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Abstract 
 

The usage of crumb rubber in road construction has been widely 

acknowledged and extensively implemented globally and even locally in 

Malaysia due to the substantial benefits and versatility of this material 

contribution in road works. Even though the used of crumb rubber material 

in road works has been reported since the 1950s, in Malaysia, the 

implementation of rubberised roads technology concept have been limited 

and emphasised only in Peninsular Malaysia. In contrast, there have been no 

recorded trials or construction inroads applying this technology in Sabah. 

Therefore, there is a necessity to investigate the awareness, advantages, 

barriers, strategies, and personal opinion regarding crumb rubber usage in 

the road's construction of Sabah. Questionnaire surveys and structured 

interviews from stakeholders of the construction industries within Sabah were 

conducted. The quantitative data collected was tested by descriptive 

statistics frequencies analysis respective to each section. Further assessment 

on Cronbach's Alpha test, mean value comparison, relative important index, 

chi-square test and regression analysis were performed to interested 

sections. Findings showed that the main advantages and barrier were 

environmentally friendly factor and financial barriers. Hence respondents 

propose that guidelines and construction standards as a guidance for the 

local road agency to be available.  
 

Keywords: Crumb rubber, roads construction, barriers, sustainable, 

quantitative 

 

Abstrak 
 

Penggunaan getah remah dalam pembinaan jalan raya telah diakui secara 

meluas dan dilaksanakan secara meluas di peringkat global dan tempatan 

di Malaysia disebabkan banyak faedah dan fleksibiliti sumbangan bahan ini 

dalam kerja jalan. Walaupun penggunaan bahan getah remah dalam jalan 

raya telah dilaporkan sejak tahun 1950-an, di Malaysia, pelaksanaan konsep 

teknologi jalan getah terbatas dan ditekankan hanya di Semenanjung 

Malaysia. Sebaliknya, tidak ada percubaan direkodkan atau pembinaan 

kalan yang menggunakan teknologi ini di Sabah. Oleh itu, terdapar 

keperluan untuk menyelidiki tahap kesedaran, kelebihan, halangan, 

strategi, dan pendapat peribadi mengenai penggunaan getah remah 

dalam pembinaan jalan raya di Sabah. Tinjauan soal selidik dan wawancara 

berstruktur dari pihak berkepentingan industri pembinaan di Sabah telah 

dilakukan. Data kuantitatif yang dikumpulkan diuji dengan analisis frekuensi 

statistik deskriptif berkenaan setiap bahagian. Penilaian lebih lanjut 

mengenai ujian Cronbach's Alpha, perbandingan nilai min, indeks penting 

relatif, ujian chi-square dan analisis regresi dilakukan ke bahagian yang 
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1.0 INTRODUCTION 
 

Most rubber tyres of road vehicles are susceptible to 

be worn-out and the necessities of tyre replacements 

are required consistently. With the massive demand of 

rubber tyres production, including about 1.4 billion 

rubber tyres manufacture annually worldwide [1], this 

eventually increases the disposal of worn and end-of-

life rubber tyres, which have currently become a 

global environmental problem [2], [3].  

One of the beneficial approaches to utilising waste 

rubber tyres is using the crumb rubber material 

extracted from the waste tyres to incorporate in road 

construction [4], [5]. Crumb rubber is a tyre-derived 

material produced by shredding and grinding scrap 

or waste tyres into fine particles [4]. There are two main 

methods in crumb rubber production from waste 

rubber tyres: ambient granulating and cryogenic 

grinding. The similarities of both these processes 

substantially minimise the size of the tyre and 

segregate the steel belting and fibre from the rubber 

compound [6]. This material is analysed to have 

numerous possible potential uses in the engineering 

construction fields besides for road development due 

to its significant benefits to engineering application 

and environmental protection [4], [5]. Generally, the 

most apparent advantages of implementing crumb 

rubber usage for road construction increase the 

performance of road construction feasible 

alternatives in terms of engineering applications, 

decrease the environmental impacts, and maximise 

the conservation of natural resources. The benefits of 

implementing crumb rubber usage for the 

construction of roads are becoming more extensively 

practised and renowned, and the incorporation of 

rubber tyres into asphalt is possible to escalate [1]. 

