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Message from the Conference Chair 

Dr. Sampath Kannangara 

Executive Director CEO & Executive Dean ï International College of Business and 
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 It is a great privilege to Chair the Annual International Research 

Symposium of ICBT, óAIRSô 2023ô to be held on 15th February 

2024 at 9.00AM Sri Lanka Time. This is the sixth international 

research symposium organized by the International College of 

Business and Technology. This will continue to move forward in the 

research arena under the digital ISSN:2961-502X. 

The theme for this year is ñBridging the innovation Gap: 

Multidisciplinary perspectiveò. Peer reviewed research papers under 

this theme will be presented according to thematic tracks, ensuring 

a cohesive exploration of diverse topics within each track, namely, Business Management, 

Information Technology, Health Science, Social Science, Engineering, Construction. This year 

the review panel consists of 43 international and local reviewers. 

This yearôs research theme addresses the challenges of connecting innovation efforts across 

various disciplines to enhance collaboration, knowledge exchange, and problem-solving in this 

post pandemic era. We must understand that the multidisciplinary approach where inter-

disciplinary collaboration, is essential to translate research findings into real-world solutions. 

Closing the innovation gap requires concerted efforts from various stakeholders, including 

researchers, entrepreneurs, policymakers, investors, and communities. Strategies for 

addressing the innovation gap involve fostering collaboration across disciplines and sectors, 

investing in technology transfer and commercialization initiatives, promoting innovation-

friendly policies and regulatory frameworks, and enhancing education and training in 

entrepreneurship and innovation management. By bridging the innovation gap, societies can 

unlock the full potential of new ideas and technologies to address pressing challenges and 

improve quality of life. 

I congratulate the organizing team for setting up the momentum to discuss this intellectual 

scholarship. 
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Message from the Editor-in-Chief 

Dr. Sanath Divakara  

 

Welcome all to the Proceedings of the 6th ICBT Annual International 

Research Symposium- AIRSô23 under the theme of ñBridging the 

Innovation gap: Multidisciplinary Perspectiveò. 

It is a great honor to assume the role of Editor-in-Chief in Annual 

International Research Symposium. My sincere appreciation to all the 

authors and co-authors for your precious technical commitment made 

upon the success of the proceedings of 6th AIRSô 23. Your enthusiasm 

to share the knowledge in AIRSô23 make a significant change and 

motivation on organizing such a valuable conference in a great manner. I am sure that your 

contribution in all the ways of submitting the research papers, participation and presenting will 

further enlighten the conference.    

AIRS opens an opportunity for the authors to publish the invaluable piece of research on 

sharing knowledge. Research publication is an essential requirement of your research journey 

as part of the knowledge contribution to the society that enables the continuation of the meaning 

of research. Completing research is not merely adding a qualification, it embeds the research 

mindset to the researchers and changes the researchers mind set in solving problems in a 

scientific and systematic manner. Research publication would add more value to your career 

and consolidate the philosophical and system thinking toward the bridging the innovation gap.   

On behalf of the editorial board, my sincere thanks to our track chairs/ co-chairs for their great 

efforts in reviewing the papers & comments for improvements in their tracks and the volunteer 

contribution as reviewers, the conference technical program committee members, and the 

designated reviewers. I wish to request all of you, valuable suggestions to improve the 

symposium in future.  

I sincerely extend my gratitude to contributors, editorial board members, organizing committee 

and looking forward for continuous support in future. I look forward to an exciting day of 

insightful presentations, discussions, and sharing of technical ideas with colleagues from 

around the world. My great appreciation for all participants to the conference and I hope that 

everyone will enjoy the conference AIRSô 23. 

Dr Sanath Divakara  

Editor in Chief  

AIRSô23 
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Abstract 

The construction industry in Sri Lanka faces challenges in efficiency and productivity, 

particularly in the MEP sector. This study investigates the adoption of Building Information 

Modelling (BIM) in MEP projects with research objectives of evaluating awareness levels, 

identifying barriers, determining influencing factors, and proposing strategies for BIM literacy 

improvement and increased adoption in the MEP sector. The research reveals a significant lag 

in BIM implementation, impacting MEP coordination, costing, and overall project success. 

Surveying 195 MEP professionals, the study identifies barriers, including low awareness, 

insufficient skills, and cost-related concerns. Consultants exhibit higher BIM adoption rates 

than contractors. Statistical analyses confirm the negative correlation between BIM adoption 

and identified barriers. Recommendations include enhancing BIM education, fostering 

collaboration between industry and academia, and promoting government mandates. The study 

emphasizes the urgent need for BIM knowledge improvement in the MEP sector to unlock its 

potential benefits. 

 

Key Words: BIM Adoption, BIM Awareness, Building Information Modelling, Construction 

Industry, MEP 

 

Introduction 

The construction industry suffers from poor performance, and it lags behind other industries 

with regard to efficiency improvements. According to Fulford & Standing (2013) investments 

in information technology has been a driving factor for productivity improvements in many 

sectors. Developed countries such as USA, UK, Europe Union, Canada, Singapore, and 

Australia etc. have adopted BIM into their construction sector (Naborczyk, 2020). Sri Lanka's 

uptake in BIM significantly lags behind other Asian nations. Although the concept of BIM is 

slightly practiced in Sri Lankan construction industry, the majority of organizations still haven't 

adopted BIM (Rathnayake, et al., 2018). MEP coordination is a critical, complex, and time-

consuming task which is utmost important to the smooth flow of work in the project without 

hindrances. In most of the building construction projects the site team faces issue of MEP 

clashes due to design coordination problems. MEP costing is also a critical task for the 

consultants as well as contractors to secure the project and to earn profit. Project cost over runs 

is seen due to variations and also due to improper cost estimations. Manual quantity take off is 

the method to quantify the MEP scope for pricing. Which depends on the person who do the 

take off and his knowledge and experience of the relevant field. The percentage of MEP works 

for the total construction work of high-rise building projects is equal to 26 % which is a 

significant portion of the project cost (Ashuri, et al., 2014). Therefore, any cost overrun in MEP 
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trades of the project adversely affect the total successful delivery of the building. In the world 

BIM adaptation has increased over the years, specially by commercial contractors. In North 

America BIM adoption was 28% in 2007 but this was increased to 71% by 2012. In the United 

Kingdom, using BIM is mandatory for the public construction projects (Mohammad, et al., 

2017). The use of modern technologies, such as BIM, has been found to enhance the accuracy 

of pre-tender cost estimates in many countries by reducing the influence of conventional 

practices (Rathnayake & Samir, 2019). BIM offers the potential to achieve the objectives of 

increasing productivity and quality, decrease project cost and reduce project delivery time 

(Azhar, 2011). As Ismail et al. (2017) mentioned Sri Lanka has not adopted BIM into their 

construction industry even though the interest on the topic is rising. By considering the above 

facts, it can be justified that Sri Lankan MEP sector lags behind in using BIM and it can benefit 

to resolve the issues that the industry is facing. Therefore, the objectives of the study have been 

defined as below: 

To understand the level of awareness about BIM among the Engineers in the MEP sector. 

To identify the present status of BIM adoption rate among the MEP contractors and consultants 

in Sri Lanka. 

To determine the factors affecting the decision of adopting BIM over the conventional practices 

by the MEP professionals in Sri Lanka 

To recommend strategies to improve BIM literacy and adoptability of BIM in the MEP sector. 

 

Research Methodology 

Following four factors were selected as the independent variables. BIM adoption rate was 

selected as the dependant variable. 

 

 
Figure 1:Conceptual Framework 

 

 

To achieve the objectives that were mentioned above, below mentioned Hypotheses were 

developed based on the potential factors affecting the decision of adopting BIM.  

H0 ï Null Hypothesis 

Ha ï Alternative Hypothesis 
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Figure 2: Development of Hypotheses 

 

The population for this research was the MEP contractors and Consultants in Sri Lanka. The 

population size was 390. Proportionate stratified random sampling technique was used to select 

the sample for this survey because there are two categories of population such as MEP 

contractors and consultants. With a 95% confidence level and 5 confidence interval the sample 

size for the population of 390 is 194  

 

Table 1: Stratified Sample Size 

Category Number of Elements No. of subjects in the 

sample 

MEP Contractors 252 125 

MEP Consultants 138 69 

Total 390 194 
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Chan, et al. (2019), Ramilo, et al. (2017), Bouhmoud & Loudyi (2021) researchers have used 

a quantitative approach using questionnaires to determine the effect of critical factors and 

barriers to adopt BIM. Author has followed the same approach in this research based on the 

literatures mentioned above. Primary data were gathered using Google Forms from the MEP 

professionals in Sri Lanka. Chan, et al. (2019) has used the Cronbachôs Ŭ reliability test, 

Pearson correlation test and Regression Analysis to analyse the questionnaire and the collected 

data to find critical success factors for building information modelling (BIM) implementation 

in Hong Kong. Author has followed the same method for this research based on the literature 

review. The primary data collected from the structured questionnaire were analysed using the 

SPSS V20 Software and MS Excel 2016. 

 

Results 

A reliability coefficient of .70 or higher is considered ñacceptableò in most social science 

research situations (UCLA, 2021). In this research the Cronbachôs Alpha value was 0.805 

which is >0.7 when all the variables were considered together. Furthermore, each variable also 

has a Cronbachôs Alpha value greater than 0.7. Therefore, the set of data can be acceptable and 

reliable. 

Out of the 195 responses 125 was from MEP contractors and 70 was from MEP consultants 

which account for 64.1% and 35.9% respectively. 101 No. of Electrical or Mechanical 

Engineers, 50 No. of Project Managers, 26 No. of Quantity Surveyors, 16 No. of MEP 

Draftsman and 2 No. of BIM Operators had responded. It was evident that a good mix of job 

profiles has responded with the M&E Engineers being the highest. There were only two BIM 

operators in the mix, that was also only from the consultant side which gave an indication of 

low BIM adoption in the field.  

 

Table 1: BIM adoption as per field category 

Level of Adoption Overall Response Contractor Consultant 

No adoption 79 (40.5%) 65 (52%) 14 (20%) 

Limited Adoption 99 (50.8%) 56 (44.8%) 43 (61.4%) 

Moderate Adoption 17 (8.7%) 4 (3.2%) 13 (18.6%) 

Extensive Adoption 0 0 0 

Full Adoption 0 0 0 

Total 195 (100%) 125 (100%) 70 (100%) 

 

When the contractors and consultants were compared together, it was obvious that consultants 

have adopted BIM more than the contractors as only 20% of the responses from the consultants 

selected óNo Adoptionô while 52% of the responses from the contractors said that they have 

not adopted BIM. It could happen because the consultants work with the Architects when 

designing the buildings.  
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Figure 3: Status of Hypotheses - Summary 

 

Discussion  

As per the correlation analysis, Pearson Correlation R = -0.807, -0.682, -0.653, -0.689 

respectively. This value indicates that there is a strongly negative relationship between BIM 

adoption rate and the independent variables. All the factors that act as independent variables 

are barriers. P Value = 0.000, As P < 0.05 the null hypotheses can be rejected, and alternates 

can be accepted. It concludes that there is a significant relationship between the selected 

independent variables and BIM adoption rate. According to the model summary of Regression 

Analysis, Adjusted R Square value is 0.655. This value indicates that when all the independent 

variables are considered together, they have only 65.5% of representation towards BIM 

adoption rate. Which means 34.5% are still other factors. As per the ANOVA table, P Value is 

0.000 which is less than 0.05. Therefore, the conceptual framework can be accepted. According 

to the Coefficients table all the independent variables have received negative coefficients. This 

reassures the negative relationship between the dependent and independent variables. P values 

are .000, .000, .042 & .028 respectively which all are less than 0.05. Therefore, the null 

hypotheses can be rejected, and the alternate hypotheses can be accepted. 
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Figure 4: SPSS - Regression Analysis 

 

Conclusions and Recommendations 

The most influential factor among the selected independent variables is the Unawareness about 

BIM and its benefits. This provides a clear indication that the awareness of BIM among the 

MEP professionals should be increased. Not having the professional skills to operate BIM 

software and tools is a major concern in the field. Professionals who work as consultants have 

adopted BIM more than the contractors. Cost model for budget analysis or sustainability model 

for evaluation of energy consumption etc are not utilized at all. Lack of BIM education by the 

academia is identified as one of the major reasons for unawareness. Lack of client demand is 
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another barrier that discourage the adoption of BIM. It is important to increase the awareness 

of property owners in the field of BIM specially in the operations phase to increase the client 

demand. Cost related barriers are identified as the initial investment for BIM, the operation 

cost, and expenses on continuous improvement of the staff by providing necessary trainings. 

Also, most of the MEP firms are not yet confident that the potential long-term benefits of 

adopting BIM will outweigh the initial financial investment required. There is an urgent need 

to improve BIM knowledge among MEP professionals. This can be achieved through the 

implementation of comprehensive BIM training programs. Collaboration between MEP 

companies and educational institutions should be actively encouraged. Industry advocacy and 

awareness campaigns, led by trade associations, play a crucial role in increasing the acceptance 

of BIM within the MEP sector. Financial incentives, such as tax benefits, should be offered to 

companies that choose to adopt BIM. Government mandates requiring the use of BIM in public 

projects can significantly boost its adoption among MEP companies. The integration of BIM 

courses into the academic programs of MEP-related disciplines is crucial. It ensures that future 

professionals are well prepared and equipped with the necessary BIM knowledge and skills. 
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Abstract 

Self-leadership is an exercise of intentionally influencing oneself by way of thinking, feeling, 

and behavior to accomplish a goal by achieving his or her full potential. Self-leaders are 

tremendously empowered to make decisions based on their highest values, positively 

increasing employee commitment that ultimately leads to boosting the overall performance of 

an organization.  

While leadership interventions dominate the business landscape, the attention given to self-

leadership qualities is lacking. This deficiency contributes to the challenges faced by many 

organizations in realizing their objectives. Hence, this study seeks to empirically investigate 

the link between self-leadership and employee commitment. It aims to underscore practical 

implications for organizations, enrich academic understanding, address gaps in current 

literature, and propose directions for future research.  

Conducted an online survey utilizing a purposive approach, designing a questionnaire (Google 

form) for data collection. Targeted 300 executive and management employees within Sri 

Lankan Airlines, ultimately gathering responses from 129 participants. Employed multiple 

linear regression analysis to analyze the data, revealing a robust and positive correlation 

between self-leadership and employee commitment. 

 

Keywords: Employee commitment, Internal motivation, Leadership impact, Organizational 

commitment, Self-leadership 

 

Introduction/Background 

The text discusses the historical roots of leadership across various sectors and introduces the 

concept of self-leadership as a recent addition to human resources development. Self-

leadership focuses on enhancing individual attributes such as self-motivation, self-awareness, 

self-discipline, and self-regulation to improve overall leadership effectiveness (Carver & 

Scheier, 2001). In the current global landscape, organizations are urged to adopt innovative 

strategies to compete effectively, making the implementation of self-leadership crucial for 

empowering teams and achieving peak organizational performance. Despite its growing 

recognition, research in the area of self-leadership has been relatively scarce since its 

introduction in 1980 (Neck & Houghton, 2006). Commitment-driven performance, influenced 

by self-leadership characteristics, is emphasized as essential for organizational success. The 

paper aims to empirically examine the relationship between self-leadership and employee 

commitment, addressing the potential gap in understanding effective self-leadership strategies 

in the modern context. 
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Main Objective 

To investigate the relationship between self-leadership and employee commitment. 

Specific Objectives 

To measure self-leadership behaviors, within the organizational context. Assess self-leadership 

behaviors such as self-awareness, self-motivation, and self-regulation. 

To measure employee commitment.  

To identify key self-leadership factors influencing employee commitment. 

To provide practical recommendations for organizations. 

To contribute to academic understanding. 

To suggest future research directions. 

 

Research Methodology 

The research employed a quantitative approach to empirically investigate the relationship 

between self-leadership and employee commitment. The study focused on executives and 

management employees within an airline organization, which boasts a total workforce of over 

6,000 individuals. Among these, 300 individuals fall under the executive and management 

category, representing diverse departments such as Marketing, Finance, Technology, 

Engineering, pilots, Research and development, Sales, Customer Affairs, Human Resources, 

and Administration. 

The sample size was calculated using an online sample calculator, setting the desired 

confidence level at 95% and a margin of error of 5%. The questionnaire, structured on a 5-

point Likert scale where 1 denotes strong agreement and 5 indicates strong disagreement, 

encompassed questions for both independent and dependent components. Employing a 

purposive approach, an online survey was conducted, utilizing a questionnaire designed on 

Google Forms. The survey was distributed among 300 employees in the executive and 

management categories within the airline company, ultimately collecting data from 129 

respondents. 

Conceptual Framework 

 
  

Figure 1 : Conceptual Framework 
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Research Hypotheses 

H1: Self-awareness effect employee affective commitment.  

H2: Self-motivation effect employee affective commitment. 

H3: Self-regulation effect employee affective commitment. 

 

Results 

The results presented below were generated using the Statistical Package for the Social 

Sciences (SPSS) software. 

Analyze 

The Correlation between Self-awareness and Affective commitment was statistically 

significant at the 0.001 level with a Pearson correlation coefficient of + .671. It indicates that 

there is a positive relationship between Self-awareness and Affective commitment. (Table 1) 

The Correlation between Self-motivation and Affective commitment was statistically 

significant at the 0.001 level with a Pearson correlation coefficient of + .663. It shows that there 

is a positive relationship between Self-awareness and Affective commitment. 

The Correlation between Self-regulation and Affective commitment was statistically 

significant at the 0.001 level with a Pearson correlation coefficient of + .596. It shows that there 

is a positive relationship between Self-awareness and Affective commitment. 

The results indicate a positive correlation among the three mentioned occasions. Specifically, 

the connection between self-awareness and affective commitment is moderately positive, and 

similarly, self-motivation and affective commitment, as well as self-regulation and affective 

commitment, are positively related. 

 Table 2 Correlation 
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Table 2 shows the summary of the model in which R squared (Coefficient of Determination) 

statistics is .486 with the statistical significance of P < .005. This indicates that 48.6% of the 

variant in the Affective commitment was predicted (Outcomes) from the level of self-

leadership styles (Predictors). The Durbin-Watson value was 2.215 which is in between +I and 

+3 confirming that the independence of the observations has been met. 

 

Table 2 Model Summary 

 
Table 3 indicates that independent variables (Self-leadership styles) significantly predict the 

dependent variable (Affective commitment) statistically, F (3,125) = 39.419, P < 005. Shows 

that the Regression model is a good fit for the data. 

 

Table 3 Regression 

 
Table 4 shows the Unstandardized coefficient, B1 for TSA is equal to .755. That means per 

one-unit increase in TSA there is an increase in affective commitment of .755 times units. the 

Unstandardized coefficient, B2 for TSM is equal to -.103. which means in TSM one-unit 

increases, and there is a decrease in Affective commitment of -.103 times units. the 

Unstandardized coefficient, B3 for TSR is equal to .302. That means per one-unit increase in 

TSR there is an increase in affective commitment of .302 times units. The above results are 

evident that Self-awareness, Self-motivation, and Self-regulation of leadership styles have 

unstandardized coefficients of .755, (positive relationship) -.103, (Negative relationship) and 

.302 (positive relationship) respectively. This Unstandardized coefficient analysis (Table 4) 

shows a negative (-) relationship in the relationship between self-motivation and affective 

commitment whereas Correlation analysis (Table 1) shows a Positive (+) relationship between 

self-motivation and affective commitment. This contradiction may have been caused by to 

following, 
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Multicollinearity: when one or more independent variables are highly correlated with each 

other in the regression model. 

Interaction effect: When the relationship between one independent variable and the dependent 

variable depends on the value of another independent variable.  

Suppression effect: When one independent variable considered in isolation may have either a 

positive or negative effect and when other variables are included in the model it may enhance 

the relationship (opposite direction of its initial movement) of other variables with the 

dependent variables.  

To investigate further this contradiction issue in the result of two analysis models (Correlation 

and Unstandardized coefficients), performed a re-analysis to re-assess the coefficient effect of 

three independent variables separately from the dependent variable. (Table 5,6,7) and that 

shows once again a positive relationship in all three scenarios of these relationships.  

 

Table 4 Unstandardized Coefficient 

 
Dependant Variable: affective commitment 

 

Table 5 Self Awareness- TSA 
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Table 6 Coefficients 

 
Table 7 Self-Regulation-TSR 

 
 

Discussion 

H1: Self-awareness effects employee affective commitment.  

The study's first hypothesis (H1) posited that self-awareness influences employee affective 

commitment, and the analysis, conducted using SPSS, revealed a positive relationship between 

self-awareness and affective commitment. 

Compared to previous research findings, there is consistency with a body of literature that 

emphasizes the importance of self-awareness in predicting employee affective commitment. 

Prior studies have often identified self-awareness as a key component of emotional intelligence, 

associating it with higher levels of engagement and commitment to the organization. The 

positive correlation found in the current study aligns with these earlier observations, reinforcing 

the idea that individuals who possess a heightened sense of self-awareness may develop 

stronger emotional bonds with their workplace. 
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H2: Self-motivation effects employee affective commitment. 

The second hypothesis (H2) of the study posited that self-motivation influences employee 

affective commitment, and the analysis, conducted using SPSS (software), provided evidence 

supporting a positive relationship between self-motivation and affective commitment. 

Compared to previous research findings, there is alignment with existing literature that 

highlights the significance of self-motivation in predicting employee affective commitment. 

Prior studies have consistently identified self-motivation as a crucial aspect of an individual's 

commitment to an organization. Employees who are intrinsically motivated and driven by 

personal satisfaction and fulfillment in their work, are often found to exhibit higher levels of 

affective commitment. The positive correlation found in the current study reinforces these 

earlier observations, suggesting that employees with strong self-motivation are likely to form 

stronger emotional bonds with their workplace. 

H3: Self-regulation effects employee affective commitment. 

The third hypothesis (H3) of the study posited that self-regulation influences employee 

affective commitment, and the analysis, conducted using SPSS (software), revealed a 

significant and positive relationship between self-regulation and affective commitment. 

Compared to previous research, there is alignment with existing literature emphasizing the 

importance of self-regulation in predicting employee affective commitment. Prior studies have 

often associated self-regulation, particularly in terms of emotional regulation and self-

discipline, with higher levels of commitment to the organization. Employees who can 

effectively manage their emotions and regulate their behavior are likely to experience greater 

satisfaction and connection with their workplace. The positive correlation found in the current 

study aligns with these earlier observations, suggesting that self-regulation plays a key role in 

shaping employees' emotional commitment to their organization. 

Overall, in summary, the study's findings regarding the positive relationship between all three 

occasions contribute to the existing body of knowledge in organizational psychology. The 

consistency with prior research supports the notion that self-awareness, self-motivation, and 

self-regulation remain a relevant and influential factor in shaping employees' emotional 

commitment to their workplace. Future research should continue to explore these connections, 

considering contextual nuances and potential moderating variables, to further refine our 

understanding of the intricate relationship in these occasions in different organizational 

settings. 

The test on unstandardized coefficients yielded negative results when evaluating the connection 

between self-motivation and affective commitment. Therefore, it is recommended to pursue 

further research to gain a more thorough understanding of this relationship and address any 

discrepancies in the results. 

 

Conclusion and Recommendations 

The study decisively establishes a compelling and affirmative correlation between self-

leadership and employee commitment. Through meticulous research, the study furnishes robust 

evidence that underscores the paramount significance of this relationship, underscoring a 

robust and positive interconnection between self-leadership and the commitment levels of 

employees. The findings elucidate a statistically significant and positive correlation, signifying 
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that an escalation in the impact of self-leadership variables aligns with a corresponding increase 

in employee commitment to the organization. These affirmative discoveries bear profound 

implications for organizations, suggesting a promising avenue to augment employee 

commitment by harnessing the potential of self-leadership. 

