 75 ---------2.43 "l_"l.C- -------

---------c-:L.J -- 2.19 2 .22 
2.00 

5 5.5 6 6 .5 7 7.5 8 

Flo-.. .. .:(mm) --Unear(Fio-.....-{mmll 

Figure 4.10: Flow for Natural Coarse Aggregate 

The flow limit shows the interlock between the aggregate. The better flow shows the better 

interlock between particles. 
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5 144.05 

5.5 264.34 

6 384.55 

6.5 310.08 

7 178.37 

7.5 137.00 

8 110.89 

Table 4.9: Marshall Quotient (Stiffness) for Control Sample 

Marshall Quotient {kg/mm) 
500 

110.89 

400 
/·~ 
£.~ . ·~.08 

./. 264.34 "' 

/. ~~ +..J.28.37 
• 144.05 -·-~ n go 100 ._. 

200 

300 

0 
5 5.5 6 6.5 7 7.5 8 8.5 

-+-Mat ~hall Ouottent i kg/mm) 

Fig. 4.11 : Marshall Quotient for Natural Coarse Aggregate 

The Marshall Quotient is actually showing the stiffness of the sample. The stiffness shows the 

resistance of an elastic body to deformation. So, the higher number of stiffness will is better. The 

Marshall Quotient is around 280kg/mm when the bitumen content is 6.8%. So, it is within the 

range. 

From all of the graphs, it can be concluded that bitumen content 6.8% of the recycle aggregate 

meet all the specification except the porosity is out of range which is above 8%. The porosity 

should be in the range is of 3-4% only. The higher porosity means there are excess of spaces 

between grains that is over the limit. Just like the control sample that has the same problem, 

some modification should be taken to adjust the result. 
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Results for Recycled Coarse Aggregate 

Table 4.10: Result for Recycled Coarse Aggregate 
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Results for Control Sample 
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l{ tlllllkll 
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5 2.134 

5.5 2.164 

6 2.177 

6.5 2.188 

7 2.187 

7.5 2.171 

8 2.139 

Table 4.11: Density for Recycled Concrete Sample 

Density (kg/m3
) 

2.200 

2.190 

2.180 

2.170 

2.160 

/'. 
/. 2.177 

2.164 

use-~ 

~ 2.171 

2.150 

2.140 2.139 

2.130 
5 5.5 6 6.5 7 7.5 8 8.5 

Figure 4.12: Density for Recycle Coarse Aggregate 

The density graph at Figure 4.1 2 shows that the maximwn density is when the bitwnen content 

is 7 .0%. The value of density is 2.188kg/m3
• 
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5 8.76 

5.5 10.31 

6 13.47 

6.5 16.75 

7 8.61 

7.5 8.13 

8 7.51 

Table 4.12: Marshall Stability for Recycled Concrete Sample 

Marshall Stability {kN) 

5 5.5 6 6.5 7 7.5 8 8.5 
-Marshall Stability (kNl 

Figure 4.13: Marshall Stability for Recycle Coarse Aggregate 

From Figure 4.13, for Marshall Stability, the optimum bitumen content is when it is 6.5% and 

the value is 16.75kN. The value is actually two times larger than the Marshall Stability in natural 

coarse aggregate. 
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5 15.33 

5.5 13.57 

6 12.45 

6.5 11.43 

7 10.94 

7.5 11.00 

8 11.78 
Table 4.13: Percentage of Air Void for Recycled Concrete Sample 

Porosity {%) 

5.5 6 6.5 7 7.5 8 8.5 

Porosity(%) - Expon. (Porosity(%)) 

Figure 4.14: Porosity for Recycle Coarse Aggregate 

The porosity or air void test on Figure 4.14 shows that the nearest bitumen content that 

corresponding to the median of designed limits of percent air voids in the total mix (3.5%) is 8%. 