Research findings on the usage of crumb rubber in 

roads construction show various significant 

enhancement in engineering properties on the road 

characteristics. It is found that most engineering 

properties on-road performances increase, as the 

crumb rubber implemented in rubberised asphalt 

mixture reduces in fineness [7], whereby the crumb 

rubber concretation and size have a considerable 

effect on the properties of the approximation asphalt 

moodified binder [8]. Past experimental tests for road 

engineering properties conducted on crumb rubber 

roads results in most postive outcomes. As such, the 

penetration test value of bitumen mixture decreases 

as the conncentration of crumb rubber used in the 

mixture increased, individually up to 20% of the total 

weight of the bitumen [9]. This factor will influence 

better strength to the structure of the road to resist 

permanent deformation and less temperature 

susceptible [10]. The reading in softening point test 

increases with the increment of crumb rubber content 

[9]. By which previous study results in the average 

reading for control bitumen with approximatley 43˚C 

while the mean value for crumb rubber-bitumen 

mixture for 8% and 14% are 50˚C and 55˚C 

respectively, this indicates benefits in less vulnerable to 

temperature alteration and hence preferably to hot 

climate regions [10]. Recent studies highlighed some 

findings on Marshall Stability test, that the value 

increases as the content of fine crumb rubber increses 

[11], [12], [13] whereas, minimal addition of crumb 

rubber decreases the stability value of the mixture 

[14]. Higher value of Marshall Stability test indicates 

that the crumb rubber asphaltic mixture is resistance 

to rutting and permanent deformation due to heavy 

traffic loads [11].  

Incorporate crumb rubber from waste or end-of-

life tyres for road construction usage has received 

much attention in several countries in Asia, Europe, 

and Africa these recent years [9]. Crumb rubber, a 

tyre-derived material, has become the world's 

common usage for road construction as an additive 

to a bituminous binder since the 1960s [15]. It depicts 

that the knowledge of applying crumb rubber in road 

construction that is established decades ago is still 

significant and comprehensively used in today's 

construction technology with several alterations and 

improvements.  In Malaysia, trial usage of rubberised 

bitumen was initiated in the 1950s with a 100 yards of 

road construction between Kuala Krai and Kota Bharu 

with incorporating 5% of crumb rubber [16]. Then 

followed by several trials done at the states of Perlis, 

Kedah, Negeri Sembilan, Melaka and Johor, 

nevertheless, there were no recorded findings 

attained from these trials [17]. Thus, numerous 

research have been conducted to identify 

approaches to enhacne the technology for 

developing crumb rubber modified asphalt, as such 

Jabatan Kerja Raya (JKR) Malaysia and Institut 

Penyelidikan Getah Malaysia have been joint venture 

to ascertain the capability of applying crumb rubber 

in roads construction [18].  

berkenaan. Hasil kajian menunjukkan bahawa kelebihan dan halangan 

utama adalah faktor mesra persekitaran dan halangan kewangan. Oleh itu 

responden mencadangkan agar garis panduan dan piawaian pembinaan 

sebagai panduan untuk agensi jalan raya tempatan perlu disediakan. 
 

Kata kunci: Getah remah, pembinaan jalan, halangan, mampan, kuantitatif 
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From several trials, today, Malaysia comprises 

networks of crumb rubber-based road construction 

with better technology improvement. However, the 

field trial construction of crumb rubber-based roads 

focuses on Peninsular Malaysia. In contrast, in Sabah, 

roads with the crumb rubber technology have never 

been noticeably implemented. Thus there is a need to 

investigate the barriers of crumb rubber usage for 

road construction, particularly in Sabah. Mainly to 

identify the challenges and ways to solve these 

constraints of crumb rubber usage in road 

construction.  