The statistical results, encompassing correlations, coefficients, and ANOVA tests, consistently 

fortify and validate this analytical framework. Collectively, the research findings consistently 

underscore a commendable and noteworthy nexus between self-leadership and employee 

commitment, providing organizations with a compelling insight into a potent lever for fostering 

heightened dedication and allegiance among their workforces. 

 

Recommendations 

In light of the insightful analytical results and comprehensive reviews stemming from this 

study, it is strongly advocated that organizations investing in leadership development programs 

hone in on specific facets of self-leadership, notably, self-awareness, self-motivation, and self-

regulation. The incorporation of strategies identified in this study holds the promise of 

significantly fortifying employee commitment. By actively promoting and rewarding self-

leadership behaviors, organizations can cultivate a workplace culture that champions and 

supports self-leadership, motivating leaders to embody these qualities while inspiring their 

subordinates to follow suit. 

A key recommendation is for organizations to seamlessly integrate self-leadership assessments 

into their employee performance evaluation processes, assigning due weightage to these 

assessments. Providing constructive feedback based on self-leadership evaluations can serve 

as a powerful motivator, propelling employees to further develop and refine their self-

leadership competencies. Furthermore, it is advised that organizations establish robust 

mechanisms for open communication between employees and leaders, fostering an 

environment of trust and collaborative efforts. This collaborative approach ultimately 

contributes to an enriched sense of employee commitment, aligning individual and 

organizational objectives seamlessly. 

Suggestions for further Research 

In this research endeavor, our focus centered on three pivotal variablesðself-awareness, self-

motivation, and self-regulationðwithin the realm of self-leadership styles, driven by time and 

practical constraints. While these variables offer valuable insights, future investigations are 

encouraged to explore a broader spectrum of facets, including self-rewards, self-punishment, 

self-discipline, self-empathy, and other dimensions that can contribute to a more 

comprehensive understanding of the multifaceted nature of self-leadership. 

Moreover, we propose that upcoming research endeavors delve into continuance and normative 

employee commitment, alongside affective commitment, to enrich our knowledge about the 

intricate dynamics between self-leadership and employee commitment. Understanding how 

these different dimensions of commitment interplay can offer a nuanced perspective on the 

impact of self-leadership on organizational engagement. 

The exploration of moderating and mediating variables, such as organizational culture, job 

satisfaction, and autonomy levels, is deemed critical for unraveling the intricate web of 

relationships between self-leadership and employee commitment. Future research endeavors 
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should prioritize examining these factors to gain deeper insights into the contextual influences 

that shape the effectiveness of self-leadership initiatives. By understanding how these variables 

moderate or mediate the impact of self-leadership, we can refine strategies to foster greater 

employee commitment. 
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Abstract 

One of the major issues facing Sri Lanka's piling industry is high employeesô turnover, which 

has a direct influence on the success and profitability of the businesses. Employee turnover 

increases a company's direct and indirect costs and presents challenges for managers in the 

process of managing an employee's life cycle. Due to a lack of qualified workers in the piling 

industry, business managers are responsible for addressing employeesô turnover.  

The study has been used primary and the secondary data. Primary data has been collected 

through the survey questionnaire and the secondary data has been collected from the books, 

articles, journals and the industry reports. The collected primary data (150 samples were 

collected) that has been analysed through the SPSS analyses and the analyses were statistically 

presented on this study. Due to the primary and the secondary data that supported to the study 

to reach the objectives of the study. Through the findings from the primary data, there were 

recommendations proposed by the researcher at the end of the study.  

 

Keywords: Employee turnover, Job satisfaction, Management support, Co-worker support, 

Training and Development, Work environment. 

 

Introduction 

Many studies have been done on the subject with diverse demographic and geographic samples 

because employee turnover is one of the most important indicators for a business. The extant 

literature explores this subject theoretically or methodologically. As a result, this study 

summarized the independent factors that influence employee retention and included the 

majority of the variables that considerably impact on employee turnover (Kanchana and 

Jayathilaka, 2023). Employee turnover, which refers to the rate at which employees leave an 

organization, has been examined by many scholars and is frequently used interchangeably 

(Akinyomi, 2016). 

According to Babu et al. (2020), a pile is a columnar part of a foundation that distributes loads 

from the superstructure to weak soil at shallow depths, compressible strata or water, less 

compressible soils, or rock. Rooted retaining walls are reinforced by piles to carry out vertical 

and horizontal loads, just like building foundations, machinery foundations, bridge piers and 

abutments, and other structures (Xu et al., 2015) 

There are many factors that influence on employee turnover. Those are salary, working 

environment, job satisfaction, management support, co-worker support, reward, etc. (Kumara 

and others, 2021). Piling industry face the issue that relevant to employee turnover. In the piling 

sector, increased personnel turnover is a major problem that has a direct influence on 

mailto:susantha@pearlazia.com
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profitability and corporate performance. On the other side, this industry's poor performance 

and productivity can have an impact on Sri Lanka's GDP and overall economic process.  

The objectives of the study are 1to determine the factors influence on Employee Turnover in 

the Piling Industry in Sri Lanka, 2to identify the relationship between factors influence on 

Employee Turnover in the Piling Industry in Sri Lanka and 3to determine the strategies that can 

be implement in overcoming employee turnover in the piling industry in Sri Lanka 

The top management of the piling industry will find this study to be very important as it will 

help them make decisions about appropriate and successful business practices that will enhance 

the performance of the piling industry. Additionally, the study's recommendations may be used 

by piling industry engineers and constructors to enhance industry performance.  This study will 

give the benefit for policy makers with Government of Sri Lanka and The National 

Construction Association of Sri Lanka (NCASL).  

 

Methodology 

The quantitative research paradigm of post-positivism focuses on reality and draws conclusions 

using quantitative data. The study concludes, randomly collected set of data from people, who 

are working in piling industry in Sri Lanka. The major factors (Job satisfaction, Management 

support, Co-worker support, Training and Development, Work environment) were identified 

by critically analyzed literature review, and re-evaluated by expressly designed questionnaire 

and that was distributed between staff of the piling industry in western province in Sri Lanka. 

150 samples have been selected by the researcher of this study from the 2400 target population 

in piling industry. MS Excel and the SPSS Version 23 programme are used for the analyses of 

the quantitative data 

The conceptual framework for the study was developed followed the literature review by 

highlighting the factors that influencing employee turnover intention in Piling industry in Sri 

Lanka. The schematic diagram of the conceptual model is developed in figure 1. 

 

 

 

 

 

 

 

 

  

                                         

 

 

 

 

 

 

Figure 1: Conceptual Framework 
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The operationalization table was designed by using major indicators, which were found by 

literature review. Regular work task, Responsibilities, Good attitude, and Positive emotional 

state (Rana and Singh 2016, Simatwa 2011) were the major indicators of the job satisfaction. 

Competitive advantage (Dawley et al, 2010), Employers and employees commitment (Islam et 

al, 2014), Employee independence (Van den Heuvel and Freese, 2017), and Job stability (Wong 

and Wong, 2017) were the major indicators of the Management support. Intention, Care, 

Empathy and Working conditions (Dawley et al, 2010, Bateman, 2009) were the major 

indications for the Co-worker support. Performance enhancement, Greater productivity, 

Increased profit, and Improved employee satisfaction (David, 2008) were the indicators of the 

Training and Development. Unsafe work environment, Employment insecurity, Lack of 

Consistency, Irrational procedural justice, (Ali and Baloch, 2008) were the major indicators of 

work environment. Competitive salary, Welcoming workplace, Interpersonal relationships, and 

Job security (Kinnear and Sutherland, 2000), Maertz and Griffeth, 2004), Samuel and 

Chipunza, 2009) were the indications of the employee turnover in piling Industry.  

The sample was selected from the population using simple random sampling, a probability 

sampling technique. The Morgan Table for the sample selection is indicates that 331 represents 

a sample of the 2400 target population, was the middle and top level management staff of the 

piling industry in Sri Lanka. Due to the availablity of the sample, the researcher of this study 

selected 150 samples. Designed questionnaire was distributed through mails for the real-time 

data for the analysis. 

 

Results 

Multiple Regression Analysis of Dependent Variables vs. Independent Variables 

 

Table 1:  Model Summary Dependent Variables vs. Independent Variables 

Model Summary 

Model R R Square Adjusted R Square 

Std. Error of the 

Estimate 

1 .984a .969 .968 .48302 

Predictors: (Constant), Work Environment, Job Satisfaction, Training and Development, Co 

Worker Support, Management Support 

Source: Survey data, (2023)  
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Table 2:  ANOVA- Dependent Variables vs. Independent Variables 

ANOVA a 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 1040.776 5 208.155 892.177 .000b 

Residual 33.597 144 .233   

Total 1074.373 149    

a. Dependent Variable: Employee Turnover 

b. Predictors: (Constant), Work Environment, Job Satisfaction, Training and Development, 

Co Worker Support, Management Support 

Source: Survey data, (2023) 

 

Table 3: Summary of data analyses 

Hypothesis Sig 

Value 

R square Pearson 

Correlation  

Status 

H1- Job satisfaction has influence on 

employee turnover in piling industry in Sri 

Lanka.  

0.000 0.724 0.851 Accepted  

H2- Management support has influence on 

employee turnover in piling industry in Sri 

Lanka  

0.000 0.952 0.976 Accepted 

H3- Co-worker support has influence on 

employee turnover in piling industry in Sri 

Lanka.  

0.000 0.796 0.892 Accepted 

H4- Training and development has influence 

on employee turnover in piling industry in 

Sri Lanka.  

0.000 0.695 0.834 Accepted 

H5- Work environment has influence on 

employee turnover in piling industry in Sri 

Lanka 

0.000 0.547 0.740 Accepted 

 

Source: Survey data, (2023) 

 

Discussion and conclusions 

The overall of this study concluded for the achievement of the objectives of the study. When 

analyze the independent and the dependent correlation analyses. 

According to the survey results of Model summery, R Square is 0.969; it is denoted that all 

five independent variables are emphatically influence on dependent variable. The results of R 

Square is 0.7; it is more than the expected significant value. It can draw important conclusions 
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about the conceptual model that is used to satisfactorily analyze the problem under this research 

study.  

Since the significance level for each variable is p=0.000, it is less than p=0.05. There is a 

significance of the static can be determined for each variable as stated the above mentioned 

ANOVA performance. 

The outcome from Pearson correlation showed that, there were significant relationship between 

Independent variables, job satisfaction (R=0.851), Management support (R=0.976), Co-worker 

support (R=0.892), Training and development (R=0.84), Work environment (R=0.740), and 

Dependent variable (employee turnover) due to the positive outcome. 

As mentioned the above findings from primary data and also findings from the secondary data, 

the first two objectives have been reached for this study and the third objective is reached end 

of this study.  

Recommendations 

Eventually all the hypothesis was accepted in this study, the study should need to focus other 

factors that impact on the employee turnover in Piling Industry, In Sri Lanka. 

There are various strategies that support to increase the job satisfaction, Management support, 

Co-worker support, Training and development and work environment and minimize the 

employee turnover. The industry should need to review about the payment and the benefit 

packages and also consider about the job security. These aspects will increase the job 

satisfaction and minimize the employee turnover in the piling industry in Sri Lanka. 

The management of piling industry in Sri Lanka has to make such opportunities for employees 

to use and develop relevant skills and also improve better relationships with the other 

employees which support minimize the employee turnover in the piling industry in Sri Lanka.  

The management of piling industry in Sri Lanka has to develop the relationships with 

immediate supervisors and also co-worker should be understanding the organizational stability 

which minimize the employee turnover in the piling industry in Sri Lanka. 

The management of piling industry in Sri Lanka has to design the on-the job training and off-

the job training for the employees which will support for the employees to understand the 

current trend and the opportunities for the piling industry and also these strategies will support 

to minimize the employee turnover in the piling industry in Sri Lanka. 

The management of piling industry in Sri Lanka has to arrange the proper and safety work 

environment for the employees. 
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Abstract 

Cognitive empowerment plays a critical role in the banking sector in Sri Lanka as well as in 

the global financial industry which may enhance customer experience, efficient operations, 

effective decision making, innovations as well as adaptability while gaining an edge over 

competition. This study investigates how organizational culture (Clan, Adhocracy, Market, and 

Hierarchy) can enhance cognitive empowerment of bankers in Sri Lanka. A quantitative 

approach was used whereas, initially a preliminary investigation was conducted to gain a 

general understanding of the culture of few leading banks in Sri Lanka and eventually 

cascading down to four banks that covers all four cultures. Further, 239 responses were 

received through a structured questionnaire from four leading banks covering all four cultures. 

Results showed higher levels of cognitive empowerment in entities with strong clan, 

adhocracy, and market cultures, while higher hierarchy culture was associated with lower 

levels of cognitive empowerment. 

 

Key words: Adhocracy Culture, Clan Culture, Cognitive Empowerment, Hierarchy Culture, 

Market Culture, Organizational Culture. 

 

Introduction 

Cognitive empowerment is crucial in today's rapidly changing world, as it provides individuals 

with the cognitive abilities and mindset needed to thrive in uncertain times. It enhances 

corporate agility, competitiveness, and employee well-being, Peterson (2014). In the banking 

sector, cognitive empowerment fosters efficiency, creativity, and overall organizational 

success through decision-making, problem-solving, innovation, adaptability, excellent 

customer service, risk management, and digital transformation. The banking industry faces 

challenges due to the volatile economy and rapid technological advancements. This study aims 

to explore the relationship between organizational culture and cognitive empowerment in Sri 

Lanka's banking industry, focusing on the need for long-term functioning in the sector. It aims 

to address the empirical gap on psychological empowerment components and the association 

between cognitive empowerment subscales and predicting conceptually related factors, thereby 

fostering professional development and national prosperity. 

 

General objective: 

To investigate the impact of organizational culture on cognitive empowerment amongst the 

bankers of Sri Lanka. 
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H4 

H2 

H3 

H1 

 

Clan Culture 

Organizational Culture 

Adhocracy Culture 

Market Culture 

Hierarchy Culture 

Cognitive Empowerment 

Independent Variable 

Dependent Variable 

Specific Objectives: 

To investigate the impact of the Clan Culture on the Cognitive Empowerment of the selected 

four Sri Lankan banks. 

To investigate the impact of the Adhocracy Culture on the Cognitive Empowerment of the 

selected four Sri Lankan banks. 

To investigate the impact of the Market Culture on the Cognitive Empowerment of the selected 

four Sri Lankan banks. 

To investigate the impact of the Hierarchy Culture on the Cognitive Empowerment of the 

selected four Sri Lankan banks. 

 

Methodology 

The study aimed to validate concepts about organizational culture and cognitive empowerment 

using a quantitative approach. A preliminary investigation was conducted on seven leading 

banks to identify four banks that cover clan, adhocracy, market, and hierarchy cultures. 

Cameron & Quinn's (2006) model categorizes organizational culture into these types, with 

indicators such as collaboration, employee development, open communication, innovation, 

entrepreneurial spirit, flexibility, decentralized decision making, result-oriented, competitive 

environment, customer focus, goal alignment, and structure and stability. The study focused on 

four banks: Commercial Bank of Ceylon plc, Sampath Bank of Ceylon PLC, Nations Trust 

Bank PLC, and Bank of Ceylon. A self-developed questionnaire was used to gather primary 

data, while secondary data was extracted from annual reports, journals, and related websites. 

A descriptive and statistical data analysis was conducted to achieve the study's objectives. The 

research findings were generalized to the population of banks in Sri Lanka, with executive and 

above grades considered as the most requiring cognitive skills. The study used cross tabulation, 

correlation analysis, regression analysis, chi square analysis, and hypothesis testing to analyze 

the data. SPSS 26.0 software was used for descriptive and statistical analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 01- Conceptual Framework 

Source: Author developed 
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H1: There is a significant impact of Clan Culture on Cognitive empowerment amongst the 

employees in the respective banks. 

H2: There is a significant impact of Adhocracy Culture on Cognitive empowerment amongst 

the employees in the respective banks. 

H3: There is a significant impact of Market Culture on Cognitive empowerment amongst the 

employees in the respective banks. 

H4: There is a significant impact of Hierarchy Culture on Cognitive empowerment amongst 

the employees in the respective banks. 

 

Data Analysis and Discussion 

 
As per the demographic factors it is evident that the majority of the sample consist of males, 

while majority of respondents are of managerial category covering up 5-10 years of experience. 

This is beneficial for the study as the sample covers the personnel who are mostly utilizing the 

cognitive aspects while working. 

  

66%

34%

Gender

Male Female

1%

56%

43%

Age

26-35 36-50 Above 51

6%

59%

35%
Position

Assistant Manager
Manager
Regional manager and above

2%

55%

43%

Experience

1-5 Years 5-10 Years More than 10 Years
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Table 1: Reliability statistics (Cronbachôs Alpha) 

   

Variable Cronbach's Alpha 

Clan Culture .975 

Adhocracy Culture .977 

Market Culture .958 

Hierarchy Culture .951 

Cognitive empowerment .967 

Source: Analyzed statistical output from field survey 

 

The Cronbachôs alpha values for all variables are high ranging from .951-.977. Therefore, these 

values indicate a strong internal consistency reliability.  

 

Table 2: Validity statistics (KMO and Bartlett's Test) 

 
  Clan       

Adhocracy  

    

Market  

Hierarchy Cognitive 

Empowerment 

Kaiser-Meyer-Olkin Measure 

of Sampling Adequacy. 
.948 

.948 .926 .914 .947 

Bartlett's Test 

of Sphericity 

Approx. Chi-

Square 
3306.540 2383.190 

1550.82

8 
1916.783 3575.730 

df 45 28 15 28 91 

Sig. .000 .000 .000 .000 .000 

Source: Analyzed statistical output from field survey 

 

According to the above values, all KMO values are relatively high, implying that variables are 

related and share common underlying factors. Additionally, the significant Bartlettôs test results 

support the presence of relationships between the variables.  

Correlations 

 

Clan 

Culture 

Adhocracy 

Culture 

Market 

Culture 

Hierarchy 

Culture 

Cognitive 

Empowerment 

Pearson Correlation .598**  .648**  .553**  .262**  

Sig. (2-tailed) .000 .000 .000 .000 

N 239 239 239 239 

**. Correlation is significant at the 0.01 level (2-tailed). 

Model Summaryb 

Model R R Square 

Adjusted R 

Square 

Std. Error of the 

Estimate Durbin-Watson 

1 .772a .597 .590 .299 2.043 

a. Predictors: (Constant), Hierarchy Culture, Adhocracy Culture, Clan Culture, Market 

Culture 
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Coefficientsa 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) 2.409 .202  11.944 .000 

Clan_Culture .208 .030 .329 6.839 .000 

Adhocracy_Culture .222 .036 .368 6.093 .000 

Market_Culture .146 .044 .184 3.303 .001 

Hierarchy_Culture -.206 .038 -.226 -5.371 .000 

a. Dependent Variable: Cognitive_Empowerment 

Cognitive Empowerment = 2.409+0.208*Clan Culture+0.222*Adhocracy 

Culture+0.146*Market Culture-0.206*Hierarchy Culture 

 

The study found significant correlations between Cognitive Empowerment and various 

organizational culture types, with p-values less than 0.05 for all. Yet, it is important to note, 

even though a positive relationship can be identified between cognitive empowerment, clan, 

market and adhocracy cultures, correlation with hierarchy culture is weaker.  

 

Based on the regression data, the model explains 59.7% (R2=0.597) of the variance in cognitive 

empowerment, indicating a moderately strong fit. Since the adjusted R2 is 0.590, the model 

suggests that 59% of the variance is explained, which accounts for potential overfitting. Based 

on the coefficient values, for one unit of increase in clan, adhocracy and market culture, the 

cognitive empowerment increases by 0.208, 0.222 and 0.146 units respectively. Yet, a unit 

increase in hierarchy culture is expected to decrease cognitive empowerment by 0.206 units 

which is a worthy fact to consider.  

ANOVA a 

Model 

Sum of 

Squares df Mean Square F Sig. 

1 Regression 30.886 4 7.721 86.498 .000b 

Residual 20.888 234 .089   

Total 51.774 238    

a. Dependent Variable: Cognitive_Empowerment 

b. Predictors: (Constant), Hierarchy_Culture, Adhocracy_Culture, Clan_Culture, 

Market_Culture 

Source: Analyzed statistical output from field survey 

 

Based on the anova test, the overall model is highly significant (F=86.498  P=0.000) suggesting 

that at least one of the predictors significantly contributes to predicting cognitive 

empowerment. In general, the regression model which considered the clan, adhocracy, market 

and hierarchy cultures is statistically significant and explains substantial portion of the variance 

b. Dependent Variable: Cognitive Empowerment 
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in cognitive empowerment. It is eminent that cognitive empowerment is significantly affected 

by each cultural component; the most substantial effects are shown in the areas of clan and 

adhocracy cultures, and market culture to a lesser extent, while hierarchy impacting in a 

negative manner. The study indicates that organizational culture positively influences cognitive 

empowerment, suggesting that innovative and cooperative environments can boost employee 

empowerment, while hierarchical arrangements may have negative consequences. 

 

Conclusion and Recommendations 

This study aims to investigate the relationship between different organization cultural 

dimensions (clan, adhocracy, market, and hierarchy) and cognitive empowerment. Significant 

correlations were found using correlation analysis, emphasizing the role that company culture 

plays in shaping cognitive empowerment. The study revealed that the most significant positive 

relationships were found between clan, adhocracy and market cultures. Companies that 

prioritize market orientation, innovation, and cooperation tend to have higher levels of 

cognitive empowerment. However, a negative association was found between hierarchy culture 

and cognitive empowerment, suggesting that a hierarchical structure may hinder it. The 

regression analysis confirmed the statistical significance of the model, explaining a substantial 

portion of the variation in cognitive empowerment. The Durbin-Watson statistic confirmed its 

dependability. 

Limitations and future studies: 

The study on organizational culture and cognitive empowerment, based on cross-sectional data, 

faces challenges in establishing causal correlations. Future research should use longitudinal 

design to investigate changes over time. The data may be biased due to self-report bias, and 

additional measurements like observations or performance metrics may be included. The 

study's generalizability may be limited due to its focus on four cultural dimensions, and it is 

suggested that future studies explore a broader spectrum of cultural aspects. Additionally, 

mediating and moderating variables such as leadership styles, employee engagement, and 

organizational structure should be investigated to better understand the relationship between 

organizational culture and cognitive empowerment. 

Recommendations: 

Organizations should focus on cultivating clan, adhocracy, and market cultures to enhance 

employee cognitive empowerment. Initiatives like team building exercises, innovation 

programs, and customer-centric training can strengthen these cultural dimensions. Leadership 

programs should develop skills aligned with collaborative and innovative cultures, promoting 

employee participation and empowerment. Hierarchy negatively influences cognitive 

empowerment, so organizations with a more hierarchical structure should assess its impact. 

Introducing flexible structures, flattened hierarchies, or hybrid models can balance structure 

with employee empowerment. Regularly assessing the organization's culture and its impact on 

cognitive empowerment is crucial. Employee feedback is also essential for adaptation. Training 

programs should focus on enhancing cognitive skills, critical thinking, and problem-solving. A 

learning culture that supports ongoing development and empowerment is recommended. 
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Abstract 

This study investigates at customer purchase intentions in the Sri Lankan food and beverage 

industry, focusing on the relationships between CSR efforts, brand image, and demographic 

characteristics. The study's goal is to examine consumer knowledge of CSR, especially within 

Nestle, and to investigate the relationship between CSR awareness, brand opinion, and 

purchase intention. The study used a mixed-methods approach, incorporating both qualitative 

and quantitative analysis. To assure demographic representation, simple and stratified random 

sampling are used. The results show a weak relationship between CSR awareness and purchase 

intention, which is impacted by economic situations in Sri Lanka. Nestle CSR, brand attitude, 

and purchase intention, on the other hand, show a substantial positive relationship, implying 

that Nestle's CSR initiatives significantly contribute to customer preferences and brand loyalty. 