So, to determine the optimum bitumen content of the whole natural aggregate experiment is by 

calculating the average of the results of maximum stability, maximum density and correspond 

bitumen content at 3.5% air void [11] 
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• Binder content corresponding to maximum stability, A 

• Binder content corresponding to maximum bulk specific gravity, B 

• Binder content corresponding to the median of designed limits of percent air voids in the 

total mix, C 

OBC=A+B+C 
3 

OBC = 6.5 + 6.5 + 7 
3 

OBC=6.67% 

It shows that the OBC for the sample that used natural aggregate is 6.2%. 

After the OBC had been analyzed, the value will be checked whether it meets other JKR 

guideline in Standard Specification for road Work (JKR/SPJ/rev2005) which is as followed: 

• Stability >6200N 

• Within flow limit (2-4mm) 

• Maximum Stiffness (>280kg/mrn) 

• The porosity is on the range of 3%-5% 
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Table 4.14: Marshall Flow for Recycled Concrete Sample 

Flow (mm) 
5.00 

4 .00 • 4.01 3-21----
-----------3.33_____ 3.73 

3.00 __ JJll_-~85 _______ _ 

2.49 
2.00 

1.00 

0.00 
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Flo',·:' -- linear { Flo;.,~) 

Figure 4.15: Flow for Recycle Coarse Aggregate 

As the greater number of flow shows the better interlock between particles, so, the best flow is 

when the bitumen is 6%. 
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5 291 .26 

5.5 369.78 

6 549.90 
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7 263.57 

7.5 212.73 
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Table 4.15: Marshall Quotient (Stiffness) for Recycled Concrete Sample 

Marshall Quotient 
600.00 

500.00 

400.00 

300.00 

200.00 

·~ L 430.73 
369 .78 ~·'"" 

~ "~ 212 .7J • 213 .78 

100.00 

0.00 
5 5.5 6 6.5 7 7.5 8 8.5 

- Ma1 shall Quotient 

Figure 4.1 6: Marshall Quotient for Recycle Coarse Aggregate 

The stiffness shows that shows the resistance of an elastic body to deformation shows that the 

stiffness is more than 280kg/mm when it is 6.67%. 
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When the bitumen content is around 6.67%, the Marshall Quotient or stifthess is nearly 

400kg/mm. The stifthess of natural coarse aggregate will give nearly 380kg/mm, so it is a big 

increase in stiffness when the recycle aggregate is used. 

From all of the graphs, it can be concluded that bitumen content 6.67% of the recycle 

aggregate meet all the specification except the porosity is out of range which is above 10%. The 

porosity should be in the range is of 3-4% only. The higher porosity means there are excess of 

spaces between grains that is over the limit. Just like the control sample that has the same 

problem, some modification should be taken to adjust the result. 

34 



Recycling Building Demolition Waste in Hot-Mix Asphaltic Concrete 2m 1 

CHAPTERS 

CONCLUSION 

In 21 '1 Century, many buildings being demolished and reconstructed in Malaysia Most of the 

demolition debris is currently disposed off in landfill sites. There are 177 disposal sites in 

Peninsular Malaysia which cover 20 million populations. It shows that these sites have limited 

capacities and are required for other competing types of wastes which cannot be recycled [12] 

On the same time, the sources of natural aggregate are depleting and hence the imported 

aggregate is costly. Recycling the building demolition waste can provide a timely opportunity to 

reduce the problem of disposing off the demolition waste and the aggregate scarcity. This study 

is conducted to evaluate the use of aggregate obtained from building demolition waste in a hot 

mix asphaltic concrete. 

The attempt to improve the quality of the aggregates for concrete by using recycle aggregate as 

alternative allowed achieving surprising and unexpected performance of the asphalt concrete. 

RECOMMENDATION 

Regardless the results of present study, some improvement in this area can be done especially 

on the air void problem. If the mix design for the optimum binder content does not satisfy some 

of the requirements of specifications, it is necessary to adjust the original blend of aggregates. 

If high voids (more than 5%), it is necessary to increase the amount of mineral filler in the mix 

to cater the air void problem. 