 

 

2.0 METHODOLOGY 
 

Quantitative research method was selected since the 

research information on samples' investigated 

variables was attained through statistical data 

collection [19]. The raw data collections were purely 

based on the conduct of closed-ended 

questionnaires and structured interviews. The 

preferable type of respondents centred on the key 

stakeholders and representatives mainly involved with 

road constructions and maintenances. The selection 

of respondents was open to both government and 

private consultancy and contractor sectors. A 

minimum of 10 respondents was required from seven 

(7) divisional zones of Jabatan Kerja Raya (JKR) 

Sabah. According to Whitehead et. al. (2016) the 

target sample size of 70 based on the rules of thumb 

for the pilot study is acceptable as to minimize the 

inaccuracy around the approximate of the standard 

deviation [20]. In addition, three interviews with 

engineers that has experience in road related job was 

conducted. These data were analysed via 

computerised based software of Microsoft Excel and 

SPSS, namely by testing descriptive statistics 

frequencies analysis, Cronbach's Alpha, mean values 

comparison, relative important index (RII), and chi-

square test. The flow chart of the methodology for this 

study is presented in Figure 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 1 Flow chart of the methodology 

3.0 RESULTS AND DISCUSSION 
 

A total of 103 respondents have answered as 

collected in both questionnaire surveys and structured 

interviews. Higher sample size has the possibility to 

enhance the nearest accuracy and reliability of the 

research since larger samples produce a better 

approximation of the population [21].  

The profile of respondents from the whole seven 

divisional zones of Sabah was analysed concurrently. 

The profiles of respondents were interpreted with 

descriptive statistics frequencies analysis by eight 

questions related to the personal and background 

scope in the form of frequency counts and 

percentages for comparison purposes. Table 1 

depicts the 103 stakeholders’ demographic data that 

participated in this study. 

 
Table 1 Demographic data of respondents 

 

Categories Frequency Percentages 

Age 

Below 30 29 28.2 

30-40 48 46.6 

40-50 19 18.4 

50-60 7 6.8 

Academic Qualification 

PhD 1 1.0 

Masters Degree 18 17.5 

First Degree 48 46.6 

Others 36 35.0 

Working Experience in Construction Industries 

Less than five years 24 23.3 

Between 5 to 10 years 10 9.7 

Between 10 to 15 years 43 41.7 

Between 15 to 20 years 10 9.7 

More than 20 years 16 15.5 

Working Experience in Road Construction 

Less than five years 39 37.9 

Between 5 to 10 years 9 8.7 

Between 10 to 15 years 42 40.8 

Between 15 to 20 years 7 6.8 

More than 20 years 6 5.8 

Type of Organisation 

Government 56 54.4 

Consultants 12 11.7 

Contractor 35 34.0 

Status of Position 

Engineer 53 51.5 

Assistant Engineer 32 31.1 

Technician/Supervisor 11 10.7 

Others 7 6.8 

Scope of Work 

Road Construction 63 61.2 

Structure Construction 37 35.9 

Others 3 2.9 

 

 

The respondents were assessed on the awareness, 

knowledge, and understanding personally and as in 

an organization regarding road construction and 

crumb rubber.  

Figure 2 is a combination of three graphs primarily 

on the respondents’ knowledge and understanding, 

effort towards developing knowledge and willingness 
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to adapt and change on the usage of crumb rubber 

in construction, specifically roadworks.  

 

   
 

Figure 2 Respondents’ knowledge and understanding, effort 

towards developing knowledge and willingness to adapt 

and change 

 

 

From Figure 2 most of the respondents (40.8%) 

acknowledged a moderate rating  on the knowledge 

and understanding of crumb rubber usage. Similarly, 

29.1% and 16.5% respondents answered low and very 

low, respectively, whereas only 10.7% and 2.9% 

respondents considered as good and excellent. 

Investigated by previous studies conducted in 

respective countries of Kuwait and Malaysia, similar 

trends were found in which most respondents were 

prone to declare in having within the moderate scale 

rating knowledge on sustainability [22], [23]. 