 

Keywords: CSR (Corporate Social Responsibility), Purchase intension, Consumer Behaviour, 

Brand attitude, Consumer research 

 

Introduction 

Corporate Social Responsibility (CSR) has transformed into a strategic necessity for 

businesses, going beyond simple philanthropy to become an essential component of their 

operational structures (Porter and Kramer 2007). The growing recognition of the diverse 

advantages stemming from CSR has established it as a crucial catalyst for financial success 

(Ajzen, 1991). Simultaneously, consumer behaviour has emerged as a pivotal factor 

influencing the success of CSR initiatives, as consumers increasingly exhibit discernment 

regarding the societal and environmental effects of their consumption decisions.  (Lee, 2019) 

(Kim, 2014) 

In the Sri Lankan context, the interest in CSR is palpable, particularly among large 

conglomerates employing it as a tool to communicate ethical considerations and a sense of 

belonging to society. Nestle Lanka, a local arm of a multinational conglomerate, stands out as 

a significant contributor to CSR activities in Sri Lanka. 

This study addresses the nexus between CSR activities, brand image, and consumer purchase 

intention, focusing on Nestle Lanka. The research aims to explore the awareness of CSR among 

consumers, particularly within Nestle, and to understand the dynamics of brand attitude in 

influencing purchase decisions. The overarching objective is to unravel any existing correlation 

between Nestle's CSR initiatives and consumer preferences. The study's sub-objectives delve 

into the specifics of CSR awareness, Nestle's CSR perception, brand attitude, and the 

relationship between CSR and purchase intention. 
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Figure 1: Conceptual Framework 

 

Based on the discussion, the hypothesis development is as follows. 

Table 1 Hypothesis Development 

Hypothesis Independent variable Dependent variable 

H1a Awareness of CSR people Purchase intension 

H2 a Awareness of CSR Environment 

H3 a Brand Attitude 

H4 a Nestle CSR 

 

The significance of this research is underscored by its potential contributions to business 

strategy effectiveness, enhancement of brand image, academic research advancement, and 

societal impact. Understanding how Nestle's CSR efforts influence consumer behaviour not 

only informs management strategies but also lays the groundwork for future research in the 

intricate interplay between CSR, purchase intention, and brand attitude. Ultimately, this study 

holds the promise of guiding corporate practices toward more impactful and beneficial societal 

contributions. 

 

Methodology 

The research methodology employed in this study involves a mixed-methods approach to 

comprehensively investigate the influence of corporate social responsibility (CSR) activities 

on consumer purchase intention, specifically focusing on Nestle Lanka. A quantitative method 

was utilized through an online survey and interviews targeting 384 participants, comprising 

English and Local language. The survey encompassed demographic analysis, including age, 

gender, location, education, occupation, monthly income, and product purchase frequency. 

Univariate and correlation analyses were conducted to examine the relationships between 

dependent and independent variables. Subsequently, regression and multiple regression 

analyses were employed to ascertain the impact of CSR components (awareness, brand attitude, 

and perceived CSR) on purchase intention. Furthermore, segmental analysis was undertaken to 

CSR 

¶ CSR Environment 

¶ CSR People 

Brand Attitude 

Purchase intension 

Independent Variable Dependent Variable 
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explore specific demographic criteria. The comprehensive methodology aims to provide a 

nuanced understanding of the factors shaping consumer behaviour towards Nestle Lanka's CSR 

initiatives. 

 

Table 2 Segmental analysis - Demographic criteria 

Demography Category 

Age 27-35, 36-42 

Gender Male, Female 

District Colombo, Gampaha, Kurunegala 

Highest education OL, AL, Bachelor Degree, Master Degree 

Occupation Employee, Entrepreneur 

Monthly income 50,000LKR-100,000LKR, 1000,000LKR-250000LKR, 

Above 250,000LKR 

Product purchase frequency Daily, once per week, more than once per week, monthly 

 

Results 

Descriptive data 

Gender Responses % 

Male 228 59.38% 

Female 158 41.15% 

Age 

20-26 42 10.94% 

27-35 119 30.99% 

36-42 113 29.43% 

Above 43 52 13.54% 

below 20 58 15.10% 

District 

Colombo 107 27.86% 

Gampaha 91 23.70% 

Kurunegala 91 23.70% 

Puttalam 28 07.29% 

Kalutara 21 05.47% 

Negambo 8 02.08% 

Other 38 09.90% 

Education Level 

AL 55 14.32% 

Bachelor's Degree 134 34.90% 

Doctoral Degree 1 00.26% 

Master's Degree 31 08.07% 

OL 126 032.81% 

Undergraduate 37 09.64% 

Occupation 
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Employee 221 57.55% 

Entrepreneur 36 09.38% 

Home 22 05.73% 

Retired 22 05.73% 

Student 83 21.61% 

Monthly income 

Below 50,000 LKR 246 64.06% 

Between 100,000LKR - 250,000LKR 31 08.07% 

Between 50,000LKR - 100,000LKR 95 24.74% 

More than 250,000LKR 12 03.13% 

Product purchase frequency 

Daily 76 19.79% 

Monthly 85 22.14% 

More than once a week 124 32.29% 

Once a week 99 25.78% 

 

Data Distribution 

Basis below univariate analysis, low standard deviation represent that more data is spread close 

to the mean of all dependent and independent variables. 

 

Table 3 Univariant analysis of purchase intension 

Variable Mean Standard Deviation 

Purchase Intension 3.87 0.645992 

 

Univariate Analysis 

Table 4 Univariate analysis of independent variables 

Indicator Mean Standard Deviation 

Awareness on CSR People 4.03 0.66734 

Awareness on CSR Environment 3.99 0.575442 

Brand Attitude 3.88 0.483774 

Perceived CSR 4.02 0.594814 

 

Correlation Analysis 

The dependent and independent variables for the study are as follows. 

Table 5 Correlation analysis between dependent and independent variables 

Dependent 

variable 

Independent 

variables 

Sig 

value 

Relationship R2  Status Relationship 

representation 

Purchase 

Intension 

CSR People 0.000 Exist -0.08 Weak 0.6% 

CSR 

Environment 

0.000 Exist -0.08 Weak 0.8% 

Brand Attitude 0.000 Exist 0.619 Strong 38.3% 

Nestle CSR 0.000 Exist 0.644 Strong 41.5% 
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Segment Analysis 

Table 6 Segment Analysis between independent and dependent variables 

Dependent 

variable 

Independent 

variables 

Sig 

value 

Relationship R2  Status Relationship 

representation 

Purchase 

Intension 

CSR People 

0.000 Exist 0.784 Strong 58.6% 

CSR 

Environment 

Brand Attitude 

Nestle CSR 

 

Discussion 

The demographic analysis reveals that a significant contribution to the study comes from 

employees in the 27-42 age group, earning less than 50,000 LKR per month, and residing in 

Colombo, Gampaha, and Kurunegala. While the majority of respondents have at least a 

graduate qualification, interestingly, the majority still make product purchases at least once a 

week. 

Referring to the results, it is evident that the relationship between CSR people, CSR 

environment, and purchase intention is weak. This suggests that consumers, particularly those 

surveyed, may not prioritize CSR considerations when making product selections. The 

univariate analysis, however, highlights the existence of relationships between the perceived 

CSR and Brand Attitude and the independent variables as follows. 

Purchase intension = 0.462 * Perceived CSR + 2.072 

Purchase intension = 0.462 * Brand Attitude + 2.072 

In the multiple regression analysis, considering only the strong relationships between purchase 

intention and Nestle CSR, and purchase intention and brand attitude, both independent 

variables collectively contribute to 50.7% of purchase intention. The remaining 49.3% may be 

influenced by other factors, and in the context of adverse economic conditions in Sri Lanka, 

the price factor may dominate in this portion. 

The R2 for the multiple regression analysis is 0.714, exceeding the threshold of 0.6, indicating 

the acceptance of the conceptual framework developed based on the available literature. 

 

Segmental Analysis 

The segmental analysis reveals a robust and strongly positive relationship, with an R value of 

0.784, between all independent variables and purchase intention within a demographic 

segment. The adjusted R2 value of 0.586 underscores the substantial impact of perceived CSR 

and brand attitude, explaining 58.6% of the variance in purchase intention. The selected 

demographic segment with high purchasing power, as indicated by a monthly income of more 

than 50,000 LKR, aligns with middle or rich socio-economic groups according to the survey 

by the Department of Census and Statistics (Statistics, 2019). However, since this study was 

not specifically designed for this segment, a more in-depth analysis is warranted, especially 

considering the limited data points (57) available for this subgroup. 

 

  



 

Proceedings of the 6th Annual International Research Symposium ï2023 

[ISSN 2961-502X] 

 

37 International College of Business and Technology, Sri Lanka 

 

Conclusions 

This study sheds light on several critical aspects influencing consumer behaviour in the context 

of Nestle Lanka's corporate social responsibility (CSR) initiatives. The findings reveal a weak 

relationship between CSR people and CSR environment with purchase intention, signalling a 

lack of consumer interest in CSR when selecting products, possibly attributed to financial 

pressures faced by consumers, particularly those with incomes below 50,000 LKR. Contrary 

to global trends, economic conditions emerged as a dominant factor shaping consumer 

purchase intentions. Notably, Nestle CSR demonstrated a robust and positive correlation with 

purchase intention, emphasizing consumers' specific interest in Nestle's CSR activities, even at 

potentially higher prices. The study underscores the powerful impact of brand attitude on 

purchase intention, highlighting the importance of consistent brand strength. Furthermore, the 

strong positive relationship between Nestle CSR and brand attitude suggests that Nestle's CSR 

efforts contribute significantly to the positive growth of brand attitude. 

 

Recommendations 

Study proposes below recommendations. 

Strengthen Brand Attitude: Nestle Lanka should continue and enhance in initiatives aimed at 

fortifying its brand image. Strategic marketing efforts highlighting the company's values and 

positive contributions can build trust and foster consumer loyalty, thereby positively 

influencing purchase intentions. 

Engage in Ongoing Consumer Research: To stay responsive to evolving consumer preferences, 

Nestle Lanka should conduct regular and thorough consumer research. This proactive approach 

will provide valuable insights into changing attitudes and enable timely adjustments to 

marketing and CSR strategies, ensuring effective communication of initiatives to diverse 

segments. 

Consumer Segmentation: Acknowledging variations in CSR program responses based on 

demographic factors, Nestle Lanka should tailor marketing tactics to specific consumer 

categories. Customized approaches aligned with the diverse needs and values of different 

segments can enhance the impact of CSR initiatives. 

Maintain Consistency in CSR Commitments: Nestle Lanka must uphold a consistent and 

enduring commitment to CSR initiatives. Recognizing that consumer perceptions of CSR are 

built over time, sustained dedication to social and environmental responsibility will enhance 

trust and loyalty. Consistency is key to maximizing the long-term impact of CSR efforts on 

purchase intention. 
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Abstract 

Online shopping platforms have reached a superior level of communication with the consumer, 

where, messages are communicated in a compelling and persistent manner urging the customer 

to impulsively buy the product. The objective of the study is to determine the relationship 

between the level of attraction of visual, auditory, haptic sensory marketing attributes and the 

online impulse buying behavior of SLM, when buying fashion products. A questionnaire was 

used to collect data from 352 respondents. Data was analyzed using descriptive statistics, 

correlation and multiple regression.  The results showed that there is an average level impulse 

buying behavior among millennials. They have more planned impulse buying nature than pure 

impulse buying nature. Further, millennials are more attracted to visual and haptic sensory 

attributes. However, only haptic sensory marketing attributes has a positive relationship with 

online impulse buying behavior of Sri Lankan millennials when buying fashion products.     

 

Key Words: Impulse Buying Behavior, Millennials, Online Marketing, Sensory Marketing,  

 

Introduction  

Impulse buying behavior (IBB) is defined as a quick and compelling purchasing intention with 

no pre shopping intention (Stern, 1962). Online impulse buying has reached beyond the typical 

marketing limits as a result of information technological and e- commerce advancements (Liu, 

et al., 2013).  

Marketing that appeals to the senses of the consumer and influences their cognition, reasoning 

and conduct is referred to as sensory marketing (Krishna, 2012).Marketers purposefully expose 

consumers to a range of sensory cues target one or more of the five senses ï taste, smell, vision, 

touch and sound (Fürst, et al., 2020). The main goal of sensory marketing is to communicate 

with the brain of the consumer in the purpose of generating interest, transforming their buying 

intention and leaving a lasting impression (Nadanyiova & Majerova, 2018). 

The cluster of individuals referred as Millennials, who were born between 1980 and 2000 

(Smith & Nichols, 2015). The current ages of these individuals span between 23 to 42 years, 

also known as Digital natives since they were born into the digital age (McClure & 

McAndrews, 2016). 

Online marketing has reached mobile space as a result of Millennial preferences and the wide-

spread adoption of technology (Erickson, 2008). Millennials in particular are being greatly 

targeted for sensory marketing due to the fact their involvement with technology (Singh, et al., 

2023). 
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Although all five senses are equally important in physical settings, smell and taste cannot be 

instantly stimulated in the online environment. Therefore, online store environments are limited 

to visual, auditory and haptic senses (Shang, et al., 2023) 

Visual cues are the most frequently used stimulus to engage consumers (Kaushik & Gokhale, 

2021). Conumers highly trust the visual details or the image provided on the website and retail 

owners need to rethink on the methods of picturing the quality, essential information and colors 

in virtual shopping platforms (Gopura & Kothalawala, 2021). As Hulten (2013) explains, 

product related visual stimuli such as graphics, vivid colors, inner and outer layout can be 

incoperated in developing marketing strategies. Griffith (2020) argues, when building a website 

or an online platform to instantly sell products, it is important to personalize the space where 

the user is interacting as per the consumer requirement. 

Sound is often merged with visual stimuli to increase the impact and highlight a concept or a 

message. The volume, rhythm, genre and arrangement of music stimulate the auditory senses 

and impact the online consumer experience (Ding & Lin, 2012). When a consumer enjoys 

music their brain generates Dopamine, which improves their propensity to purchase (Ferreri, 

et al., 2019). Adding Ambient music to the online retail environment can positively affect the 

mood of the consumer (Cheng, et al., 2009). The arrangement of sound in an online store 

environment is utterly important in sensory interaction (Bilgihan, et al., 2016). 

Ishikawa et al. (2014) claim that one of the key areas in traditional shopping is the use of haptic 

or tactile sensation in building buyer confidence. The consumer gains the primary idea of a 

product through visual and auditory cues, that combined with the sense of touch, creates a 

multisensory consumer experience (Hultén, 2011). Press, spread, multiple tapping, scroll, 

zooming, drag and rotating are key functionalities of a digital device based on the sense of 

touch (Villamor, et al., 2010). Mobile shopping apps, on the other hand frequently support the 

consumer to feel the sense of touch by delivering engaging and collaborative product 

presentational functions  (Shi & Kalyanam, 2018). 

Fashion is an expressive tool for Millennial generation (Wanniarachchi, et al., 2017). Sri 

Lankans who actively involved in and interact with online purchasing platforms are 

progressively increased over the recent past and it will exceed 45% in 2027 (Statista, 2022). 

Due to the research gap related to online IBB of Sri Lankan Millennials (SLM) in regards to 

fashion product purchasing, the research question of this study was developed as follows: 

What is the relationship between the level of attraction of visual, auditory and haptic sensory 

marketing attributes and the online IBB of SLM in regards to fashion product purchasing?  

 

Research objectives: 

To identify factors influencing the online IBB of SLM 

To analyze the relationship between the level of attraction to visual, auditory and haptic sensory 

marketing attributes and online IBB 

 

  



 

Proceedings of the 6th Annual International Research Symposium ï2023 

[ISSN 2961-502X] 

 

41 International College of Business and Technology, Sri Lanka 

 

Methodology  

Based on avaialble literature following conceptual framework (figure 1) and hypothesis were 

developed. A deductive approach was used with quantitative data. The theoretical population 

was SLM who purchases fashion products online. Population in Sri Lanka is nearly 22.16 

million and approximately 26.1% of it is Millennials (Kemp, 2022). As extremely limited 

sources available on deciding the exact size of the target population, it was considered as 

unknown. A Sample was obtained from the selected population using the convenience 

sampling method, a type of non-probability sampling. In this technique, the ability to become 

included in the sample depends on the reachability of the researcher to all categories of the 

population (Hair, et al., 2011). The participants were selected using online social media 

platforms and through emails. Overall, 430 questionnaires were distributed using the 

convenience sampling method and 352 responses were taken into the analysis. A validated 

questionnaire was adapted. Refer table 1 for indicators of variables. All the dimensions were 

measured with a 5-point Likert scale (1= strongly agree to 5= strongly disagree). Descriptive 

statistics, bivariate correlation and linear regression techniques were used to analyze the data 

set using IBM SPSS software.  

 

Visual Cues

Online Impulse Buying Behavior of 

Millenials 
Auditory Cues

Haptic Cues

Level of attraction towards sensory 

marketing attributes

 
 

Figure 1: Conceptual Framework 

 

Hypothesis 

H1: There is a relationship in between the level of attraction of visual sensory marketing 

attributes and online IBB 

H2: There is a relationship in between the level of attraction of auditory sensory marketing 

attributes and online IBB 

H3: There is a relationship in between the level of attraction of haptic sensory marketing 

attributes and online IBB 
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Table 1: The Indicators of Variables 

 

 

Variable  Measurement indicator  Source  

Online IBB  I make sudden, compelling decisions 

(Pure impulse buying) 

The way the product is advertised made 

me buy the product (Reminder impulse 

buying) 

When I see products for the first time, I 

visualize a need (Suggestion impulse 

buying) 

I actively look for the product (Planned 

impulse buying) 

(Stern, 1962) 

Level of attraction 

of Visual sensory 

marketing 

attributes  

 

I enjoy visually appealing website 

layouts  

 

(Gopura & 

Kothalawala, 2021) 

I am attracted to colors and images 

 

(Gopura & 

Kothalawala, 2021); 

(Hulten, 2013) 

A High-quality product image is very 

important 

 (Griffith, 2020); 

Level of attraction 

of Auditory 

sensory marketing 

attributes  

I enjoy listening to music while selecting 

and purchasing products 

 

 (Ferreri, et al., 2019) 

Good background music elevates my 

shopping mood 

 

(Cheng, et al., 2009) 

Volume, rhythm and arrangement of 

music is very important to me. 

 

 (Ding & Lin, 2012); 

(Bilgihan, et al., 

2016) 

Level of attraction 

of Haptic sensory 

marketing 

attributes  

I enjoy scrolling, tapping and zooming 

functions 

 

(Ishikawa , et al., 

2014) 

I am fascinated by the experience of 

scrolling, tapping and zooming functions  

 

(Hultén, 2011) 

Scrolling, tapping and zooming 

functions are very important for me to 

read and understand the product 

properties clearly 

 

(Villamor, et al., 

2010); (Shi & 

Kalyanam, 2018) 
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Results and Discussions  

A pilot study was conducted to analyze the reliability using the Cronbachôs alpha test and 

determined the alpha value of the design. Since the obtained values exceed the standard of 0.70 

the dependability and authenticity of the survey instrument was validated. 

Most respondents are female (58.5%), born between the years 1990 and 2000 (70.27%), 

employed (81.8%), graduates (54.65%).  

 

Figure 2: Level of Education of Respondents 

 

According to table 2 there is an average level online impulse buying intention among Sri 

Lanakan Millennials (M=2.63, SD= 0.55). There is less pure impulse buying nature (M=3.14, 

SD= 1.04) but more towards planned impulse buying (M=2.10, SD= 0.96). Further, millennials 

are more attracted to visual (M=1.96, SD=0.65) and haptic (M=1.96, SD=0.68) sensory 

attributes. 

 

Table 2 : Univariate Analysis 

Descriptive Statistics 

 N Mean 

Std. 

Deviation 

Pure impulse buying 352 3.14 1.038 

Reminder impulse 

buying 

352 2.70 .970 

Suggestion impulse 

buying 

352 2.57 1.038 

Planned impulse buying 352 2.10 .955 

IBB_DV 352 2.6278 .54791 

Valid N (listwise) 352   
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Descriptive Statistics 

 N Mean 

Std. 

Deviation 

IBB_DV 352 2.6278 .54791 

V_IV 352 1.9583 .65481 

A_IV 352 2.6676 1.04003 

H_IV 352 1.9593 .67697 

Valid N 

(listwise) 

352 
  

 

According to table 3, there are no statistical evidences to prove above-mentioned Hypothesis1 

(p=0.66) and Hypothesis2 (p=0.12). However, there are statistical evidences to prove above 

Hypothesis3 (p=0.04). That means there is no correlation in between visual and auditory 

sensory marketing cues with online IBB of millennials. Only haptic sensory attributes are 

positively correlated (r=0.11) with IBB of SLM when buying fashion products online. 

 

Table 3: Bivariate Analysis 

Correlations 

 IBB_DV V_IV A_IV H_IV 

IBB_DV Pearson Correlation 1 .023 .084 .111* 

Sig. (2-tailed)  .660 .118 .038 

N 352 352 352 352 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

The achieved outcome of the study can vary due to the level of computer literacy and digital 

proficiency among SLM. Similarly, the individual personality characteristics of the participants 

can fluctuate the buying decisions of SLM. 

 

Conclusions and Recommendation 

Studying IBB of SLM in regards to online fashion product purchasing is important as online 

shopping has a rapid growth. Although the results of the study can vary as the tendency to 

higher biasness of the selected sample, the generated outcome indicated that there is an average 

level IBB among millennials. They have more planned impulse buying nature than pure 

impulse buying nature. Further, out of three sensory attributes available for online marketing 

called visual, auditory and haptic, millennials are more attracted to visual and haptic sensory 

attributes. However, only haptic sensory attributes are correlated with IBB of SLM when 

buying fashion products online. There is a considerable tendency of SLM to purchase fashion 

products online based on haptic sensory attributes, contrary to the traditional visual and 

auditory sensory interactions. Awareness on these variations can benefit marketers in adapting 

their online marketing tools as per the taste of their end users. Marketers should purposefully 
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expose consumers to a range of haptic sensory cues in online platforms. Further studies can be 

designed to identify other factors which affects online IBB of SLM.  
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Abstract 

This research study explores the intricate relationship between strategic choices made by 

organizations within the technology industry in Qatar with special reference to Prime Solutions 

and their subsequent effect on organizational growth. The dynamic nature of the technology 

sector, coupled with the unique socio-economic landscape of Qatar, presents a compelling 

context for examining the strategic decision-making processes and their implications for 

industry players. 

In this descriptive research study, a sample of employee from different departments in the 

Prime Solutions were studied, to analyse. A total of 30 employeesô data were collected 

according to Morgan table rules and essential statistical analyses were executed using SPSS 

software. From the findings of the research study, it was able to exposed those strategic choices, 

have significant effect on organizational growth. Considering the findings of the research 

study, it is recommended that the Prime Solutions to focus more on the implementation of 

suitable organizational strategies. Further, the support from the staff should be taken to enhance 

organizational performance. 

Keywords: Strategic Choices, Strategic Formulation, Organizational Growth, Organizational 

Culture, Organizational Performance,  

 

Introduction  

The rapid evolution of the technology industry has positioned itself as a driving force behind 

economic growth and innovation on a global scale. As nations strive to harness the potential of 

technology, Qatar, with its dynamic economy and strategic vision, has emerged as a notable 

player in this transformative landscape. This study researches into the elaborate relationship 

between strategic choices made by technology organizations in Qatar and their consequential 

effect on organizational growth. Strategic choices encompass decisions related to market 

positioning, innovation, partnerships, investment priorities, and overall business direction. 

Qatar, a nation known for its economic diversification efforts, has witnessed a substantial rise 

in the prominence of its technology sector. With a keen focus on becoming a knowledge-based 

economy, Qatar has invested heavily in technology infrastructure, research and development, 

and fostering a conducive business environment. This backdrop sets the stage for an in-depth 

exploration of the strategic decisions that technology companies operating in Qatar including 

Prime Solutions make and their implications on organizational growth. 