Other than that, I also recommend the study on recycling building demolition in hot mix 

asphaltic concrete should be continue with other relevant test for example creep test and wheel 

tracking test for a firm justification and analysis in a future. 
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APPENDIX I 

Calculation for Bulk Specific Gravity of Aggregate (Gbarn) 

Since the aggregate mixture consists of different fractions of coarse aggregate, fine aggregate, 

and mineral filler with different specific gravities, the bulk specific gravity of the total aggregate 

in the paving mixture is given as 

where. 

Pea + Pia + Pmf 
Gbca Gbfa Gb!nf 

= bulk specific gravity of aggregates in paving 
mixtures. 

= percent by weight of coarse nggregjate, fine 

aggregate, and mineral filler in paving mixture. 

GiJca· Gbfa· GiJmf = bulk specific gravities of coarse aggregate, fine 
aggregate. and mineral filler. i'Pspectively. 



APPENDIX II 

Calculation for Percent voids in compacted mineral aggregate (VMA) 

The percent voids in mineral aggregate (VMA) is the percentage of void spaces between the 

granular particles in the compacted paving mixture, including the air voids and the volume 

occupied by the effective asphalt content 

\vhere, 

VMA = percent voids in mineral aggregates. 

Gbcm = bulk specific gravity of compactt'd Sjlt'dfnfi11 

Gbam = bulk specific gravity of aggregate. 

Pta = aggregate percent by weight of tot<1! p;iV!Ilg mixture. 



APPENDIX ill 

Calculation for Percent air voids in compacted mixture (Pav) 

Percent air voids is the ratio (expressed as a percentage) between the volume of the air voids 

between the coated particles and the total volume of the mixture. 

where. 

P av = percent air voids in compacted mlX!tlff' 

G111p = maximum specific gravity of the compacted paving mixture 

G!Jcm = bulk specific gravity of the conip;ict!'d nllxwres 



APPENDIX IV 

Detennination of Optimum Bitumen Content 

Optimum binder content is selected as the average binder content for maximum density, 

maximum stability and specified percent air voids in the total mix. 

where. 

Bo = optimum Bitumen content. 

Bt = %asphalt content at maximum unit weight. 

Bz = 96 nsphalt content at maximum stability. 

B3 = '!6 asphalt content at specified percent Jir void~ in th~ total mix. 



APPENDIXV 

Stability Correlation Ratios 

Volumt of specimen. Approximate tbldmess of speclmm Corll' lation f3iio 
' cnr' mm tn. 

200 to 213 25. ·1 ' 5.5G ' 
214 to 225 27.0 l l/IG 5.00 
??" ~-~> lo 2]7 23 6 I l/8 -L55 
238 m zc,o 30.2 I 3/IG ·U7 
m io 26 ! :~us 1 ~/ ·1 3.35 
265 !o 27G 33.3 l :cil G 3.57 
'277 to 28D 3.-~.9 1 JiB 3.33 
290 to 301 35.5 I lilG 3.03 
302 to 31G 38. I I ;, :··:· 2.78 J.'J::... 

3l7 10 328 39.7 l Di!G 2.50 
32G 10 3·!0 JU 1 5/8 2..27 
311 ill 353 42 !) ' ~ 1/ j (} 2.08 ' 
351 io 3G7 .JU I J,'•1 UJZ 
368 to 378 4G.O 2 tJ/]G 1. 7D 
380 10 302 ·17.6 l 7/8 1.67 
393 io !05 1~).2 1 ~ 5/ lG UG 
106 10 l20 50.8 2 IA7 
m !o 131 52.4 2 1/!G 1.3fl 
m lo ·143 5'4.0 2 ;>H 1.32 
Ill 10 -ijG 55.6 2 1'1G 123 
157 to 170 57.Z 

•. , 
" ' J 1.10 

m to 182 58.7 2 ~.it G l.ll 
183 !o ID5 H0.3 

., 
L J.'8 l.O~l 

•i96 io 508 6!.9 2 7/J.G LOt 
50~1 lo .522 63.5 2 ~/2 1.00 
523 !o .535 6!.0 z !Ji!G 0% 
535 to 51G 65. l 2 SiB 0.93 
.5-~7 to 550 66.7 '2 t c. J 6 0.89 
560 io 1."7'_;. 