Effort of the respondents toward developing 

knowledge on the concept of using sustainable 

material (crumb rubber) in construction, as shown in 

Figure 2, rating of low to moderate were the majority 

responses gained from the local respondents. This can 

be justified as stated by the previous researcher, 

whereby the effort of response and progress rate in 

Malaysia is still unsatisfactory and hence should be 

increased to meet worldwide standards [24], this is 

probably due to some construction industries do not 

put enough effort and are only content with satisfying 

the minimum requirement and law [25]. 

Figure 2 also depicts the willingness of the 

respondents to take action by integrating any 

changes needed to apply crumb rubber in 

construction as in road development. Based on the 

findings, the positive reactions in respect to the 

question were slightly higher than the negative ratings. 

However, opposite findings were reported based on 

local research in Malaysia, as most construction 

projects are not willing to change from the traditional 

way of construction [26]. Due to the comfortability of 

the construction industry’s norm and system, the profit 

margin was guaranteed by the conventional 

construction approach [24], [25]. In Sabah, this can be 

justified as to the relevant assessment on the 

advantages of sustainability which influences the 

willingness of the respondents to adopt the 

sustainable approach [27]. 

Figure 3 shows the level of awareness of the 

respondents’ company towards the usage of crumb 

rubber as material usage in road construction. 

Previous research on sustainable construction stated 

that extensive and well-developed companies 

employed with numbers of professionals have a higher 

potential to be aware and knowledgeable on 

sustainable development than medium and small-

sized companies [25]. In Sabah, the number of 

medium and small-sized construction companies 

surpasses the few numbers well-developed 

companies. Hence the technology and growth in the 

construction of Sabah compared to Peninsular 

Malaysia are still behind. 
 

 
Note: VL= Very low, L= Low, M=Moderate, G= Good and E=Excellent 
 

Figure 3 Respondents’ company level of awareness 

 

 

Figure 4 shows the respondents’ perception on the 

role of the government in promoting sustainable 

construction practices. Comparable results were 

found with a past study, as the vast majority of the 

respondents voted strongly agree (SA) and agree (A) 

on the same context of the statement with less voted 

on neutral (N). None on disagree (D) and strongly 

disagree (SD). This is due mainly to the respondents’ 

popular belief that they strongly perceive the 

government as the critical element in encouraging 

sustainable development in the construction industry 

[28]. 
 

Note: SD= Strongly disagree, D= Disagree, N= Neutral, A= Agree and 

SA= Strongly agree 
 

Figure 4 Perception of the role of the government in 

promoting sustainable construction practices 

 

 

The respondents were then surveyed on the types 

of benefits of implementing crumb rubber in road 

construction. The internal consistency measured 

yielded a Cronbach’s Alpha value of 0.87 (a > 0.70). 

Thus, the reliability of the data collected was 

acceptable. The results are presented in Table 2. 
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Table 2 Analysis of advantages 
 

Types of 

Advantages 

 

Scale Rating (%) 

Mean 

Value 
RII 

Ran-

king 
S

D 
D N A SA 

Reduce natural 

resource 

consumption 

 

0 2.9 40.8 35 21.4 3.75 0.75 3 

Improve road 

performance 

 

0 2.9 44.7 31.1 21.4 3.71 0.74 4 

Environmentally 

friendly 

 

0 1  35 28.2 35.9 3.99 0.80 1 

Economical 

beneficial 

0 2.9 39.8 32 25.2 3.80 0.76 2 

Note : SD= Strongly disagree, D= Disagree, N= Neutral, A= Agree and 

SA= Strongly agree 

 

 

Based on Table 2, the most known benefits and 

ranked first by the evaluation given was 

'environmentally friendly,' followed by 'economical 

beneficial,' then 'reduce natural resource 

consumption,' lastly 'improve road performance.' 

However, besides resolving environmental concerns, 

better durability, improve adhesion between 

aggregate and binder mixture, cracking resistance, 

reflective cracking, and enhanced performances in 

extreme temperature conditions and under heavy 

traffic loadings are recorded as the preferences 

benefits of using crumb rubber in roadworks [29][30]. 