Qatar's National Vision 2030 outlines ambitious goals for economic development, 

sustainability, and technological innovation, underscoring the pivotal role of the technology 

sector in achieving these objectives. Understanding the strategic choices made by technology 

mailto:fairoosfnf@gmail.com
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organizations in Qatar is crucial for aligning industry practices with national aspirations and 

fostering sustainable growth. 

Recent publications highlight the significant strides Qatar has made in developing its 

technology landscape. The "Qatar Digital Government Strategy 2020-2025," published by the 

Ministry of Transport and Communications, emphasizes the government's commitment to 

leveraging technology for enhanced public services, underscoring the role of strategic decisions 

in advancing the nation's digital agenda (Ministry of Transport and Communications, 2020). 

An article by David J. Teece (2022) in the "Journal of Management" discusses the dynamic 

capabilities required for strategic management in technology-intensive industries. The author 

argues that organizations need to adapt quickly to technological changes, emphasizing the 

critical role of strategic choices in achieving and sustaining competitive advantage. 

On another recent research by Ahmed A. Al-Emadi (2023) analyzes the impact of government 

policies on technology adoption in Qatar. The study reveals that government initiatives, such 

as the Qatar National Research Fund, play a crucial role in shaping strategic decisions by 

providing financial incentives for research and development in technology companies. 

Organizational growth is the development of the organization in its life cycle is known as 

organizational growth (Graehler, et al., 2019). Organizational strategies are implemented 

within the organizational context to enhance organizational performance. Strengths of an 

organization are the strategic capabilities that are important for the growth of the organization. 

The main objective of the study is to identify the effect of strategic choices on the 

organizational growth of the technology industry in Qatar with special reference to Prime 

Solutions and Services company. 

The research study is of practical significance because of the benefits that the outcomes of the 

research study provide to the parties such as Prime Solutions Company and the technology 

industry of Qatar. 

 

Conceptual framework  

 

Independent variables                                                   Dependent variable  

Strategic Management  

Strategic choices 

Strategic capabilities                                                        Organizational growth  

Strategic implementation  

 

Source: (Researcherôs original work, 2023) 

 

Independent Variables  

Strategic choices ï The choice of the strategies by the organization to manage organizational 

performance (Gatersleben and Uzzel, 2017). 

Strategic capabilities - The organizational strengths which are useful to improve 

organizational performance are known as strategic capabilities (Gatersleben and Uzzel, 2017). 

Strategic implementation - The process of implementing the strategies within the 

organizational context is known as strategic implementation (Gatersleben and Uzzel, 2017).  

 



 

Proceedings of the 6th Annual International Research Symposium ï2023 

[ISSN 2961-502X] 

 

49 International College of Business and Technology, Sri Lanka 

 

Dependent Variables  

Organizational growth - The development of the organization in its life cycle is known as 

organizational growth (Graehler, et al., 2019). 

Development of Hypotheses  

Based on the relationship between independent and dependent variables, three hypotheses have 

been developed. Under each of the hypotheses, there is an alternative hypothesis and a null 

hypothesis. In order to test these hypotheses, the independent variables and dependent variables 

are compared to determine whether there is a significant relationship between them. 

Hypothesis 1 

H10: There is no impact of strategic choices on the organizational growth of technology 

industry in Qatar. 

H11: There is an impact of strategic choices on the organizational growth of technology 

industry in Qatar 

Hypothesis 2 

H20: There is no impact of organizational capabilities on the organizational growth of 

technology industry in Qatar. 

H21: There is an impact of organizational capabilities on the organizational growth of 

technology industry in Qatar. 

Hypothesis 3 

H30: There is no impact of strategic implementation on the organizational growth of 

technology industry in Qatar. 

H31: There is an impact of strategic implementation on the organizational growth of technology 

industry in Qatar. 

 

Operationalization table  

Dimension Indicators Measurement Question 

No 

Source 

Strategic choices  strategy of the business 5 Point Likert 

scale  

B.1.1 Liu and Jiang 

(2011) Strategy of the corporate B.1.2 

international strategies B.1.3 

Developing innovative and 

entrepreneurial 

capabilities 

B.1.4 

An alliance and an 

acquisition 

B.1.5 

Strategic 

capabilities 

Impact of the environment  B.2.1 Lubin and 

Esty (2010) organizational goals B.2.2 

stakeholders B.2.3 

Corporate Social 

Responsibility (CSR) 

B.2.4 

organizational culture B.2.5 

Strategic 

implementation  

the strategy performance 

and evaluation  

B.3.1 
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the process of the 

development of strategy 

B.3.2 (Gatersleben 

and Uzzel, 

2017). 

 

organizing B.3.3 

leadership and strategic 

change 

B.3.4 

strategy practice B.2.5 

Organizational 

growth  

Creation, survival  C.1.1 (Graehler, et 

al., 2019). pride and reputation C.1.2 

uniqueness and 

adaptability 

C.1.3 

stability C.1.4 

contribution C.1.5 

Source: (Researcherôs original work, 2023) 

 

Methodology 

The study was undertaken among the total of 30 employees from the Prime Solutions company 

in Qatar. Questionnaires were circulated among the selected employees from the different 

departments in operations, software, hardware and finance to analyse effect of strategic choices 

on the organizational growth of the technology industry in Qatar. And required statistical 

analysis was performed using SPSS software. 

 

Results and Discussion 

The Content validity was ensured by conducting a comprehensive literature review, aligning 

research objectives with established theories, and incorporating inputs from industry experts 

during the development of the survey and interview questions. This ensured that the study's 

instruments captured the breadth and depth of strategic choices in the Qatari technology 

context. 

The reliability of the study's instruments, such as surveys and interview protocols, was assessed 

using Cronbach's alpha. High alpha values were obtained for key constructs, indicating strong 

internal consistency and reliability of the measures used in the study. 

In conclusion, the final results of this study stand on a foundation of validity and reliability. 

The robustness of the research design, the thoroughness of data collection and analysis, and the 

transparency in reporting contribute to the clarity and credibility of the study's findings on the 

impact of strategic choices on the organizational growth of the technology industry in Qatar. 

Table 1 presents the demographic profile of the employees. Majority of respondents were males 

(86.7%), Aged between 31 to 35 years old. Based on the research results, 40% of the employees 

had less than 5 years of experience and 66.7% had less than one year of experience at Prime 

Solutions. Most of them are hold jobs position that fall outside of the senior categories such as 

Senior executives, Project Managers, and Divisional Heads. A total of 43.33% of the 

employees at Prime Solutions work in the Hardware department. 
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Table 1. Demographic variable 

Variable 

Components 
Frequency Percent 

Valid 

Percent 

Cumulative 

Percent 
Mean Mode 

Std. 

Deviation 

Gender of the respondent 

Male 26 86.70% 86.70% 86.70% 
1.13 1 0.346 

Female 4 13.30% 13.30% 100.00% 

Age 

25 to 30 8 26.70% 26.70% 26.70% 

2.5 2 1.408 

31 to 35 10 33.30% 33.30% 60.00% 

36 to 40 6 20.00% 20.00% 80.00% 

41 to 45 2 6.70% 6.70% 86.70% 

46 to 50 3 10.00% 10.00% 96.70% 

above 50 1 3.30% 3.30% 100.00% 

Years of experience in the technology industry of Qatar 

below 5 years 12 40.00% 40.00% 40.00% 

2.17 1 2 

6 to 10 years 8 26.70% 26.70% 66.70% 

1 to 15 years 4 13.30% 13.30% 80.00% 

16 to 20 years 5 16.70% 16.70% 96.70% 

above 20 years 1 3.30% 3.30% 100.00% 

Years of experience in Prime Solutions and Services 

below 1 year 20 66.70% 66.70% 66.70% 

1.77 1 1.278 

1 to 2 years 3 10.00% 10.00% 76.70% 

3 to 4 years 3 10.00% 10.00% 86.70% 

4 to 5 years 2 6.70% 6.70% 93.30% 

above 5 years 2 6.70% 6.70% 100.00% 

Job Position 

Senior 

Executives 
5 16.70% 16.70% 16.70% 

3.07 4 1.172 

Project 

Manager 
4 13.30% 13.30% 30.00% 

Divisional 

Head 
5 16.70% 16.70% 46.70% 

Other 16 53.30% 53.30% 100.00% 

Working Department 

Operations 2 6.67% 6.67% 6.67% 

2.9 3 0.885 

Software 7 23.33% 23.33% 30.00% 

Hardware 13 43.33% 43.33% 73.33% 

Finance, HR 

and Admin 
8 26.67% 26.67% 100.00% 

Source: (Researcherôs original work, 2023) 

 

Table 2 demonstrate the correlation between organizational growth and strategic choices is 

0.955 which is very close to +1, It illustrates that there is a strong positive correlation between 

the two variables of Transformed strategic choices and transformed organizational growth. 
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This also further proves that by the significance p-value is less than 0.01 (p<0.01) this is clear 

evidencing to reject H0, null hypothesis and accept H1, alternative hypothesis between 

transformed strategic choices and transformed organizational growth relationship. 

The evidence presented from previous research further supports this studyôs findings. Kawa et 

al (2013) stated that the success of an organization is based on the suitable strategy selection, 

formation, and implementation where strategic choice is most important in the first place.  

 

Table 2. Results of Correlation between Strategic choices and Organizational growth 

 

Components 

Transformed 

Strategic Choices 

Transformed 

Organizational 

Growth 

Transformed 

Strategic Choices 

Pearson Correlation 1 .955** 

Sig. (2-tailed)  <.001 

N 30 30 

Transformed 

Organizational 

Growth 

Pearson Correlation .955** 1 

Sig. (2-tailed) <.001  

N 30 30 

**. Correlation is significant at the 0.01 level (2-tailed). 

Source: (Researcherôs original work, 2023) 

 

Table 3 validates that Correlation analysis results between organizational growth and strategic 

capabilities is 0.936 at 1% significant level which was suggested by the Pearson correlation 

coefficients. this result indicates that there is a positive strong correlation relationship between 

these two variables of Strategic capabilities and Organizational growth. The significance value 

is 0.001 which was less than 0.01 (p<0.01) it is suggesting to reject H0 and accept H1. 

By presenting adequate evidence from previous research findings, further strengthens this 

research finding as well. As stated in the previous study by Liu and Jiang (2011) a better 

organizational culture is a strategic capability that is beneficial for improving the organizational 

performance.  

 

Table 3. Results of Correlation between Strategic Capabilities and Organizational growth 

 

Components 

Transformed 

Strategic 

Capabilities 

Transformed 

Organizational 

Growth 

Transformed Strategic 

Capabilities 

Pearson Correlation 1 .936** 

Sig. (2-tailed)  <.001 

N 30 30 

Transformed 

Organizational 

Growth 

Pearson Correlation .936** 1 

Sig. (2-tailed) <.001  

N 30 30 

**. Correlation is significant at the 0.01 level (2-tailed). 

Source: (Researcherôs original work, 2023) 
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Table 4 indicates a correlation value of 0.943 at 1% significance level for this dimension. It 

shows that it has strong positive relationship between organizational growth and strategic 

implementation. Since the sig. value is less than 0.01 (p<0.01) there is enough indication that 

to reject H0 and accept H1. 

Additionally, this research finding is further supported by the adequate evidence presented by 

previous research findings. Madeeha and Imran (2014) stated that the strategic choices makes 

a significant effect on the organizational growth where the implementation of suitable 

organizational strategies such as business, corporate, and marketing is supportive of the 

improvement of the organizational growth in terms of increasing the market share, customer 

base, and reputation. 

 

Table 4. Results of Correlation between Strategic implementation and Organizational growth 

 

Components 

Transform. 

Strategic 

Implementation 

Transform. 

Organizational 

Growth 

Transformed 

Strategic 

Implementation 

Pearson Correlation 1 .943** 

Sig. (2-tailed)  <.001 

N 30 30 

Transformed 

Organizational 

Growth 

Pearson Correlation .943** 1 

Sig. (2-tailed) <.001  

N 30 30 

**. Correlation is significant at the 0.01 level (2-tailed). 

 Source: (Researcherôs original work, 2023) 

 

What is the effect of strategic capabilities on the organization growth in the technology 

industry? 

Based on the analysis presented in this study it is revealed that there is a strong positive effect 

of strategic capabilities on organizational growth. The correlation analysis uncovered those 

strategic capabilities positively correlated with organizational growth by demonstrating the 

result of beta coefficient as 0.936 at p = 0.001 <Ŭ = 0.05 and t = 14.071 which was proven there 

was strong positive effect had between strategic capabilities and the organizational growth.  

 

The study concluded with the findings uncovered based on the analysis that the effect of 

strategic capabilities on the organizationôs growth in the technology industry had a strong 

positive effect.  
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Figure: 1 Strategic capabilities and Organizational growth scatter diagram 

Source: (Researcherôs original work, 2023) 

 

An upward slanting line on the scatter plot as per the figure 1 indicates that a positive 

relationship between the variables of capabilities and Organizational growth. 

 

What is the effect of strategic choice on the organization growth in the technology 

industry? 

As per the calculations and figures carried out on this study exposed that the strategic choices 

were strongly affected on organizational growth. The correlation analysis revealed that 

strategic choices positively correlated with organizational growth by representing the result 

outcome of beta coefficient as 0.955 at p = 0.001 <Ŭ = 0.05 and t = 17.022 which was proven 

there was strong positive effect had between strategic capabilities and the organizational 

growth.  

Based on the findings of the study, it was determined and concluded that strategic choices had 

a strong positive effect on the company's growth in the technology industry,  

 
Figure: 2 Strategic choices and Organizational growth scatter diagram 

Source: (Researcherôs original work, 2023) 
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A positive correlation can be seen in the above Figure 2 represents in the points on the scatter 

plot slant upward from left to right. 

 

What is the effect of strategic implementation on the organization growth in the technology 

industry? 

It is concluded from this study that the strategic implementation had a positive effect on 

organizational growth. According to the correlation analysis, strategic implementation 

positively correlated with organizational growth by demonstrating a beta coefficient value of 

0.943 at p = 0.001 <Ŭ = 0.05 and t = 15.033, It has been proven the above argument. 

 

 
Figure: 3 Strategic implementation and Organizational growth scatter diagram 

Source: (Researcherôs original work, 2023) 

Slanting lines on the scatter plot reference to the Figure 3 indicate a positive relationship 

between variables of Strategic implementation and Organizational growth. 

 

Conclusions and Recommendations  

The conclusion has been made based on the research sub questions developed in this study 

under three dimensions presented in the Table 2,3 and 4, based on the analyzed data findings 

and their outcomes. Also, the previous researches findings presented to support and strengthens 

this research findings. 

In overall as stated the relationship between in the above three dimensions which was 

demonstrate and concluded that the main objectives of strategic choices and organization 

growth of the Prime Solutions and Services had a strong positive effect. Thus, it is finally 

concluded that there is a positive strong effect of strategic choices on the organizational growth 

of the Prime Solutions and Services technology industry in Qatar. 

The study successfully analyzed a diverse set of strategic choices made by technology 

organizations in Qatar. Through interviews, surveys, and case studies, a comprehensive 

understanding of market positioning, innovation, collaborations, government policy alignment, 

talent management, cybersecurity, adaptability, sustainability, digital transformation, and 

customer-centric approaches was achieved. 

The study provides empirical evidence supporting theoretical frameworks in strategic 

management, innovation, and organizational growth. This contribution strengthens the 
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theoretical foundation by aligning academic concepts with real-world practices in the Qatari 

technology context. 

Considering the findings of the research study, it is recommended that the Prime Solutions 

should focus more on the implementation of suitable organizational strategy choices. To make 

strategic choices, the company can assess by doing a SWOT analysis in order to identify the 

strengths and weaknesses Internally and the opportunities and threats from the external 

environment in the technology industry in Qatar. When implementing organizational strategies, 

the company has to consider how the corporate strategies will contribute to accomplishing the 

organizational vision and growth of the company in the industry. 

The objectives of the research study include the identification of impact of strategic 

capabilities, strategic choices, and strategic implementation on the organizational growth in the 

technology industry of Qatar. From the findings, I was able to identify those three independent 

variables have strong positive impact on the organizational growth in the technology industry 

of Qatar. I was able to gain better outcomes from the completion of my research study. I learnt 

in a systematic method how to handle research studies. Further, MBA completion going to 

supportive for me to enhance my business administration knowledge and it will allow me to 

achieve my career goals by giving me an added value credentials to the current profile where I 

expect a higher position in the senior management as GM Finance, Finance Director, VP 

Finance or even for a CEO of a reputed organization.  

In summary, the achievements of the objectives and knowledge contributions of this study 

provide a holistic perspective on the interplay between strategic choices and organizational 

growth in Qatar's technology industry. The insights garnered serve as a valuable resource for 

industry stakeholders, policymakers, and researchers seeking to navigate and contribute to the 

growth of the technology sector in the region. 
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Abstract 

Employee job satisfaction is a crucial factor for employeesô productivity as well as 

effectiveness. Therefore, identifying the influencing factors can be beneficial for both 

employees and employers. The Mechanical, Electrical, and Plumbing Engineering consultancy 

field can be taken as one of the major consultancy fields in the field of the building services 

industry. Therefore, this study was conducted to identify factors that influence the engineersô 

job satisfaction in the mentioned field.  The study employed a deductive research approach. It   

conducted quantitative research involving 102 engineers in Colombo District, Sri Lanka, with 

distributed questionnaires for data collection. Data analysis was conducted using Statistical 

Package for the Social Sciences software and Microsoft Excel. The analysis employed 

reliability, correlation coefficients and multiple regression analyses. The proposed modelôs 

significance value was less than 0.05, indicating acceptance of the model.  

Key Words: Job Satisfaction, MEP Engineering Consultancy Field, Sri Lanka 

 

Introduction 

Background of the study 

Job satisfaction is one of the most important outcomes of ethical human resource management, 

and it can also be defined as the evaluation of one's professional experiences that may lead to 

a positive emotional state(Robert L. Mathis, 2009). Therefore, understanding the factors that 

contribute to employees' job satisfaction is crucial. This study specifically focused on engineers 

working in the Mechanical, Electrical and Plumbing (MEP) engineering consultancy field, 

where they are responsible for designing, installing, and maintaining mechanical, electrical, 

and plumbing systems, which are essential aspects construction consulting. 

 

Research problem identification 

The MEP engineering consulting industry in Sri Lanka does not have the same history as other 

consulting industries, and engineer scarcity has become a growing issue. As a result, the 

workload for engineers is high, and managing this workload results in a decrease in the quality 

of project deliverables, followed by poor performance and decreased productivity. Staff 

turnover also occurs as a result of engineers' tendency to quit their jobs in search of career 

fulfilment. Due to an increase in turnover costs, these circumstances result in a decline in the 

growth and development of the MEP engineering consulting company, which primarily affects 

the employer as well as the employee. Therefore, the results of this study will be used to 

identify the crucial measures that can be taken to attract and retain engineers in the field of 

MEP consulting. 

Despite the fact that there have been numerous studies on job satisfaction, it has been 

challenging to locate research on engineers' job satisfaction in MEP engineering consultancies. 
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In light of these circumstances, the research question that emerges is, "What are factors 

influencing engineers' job satisfaction, with emphasis on the MEP engineering consultancy in 

Colombo district, Sri Lanka?". 

 

Objectives of the study 

Å To identify factors that affect engineers' job satisfaction in the MEP engineering 

consultancy profession, specifically with relation to the Colombo district. 

Å To determine the study population's demographic traits. 

Å To offer suggestions for improving engineers' job satisfaction in the MEP Engineering 

Consultancy Field. 

 

Significance of the study 

Focusing on the job satisfaction component, it is possible to lower employee turnover rates, 

which will support industry growth, and most of the MEP engineering consulting firms in Sri 

Lanka are presently working on international contracts that will help the country import foreign 

currency. Therefore, improving this industry will help to reduce outsourcing MEP services 

from foreign countries for local projects, and through international contracts, foreign currencies 

can be generated. Therefore, it is crucial to take into account the economic impact of this 

consulting profession, considering the current situation of the nation's economy. 

 

Limitations of the study 

One of the main limitations of this study is that it is based on MEP engineers in the Colombo 

district of Sri Lanka. The MEP engineering consultant industry involves various professionals 

beyond engineers, like draughtsman and accountants. By concentrating solely on engineers, 

the study may miss insights from other key stakeholders. 

 

Methodology 

Conceptual Framework 

Due to the deductive nature of this study's (Sooriyapperuma & Nawarathna, 2021), the 

research's conceptual framework was developed with the help of a literature review, and five 

variables were chosen as shown in Figure 2.1. The independent factors are supervision, 

financial compensation, autonomy, and training opportunities. The dependent variable is job 

satisfaction. 



 

Proceedings of the 6th Annual International Research Symposium ï2023 

[ISSN 2961-502X] 

 

62 International College of Business and Technology, Sri Lanka 

 

 
Figure 1: Conceptual Framework (Source : Data Complied by the author) 

 

Development of Hypotheses 

The following hypotheses were selected for testing in the research study based on the 

conceptual framework and prior literature: 

 

Table 1: Hypotheses of the Research Study (Source : Data Complied by the author) 
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Research Design 

The field sample design method was selected as a stratified random sampling method in order 

to uncover factors influencing job satisfaction at MEP Engineering Consultancy. Data was 

collected from about 102 engineers for this study from twelve MEP engineering consulting 

companies. Mechanical, electrical, and plumbing specializations were selected for potential 

strata, along with other characteristics like gender, age, marital status, and working 

specialization. 

Primary data collection was done by using a Google Form questionnaire issued to a sample of 

the population. Respondents' responses were graded on a 5-point Likert scale from strongly 

agreed to strongly disagreed, and decisions were determined by the results of the data analysis. 

The Statistical Package for the Social Sciences (SPSS) was used to assess the data that has been 

gathered. Pearson correlation analysis, coefficient analysis, and multiple regression were 

employed as statistical methods for data analyses. Coefficient analysis and Pearson correlation 

analysis were used to evaluate the influence or representation of independent variables. 

ANOVA regression analysis was used to evaluate the validity of the model. 

 

Results 

Descriptive Statistics of the Collected Data 

 

                            
Figure 2: Descriptive Statistics of Demographic Factors (Source : Survey Results) 
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Table 2: Descriptive Statistics Independent variables and Dependent variable (Source : SPSS 

Results) 

 
 

Reliability Analysis 

Table 3: Cronbachôs Alpha value for total data (Source : SPSS Results) 

  
Table 4: Cronbachôs Alpha value for variables (Source : SPSS Results) 

 
Analysis of correlation coefficient and hypothesis validation 

Table 5: Summary of Analysis (Source : SPSS Results) 
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Multiple Regression Analysis 

Table 6: Multiple Regression Analysis Model Summary (Source : SPSS Results) 

 
Table 7: ANOVA Test (Source : SPSS Results) 

 
 

Discussion 

Descriptive Analysis 

Five items on a Likert scale were included in the questionnaire that was used to gather the data 

and A Likert scale of 1 to 5 implies strongly disagreeing or strongly agreeing. According to 

Table 1, the mean score for job satisfaction was 3.5858 out of 5, meaning that the respondents 

either agreed with the job's description or were satisfied with it. The average score for 

supervision, job autonomy, financial compensation, and training opportunities ranged from 3.6 

to 3.9 out of 5, which denotes agree or satisfaction, because all questions were related to 

positive aspects and levels of satisfaction related to engineers in the MEP engineering 

consultancy field. 

 

Reliability Analysis 

Table 2 indicates that the overall data set's Cronbach's alpha value is 0.873, and Table 3 shows 

that the supervision category has the highest value of 0.876 and the financial compensation 

category has the lowest of 0.832. This indicates that Cronbach's alpha values for both the total 

data and the variable are both higher than 0.7. The data can therefore be regarded as acceptable 

and trustworthy 

 

Correlation Coefficient analysis 

According to Table 4, it was evident that three independent variables have a strong positive 

relationship with the dependent variable, which means the Pearson correlation value is between 

0.6 and 1. They are job autonomy, financial compensation, and training opportunities. The 

highest coefficient value among independent variables belongs to job autonomy, and it explains 

that job satisfaction has a representation from job autonomy, which has a representation value 
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of 41.2% and 58.8% of other unknown factors, and all alternative hypotheses were accepted 

because the significance value was lower than 0.05 as mentioned in Table 4. 