.Jld 58.3 2 3>1 0 8G 
57·1 io 585 7U 2 Lli JG run 
586 10 5D8 73.0 2 7i8 0. 81 
.599 ~0 (i 10 T~~.£ 2 rr 5/ lG [) 78 
Gn! to G25 76.2 
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APPENDIX VI 

Gradation for Asphaltic Concrete from JKR 2005 

MixT:;ve Wearing Cotu·se \Ve~t'Ulg Course Wtarili~ Coune 

Mix Designation AC 10 AC 14 AC 20 

BS Sieve Size. mm Percemag:e Pa;,;,ing: ( by weio'lul 
" ~ / 

28.0 100 

20.0 100 76-100 

14.0 100 90-1 01) 64-89 

1M 90-100 76-86 56-81 

5.0 58 .. 72 50-62 46- ':'J 

3.35 48-64 40-54 32-58 

1.18 22-40 18-34 20-42 

0 .·1 j~ ...... __ 12-26 12-24 12-28 

0.150 6-14 6-14 6-16 

0.(17:" 4-S 4-8 4-S 
T .. .. - - ' Note: A.C20 Cnadatwn obtamed ±rom(Jl\.RSPJ!988} 
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Marshall Graphical Graph 
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APPENDIX VIII 

FYP Gantt Chart 

Selection of Project Topic: 
Recycling Building Demolition Waste in Hot-Mix o 
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Preliminary Research Work: Research on literatures 
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0 
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0 
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APPENDIX IX 

Detail for Optimum Bitumen Content Determination in Marshall Test 

Table 2-4 OBC 

Point en CtrOJe Criteria 
Test Property TJ,tPe of Mix 

1 00-osi 1i res 1 200-osi 1i res 1 100-osi lires1 200-osi 1i res 1 

Asphalt-concrete Peak of curve Peak of curve l:5001b 1::1 ,800 lb 
surface course 

Stability Asphalt-concrete 
Peak of curve2 Peak of curve2 l:5001b 1::1,800 lb 

binder course 

Sand asphalt Peak of curve --- l:5001b ---
Asphalt-concrete Peak of curve Peak of curve Not used Not used 
surface course 

Unit weight Asphalt-concrete Not used Not used Not used Not used 
binder course 

Sand asphalt Peak of curve --- Not used Not used 

Asphalt-concrete Not used Not used :S201b :S161b 
surface course 

Flow Asphalt-concrete Not used Not used :S201b ::J:161b 
binder course 

Sand asphalt Not used Not used :S201b :S161b 

Asphalt-concrete 4(3) 4(3) 3-5 (2-4) .... ~ ............ ) 
Percent of surface course .l-o v:-'t 

voids in the Asphalt-concrete 5 (4) 6 (5) 4-5 (3-5) 5-7 (4-6) total mix binder course 

Sand asphalt 6 (5) --- (-) 5-7 (4-6) --- (-) 

Asphalt-concrete 80 (85) 75 (80) 75-85 (80-90) 70-80 (75-85) 
Percent of surface course 

voids filled Asphalt-concrete 70 (75) 60 (65j2 65-75 (70-80) 70-80 (55-85) with bitumen binder course 
Sand asphalt 70 (75) --- (-) 65-75 (70-80) --- (-) 

1Figures in parentheses an! for use with bulk-impregnated specific gravity (water absorption by aggregate 
grear1han 2.5 percent). 
21f the inci.Jsi:m of the optimum asphat cmtert of these pants @verage) causes the voids in the tota mix to 
fall out :side the limits, illiust the wtinum asnhat cmtert so that the wids in the IOta mix an! wilhin the limits. 