Thus, it was shown that there were various positive 

findings of rubberised roads in enhancing road 

performances. However, the awareness of these 

benefits is still indecisively low in Sabah's construction 

industry, as presented from the study findings. The 

majority of the respondents were only inclined to 

assume that the usage of crumb rubber in road 

construction is the preference for environmental 

purposes. 

The respondent was also surveyed to identify the 

barriers of crumb rubber usage for road construction 

in Sabah. The value of consistency as tested was 0.79, 

which complies with the coefficient of dependability. 

The results are presented in Table 3. 

 
Table 3 Analysis of barriers 

 

Main Categories of 

Barriers 

Average Mean 

Value 
Average RII Ranking 

Financial barriers 3.82 0.76 1 

Technical barriers 3.55 0.71 3 

Legal and regulatory 

barriers 
3.63 0.73 2 

Cultural barriers 3.40 0.68 4 

 

 

Based on the analysis, it was observed that the 

main barriers in regards to this study were primarily due 

to "financial barriers" with the highest average mean 

value and RII, followed by "legal and regulatory 

barriers," than “technical barriers” lastly "cultural 

barriers." The comparable situation was discovered in 

previous studies, by which most often the construction 

industry stakeholders perceived "financial barriers" as 

the primary problem that prevents sustainable 

development usage [31], [32]. This is probably due to 

the unease and indecisiveness of implementing green 

construction due to the high initial cost and future 

unforeseen financial issues [26]. 

An in-depth measure of the chi-square test and 

regression analysis were performed to analyse the 

relationship between the respondents' demographic 

details with the four identified significant barriers. The 

analysis conducted at 0.05 significant level based on 

the following hyphothesis: 

H0: There is no relationship between demographic 

of repsondent and barriers. 

Ha: There is a relationship between demographic 

of repsondent and barriers. 

Chi – square test and regression were performed 

and the result as tabulated in Table 4 and Table 5. 

 
Table 4 Chi-square test 

 

Demographic Details 

of Respondent 

Financial 

Barriers 

Technical 

Barriers 

Legal and 

Regulatory 

Barriers 

Cultural 

Barriers 

Age 0.603 0.378 0.102 0.428 

Academic 

Qualification 
0.232 0.025 0.808 0.213 

Working Experience in 

Construction Industries 
0.157 0.763 0.001 0.122 

Working Experience in 

Roads Construction 

Sector 

0.033 0.400 0.000 0.126 

Organization Type 0.000 0.634 0.532 0.062 

Working Status of 

Position 
0.307 0.000 0.055 0.257 

Current Scope of Work 0.729 0.101 0.000 0.900 

 
Table 5 Regression analysis 

 

Demographic Details 

of Respondent 

Financial 

Barriers 

Technical 

Barriers 

Legal and 

Regulatory 

Barriers 

Cultural 

Barriers 

Age 0.613 0.469 0.042 0.739 

Academic 

Qualification 
0.054 0.012 0.885 0.200 

Working Experience in 

Construction Industries 
0.068 0.522 0.060 0.400 

Working Experience in 

Roads Construction 

Sector 

0.174 0.330 0.000 0.835 

Organization Type 0.769 0.929 0.308 0.333 

Working Status of 

Position 
0.233 0.000 0.008 0.784 

Current Scope of Work 0.431 0.893 0.000 0.718 

 

 

These results as shown in Table 4 and Table 5 

indicates that the demographic factors and the 

barriers which had significant values of p-value<0.05 

tend to have a corresponding correlation. Based on 

Table 4 and Table 5, several different significant p-

values were yielded from both of the respective 
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statistical examinations. The age factor showed no 

significant relation to neither of the barriers tested in 

chi-square values produced higher than the 

significant level, a p-value of 0.05. However, as tested 

in regression analysis there is a significant relation in 

between the age factor with the “legal and 

regulatory barriers”. As for the academic qualification, 

the only significant value obtained from both the 

correlation analysis of chi-square and regression 

analysis was "technical barriers." Regarding working 

experience in the construction industries, the only 

significant correlation was "legal and regulatory 

barriers" as obtained from chi-square test, nevertheless 

significant relationship was not obtained by regression 

analysis for this particular relationship. The working 

experience in road construction sectors shows that the 

significant value for "legal and regulatory barriers" 