 

Multiple Regression 

The findings demonstrate that the dependent variable job satisfaction has a representation in 

the independent variables supervision, job autonomy, financial pay, and training opportunities, 

which have a representation value of 50.2%, according to the adjusted R square value of 0.502 

in the study. Other elements that were not taken into account in this study accounted for the 

remaining 49.8%. 

The model is accepted since the significance value in this case is less than 0.05, which indicates 

that all independent variables towards the dependent variable are accepted. 

 

Conclusions and Recommendations 

Conclusion of the study 

Males represent the majority of the gender, with a percentage value of 82. And the highest 

percentage of engineers have between 3 and 6 years of experience. Furthermore, the 

mechanically specialised engineering workforce received the greatest percentage, a score of 

55, under the element of field of specialisation. Above all, demographic queries are permissible 

in the context of MEP engineering consultation. In their journals, Alzubi et al. (2021), Paudel 

et al. (2020), and Sun et al. (2022) discovered comparable results connected to demographic 

aspects in the field of engineering construction. 

 

Table 8: Status of Hypothesis (Source : SPSS Results) 

  
 

All four alternative hypotheses were accepted considering the significance value, which is less 

than 0.05, and all null hypotheses were rejected. Furthermore, according to Table 6, the 

ANOVA test results indicated that the research model was accepted, considering significance 

value. 

According to Table 5, the results of the multiple regression analysis indicate that all 

independent variables towards the dependent variable have a strong positive correlation, with 

a value of 0.722. Additionally, the table shows that there is a 50.2% representation of all 

independent variables contributing to job satisfaction. Which means 49.8% are other unknown 

factors, which we did not take into account for this research. 

 

Recommendations 

The job autonomy factor can vary according to the phase of the project and the early stage. For 

example, in the design stage, engineers need to make decisions regarding the design with their 



 

Proceedings of the 6th Annual International Research Symposium ï2023 

[ISSN 2961-502X] 

 

67 International College of Business and Technology, Sri Lanka 

 

expertise and knowledge. Therefore, providing freedom to complete the design will lead to 

successful outcomes. 

In this field, normally there are mainly two types of engineers: junior engineers and senior 

engineers. If junior engineers can get regular performance assessments that provide feedback 

and acknowledgement as well as conduct mentorship programmes, it will help enhance their 

confidence.  

The engineering field is a highly technical field, and data related to this field, especially 

standards, is updated often. And also, there is more software involved in this field, especially 

in the design stage, and therefore, engineers and others who are related to this field need to 

know about it. Therefore, encouraging engineers to participate in training sessions will be 

beneficial for the company, the client, and the engineers who work on a project. 

The company needs to make suitable financial compensation policies considering factors like 

experience, education and qualifications, project complexity, and economic conditions. After 

job autonomy, financial compensation had the highest correlation with job satisfaction. 

Therefore, a company can make policies that are beneficial for both parties, the company and 

its employees, which ultimately lead to satisfying both employees and employers. 
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Abstract 

Despite robust disability reforms, low number of Persons with Disabilities (PWD) are 

employed in the private sector of Sri Lanka (SL). Thus, this study explored the employer-

recommended strategies to promote employment opportunities for PWDs, and the benefits of 

employing PWDs in the private sector organisations of SL. A multiple case study research 

strategy was used and semi-structured interviews were conducted to collect primary data from 

nine participants who were purposively sampled among nine private companies which have 

been employing PWDs for more than five years. Cross-case data analysis technique and 

thematic analysis was used to analyse the different perspectives of these participants, without 

injecting the researcherôs preconceptions and biases into the inferences. The key findings were, 

private sector organisations can immensely benefit from employing PWDs and it is very crucial 

to sensitise non-disabled society to ensure sustainable disability employment in the private 

sector, with the support of the State, non-governmental organisations and other interested 

stakeholders.  

 

Keywords: Diversity management, Inclusive culture, Persons with Disabilities, Private sector 

employers, Equal employment opportunity 

 

Introduction 

Disability is a global emerging issue because, according to the World Health Organisation 

(WHO), approximately 16% of the global population possesses some type of disability, making 

them the largest minority in the world (WHO, 2023). Disability-related trends also predict that 

the number of PWDs will further increase due to chronic diseases, a rising ageing population, 

and accidents (Sachinthana & Samaraweera, 2021; WHO, 2011). 

Moreover, the sustainable development goals (SDG) developed by the United Nations (UN) 

ensure a sustainable future for all, which must be achieved by 2030. The eighth SDG is about 

decent work and economic growth, emphasising the importance of promoting inclusiveness 

and employment for all, including disability (International Labour Organisation [ILO], 2019). 

Further, many employers are giving importance to diversity, equity, and inclusion (DEI) 

strategies to expand their talent pool, covering broader dimensions such as age, gender, and 

disability (Henry, et al., 2014).  

Against this backdrop, disability-related statistics are not updated frequently in SL (Mendis, 

2003; Sachinthana & Samaraweera, 2021). Although the private sector in SL has contributed 

immensely to increasing employment opportunities when compared to other sectors (Salih, 

2001), the highest number of PWDs aged 15 and above were employed as own account workers 
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(45.7%) followed by private sector employment (32.8%) and government sector employment 

(8.9%) (Census of Population and Housing [CPH], 2012 as cited in Arunatilake, 2016). Thus, 

low number of PWDs are employed in the private sector of SL.  

Past studies revealed that PWDs perform better when compared with their non-disabled 

colleagues on productivity, safety measures, loyalty, and attendance (Ang, 2017; Bonaccio et 

al., 2019). Thus, private-sector employers can immensely benefit from this untapped pool of 

unique talent, which consists of people with unique abilities.  

Consequently, the purpose of this study was: ñEmployer Recommended Strategies to Promote 

Employment for PWDs in the Private Sector of SL. The research objectives were as follows: 

(1) to identify employer-recommended strategies which can promote employment 

opportunities for PWDs, and (2) to explore the benefits of employing PWDs in the private 

sector organisations of SL.  

This research is original about the SL context and can be a wealth of information to identify 

their recommended strategies as there are very few studies considering the SL context 

regarding the private sector employer-recommended strategies for sustainable disability 

employment. 

 

Methodology 

The researchers chose an interpretivism research philosophy and an inductive research 

approach for this qualitative study. A multiple case study research strategy was chosen as this 

was often used in exploratory research (Saunders et al., 2019; Yin, 2017).  

 

Table I: Number of PWDs Employed ï Total 
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Cases include nine private sector companies which were selected based on a purposive 

sampling strategy and the principle of data saturation. To choose the sample, the following 

criteria were decided based on the researchersô expertise.  

Must Have Been Employing PWDs For More Than Five Years:  

For an organisation to reap the benefits of employing PWDs, it should at least employ PWDs 

for more than five years. 

Must Be a Private Organisation that Employs PWDs:  

The participants must be in senior positions and/or have direct exposure to employing and 

managing PWDs in private sector organisations. 

All nine organisations in the sample have been employing PWDs for more than five years (see 

Table I), thereby complying with the above criteria.  

Semi-structured interview method was chosen to collect primary data. Each interview lasted 

for about one hour, recorded with the consent of the participants and thereafter transcribed 

verbatim. Open-ended questions were finalised based on extensive literature and feedback from 

disability-related experts.  

For data analysis, cross-case data analysis technique (Yin, 2017) was used based on two stages: 

Stage 1: óWithin-case analysisô - Six-steps of Thematic analysis (Braun & Clarke, 2006) was 

used where the transcribed interview data were arranged in data segments and analysed to 

understand contextual variables within nine cases.  

Stage 2: óCross-case analysisô - óGrounded-up strategy (Yin, 2017) where relevant phrases 

from each of the participantôs responses were included under the identified themes and sub-

themes, based on the node hierarchies. 

As disability is a sensitive topic, research ethics were adhered to when accessing organisations, 

data collection, analysis, and reporting stages. Based on the ethical principles of social research 

(Saunders et al., 2019), all nine participants confirmed in writing that they were willing to 

participate and their participation was voluntary. Pseudonyms were used to replace companiesô 

& participantsô names to ensure confidentiality. Ethical approval was also obtained from the 

university, affiliated with this study. 

 

Results & Discussions 

The employer-recommended strategies were analysed under four themes (see Figure I). 89% 

of respondents emphasised that it is very crucial to sensitise non-disabled society and 

organisational members to ensure sustainable disability employment in the private sector of SL 

which concurred with Henry et al. (2014). Moreover, 89% also elaborated that the Government, 

NGOs, and stakeholders must also coordinate with the private sector to sensitise non-disabled 

community.  

To change the negative mindset of the co-workers and supervisors of PWDs, 67% of the 

participants specifically indicated that itôs important to conduct regular disability awareness 

training to reduce unconscious bias & negative attitudes they have against PWDs.  

This is because non-disabled society will show negative dispositions toward PWDs because of 

negative myths about PWDsô abilities and unawareness in dealing with PWDs (Ang, 2017) 

which was transpired as the major barrier to promote employment opportunities for PWDs.  
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Moreover, the findings also concurred with Henry et al. (2014) which emphasised that it is 

paramount to share success stories of PWDs who are employed in mainstream employment 

and interested stakeholders need to continuously challenge other employers to hire more 

PWDs.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure I: Summary of Findings for Research Objective One 

Source: Researcherôs original context. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure II: Summary of Findings for Research Objective Two 

Source: Researcherôs original context. 
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Another key interesting finding from this study was that financial incentives from the 

Government can be beneficial only for start-ups or small-scale organisations and not for large 

organisations as they are already investing huge amounts in other CSR projects and few of the 

participants were of the notion that the SL Government is unable to financially support due to 

the present economic crises.   

This supports Moore et al.ôs (2017) study in Australia, which found that financial incentives 

from the State may not be valued by well-resourced and large organisations.  Yet, it is not 

parallel with some literature that recommends that the Government should provide incentives 

to all employers to hire PWDs (Arunatilake, 2016; Henry et al., 2014).  

The researcher supports Moore et al.ôs (2017) argument that financial incentives alone will not 

promote employment opportunities for PWDs in the private sector. It is only when employers 

adopt a rights-based approach to disability that will help employers to change their negative 

attitudes toward a PWD so that they will focus on PWDsô unique abilities.  

Moreover, the benefits of employing PWDs in the private sector were analysed under three 

themes (see Figure II). Majority of the respondents (89%) highlighted that the PWDsô 

supervisors and co-workers greatly benefitted from employing PWDs.  

These findings concurred with past studies which revealed that PWDs perform better when 

compared with their non-disabled colleagues on productivity, safety measures, loyalty, and 

attendance (Ang, 2017; Bonaccio et al., 2019).  

 

Conclusion & Recommendation 

The success of the study depends on the achievement of the research objectives which were 

mainly to identify the private sector employersô recommended strategies to promote 

employment for PWDs and explore the benefits of employing PWDs in the private sector of 

SL.  

Figure III summarises the employer recommended strategies based on the key findings of this 

study and literature review. The boxes highlighted in red are unique to the SL context as some 

of the employer-recommended strategies, were not found in past studies specific to the SL 

private sector context.  

The employer-recommended strategies from the literature review in Figure III (highlighted in 

yellow) were based on Henry et al.ôs (2014) focus group study with 74 public and private 

employers in the US. Although the research context is different from the present study, Henry 

et al.ôs (2014) recommendations will also be useful in promoting disability employment in the 

private sector of SL.  

Moreover, the findings concurred with past studies which revealed that PWDs perform better 

when compared with their non-disabled colleagues on productivity, safety measures, loyalty, 

and attendance (Ang, 2017; Bonaccio et al., 2019). The most common benefit was that the 

organisations were able to establish a strong corporate image that values DEI, which led to 

establishing robust confidence amongst their employees, prospective top talent, investors, 

buyers, and customers. These findings supported literature which revealed that employing 

PWDs will result in achieving competitive advantage as the employers will be considered as 

equal employment opportunity provider who values DEI in the workplace (Bonaccio et al., 

2019). 
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Figure III: Employer-Recommended Strategies to Promote Employment Opportunities for 

PWDs in the Private Sector 

Source: Researcherôs original construct. 

 

Hence, the researchers emphasise all private sector employers to consider the recommendations 

shown in Figure III and promote employment opportunities for PWDs, with support from the 

State, NGOs, and other stakeholders, without neglecting PWDs who possesses unique abilities 

and not ódisabilitiesô.  
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Abstract 

Sri Lanka is viewed as a spiritual nation due to its religious background; yet, this has not 

received much domestic focus to improve the urgently required advances. Therefore, the main 

purpose of this study is to identify the relationship between Spiritual Intelligence (SI) and 

Innovative Work Behavior (IWB), while identifying the level of influence of Organization 

Culture (OC) Psychological Empowerment (PE) as the mediator and moderator respectively. 

The research uses a mixed approach, with 287 responses from employees in two leading private 

sector commercial banks and ten employees for qualitative analysis. The quantitative analysis 

shows a moderate influence of SI on IWB, with Organization Culture (OC) acting as a partial 

mediator. Psychological Empowerment (PE) strengthens the relationship but not significantly. 

The qualitative analysis validates the quantitative findings, highlighting the importance of 

fostering an innovative work culture for business success and long-term sustainability. 

 

Keywords: Innovative Work Behaviour, Organizational Culture, Psychological 

Empowerment, Spiritual Intelligence. 

 

Introduction 

Creativity and innovation are crucial in today's VUCA environment (De Jong & Den Hartog, 

2010), with entities like banks investing heavily in research and development to satisfy 

customers. Spiritual intelligence can inspire the integration of innovative work behavior into 

organizational culture, leading to outstanding outcomes (Afsar & Badir, 2017). Additionally, 

Daft (2014) claims that by including the psychological component, empowerment, which is 

typically understood to be the transfer of authority and power to subordinates, is given a fresh 

perspective. This study focuses to bridge an empirical gap with regard to the relationship 

between SI and IWB, having culture as the mediator and psychological empowerment as the 

moderator, mainly with the focus of the banking sector in Sri Lanka. 

General Objective 

This study investigates the relationship between Spiritual Intelligence (SI) and Innovative 

Work Behaviour (IWB) among executive officers of Commercial Bank of Ceylon PLC and 

Hatton National Bank PLC, examining the influence of Organizational Culture and 

Psychological Empowerment. 

Specific Objectives 

To identify the current level of Spiritual Intelligence (SI) on the executive officers of 

Commercial Bank PLC and Hatton National Bank PLC. 
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To examine the current level of the Innovative Work Behaviour (IWB) on the executive 

officers of Commercial Bank PLC and Hatton National Bank PLC. 

To evaluate the level of influence of Spiritual Intelligence (SI) on Innovative Work Behaviour 

(IWB). 

To assess the mediating effect of organizational culture on Spiritual Intelligence (SI) and 

Innovative Work Behaviour (IWB). 

To assess the moderating effect of Psychological Empowerment (PE) on Spiritual Intelligence 

(SI) and Innovative Work Behaviour (IWB) 

 

Methodology 

This study used a mixed method of quantitative and qualitative analysis to investigate a 

problem in the Commercial bank and Hatton National Bank. Primary data was collected 

through self-administered questionnaires, face-to-face and telephone interviews, and secondary 

data from annual reports, journals, and websites. The research findings were generalized to the 

total population, with a sample of Junior Executive Officers and above. The study selected 

Colombo district branches of Western province from the selected banks to gather reliable 

information. Cluster sampling and simple random sampling techniques were used to identify 

branches and employees. A descriptive analysis was conducted on 287 responses, considering 

mean, median, standard deviation, and mode. Statistical analysis included cross-tabulation, 

correlation analysis, and regression analysis. SPSS 26.0 was used for statistical analysis, and a 

Thematic approach was used for qualitative analysis. The study aimed to provide a realistic 

solution for the identified problem and provide valuable insights into the problem. 

 

 

 

 

 

 

 

 

 

H1: There is a significant positive impact of spiritual intelligence and innovative work 

behavior. 

H2: Organizational Culture has a mediating effect on the influence of SI on IWB. 

H3: Psychological empowerment significantly strengthens the influence of SI on IWB. 

 

Results 

Quantitative Analysis 

Table 1: Reliability, validity statistics of the independent variable (SI) and dependent variable 

(IWB) 

Variable Statistic Value 

SI Cronbach's Alpha 0.918 

SI N of Items 20 

Spiritual 

Intelligence 

(SI) 

Organizational Culture 

(OC) 

 Innovative 

Work 

Behaviour 

(IWB) 

Psychological 

Empowerment 

(PE) 
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SI KMO Measure 0.881 

SI Bartlett's Test Chi-Square 3551.338 

SI Bartlett's Test df 190 

SI Bartlett's Test Sig. 0.000 

IWB Cronbach's Alpha 0.947 

IWB N of Items 11 

IWB KMO Measure 0.933 

IWB Bartlett's Test Chi-Square 2602.581 

IWB Bartlett's Test df 55 

IWB Bartlett's Test Sig. 0.000 

 

Table 2: Descriptive Statistics 

 

N Minimum Maximum Mean 

Std. 

Deviation Skewness Kurtosis 

Statistic Statistic Statistic Statistic Statistic Statistic Std. Error Statistic Std. Error 

SI_MEAN 287 2.50 4.85 3.8828 .44751 -.252 .144 .392 .287 

IWB_MEA

N 
287 1.91 5.00 3.7510 .60712 -.669 .144 1.224 .287 

OC_MEAN 287 2.07 5.00 3.8430 .58815 -.879 .144 1.121 .287 

PE_MEAN 287 1.83 5.00 3.8002 .67920 -.648 .144 .593 .287 

Valid N 

(listwise) 
287         

 

Statistical analysis for hypothesis 1 (SI and IWB) 

Table 3: Correlations 

 SI_MEAN  IWB_MEAN  

SI_MEAN 1 0.612** 

IWB_MEAN 0.612** 1 

 

Table 4: Regression Analysis - Model Summary 

Model R R Square 

Adjusted R 

Square Std. Error  

Durbin -

Watson 

1 0.612 0.374 0.372 0.48116 1.834 

 

Table 5: Coefficients 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients t Sig. 

1 (Constant) 0.529  0.034 

1 SI_MEAN 0.830 13.052 0.000 

 

Equation: IWB= 0.529 + 0.830*SI 
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Statistical analysis for hypothesis 2 

Relationship between SI and OC  

Table 6: Correlations 

 SI_MEAN  OC_MEAN  

SI_MEAN 1 0.603** 

OC_MEAN 0.603** 1 

 

Table 7: regression analysis- Model Summary 

Model R R Square 

Adjusted R 

Square Std. Error  

Durbin -

Watson 

1 0.603 0.363 0.361 0.47018 1.941 

 

Table 8: Coefficients 

Equation: OC=0.768+0.792*SI 

 

Relationship between OC and IWB 

Table 9: Correlation 

 OC_MEAN  IWB_MEAN  

OC_MEAN 1 0.853** 

IWB_MEAN 0.853** 1 

 

Table 10: Regression Analysis- Model Summary 

Model R R Square 

Adjusted R 

Square Std. Error  

Durbin -

Watson 

1 0.853 0.727 0.726 0.31769 2.057 

 

Table 11: Coefficients 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients t Sig. 

1 (Constant) 0.368  0.003 

1 OC_MEAN 0.880 27.559 0.000 

Equation: IWB= 0.368+0.880*OC 

 

Mediation effect statistics 

Table 12: Model Summary-OC_MEAN (Outcome variable) 

R R-sq MSE F df1 df2 p 

0.6026 0.3631 0.2211 162.5111 1.0 285.0 0.0000 

 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients t Sig. 

1 (Constant) 0.768  0.002 

1 SI_MEAN 0.792 12.748 0.000 



 

Proceedings of the 6th Annual International Research Symposium ï2023 

[ISSN 2961-502X] 

 

79 International College of Business and Technology, Sri Lanka 

 

Table 13: Coefficients- OC_MEAN Model 

Variable Coefficient Std. Error  t p LLCI  ULCI  

constant 0.7679 0.2428 3.1625 0.0017 0.2900 1.2458 

SI_MEAN 0.7920 0.0621 12.7480 0.0000 0.6697 0.9143 

 

Table 14: Model Summary- IWB_MEAN (Outcome variable) 

R R-sq MSE F df1 df2 p 

0.8615 0.7421 0.0957 408.7070 2.0 284.0 0.0000 

 

Table 15: Coefficients- IWB_MEAN Model 

Variable Coefficient 

Std. 

Error  t p LLCI  ULCI  

constant -0.0733 0.1625 -0.4512 0.6522 -0.3933 0.2466 

SI_MEAN 0.2083 0.0512 4.0660 0.0001 0.1074 0.3091 

OC_MEAN 0.7847 0.0390 20.1340 0.0000 0.7080 0.8614 

 

Table 16: Total effect model- IWB_MEAN 

R R-sq MSE F df1 df2 p 

0.6116 0.3741 0.2315 170.3427 1.0 285.0 0.0000 

 

Table 17: Total, Direct, and Indirect effects of X on Y (IWB_MEAN) 

Effect se t p LLCI  ULCI  c_cs 

Total 

effect 0.8298 0.0636 13.0515 0.7046 0.9549 0.6116 

Direct 

effect 0.2083 0.0512 4.0660 0.1074 0.3091 0.1535 

Indirect 

effect 0.6215 0.0473 0.0000 0.5238 0.7104 - 

 

Table 18: Completely standardized indirect effects of X on Y 

Variable Effect BootSE BootLLCI  BootULCI  

OC_MEAN 0.4581 0.0338 0.3854 0.5188 

 

Statistical analysis for hypothesis 3 (Moderating effect -statistics) 

Table 19: Model summary ï IWB_MEAN (Outcome variable) 

R R-sq MSE F df1 df2 p 

0.7328 0.5370 0.1725 109.4181 3.0 283.0 0.0000 

 

Table 20: Coefficients- IWB_MEAN model 

Variable Coefficient 

Std. 

Error  t p LLCI  ULCI  

constant 2.0866 0.8168 2.5547 0.0112 0.4789 3.6944 
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SI_MEAN -0.0391 0.2215 -0.1766 0.8599 -0.4751 0.3969 

PE_MEAN 0.0379 0.2229 0.1699 0.8652 -0.4009 0.4766 

Int_1 0.1118 0.0570 1.9615 0.0508 -0.0004 0.2241 

 

Table 21: Test of Interaction 

R2-chng F df1 df2 p 

0.0063 3.8474 1.0 283.0 0.0508 

 

Table 22: Conditional effects of SI_MEAN at values of PE_MEAN 

PE_MEAN Effect 

Std. 

Error  t p LLCI  ULCI  

3.1667 0.3151 0.0777 4.0555 0.0001 0.1621 0.4680 

3.9167 0.3990 0.0735 5.4310 0.0000 0.2544 0.5436 

4.4100 0.4541 0.0835 5.4395 0.0000 0.2898 0.6185 

 

Qualitative Analysis 

Demographics 

Demographics N 

Gender 

   Male 

   Female 

 

5 

5 

Age 

   Between 31-40  

   Between 41-50 

   Above 50 

 

5 

3 

2 

Level of experience 

   Between 10- 15 

   Between 16-25 

   More than 25  

 

5 

4 

1 

Designation 

   Executive 

   Non-executive 

 

10 

0 

 

Upon reviewing the insightful reviews of the respondents in the qualitative analysis, it is 

important to emphasize that the qualitative discussion further verified the statistical analysis's 

conclusions, adding even more value to the study.  The respondents demonstrate characteristics 

associated with spiritual intelligence on a more substantial level. Although there were some 

opposing viewpoints, it is noteworthy that most employees support innovation and creativity 

when it comes to innovative work behavior. Based on the respondents' views, it is evident that 

culture is seen as a crucial element that provides a competitive advantage in the ever-changing 

modern world.  it is also evident that employees do, in fact, have a certain degree of 

psychological empowerment. It would be extremely advantageous to capitalize further on this 

idea for the benefit of both the banking sector and its workforce. 
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Discussion 

According to the study findings, employees of Commercial bank and Hatton National Bank 

currently have moderately high levels of SI and IWB. Prior to analyzing the mediation effect 

through SPSS, a comprehensive statistical analysis was carried out independently to identify 

the relationship between SI vs OC and OC vs IWB. Positive linear relationships were 

identified. Mediation effect with the use of SPSS affirmed this finding and it turned out to be 

a ópartial mediationô which means, IWB can be either directly influenced by SI or indirectly 

influenced through OC. While thereôs little research on the mediating role of OC on SI and 

IWB, the studyôs conclusion appears consistent with the statement made by (Khan, et al., 2020), 

that culture serves as a binding agent tying together personnel and organizational processes. 

According to the findings, PE was found to slightly but not significantly improve the 

relationship between SI and IWB and this could only be improved by 45% even with the full 

presence of PE. This implies the existence of numerous other variables that improves the 

relationship which affirms the findings of (Ranasinghe & Samarasinghe, 2019). Based on the 

in-depth interviews, with the chosen bankers, this conclusion could be regarded as applicable 

since, in their opinion, PE has little significance because all employees have to essentially 

follow the Central Bankôs and numerous other regulatory bodies strict rules and regulations, 

which are crucial in the banking industry given its high-risk component.  

 

Conclusion & Recommendation 

The purpose of this study is to identify ways to improve IWB in the banking sector. The study 

revealed that bankers from selected banks have moderately high SI and IWB levels, with a high 

standard deviation for IWB, indicating diverse viewpoints on innovation and creativity. 

Further, a moderately significant relationship was identified between SI and IWB. When 

analyzing the mediating effect, the influence of SI on OC was found to be moderately 

significant, while OC's influence on IWB was found to be highly significant where the R2 value 

72.7% of the total variation in IWB can be explained by variation in OC. On the other hand, 

only 37%of the total variation of IWB can be explained by the variation of SI. The study 

identified a mediation effect between SI vs OC and OC vs IWB, which was confirmed through 

SPSS analysis where a 'partial mediation' was identified, along with a moderator effect, which 

is not considered significant. 

Limitations and future studies 

The study focused on bankers and only two banks, but could be expanded to other sectors. 

Future research should explore innovative work practices of blue- and white-collar employees, 

SI's influence on IWB focusing managerial levels, and other factors impacting IWB, and the 

impact of organizational culture on IWB in the banking sector. 

Recommendations 

(Bowell, 2004)'s seven steps for spiritual intelligence include awareness, meaning, evaluation, 

being centered, vision, and projections and it's advisable to consider these steps. To cultivate 

spiritually intelligent bankers, employee assistance programs, diversity programs, wellness 

programs, yoga, flexible schedules, and reduced travel time can be implemented. This fosters 

a spiritually enriched culture, promoting innovative work behavior in Sri Lankan banks. 
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Abstract 

The study aimed to address a gap in the literature by investigating the impact of hybrid 

workplace models on the productivity of content creators during an economic crisis in Sri 

Lanka. Motivated by the challenges posed by the COVID-19 pandemic and the country's 

economic situation, the research focused on understanding how organizations could effectively 

manage remote and on-site work arrangements to maintain employee productivity. Conducted 

the research in collaboration with five prominent Sri Lankan content creation companies. The 

study used a quantitative approach with 157 respondents selected through simple random 

sampling method. The three dimensions of hybrid workplace models; job autonomy, supportive 

leadership, and digital skills were explored using a self-administrated questionnaire. The 

findings indicated that there is an impact of job autonomy, supportive leadership and digital 

skills on employee productivity in a hybrid workplace. 

 

Keywords: Employee productivity, Hybrid workplace models, Job autonomy, Supportive 

leadership, Digital skills 

 

Introduction 

The COVID-19 pandemic has rapidly shifted remote work from a luxury to a necessity for 

many organizations, leading to the emergence of hybrid workplace models that combine remote 

and in-office work. The content creation companies, like others, have adapted to this trend, 

implementing a hybrid workplace model to balance in-office presence with remote flexibility. 

While remote work offers advantages such as flexibility and cost reduction (Farrer, 2022), it 

also presents challenges like decreased collaboration and increased isolation (Wigert and 

White, 2022). Hybrid models aim to address these issues by emphasizing in-office work. 

Research on the impact of hybrid work on employee productivity has been conducted across 

various industries, but more specific investigations into hybrid workplace models are needed. 

This study focuses on content creation companies, aiming to understand the model's effects on 

productivity and guide effective work environment structuring. Productivity is similarly 

defined in scientific literature as the link between production and input, between outcomes and 

sacrifices (Bjºrkman, 1992). Existing research on hybrid models shows mixed results, with 

some studies indicating increased productivity (PwC, 2021) and others finding no significant 

difference (Sun, Liu, and Wang, 2022). This study seeks to fill a gap in the literature by 

examining the effects of hybrid workplace models on employee productivity at content creation 

companies, providing context-specific insights. The results will be valuable for management 

and stakeholders interested in optimizing remote and in-office work for productivity and 

employee well-being. 

mailto:tgayashan@gmail.com
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This research holds considerable importance in academia due to the nascent nature of hybrid 

workplace models and the limited existing research on them, particularly regarding their impact 

on employee productivity. By exploring the relationships between job autonomy, supportive 

leadership, digital skills, and employee productivity in a hybrid setting, the study significantly 

contributes to the expanding body of knowledge in this field. It provides crucial insights for 

organizations seeking to optimize their hybrid work settings for enhanced employee 

productivity, especially pertinent in the context of the current economic crisis affecting 95% of 

respondents.  

 

Research Question 

What it is the impact of hybrid workplace models on employee productivity of content creation 

companies in Colombo district, Sri Lanka? 

 

Objectives 

MAIN OBJECTIVE 

To examine the impact of hybrid workplace models on employee productivity of content 

creation companies in Colombo district, Sri Lanka 

 

SECONDARY OBJECTIVES 

To study the impact of job autonomy on employee productivity of content creation companies 

in Colombo district, Sri Lanka 

To study the impact of supportive leadership on employee productivity of content creation 

companies in Colombo district, Sri Lanka 

To study the impact of digital skills on employee productivity of content creation companies 

in Colombo district, Sri Lanka 

To identify the most important factor in terms of hybrid workplace models on employee 

productivity of content creation companies in Colombo district, Sri Lanka 

 

 

Methodology 

Research Strategy 

This study follows a positivist philosophy, using deductive reasoning to identify causal 

relationships between variables. A quantitative research approach was used, emphasizing the 

collection and statistical analysis of numerical data. 

 

Sampling and Data Collection 

The population this study population is 262 employees who are working in five content creation 

companies in Colombo district in Sri Lanka. The study carried out sample basis and the sample 

content of 157 respondents who have been selected through simple random sampling 

technique.  

This research utilized both primary and secondary data collection methods. For the primary 

data, a structured questionnaire employing a five-point Likert scale was distributed among 157 

employees, garnering responses from 150 individuals, resulting in an 95.5% response rate, 

which was deemed satisfactory for the research. The collected data underwent analysis using 
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the IBM SPSS data analysis program. Various techniques, including Frequency analysis, 

Central tendency measures, Correlation analysis, and Regression analysis, were employed to 

analyze the data comprehensively. 

 

Conceptual Framework 

According to Swaen and George (2022), a conceptual framework is a visual representation of 

the link between the variables being studied as well as the characteristics or properties the 

investigator is particularly interested. The elements in below conceptual framework were 

chosen after reviewing an extensive amount of literature. These three dimensions (job 

autonomy, supportive leadership, and digital skills) have been selected as the dimensions of the 

independent variable of hybrid workplace models. The following conceptual framework 

includes a graphical representation of the relationship between these factors. 

 

Independent variables                                                               

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hypotheses 

H1: There is an impact of job autonomy employee productivity of content creation companies 

in Colombo district, Sri Lanka 

H2: There is an impact of supportive leadership on employee productivity of content creation 

companies in Colombo district, Sri Lanka 

H3: There is an impact of digital skills on employee productivity of content creation companies 

in Colombo district, Sri Lanka 

 

  

Source: Author constructed (2023) 

Figure 1: Conceptual framework 

Supportive Leadership 

Digital Skills 

Job Autonomy 

Employeesô Productivity   

Dependent variable 
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Results 

Table 1: Reliability of the variables 

Variable Dimension 
Cronbach's 

Alpha 
Reliability 

Independent 

Variable 

Autonomy 0.906 
Extremely 

Reliable 

Supportive leadership 0.939 
Extremely 

Reliable 

Digital skills 0.890 
Extremely 

Reliable 

Dependent 

Variable 
Employee productivity 0.903 

Extremely 

Reliable 

Source: Researcherôs original work (2023) 

 

Cronbach's alpha values for autonomy, supportive leadership, digital skills, and employee 

productivity were exceptionally high at 0.906, 0.939, 0.890 and 0.903, respectively exceeding 

the standard cutoff of 0.7. This indicates strong associations within each scale, affirming the 

reliability and internal consistency of the study's measures and bolstering the validity and 

accuracy of the research findings. 

 

Table 2: Validity of the variables 

KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.694 

Bartlett's Test of 

Sphericity 

Approx. Chi-Square 5175.266 

df 1770 

Sig <.001 

Source: Researcherôs original work (2023) 

 

The KMO value for this research project is 0.694, which is regarded as good. The KMO 

analysis results thus indicate that the dataset is suitable for factor analysis to investigate the 

underlying constructs of this study. 

 

DESCRIPTIVE STATISTIC 

In the research, 157 participants were involved, with 77% being men and 23% women. The 

majority, representing 56.3%, belonged to the millennial category, followed by Gen Z 

participants at 33.3%. Gen X and boomers constituted 8% and 2.3%, respectively. Regarding 

marital status, 41.4% were married, while 58.6% were unmarried. In terms of housing, 23% 

lived in rented accommodations, 62.1% owned their homes, and 14.9% stayed with relatives. 



 

Proceedings of the 6th Annual International Research Symposium ï2023 

[ISSN 2961-502X] 

 

87 International College of Business and Technology, Sri Lanka 

 

Public transportation was the primary mode of commuting for 51.7%, while 43.7% used their 

vehicles. Most respondents (32.2%) traveled less than 20 kilometers to work. Senior executives 

(39.1%) and coordinators (42.5%) were the majority, with only one participant from the head 

and above category. 

 

CORRELATION ANALYSIS 

 

Table 3: Results of Pearson Correlations between Dimensions of Hybrid workplace models 

and Employee Productivity 

No Independent variables (Dimensions) Dependent Variable (EP) 
p-

value 

1 Autonomy 0.509** <0.001 

2 Supportive leadership 0.544** <0.001 

3 Digital Skills 0.412** <0.001 

**. Correlation is significant at the 0.01 level (2-tailed) 

Source: Researcherôs original work (2023) 

 

Pearson correlation analysis reveals a positive relationship between hybrid workplace models 

and employee productivity. Autonomy and productivity have a correlation coefficient of 0.509, 

and Supportive Leadership and Digital Skills show coefficients of 0.544 and 0.412, 

respectively. All correlations are statistically significant (p < 0.001), indicating a genuine 

relationship between the variables. 

 

REGRESSION ANALYSIS 

 

Table 4: Regression summary of autonomy, supportive leadership, and digital skills 

Measurements Value 

R 0.706 

Adj. R Square 0.480 

p-value 0.001 

F 27.493 

B-Constant 0.404 

Source: Researcherôs original work (2023) 
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Adjusted R square of 0.480 indicates that autonomy, supportive leadership, and digital skills 

explain 48% of the variability in employee productivity. The significant F value of 27.493 (p < 

0.001) in Table 4.6 confirms the model's statistical significance, supporting its ability to predict 

employee productivity using the specified independent variables. 

 

Table 5: beta coefficient, t and p values of autonomy, supportive leadership, and digital skills 

Dimension beta coefficient t value p-value 

Autonomy 0.302 3.289 0.01 

Supportive Leadership 0.466 5.863 <0.01 

Digital Skills 0.221 2.452 0.016 

Source: Researcherôs original work (2023) 

 

The regression analysis underscores the significant impact of supportive leadership on 

employee productivity, evidenced by a strong positive relationship (beta coefficient = 0.466). 

Autonomy follows closely in influence, while digital skills, although statistically significant 

(beta coefficient = 0.221), contribute to a comparatively smaller effect size. These findings 

highlight the importance of supportive leadership and autonomy in predicting and enhancing 

employee productivity. 

 

Table 6: Summary of hypothesis testing 

  Hypothesis Accept/Reject 

H1 
There is an impact of job autonomy employee productivity of content 

creation companies in Colombo district, Sri Lanka 
Accepted  

H2 

There is an impact of supportive leadership on employee 

productivity of content creation companies in Colombo district, Sri 

Lanka 

Accepted  

H3 
There is an impact of digital skills on employee productivity of 

content creation companies in Colombo district, Sri Lanka 
Accepted  

Source: Researcherôs original work (2023) 

 

Discussion  

The study, focusing on the hybrid workplace at content creation companies which are operated 

in Colombo district during a financial crisis, confirms the importance of job autonomy for 

enhancing employee productivity, aligning with findings by Deloitte (2020), Jaafar and Rahim 

(2022), Vasudevan et al. (2021), Reisinger et al. (2022), George-Clinton (2021), C§rdenas 

(2022), and Amin (2018). Additionally, the research affirms the positive influence of supportive 

leadership on productivity, consistent with studies by Bloom et al. (2015), Almaamari and 

Alaswad (2021), Madaan (2015), and Radwan (2017). In exploring the impact of digital skills 

on employee productivity during an economic downturn, the study aligns with earlier literature 

by Anthony (2005), Liddell (2022), and Saputra et al. (2021). These collective insights 

contribute empirical evidence to the existing knowledge, emphasizing the multifaceted factors 

influencing productivity in contemporary work environments. 
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Conclusion and Recommendations 

The research confirms the substantial impact of job autonomy, digital skills, and supportive 

leadership on employee productivity within content creation companies operating in a hybrid 

workplace. It does not only underscore the positive correlation between job autonomy and 

productivity but also advocates for substantial investments in digital skills training to augment 

overall productivity levels. Moreover, the study accentuates the pivotal role of supportive 

leadership in cultivating successful outcomes within a hybrid work environment. 

To further delve into the impact, it is crucial to recognize that job autonomy empowers 

employees, enabling them to make independent decisions and fostering a sense of ownership. 

This empowerment directly translates into increased productivity, as individuals feel a greater 

sense of responsibility and engagement in their tasks. Similarly, investing in digital skills 

contributes to a workforce that is not only adaptable to technological advancements but is also 

equipped to handle varied tasks efficiently. This, in turn, has a direct positive impact on overall 

organizational productivity. Supportive leadership, as highlighted in the study, plays a critical 

role in shaping the work environment. Leaders who provide guidance, encouragement, and a 

conducive atmosphere for collaboration can significantly impact employee morale and 

productivity. The influence of leadership extends beyond immediate task management, 

contributing to an organizational culture that values innovation, collaboration, and individual 

growth. 

Therefore, the management of content creation companies is strongly recommended to 

implement policies that prioritize job autonomy, invest in comprehensive digital skills training 

programs, and foster supportive leadership. These proactive measures are anticipated not only 

to enhance employee productivity but also to fortify overall organizational performance, 

particularly during economic challenges and within the dynamic landscape of a hybrid work 

setting.  

In conclusion, organizations aspiring to boost productivity in a hybrid workplace should 

strategically prioritize aspects such as job autonomy and supportive leadership, creating an 

environment that is both transparent and flexible. Simultaneously, the integration of 

comprehensive digital skills training initiatives, including online programs and knowledge-

sharing platforms, is deemed crucial. These recommendations provide actionable steps for 

organizations aiming to optimize employee performance in the evolving dynamics of a hybrid 

work environment. 
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Abstract  

This study is conducted with the objective of identifying critical factors that affect the investors 

in obtaining a Margin Trading Facility (MTF) in Sri Lanka.  

The hypotheses were developed based on above objectives and the quantitative research 

method was followed to test them and purposive sampling method used to select the sample. 

A questionnaire was used to collect primary data  

The most significant finding from the study is that the MTF management style by the individual 

margin providers is having a higher impact towards the investors decision to obtain an MTF. 

It was also observed that the main three factors tested in the study has an impact of only 45.8% 

towards an investor obtaining a MTF and therefore it is important to draw attention towards 

other factors also.  

 

Keywords: Margin Trading Facility, Margin percentages, Margin Limits Negative Leeway, 

Margin call  

 

Introduction  

Background of the Study 

An investor in the Colombo Stock Exchange (CSE) can obtain a Margin Trading Facility 

(MTF) as a funding option. It is a facility provided by holding an investor`s share portfolio as 

a collateral and charging interest as a fee. Initial MTF requirements set by the regulator must 

be adhered by the investor and the MTF provider (Hardouvelis & Theodossiou, 2002).The 

MTF providers also implement margin control measures to safeguard themselves from any 

losses (Rytchkov, 2014). The utilization of MTF in a share market is always carry a high level 

of risk (Lin, et al., 2015). The investors with higher overconfidence in investment literacy are 

more likely to make share purchases on margin (Kim, et al., 2022).The application of different 

type of margin percentages based on the type of the shares is a common practice among margin 

providers (Rytchkov, 2016).It is a widely accepted concept that the liquidity level of a stock 

would get increased when they are being identified as a marginable stock (Kahraman & 

Tookes, 2017).  

Margin Trading Landscape in Sri Lanka 

At present, the margin providers of Sri Lanka offer various margin percentages to the listed 

shares at the time of obtaining an MTF, subject to keeping the overall limit within 50% of the 

total value of marginable share portfolios. 
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The Cost factors related to MTF 

The MTF is utilized by investors to manage their share portfolio in cost effective manner and 

therefore the cost incurred on a MTF is one of the crucial factor that would impact on a decision 

with regards to obtaining a MTF.       

 

Follow up and recovery actions related to MTF 

The investors who utilize MTF are required to be concerned with the type of shares that they 

would transact with, since it will have an impact to their margin limits when market prices 

fluctuate. The MTF would assist lower the risk of crashing of future stock prices via purchased 

induced liquidity (Alexander, et al., 2004). The regulators also structure the mandatory limits 

to safeguard the interest of both MTF clients and the MTF providers (Wang, Cheng, & Chou, 

2016). In contrary to that, it was also argued that the margin calls may increase the declining 

market sentiment and thereby it would increase the possibility of a future market crash 

(Thurner, et al., 2012). 

 

Research Problem & Objectives  

The margin percentages allocated on listed shares may get amended in time to time by the MTF 

provider. Since the MTF are provided by charging an interest the investors are required to 

monitor the movement in market interest rates. These factors make it challenging task to an 

investor to move in to an MTF. Therefore, the impact from following three aspects to an 

investor, at the point of obtaining an MTF, have been  identified as research questions & the 

research objectives. 

1. Do the margins percentages allocated to listed shares by the margin provider? 

2. Do the interests Rates and the formula of Interest rate calculation applicable to MTF? 

3. Do the margin account balance management styles by the margin provider? 

 

Significance of the Study 

A study in to the critical factors that affect investors in obtaining an MTF will assist the margin 

trading providers to further strengthen their strategies towards promoting and growing their 

businesses. In addition to that the investors would also be able to gain an insight into the aspects 

that they should draw attention when they are evaluating an MTF. 

 

Limitations of the Study 

There are several research papers published in various countries in relation to the topic of this 

study. (Ladley, et al., 2020) discuss that the impact to investors from margin call collateral 

requirements and (Bian, et al., 2021) elaborate on how margin driven stock portfolios have an 

impact to investor returns. (Lv & Wu, 2019) discuss the impact that margin trading has on 

future stock price crashes.  

There are no adequate past research materials in relation to Sri Lankan margin trading industry 

is one of the main limitations. The selected sample for the research was comprises of investors 

who were representing ABC company only. Therefore, it may not fairly represent the entire 

population of share trading investors trading with borrowed funds in CSE.  
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Methodology  

Conceptual Framework (CF) of the Research 

The independent & dependent variables were identified as per below given figure i. 

 

 
Figure i-Conceptual Framework of the Research 

 

Development of Hypothesis 

The following hypothesis (Table i) were developed in line with the above-mentioned 

variables. 

 

Table i- Development of Hypothesis 

 
The Operationalization of the variables in to questionnaire were done according to the table 

iii.  
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Table ii- Operationalization Table 

 
 

Research Design, Sampling Design & Population 

The quantitative research method was followed and the purposive sampling method was used 

to select the sample. Total of 108 investors were selected in to the sample from a population of 

151 clients with debtor balances in ABC Company and the data collection was carried out by 

forwarding a questionnaire.  

 

Discussion  

Analysis of Demographic Factors 

Information was collected in relation to the Age group, Gender, Number of years involved in 

share trading, Source of funds utilized to invest in the share market & Method of engaging in 

share trading. It was observed that 92 out 109 participants were male and 44% of participants 

were belong to the age category of 25-34 years.  

 

R-squared value 

As indicated in the diagram i, the margin account balance management style by the MTF 

provider indicated the highest R squared value of 0.378 (37.8%)while the margin percentages 

allocated to listed shares indicated the lowest R squared value of 0.235(23.5%) (Diagram ii). 

The interest rate and the interest rate calculation formula indicated a R squared value of 

0.368(36.8%)(Diagram iii). These R squared values indicate the dependency of the dependent 

variable on the independent variables respectively. 
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Correlation Analysis between independent variables and the dependent variable 

 

Table iii- Analysis of correlation 

 
As per the table iii, the Margin facility, being the dependent variable, is having a correlation of 

0.485 with the margin percentages independent variable and it is a positive but weak 

correlation. The P value between margin facility and the margin percentages is 0.000. Since it 

is below the significant level of 0.05 the first null hypothesis is rejected. 

The correlation between the margin facility and the Interest is 0.606 and it is a positive strong 

correlation. The P value between these two variables is 0.000 and thereby the second null 

hypothesis is rejected. The correlation between the margin facility and the account management 

is 0.615 and it is a positive & strong correlation and the P value between the same variables is 

0.000 and since it is below 0.05, the 3rd null hypothesis is rejected. 

 

Model Summary & ANOVA Table Analysis 

Table iv-Model Summary 
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The model summary table (Table iv) indicates that the adjusted R square value is 0.458 and it 

is defined as all three independent variables are having an impact of 45.8% towards the 

dependent variable.  

 

Table v-ANOVA Table 

 
The ANOVA table (Table v) gives a significance value of 0.000. It is below the 0.05 and it can 

be determined that the model tested through the research has been accepted. 

Show multiple regression table and show hypothesis testing for that.   

 

Conclusion of the Study 

As the data analysis indicated that all three factors identified through the objectives are 

significant when an investor is obtaining an MTF, but the margin account balance management 

style followed by the margin providers have the highest impact to a client when they are to 

obtain a MTF. It indicates that in general the investors are keen on how they can manage their 

margin debt with respective MTF providers. The investors may shift between MTF providers 

depending on their experience that they observed at the point of managing the MTF facility. 

Therefore, this study shows that the investors who may enter in to MTF in future should 

carefully evaluate the MTF balance management style of a MTF provider prior to obtaining a 

one. On the other hand, the MTF facility provider cans also can draw more attention to their 

style of managing MTF balances with the clients, in order to grow their client base or at least 

to retain their existing client base.  

Recommendations 

The margin providers could draw more attention to the identified three variables to grow their 

MTF client base. Further, they may gain added advantage by adopting an effective approach 

towards margin account balance methods, since it has the highest positive and strong 

correlation towards the dependent variable.  