have substantial importance tested from both chi-

square test and regression analysis, moreover chi-

square test also obtained significant value for 

“financial barriers”. In terms of organisation type, the 

"financial barriers" developed a significant value 

tested with chi-square test but none in regression 

analysis. As for the position's working status, both tests 

produced a significant value for “technical barriers”, 

and addition on “legal and regulatory barriers” was 

also gained from this factor based on regression 

analysis. The current scope of work indicated that the 

only "legal and regulatory barriers" with significant 

value as examined by both tests.  

To determine possible modifications in eliminating 

or minimising the crumb rubber application barriers for 

road construction in Sabah, the respondents were 

required to respond. The obtained Cronbach’s Alpha, 

a value for this was 0.94, which shows high internal 

consistency. The results are shown in Table 6. 

 
Table 6 Analysis of strategies 

 

Types of 

Potential 

Strategies 

Scale Rating (%) 

Mean 

Value 
RII Ranking 

S

D 
D N A SA 

Educational 

programmes 
0 0 8.7) 28 27.2 4.18 0.84 4 

Set clear 

rules and 

legislation 

 

0 0 4.9) 66. 29.1 4.24 0.85 3 

Design 

guidelines 

and 

construction 

standards 

0 0 4.9 61.2 34 4.29 0.86 1 

Economic 

incentives 
0 0 5.8 60.2 34 4.28 0.86 2 

 

 

Based on Table 6, the data portrayed a 

encouraging response from the respondents in 

embracing the sustainable construction of using 

crumb rubber for roadworks. Since to emerge new 

practices in construction, strategies were needed to 

accelerate and reassure efforts towards the 

implementation [33], [34] “design guidelines and 

construction standards” was ranked first as the 

potential strategy in overcoming the barriers of crumb 

rubber application for roadworks in Sabah, followed 

by "economic incentives," then “set rules and 

legislation" and last "educational programs." However, 

Malaysia has been implemented crumb rubber in 

various road construction, mainly in the Peninsular 

states during the past years, and Standard 

Specification for Road Works (Section 4: Flexible 

Pavement) Addendum Specification For Rubber 

Modified Asphalt (Section 4.17: Crumb Rubber 

Modified Asphalt) has also been introduced. Hence, 

strategy by “design guidelines and construction 

standards” in terms of crumb rubber for road 

construction has been implemented but has not 

successfully impacted the construction industry in 

Sabah. 

 

 

4.0 CONCLUSION 
 

Based on the stakeholders in Sabah, most of the 

responses were rated moderate towards the level of 

knowledge and understanding on the usage of crumb 

rubber in construction, specifically roadworks.  As for 

the effort of developing knowledge on the concept in 

using sustainable material in construction, the highest 

rated were low to moderate. Nevertheless, for the 

willingness of the respondents to adapt and change 

by integrating any sustainable material (crumb 

rubber) in construction was rated positively with good 

rating as the highest. Although, the level of awareness 

of the respondents’ respective companies towards 

the usage of crumb rubber in roads construction were 

mostly rated low to moderate.   

The most obstructive factor amid on the four major 

barriers (financial barriers, technical barriers, legal and 

regulatory barriers and cultural barriers) in the 

application of crumb rubber for road construction in 

Sabah, was "financial barriers" based on the responses 

of stakeholders in Sabah. Followed by “legal and 

regulatory barriers”, then “technical barriers” lastly 

“cultural barriers”.  

In order to overcome these barriers, most of the 

stakeholders in Sabah highly desirable strategy was by 

“designing guidelines and construction standards” on 

the implementation of crumb rubber usage in roads 

construction. Whereby this result showed that the 

construction stakeholders of Sabah were not aware of 

the latest standard and specification on crumb rubber 

for roads construction development as introduced by 

the JKR Malaysia. This is most probably due to the lack 

of awareness towards crumb rubber or sustainable 

resources as a construction material which 

corresponds to the result as depicted in Figure 3.  
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