The MTF providers could further expand their options of providing competitive interest rates 

to the investors and the investors are also required much broader way the Interest options 

offered by the MTF providers. 

Further, the data analysis indicated that the impact from all unknown factors other than the 

three independent variables is 54.2%. Therefore, the MTF providers could explore in to those 

unknown factors and it might provide further options for them to grow their business.  
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Suggestions for Future Research  

The entire population of investors who trades on borrowed funds can be in the range of 20000 

to 25000. The sample size for a population of 20000 is approximately 380 (Krejcie & W, 

1970).Therefore, conducting a similar nature study with much larger sample size may help to 

arrive at a conclusion with much higher confidence levels.  

The data analysis indicated that the three independent variables are having only a 45.8% impact 

on the movement of the dependent variable. Therefore, the number of objectives of this study 

can be expanded and it will  allow in future researchers to collect more broader data relevant to 

other critical factors that would have an impact when the investors are obtaining an MTF. 
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Abstract 

This research focuses on evaluating the applicability of Building Information Modelling (BIM) 

in addressing construction project delays within Sri Lanka's Western Province. To investigate 

the potential benefits, challenges, and strategies for implementing BIM in this context, a 

random sample of contractors in the Western Province was surveyed through an online 

questionnaire survey. Among previous studies, this study is distinctively original, supported by 

robust scientific evidence. While other studies have studied comparable research regarding 

BIM and how to reduce project delays in several parts of the world, this study offers fresh 

views on the practical application of Building Information Modelling (BIM) to efficiently 

reduce building project delays in the peculiar setting of Sri Lanka's Western Province. The 

findings reveal a low level of BIM adoption among contractors, primarily due to limited 

experience, training gaps, resistance to change, and financial constraints. The research provides 

recommendations to promote BIM adoption, such as government regulations, knowledge-

sharing platforms, training initiatives, and awareness campaigns. delays. 

 

Keywords: Building Information Modelling, Construction Project Delay, Sri Lanka, Western 

Province 

 

Introduction 

Sri Lanka construction industry. Once it was a biggest contributor to the countryôs GDP and 

the generation of employment is now facing the biggest downfall in history. According to the 

Central Bank of Sri Lanka (2020), the GDP of Sri Lankaôs construction industry was measured 

at around 4-8% at end of 2019, making it the 4th largest contributor to the GDP of Sri Lanka. 

But according to Global Data, the Sri Lanka construction industry which was projected to have 

a growth of 9.2% is now forecasted to have a contraction of 4.6% (McLoughlin, 2022). 

Even before the financial crisis, evidently, the Sri Lankan construction industry wasnôt a 

sustainable industry when considering the delay aspect of a project. Therefore, it is very 

important that the construction industry adheres to new technologies and techniques which 

have been used in other parts of the world to mitigate problems such as project delays. Such 

techniques and technologies can be identified as lean construction and building information 

modelling (Tauriainen et al. 2016).  

BIM is a method for creating and handling information on a building job throughout its whole 

life span. As part of this process, a coordinated digital representation of every element of the 

built object is created using suitable technology. BIM does this by increasing the efficiency, 

productivity, and level of management whole throughout the life cycle of a construction 
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process. (Hamil, 2021; Jiang et al., 2022).  This digital description most likely combines 

structured data with information-rich 3D models, such as details about the construction project, 

the execution, and the handover. Though it is evident that, countries like Singapore and 

Australia use BIM to reap various benefits out of it, Sri Lanka still hasnôt adapted to BIM. 

Therefore, this study plays a vital role since it covers significant gaps in existing knowledge 

about building project delays in Sri Lanka's Western Province. The research investigates the 

usability of BIM as a Lean Construction Technique, providing practical ways to overcome 

problems and important insights for increasing project efficiency in the Western Province of 

Sri Lanka.  

Objectives 

¶ To find out how BIM can reduce construction project delays in western province of Sri 

Lanka.  

¶ To identify the perception and knowledge among Sri Lankan construction industry 

professionals regarding BIM. 

¶ To identify the barriers to implementing BIM in Sri Lankan construction industry. 

¶ To provide recommendations based on the findings. 

 

Methodology 

This research follows a positivist research philosophy, utilizing quantitative methods to gather 

observable and measurable data. Internet-based questionnaire surveys were employed to 

efficiently collect data from construction contractors in Sri Lanka's Western Province. In 

conjunction with the chosen positivist research philosophy and quantitative methodology, a 

snowball sampling strategy was implemented for participant selection. This method was 

particularly relevant within the intricate network of the construction industry in Sri Lanka, 

where existing industry connections facilitated the identification and inclusion of suitable 

respondents for the internet-based questionnaire surveys.  The survey encompassed two 

sections, one for demographic information and another for insights on construction project 

delays, Building Information Modelling (BIM) knowledge, and barriers to BIM 

implementation. Likert scale questions were used, along with an open-ended query to capture 

respondents' opinions. Data analysis was performed using IBM SPSS Version 26, enabling a 

comprehensive examination of BIM's potential in addressing construction delays in the region. 
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Results and Discussion 

 
Figure i - Work Experience of the Respondents in the Western Province as a Contractor 

(From SPSS Analysis) 

A total of 54 anonymous surveys were collected through the questionnaire surveys that was 

distributed online. However, four of the surveys has to be discarded from the analysis because 

as seen from the  

Figure i 4 number of respondents has no experience in the Western Province of Sri Lanka as a 

contractor. 

 

BIM As a Tool to reduce Construction Project Delays in Western Province of Sri Lanka 

 

Table i - The Average Agreement Level of the Respondents Regarding the Common Delay 

Causes in the Western Province of Sri Lanka (From SPSS Analysis) 

# Common Delay Causes in the Western Province of Sri Lanka Mean 

Agreement 

Level 

1 Construction project delays occur due to improper planning and 

scheduling in the Sri Lanka construction industry 

3.78 

2 Construction project delays occurs due to errors and reworks in 

the Sri Lanka construction industry 

3.83 

3 Construction project delays occurs due to poor communication in 

Sri Lankan construction industry 

3.67 

4 Construction project delays occurs due to improper design 

changes in the Sri Lankan construction industry 

3.76 

5 Construction project delays occurs due to not having proper 

updated shop drawings in the Sri Lankan construction industry 

3.64 

 

 

Table  shows the average level the respondents of the Western Province of Sri Lanka have 

agreed to the common delay causes in the Sri Lankan construction industry. The agreement 

level was tested on 1 ï 5 Likert scale and the average of each delay cause falls well over 3, 

meaning that respondents have agreed that these factors cause delays in the Sri Lankan 
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construction sector. However, fortunately, through the literature review it was identified that 

almost all the causes above can be mitigated through BIM. 

 

Perception and Knowledge of the Contractors in Western Province in Sri Lanka Regarding 

BIM and Barriers in Implementing BIM 

Figure ii - Familiarity to Concept with BIM, Clustered by Weather the Respondent has 

Actively Worked in the BIM Aspect of a Project (From SPSS Analysis) 

 

Figure iii - Familiarity to Concept with BIM, Clustered by Weather the Respondent has 

Worked on a Construction Project Which Uses BIM (From SPSS Analysis) 
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Familiarity to BIM is proportionate to the fact that whether a contractor has worked on the BIM 

aspect of a project or whether a contractor has worked on a construction project which uses 

BIM. According to results, it is evident that the majority of the contractors in the western 

province has not worked in the BIM aspect of a project nor worked in a construction project 

which uses BIM to enhance the workflow. This is reflected in the contractorôs familiarity with 

the concept of BIM as seen by the Figure ii and Figure iii.  

When discussing the individualôs knowledge towards BIM, it is important discuss the 

competency of the individual regarding BIM. The competency of each category shown in the  

Table  was identified through a 1 ï 5 Likert scale. The average overall competency was 

measured at 1.50. Therefore, it can be seen that competency level of the contractors in the 

Western Province of Sri Lanka is very low, and hence proportionately the knowledge of BIM. 

 

Table ii - Average Competency in BIM (From SPSS Analysis) 

# Competency Category Average 

Competency 

1 Competency with 3D modelling? (3D BIM) 1.68 

2 Competency with planning the project with coordinated 3D 

models (4D BIM) 

1.50 

 

3 Competency with extracting schedules and managing resources 

with coordinated 3d models? (5D BIM) 

1.30 

 

4 Overall Competency of BIM 1.50 

 

There are several reasons identified for why this knowledge gap and the competency gap exist 

within the contractors in the Western Province of Sri Lanka. The main reasons can be identified 

as lack of awareness and understanding regarding BIM. The benefits and possibilities of BIM 

are not well known or understood in Sri Lanka because it is a fairly recent concept in Sri Lanka 

and the limited industry adoption and implementation of BIM as indicated by Figure iv.  

Figure iv - Likelihood of the Company Investing in BIM and the Awareness if Benefits of BIM 

(From SPSS Analysis) 
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Furthermore, reluctance of the company to invest in BIM , is also due to the Lack of knowledge 

and skills regarding BIM in Sri Lanka. BIM is a difficult process that needs expert knowledge 

and abilities. 

Figure v shows the major software that has been used by the respondents in their respective 

construction projects. It can be seen that nearly 78% of the respondents have only used 

Autodesk AutoCAD in their projects, which is essentially a 2D software. As AutoCAD only 

supports manual updates, collaboration and coordination amongst project stakeholders might 

be more difficult. Therefore, lack of 3D software knowledge can cause a huge barrier in 

implementation of BIM. 

Figure v - Major Software used by the Respondents in their Construction Projects (From 

SPSS Analysis) 

 

The final barrier that was identified in the course of the survey was identified as the insufficient 

academic institutional support and the lack of training regarding BIM. The degree of support 

provided by academic institutions, professional organizations, and governmental organizations 

can have a significant influence on the acceptance and advancement of BIM expertise. lack of 

institutional support, such as an absence of BIM-related education, certifications, and industry 

standards, may hinder the development of BIM capability in Sri Lanka. There aren't many 

official education programs or BIM-specific training courses offered in Sri Lanka. This is 

evidenced by Figure vi. 
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Figure vi - BIM Taught as Part of the Academic Curriculum in the Academic Institutions 

(From SPSS Analysis) 

 

Conclusion and Recommendations  

Conclusion 

This research explored the potential of Building Information Modelling (BIM) to mitigate 

construction project delays in Sri Lanka's Western Province. Aligning with key objectives of 

the research, this study identified the challenges leading to project delays, such as poor 

management and communication and these delays impact project costs and overall success. 

Through the analysis of literature, BIM was identified as a promising technology for reducing 

delays through improved coordination, visualization, cost estimation, and sequencing. Through 

an extensive data analysis, research revealed varying levels of BIM awareness among 

contractors and identifies obstacles, including a lack of understanding and resistance to change. 

Overcoming these challenges requires collaborative efforts, including education, regulation, 

and public-private cooperation, to enhance Sri Lanka's construction sector and address project 

delays. 

Recommendations 

To enhance the implementation of Building Information Modelling (BIM) in Sri Lanka's 

Western Province for mitigating construction project delays, several key recommendations are 

proposed. These include raising awareness through education programs, establishing industry 

standards, introducing government mandates, providing financial incentives for BIM adoption, 

and delivering comprehensive training programs tailored to contractors' needs. These efforts 

can foster BIM utilization, improve collaboration, communication, and project management, 

ultimately reducing delays and enhancing the efficiency of the construction sector in Sri Lanka. 

 

  



 

Proceedings of the 6th Annual International Research Symposium ï2023 

[ISSN 2961-502X] 

 

107 International College of Business and Technology, Sri Lanka 

 

References 

Central Bank of Sri Lanka, (2020) Economic and Social Statistics of Sri Lanka - 2020. 

Hamil, S., (2021) What is BIM? [online] Available at: 

https://www.thenbs.com/knowledge/what-is-building-information-modelling-bim [Accessed 

24 Mar. 2023]. 

Jiang, R., Wu, C., Lei, X., Shemery, A., Hampson, K.D. and Wu, P., (2022) Government 

efforts and roadmaps for building information modeling implementation: lessons from 

Singapore, the UK and the US. Engineering, Construction and Architectural Management. 

McLoughlin, K., (2022) Economic crisis hits Sri Lanka construction sector. [online] 

Aggregates Business. Available at: https://www.aggbusiness.com/ab10/news/economic-crisis-

hits-sri-lanka-construction-sector [Accessed 12 Mar. 2020]. 

Tauriainen, M., Marttinen, P., Dave, B. and Koskela, L., (2016) The Effects of BIM and Lean 

Construction on Design Management Practices. Procedia Engineering, [online] 164, pp.567ï

574. Available at: https://linkinghub.elsevier.com/retrieve/pii/S1877705816340000. 

 

  



 

Proceedings of the 6th Annual International Research Symposium ï2023 

[ISSN 2961-502X] 

 

108 International College of Business and Technology, Sri Lanka 

 

THE IMPACT OF STRESS MANAGEMENT ON THE JOB PERFORMANCE OF 

QUANTITY SURVEYORS  IN THE CONSTRUCTION INDUSTRY  

Weerasinghe V.B.1, Guruge K.1 
1Faculty of Engineering & Construction, International College of Business & Technology, 

Kandy, Sri Lanka 

vishbhagya678@gmail.com 

Abstract  

Employees are an organization's most valuable asset in overcoming competitors by developing 

competitive advantages. As a result, organizations have been struggling to control workplace 

stress to improve employee performance. Hence, the study was primarily concerned ñto 

investigate relationship between stress management and job performance among quantity 

surveyors in the Sri Lankan construction industryò. The study employed a deductive approach 

with quantity research choice and a survey research strategy. Moreover, the study sample 

included 85 quantity surveyors from the Sri Lankan construction industry, and data was 

gathered using simple random sampling. Hence, the study's findings demonstrated that stress 

management was positively associated to job performance among quantity surveyors in Sri 

Lanka. As a result, it can be stated that managing the stress of the quantity surveyor will result 

in greater employee job performance.  

 

Keywords : Construction Industry, Job performance, Quantity Surveyor, Stress Management 

 

Introduction  

Work-related stress is a major issue in organizations since it can hinder employee performance 

and work satisfaction across the entire organization (McVicar, 2003). Furthermore, work-

related stress harmed employees' psychological, social, and physiological well-being (Ng, 

Skitmore and Leung, 2005), and it reduced production quality and quantity (Kawshalya and 

Pathirana, 2019).  Hence, controlling workplace stress is one of the most challenging 

duties within the context of the organization.  

The Sri Lankan construction industry expected 0.9% annual growth, but encountered obstacles 

such as COVID-19, foreign currency scarcity, tourism downturn, tax policy changes, and 

foreign loans, resulting in decreased investment and construction sector growth collapsed in 

2022 (Research And Markets.com, 2022). The construction industry has provided more than 

650,000 job opportunities, but the economic crisis is caused to job losses, with 100,000 

predicted in 2022. Moreover, construction companies are transitioning to project-based 

recruiting (Wijerathana, 2022). Hence, job uncertainty led to higher work-related stress 

(Caridade et al., 2022) and lower employee performance. The construction market is predicted 

to rise by 5.5% between 2023 and 2026, drawing investments in transportation, housing, 

renewable energy, industrial zones, and tourism. Furthermore, in order to satisfy market 

expansion, the construction business must manage financial resources as well as time. 

Furthermore, due to rising demand from consumers and officials, quantity surveyors encounter 

difficulty in adjusting material pricing and shortages. Hence, it creates job-related stress and 

performance loss of quantity surveyor. Moreover, there has been no study undertaken in the 

Sri Lankan context to examine the relationship between quantity surveyor managing stress and 
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its impact on job performance following the Covid-19 and economic crisis. Hence, because of 

the theoretical and practical gap the study focused to answer "Does stress management impact 

the job performance of quantity surveyors in the Sri Lankan construction industry?" as the 

research question. The findings of this study are critical for stakeholders in the construction 

sector, including HR executives, government agencies, quantity surveyors, and academics. It 

can aid in the identification of stress management factors which leads to improvement of 

employee job performance and the expansion of the existing literature on stress management 

in human resources. Government policies can also be designed to protect the well-being of 

employees. 

 

Methodology  

The study mainly focused on ñto investigate relationship between stress management and job 

performance among quantity surveyors in the Sri Lankan construction industryò. Hence, 

existing theory and knowledge on stress management and job performance were employed in 

the study. Furthermore, the research problem and findings will be defined using current 

knowledge rather than own perspectives and ideas. As a result, this study concentrated on 

positivist research philosophy. Furthermore, hypotheses were constructed based on existing 

theories to fulfill the research purpose, and numerical data was collected and evaluated using 

statistical software. Hence, the study was quantitative based deductive nature research work, 

and followed a cross-sectional temporal horizon. The study population included all of Sri 

Lanka's quantity surveyors, and 120 questionnaires were delivered to a randomly selected 

sample and collected 85 valid questionnaires. As a result, the study sample consisted of 85 

quantity surveyors from Sri Lanka, and data was collected using a simple random sampling 

technique via structured questionnaires. 

 

Results and Discussion  

Results 

 

Demographic Analysis 

The study sought to ascertain the association between quantity surveyors' stress management 

and job satisfaction in the construction industry. As a result, 120 structured questionnaires were 

delivered to randomly selected quantity surveyors in the Sri Lankan construction industry. 

Furthermore, 85 responses were declared valid, resulting in a 56% response rate. Moreover, 

the demographic variables were interpreted using frequency and percentage analysis in the 

study. Hence, the demographic analysis results for this study are summarized in the table 

below. 
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Table 1: Demographic analysis 

Demographic 

factor 

 Frequency Percentage 

Gender Male 63 74.1 

Female 22 25.9 

Age 25 years-34 years 13 15.3 

35 years-44 years 63 74.1 

45 years-54 years 9 10.6 

Experience <5 years 18 21.2 

5-10 years 67 78.8 

Education Level Degree 67 78.8 

Post graduate 18 21.2 

Experience 

Stress at work  

Sometimes  20 23.5 

Often 65 76.5 

Reasons for 

stress at work 

Workload 15 17.6 

Conflict with co-

workers or 

managers 

20 23.5 

Insufficient 

support or 

resources 

22 25.9 

Work-life balance 18 21.2 

Role ambiguity or 

conflict 

10 11.8 

 

Strategies 

applied to 

management of 

stress 

Employee 

assistance 

programs 

6 7.1 

Flexible work 

arrangements 

16 18.8 

Wellness programs 13 15.3 

Stress 

management 

workshops or 

training sessions 

22 25.9 

Regular employee 

feedback and 

communication 

channels 

18 21.2 

Employee 

recognition and 

reward programs 

10 11.8 
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According to the findings of the study, the majority of quantity surveyors [74.1%] are men, 

and the majority of them [74.1%] are between the ages of 35 and 44.  Furthermore, 78.8% of 

quantity surveyors claimed that they have five to ten years of construction experience. 

Furthermore, 78.8% declared that they have a bachelor's degree, while 21.2% have a 

postgraduate degree. Moreover, the majority of quantity surveyors reported that they frequently 

feel work-related stress. Further, 25.9% of quantity surveyors reported that a lack of resources 

or assistance contributes to significant stress in the workplace.  Furthermore, 25.9 quantity 

surveyors stated that stress management workshops or training programs assist them manage 

their stress at work. 

 

Reliability Analysis 

The reliability analysis aids in determining the internal consistency of questions about factors 

such as stress management and job performance. As a result, the study findings revealed that 

Cronbachôs alpha values related to stress management and job performance were 0.881 and 

0.907, respectively. Thus, given Cronbachôs alpha is more than 0.7, it may be concluded that 

stress management and job performance have strong internal consistency.   

 

Descriptive Analysis 

Table 2: Descriptive Statistics 

 N Minimum Maximum Mean Std. Deviation 

Stress Management 85 2.78 4.86 4.0075 .39982 

Job Performance 85 2.78 4.86 3.9840 .41539 

 

The mean and standard deviation values in Table 2 were related to variables such as stress 

management and job performance. Hence, the majority of quantity surveyors feel that stress 

management is an important aspect in improving job performance, as the mean value for stress 

management is 4.0075. Furthermore, the mean value for job performance is 3.9840, indicating 

that the majority of participants believe that stress management practices can improve job 

performance. Moreover, the standard deviation values related variables such as stress 

management and job performance .39982 and .41539 respectively. As a result of the low 

standard deviation, data points from this study are grouped around the mean value. 

 

Correlation analysis 

The correlation analysis shows that relationship between the variables such as stress 

management and job performance. Hence, according to analysis stress management has strong 

positive relationship [r=.779**] with the job performance of quantity surveyor in Sri Lankan 

construction industry at 0.01 levels.  
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Table 3: Correlation table 

 Stress 

Management 

Job Performance 

Stress Management 

Pearson Correlation 1 .779**  

Sig. (2-tailed)  .000 

N 85 85 

Job Performance 

Pearson Correlation .779**  1 

Sig. (2-tailed) .000  

N 85 85 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

Regression analysis 

The R value of the model summary analysis revealed that stress management had a 77.9% 

association with quantity surveyor work performance. Furthermore, the R square value 

revealed that stress management variation caused a 60.7% variation in job performance. 

Further, ANOVA analysis revealed that the study model is statistically significant at the 0.05 

level [sig =.000]. Furthermore, at the 0.05 level, the coefficient table revealed that stress 

management has a favorable impact on the job performance [sig=0.000] of quantity surveyors 

in Sri Lankan construction industry. 

 

Discussion 

The correlation [r=.779**] and regression analysis [sig=0.000] results revealed that stress 

management had a favorable impact on quantity surveyor work performance in the Sri Lankan 

construction industry. Hence, the previous study used 170 employees who were on a banking 

organization to determine the association between stress management and job performance. 

Furthermore, the study results demonstrated a substantial association between stress 

management and employee performance level (Yēlmaz, 2006). Moreover, another study was 

conducted as a secondary study to determine the association between stress management and 

job performance of individuals in various sectors. The study's findings demonstrated a negative 

relationship between stress management and job performance (Altindag, 2020). Furthermore, 

the prior study sought to ascertain the relationship between work-related stress and job 

performance among Mali employees. Furthermore, the study findings suggested that stress 

management practices can be used to improve employee job performance. According to the 

discussion, the findings of this study concurred and contrast with earlier expert findings. 

 

Conclusions and Recommendations  

The study mainly focused on ñto investigate relationship between stress management and job 

performance among quantity surveyors in the Sri Lankan construction industryò. Through 

answering the study research purpose, the correlation [r=.779**] and regression analysis 

[sig=0.000] results revealed that stress management had a strong positive impact on quantity 

surveyor work performance in the Sri Lankan construction industry. Thus, within the 

construction industry, it is recommended to implement stress management programs, regular 

wellness programs such as yoga, mediation sessions, and team-building exercises, create a 
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positive work environment, promote a healthy work-life balance, and provide adequate 

resources and supports to manage quantity surveyors stress levels and improve their job 

performance at construction industry.  
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Abstract 

This study investigated the potential of renewable, eco-friendly alternatives to replace 

conventional materials in concrete. The experimental approach was deployed by utilizing 

abundant PLA, RH, and DW waste resources in Sri Lanka. The optimum mechanical 

performance of grade 30 concrete was evaluated by partially replacing suitable mix proportions 

of PLA, RH, and DW. A concrete mix design of 1:1.5:3 was adopted with a 0.55 w/c ratio.  9 

concrete mixtures were developed by partially replacing PLA in 2%, 4%, 6%, RH in 

50%,100%, and DW in 20% including 0% (control). A total of 54 cubes were cast and cured 

for 7 and 28 days. Compressive strength, water absorption and density parameter variations in 

concrete specimens were observed along with their corresponding microstructural behavior.  

Mathematical connections were developed based on the patterns exhibited in the mechanical 

performance of concrete specimens and relationships were established between parameters 

gaining a better grasp of the alternatives' behavior in the concrete matrix. These findings will 

be helpful for the practitioners and researchers when exploring previous developments of 

concrete parameters relevant to their field of study. 

 

Keywords: CO2 emission, raw material consumption, green concrete, compressive strength, 

water absorption, optical microscopy 

 

Introduction  

Concrete is a popular building material widely used in various applications in the construction 

industry due to itsô good load-carrying capacity, long structural life cycle, fire resistance, 

moldability, and affordability. According to (Mishra & Singh, 2019), the properties of hardened 

concrete depend on the parameters such as homogeneity of the medium, porosity of concrete 

microstructure, density of the matrix, and characteristics of aggregates. 

According to (Bheel, et al., 2021), more than 12 million tons of cement exhausts annually 

where annual concrete production exceeds 10 billion tons.  (Sathiparan & De Zoysa, 2018) 

observed that the local sand demand had exceeded 17.37 million cubic meters by 2007.  

According to the records of GSMB, the annual production of crushed and broken stones is 

around 10 million cubic meters (Arulmoly, et al., 2021). According to (Kiambigi, 2021), the 

mining of raw materials exceeds 47 billion tons annually, and 68% - 85% percentage is 

accountable for sand and gravel mining.  (Sivakrishna, et al., 2020) further stated that concrete 

production had become the main consumer of natural raw materials and fresh water. Itôs evident 

that concrete production affects the natural deposits of these raw materials therefore with the 

growth of population and urbanization, continuous extraction and consumption caused by the 
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increment in demand will lead to material scarcity which calls for the need to explore the 

potential of material alternatives. 

Investigation carried out by (Bheel, et al., 2021) reported that the hydration process of cement 

causes severe CO2 emission. He further stated that the cement manufacturing process 

contributes to 7% of annual global carbon emissions due to large quantities of greenhouse gases 

generation during production. According to (Fayomi, et al., 2019), 1kg production of cement 

causes 0.5-0.9 kg generation in CO2 thus with the current annual production of cement, 3.24 

billion tons of CO2 emitted directly into the atmosphere therefore construction industry has 

become the third largest CO2 emitting sector around the world with the heat and excessive 

emission of CO2 caused by concrete production. 

 (Kajeevan, et al., 2023) observed that the palmyra leaves are a common waste product in Sri 

Lankan rural neighborhoods with no higher economic value than use as an organic fertilizer. 

According to (Christy , et al., 2022), Palmyra tree concentration in Sri Lanka surpasses 11 

million. (Chithranayana & Punyawardena, 2014) stated rice is the main staple food in Sri 

Lanka, nearly occupying 29% of total agricultural lands therefore high volume of rice husk 

waste is generated annually as a consequence of large-scale rice production. (Srikanth, et al., 

2022) reported 0.88 million metric tons of rice husk produced from rice cultivation as a waste 

product over the past two decades in Sri Lanka. According to (Liyanage, et al., 2019), the 

construction industry was identified as the main contributor to solid waste generation in Sri 

Lanka. Construction & demolition wastes (C & D waste) are generated in large quantities at 

the construction sites during renovation & construction projects. The applicability of industrial 

and agricultural wastes such as bagasse, silica fume, demolished waste, rice husk, coconut 

shell, and glass to partially replace conventional materials in concrete was investigated by 

previous researchers (Bheel, et al., 2021).  

According to (Oad, et al., 2018), demolished waste had shown promising development as an 

aggregate alternative. According to (Zhang, et al., 2019), due to the presence of old cement 

paste on the surface of DW aggregate, the chemical reactions occur between old and new 

binding compounds hence the old paste influenced the bond development of concrete matrix 

in microstructural scale thus microstructural behavior of cement paste, aggregate and the 

interfacial transition zone (ITZ) between them significantly affect the strength parameters of 

concrete. (Dilbas & ¢akēr, 2020) reported that the inferior properties of demolished waste 

aggregate can be enhanced with the improvement of binder content. (Mohseni, et al., 2017) 

had observed the substitution of DW in 20% had diminished the potential structural impacts 

that can occur on the properties of concrete due to the inferior properties of DW. According to 

(Aravind, et al., 2020) and (Zhu, et al., 2015), DW and RH have good insulating properties that 

can be used to improve thermal insulation of composite material. 

 According to (Yuhazri, et al., 2020), researchers used CFRP with concrete to improve the 

mechanical properties of concrete as CFRP confinement was found to increase the tensile 

capacity and axial strength of concrete. (Arolkar, et al., 2021) stated rice husk has high potential 

as a fine aggregate alternative and further reported that the ease of placement and workability 

of concrete increased with the increment of RH. According to (Fapohunda, et al., 2017), SiO2 

in RHA reacted with Ca(OH)2 in cement producing CSH gel that improved the porous structure.  

He further stated, that when Fe2O3, Al2O3, and SiO2 contents in ash exceed 70% of itsô content, 
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they can be categorized in class F fly ash that shows high pozzolanic characteristics. PLA 

exceeds >50% (Iorliam, et al., 2012), CaO and SiO2 were found as the predominant oxides. He 

further observed considerable improvement in the binder with the addition of PLA. According 

to (Hilal, 2016), cement paste consists of hydration products such as fibrous crystals of C-S-H, 

needles of ettringite, and crystals of Ca(OH)2 produced during pozzolanic reactions, unreacted 

cement grains, and pores. How dense the C-S-H structure develops, and itsô uniformity 

influence the changes in the porosity of concrete. 

The findings of the present research will help researchers and practitioners to understand the 

characteristics of the concrete which partially include Palmyrah Ash, Rice Husk, and 

demolished Waste to obtain suitable mix proportions for specific use. 

 

Methodology  

Materials  

Two strength classes (32.5N and 42.5N) of Portland cement (cement type 1) are used in Sri 

Lanka for structural concrete. Ordinary Portland cement was obtained from Mahaweli 

MARINE cement under a strength class of 42.5 N. Further, fresh well water with a 5.97 pH 

value was used.  

Palmyra leaves (PLA) waste generated in the paddy fields in the Chilaw was collected. Leaves 

were dried for 48 hours under direct sunlight to remove moisture presence then burned in an 

open area under uncontrolled combustion and allowed to cool to room temperature naturally. 

Fine ash particles were taken by sieving using 75-micron bs sieve.  

Uncrushed river sand and crushed coarse aggregates with 20mm diameter were obtained from 

the local market. Also, Rice husks (RH) were collected from mills in Ragama, Western 

Province. Demolished concrete wastes (DW) were collected from a renovation project in 

Ragama and hammered. 20 mm maximum nominal-sized aggregates were obtained through 

sieving. 

  

  

Figure 1: Palmyrah (Dried leaves and Leaf ash) 



 

Proceedings of the 6th Annual International Research Symposium ï2023 

[ISSN 2961-502X] 

 

117 International College of Business and Technology, Sri Lanka 

 

Figure 2: Mix proportions of PLA, RH and DW 

 

 

  

Concrete Mixture Palmyra
h leaf 

ash (kg) 

Cement 
(kg) 

Water 
(kg or 
liters) 

Rice 
husk 
(kg) 

Fine 
aggregate 

(kg) 

Demolished 
waste 

aggregate 
(kg) 

Coarse 
aggregate 

(kg) 

1. PLA0DW0RH0 - 4.86 2.673 - 7.29 - 14.58 
2. PLA0DW20RH50 - 4.86 2.673 3.645 3.645 2.916 11.664 
3. PLA2DW20RH50 0.097 4.763 2.673 3.645 3.645 2.916 11.664 
4. PLA2DW20RH100 0.097 4.763 2.673 7.29 - 2.916 11.664 
5. PLA4DW20RH50 0.194 4.666 2.673 3.645 3.645 2.916 11.664 
6. PLA4DW20RH100 0.194 4.666 2.673 7.29 - 2.916 11.664 
7. PLA6DW20RH0 0.292 4.568 2.673 - 7.29 2.916 11.664 
8. PLA6DW20RH50 0.292 4.568 2.673 3.645 3.645 2.916 11.664 
9. PLA6DW20RH100 0.292 

 
4.568 2.673 7.29 - 2.916 11.664 

Total 1.458 42.282 24.057 36.45 29.16 23.328 107.892 
 

Total requirement for 7 
& 28 days (x 2) 

 

 
2.916 

 
84.564 

 
48.114 

 
72.9 

 
58.32 

 
46.656 

 
 215.784 

 

 

Table 1: Mix proportions of PLA, RH and DW 
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Specimen Preparation  

 Table 1 represents the Mix proportions of PLA, RH, and DW replaced for conventional 

materials in grade 30 concrete.150 mm x 150 mm x 150 mm sized concrete cubes were cast 

according to BS 1881: Part 108:1983 by partially replacing PLA for cement in 2%, 4%, 6%. 

RH for sand in 50% and 100%. DW was kept constant at 20%. A 1:1.5:3 mix design was 

adopted with a constant water-cement ratio of 0.55. Further, PLA0DW20RH50 and 

PLA6DW20RH0 mixtures were developed to critically observe the integrity performance of 

DW with RH and the influence of RH versus sand in the concrete matrix. 9 mixtures were 

prepared including the control (0%). A total of 54 cubes were cast and cured for 7 and 28 days. 

Testing  

Compressive Strength 

Compressive strength of casted concrete cubes were tested at ages of 7 and 28 days using 

universal compression testing machine according to BS 1881: Part 116:1983 specifications. 

Peak values were obtained from the machine with a loading rate below 0.5 kN/s.  

 

 

 

 

 

Water Absorption  

According to BS 812: Part 2:1975 testing specifications, average water absorption rates of 

concrete specimens were determined at the age of 7 and 28 days according to the formula given 

below.  

 

 

Density  

Density of concrete cubes were determined in accordance with BS 812: Part 2:1975 standards. 

Volume of the mold was obtained as 0.003375 m3 as per standard 150mm x 150mm x 150mm 

cube mold size. Calculations were carried out by following below equation.  

 

 

 

  

#ÏÍÐÒÅÓÓÉÖÅ ÓÔÒÅÎÇÔÈ 0 

Ἔ  
ἜἭἩἳ ἴἷἩἬ ἾἩἴἽἭ 

ἋἺἭἩ ἷἮ ἼἰἭ ἫἽἪἭ
 

Figure 3: Compressive Strength Test 
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                                  $ÅÎÓÉÔÙ  $  

Ἆ  
ἎἺὁ ἿἭἱἯἰἼ ἷἮ ἼἰἭ ἫἽἪἭ 

ἾἷἴἽἵἭ ἷἮ ἼἰἭ ἫἽἪἭ 
 

Eq - 1 

Eq - 2 

Eq - 3 
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Figure 4: MEIJI DK 5000 - Optical Microscope 

Optical Microscopy  

Optical microscopy, a non-destructive testing method was used to observe the microstructural 

surface of specimens to investigate the surface texture, distribution of components over the 

surface area and to identify the defects and their locations.  Magnified images of the concrete 

specimens were obtained by MEIJI DK 5000 optical microscope.  

 

 

 

 

 

 

 

 

 

 

 

Data analysis and Discussion 

Figure 5 illustrates the compressive strength variation of concrete specimens. Gradual increase 

was observed up to PLA6DW20RH0 (7) then further declined till PLA6DW20RH100 (9). The 

integrity performance of DW and RH had shown inadequate strength development in 

PLA0DW20RH50 (2).  

 
Figure 5: Compressive strength distribution 
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As expected, a significant increment in compressive strength was achieved in 

PLA2DW20RH50 (3) compared to the former with the addition of PLA in 2% hence itôs 

evident that PLA contains enhancing properties to improve the quality of concrete. Incline and 

decline trends exhibited in PLA2DW20RH100 (4), PLA4DW20RH50 (5), PLA6DW20RH100 

(6), PLA6DW20RH50 (8), and PLA6DW20RH100 (9) were caused by rice husk which was 

the predominant variable in the medium. The higher volume ratio of RH had deteriorated the 

packing in the matrix. This argument was further proven by PLA6DW20RH0 (7) where a 

drastic increment in compressive strength was observed with the well-graded distribution of 

sand in the matrix compared to the 100% RH replaced PLA6DW20RH100 (6) sample therefore 

the volume ratio of RH influenced the uniform distribution of particles over the surface area 

resulting porous medium leading to a reduction in the overall strength of the specimen.   

 

 
Figure 6: Density Distribution 

 

Figure 6 represents the density variation of concrete samples. The average density of the control 

was obtained as 2483.95 kgm3 for 28 days aged specimens. 

According to Figure 7, average water absorption rates of 0.92% and 1.73 % were observed in 

control (1) after 7 and 28 days of curing. PLA0DW20RH50 (2), PLA2DW20RH50 (3), 

PLA2DW20RH100 (4), PLA4DW20RH100 (6), and PLA6DW20RH100 (9) had indicated 

higher water absorption rates. PLA4DW20RH50 (5), PLA6DW20RH0 (7), and 

PLA6DW20RH50 (8) respectively indicated low water absorption rates. The porous structure 

created by uniform-sized particle distribution of RH in the medium had caused an increment 

in water absorption rate in concrete with the increment of RH. 
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Figure 7: Water absorption distribution 

 

Figure 8 exhibits the relationship between compressive strength, density and water absorption. 

A linear relationship was observed between compressive strength and density where the density 

of a concrete specimen increased with their corresponding compressive strength value. Itôs 

evident from the R2 values (å 1) that thereôs an existence of a strong correlation between these 

two parameters. Compressive strength had reduced with the increment in water absorption 

hence the graphical behavior indicates a linear inverse relationship between the parameters. 

Although a clear relationship cannot be determined due to the wide distribution of data, R2 

values lie between å 0.5 ï 1.0 hence there is a definite correlation existing between these 

parameters. As the density of the concrete specimen increased, the water absorption rate of the 

specimen decreased hence linear inverse relationship is present between water absorption and 

density parameters. It is evident from the R2 values (å 1) that thereôs a good correlation existing 

between these two parameters. 
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Figure 8: Correlations between parameters (a) CS vs WA, (b) WA vs D, (c) CS vs D 

 

Optical microscopy images of control specimen had exhibited smooth surface texture. 

However, PLA0DW20RH50 (a) test specimen had shown the signs of large voids on the 

surface. This phenomenon was closely inspected under magnitude of x50.  
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Compared with (a), PLA2DW20RH50 (b) had smaller voids on the surface hence itôs evident 

that other than improving the binding quality, PLA acted as a filling agent in (b) thus large 

voids developed due to the poor graded particle distribution of DW and RH had significantly 

improved under PLA addition in (b). 

Considerably clear microstructural layout was observed in both PLA6DW20RH0 (c) and 

PLA6DW20RH50 (d). Neatly arranged DW aggregates were observed in uniformly smoothen 

surface of PLA6DW20RH0 in darkened form. it is evident that the well graded distribution of 

sand had reduced the void spaces in the medium thus hydration products were able to develop 

dense microstructure resulting uniform layout over the surface area. PLA6DW20RH50 had 

shown a similar surface arrangement. Although small voids were observed in the concrete 

medium, PLA6DW20RH50 had shown better microstructural development compared to other 

developed specimens and almost resembling surface characteristics of PLA6DW20RH0. 
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Conclusions 

Ever-increasing infrastructure demand with the growth of population had led to an expansion 

in annual concrete production causing major environmental, sustainable, and economic issues.  

This study took a step towards the development of the traditional concrete practice by 

investigating the optimum mechanical performance of grade 30 concrete by substituting 

suitable mix proportions of PLA, RH, and DW for the conventional materials used in the 

concrete matrix.  

PLA acted as a both pozzolanic material in the cementitious binder and a filler in the concrete 

microstructure.  

Although weak ITZs characteristics of DWA resulted in inferior properties, DWA had shown 

potential as a coarse aggregate alternative. However, it significantly raised the water demand 

for concrete. 

Poor grain distribution in concrete matrix caused by RH-initiated porous microstructure. 

The high presence of RH over the surface area had initiated the voids between hydrating cement 

particles leading to lesser dense C-S-H structure development resulting reduction in density 

and high permeability.  

Reduction of density is favorable for thermal properties and construction cost since the dead 

load applied on the structure reduces concrete density. 

Altogether, an increase of PLA, RH, and DW had reduced the mechanical performance of grade 

30 concrete. compressive strength decreased drastically with a negative trend associated with 

the increment of each mix proportions. 

Optimized triple mixing (OTM), Arabic gum biopolymer (AGB), Carbon fibre reinforced 

polymer (CFRP) and Dual Crystallization technology can be used to enhance the properties of 

concrete. 
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Abstract 

By anchoring the model to the plasticity index and compressive characteristics of soil samples, 

the research not only accelerates the assessment process but does so without compromising the 

precision and reliability integral to infrastructure design. However, in response to the inherent 

challenges associated with this conventional approach, this research undertakes a pioneering 

journey to present a novel mathematical model poised to revolutionize the prediction of CBR 

values. The overarching objective of this research is to probe into the intricate relationship 

between the CBR value and two key soil characteristics: the plasticity index (PI) and 

compressive characteristics. It is derived as ὅὄὙ πȢχωψτὖὍσπȢυψ and validated 

within the study. By delving into this association, the research aspires to pave the way for an 

expeditious and cost-effective alternative to the time-intensive and resource-draining 

laboratory testing typically employed for CBR determination. The envisaged mathematical 

model, once realized, holds the promise of ushering in a new era of efficiency and economy in 

the domain of pavement design and construction. As the test results emerge from the crucible 

of empirical analysis, the research pivots towards the development of a robust mathematical 

model. 

 

Keywords: CBR value, Plasticity, Compressibility, Mathematical Modeling  

 

Introduction  

The California Bearing Ratio (CBR) test, conducted by the California Department of Highways 

(Caltrans) in 1929, is still important in engineering and provides information on soil conditions 

that are critical to road construction (Caltrans, 1929). Through these activities, we aim to 

increase the accuracy of the prediction model and contribute to the advancement of 

geotechnical tools for the analysis and characterization of soils in various engineering 

applications. These investigations of bearing capacity and strength characteristics have 

stimulated extensive research to improve predictive models and expand the applicability of 

tests to a variety of geological conditions.  

This study seeks to gain a deeper understanding of the complex relationship between CBR 

values and soil properties, overcoming the limitations found in previous models. Advanced 

computer techniques can improve the accuracy and efficiency of soil characterization, 

especially in road construction and other engineering applications. By participating in model 

improvements, it is aimed to promote more accurate and efficient soil analysis and 

characterization in civil engineering projects. 

By contributing to model refinement, we aim to facilitate more accurate and efficient soil 

analysis and characterization in civil engineering projects. Soil samples from diverse regions 

underwent Atterberg limit tests and CBR tests, leading to proposed mathematical models, such 

mailto:aswinsuresh871@gmail.com
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as 'CBR=0.7 Cu + 8.5' and 'CBR = -0.10L - 0.425 Pl + 1'. Concurrently, a Mexican research 

team focused on predicting CBR models for granular bases, incorporating physical and 

structural soil properties. 

Aim of the Study: 

Create the mathematical relationship between CBR (California Bearing Ratio) and Plasticity 

index.   

Objectives: 

1. To conduct a comprehensive literature review on the relationship between CBR values 

and plasticity index. 

2. To collect a representative set of soil samples from various locations. 

Conduct laboratory tests to determine the plasticity index and other relevant soil 

properties, such as Atterberg limits, grain size distribution, and moisture content. 

Perform the CBR test on each soil sample to obtain their corresponding CBR values. 

Analyze the collected data to understand the variability and correlation between the 

plasticity index and CBR values. 

3. To develop a mathematical model that establishes the relationship between CBR values 

and plasticity index 

4. To validate the developed mathematical model using independent field data and series 

of secondary data 

5. To provide recommendations and guidelines to geotechnical engineers on utilizing the 

mathematical model for predicting CBR values based on plasticity index. 

 

Unveiling the Complex Relationship between CBR and Plasticity Index in Geotechnical 

Engineering 

It underscores the interconnected nature of soil properties and the need for a comprehensive 

understanding of plasticity in geotechnical analyses, emphasizing the indirect influences that 

plasticity may exert on broader soil characteristics. 

In a case study conducted in Akwa Ibom State, Bassey et al. (2017) examined the correlation 

between CBR values and index properties of soils in the region, with a specific focus on 

plasticity index variations. The research underscored the importance of considering regional 

variations in plasticity when assessing CBR values, contributing to more accurate and 

applicable engineering solutions, especially in the context of the specific soil properties 

prevalent in the Kolkata region. 

The study emphasized the importance of plasticity in determining the mechanical behavior of 

soils, offering insights into CBR values in specific soil types, especially those characterized by 

fine-grained materials. Amidst the multitude of soil properties, the plasticity index (PI) has 

emerged as a key parameter influencing CBR values, sparking extensive research endeavors to 

unravel the nuanced interplay between these two factors. The research aimed to create a 

practical tool for preliminary project assessments in geotechnical engineering, emphasizing the 

significance of readily available index properties, particularly plasticity, in predicting CBR 

values. 
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Methodology 

Data Collection 

Data collection forms the empirical backbone of our research, and as such, meticulous planning 

and execution are essential. This section provides a comprehensive overview of the steps 

involved in data collection: 

Collect soil samples from various locations:  

Soil samples are obtained from a variety of geographic locations, each representing distinct 

soil types and compositions. The selection of diverse sample sites ensures that the dataset is 

representative of a wide range of soil properties and characteristics. These soil samples were 

collected with attention to factors such as geological conditions, land use, and local variations. 

Perform laboratory tests for the plasticity index:  

To accurately determine the plasticity index, laboratory tests were conducted. The chosen 

method for assessing plasticity was the Atterberg limits test. This method is renowned for its 

precision in delivering reliable plasticity index values. The test comprises three critical 

components: the liquid limit, plastic limit, and plasticity index. These parameters are 

fundamental in characterizing soil plasticity. It is carried out after the sieve analysis (ASTM 

C136) testing. 

Casagrande's method, outlined in "Research on the Atterberg Limits of Soils" (1932), is the 

global standard, detailed in codes like ASTM D4318-10e1. This test determines the moisture 

content at which soil shifts from plastic to liquid. Adherence to standardized methods ensures 

consistent and reliable assessments, contributing to soil mechanics understanding and 

applications. 

Conduct CBR tests on soil samples: 

Each soil sample undergoes California Bearing Ratio (CBR) testing to obtain the corresponding 

CBR values. This process adheres rigorously to standardized testing protocols to ensure the 

accuracy and reliability of the CBR results. The testing phase includes meticulous control of 

variables such as compaction, loading conditions, and sample size to guarantee the consistency 

of results. 

Record and document the data:  

The data obtained from the laboratory tests, encompassing plasticity index values, CBR values, 

and other relevant soil properties such as grain size distribution and moisture content, are 

meticulously recorded. This comprehensive data documentation is indispensable for 

subsequent analysis and model development. 

 

Data Analysis 

The data analysis phase is a pivotal aspect of our research, as it enables us to draw meaningful 

conclusions and derive insights from the collected data. This section outlines the detailed 

procedures of data analysis: 

Data examination: The collected dataset is subjected to a thorough examination, involving both 

exploratory and descriptive analysis. This initial step allows us to identify any obvious trends 

or patterns in the relationship between the plasticity index and CBR values. 

Statistical techniques: Statistical techniques, including regression analysis, are applied to 

quantitatively describe the relationship between the plasticity index and CBR values. 
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Regression analysis, in particular, is a powerful tool for modeling the dependencies between 

variables and forms the basis for the mathematical model. 

Exploration of correlations and dependencies: Correlations and dependencies between the 

variables are meticulously explored. This process helps us gain deeper insights into the strength 

and nature of the relationship between CBR and plasticity index. The resulting correlations 

provide valuable information that further supports the development of the mathematical model. 

 

Mathematical Model Development 

The core objective of our research is to develop a robust mathematical model that can predict 

CBR values based on the plasticity index. This section delves into the details of the model 

development process: 

Model formulation: Leveraging statistical methods and mathematical equations, we work to 

formulate the relationship between the plasticity index and CBR values. This formulation is 

the cornerstone for our predictive model. Various mathematical models are considered, with 

the ultimate choice being based on their accuracy and fit to the collected data. 

Calibration and validation: The model goes through a crucial phase of calibration and 

validation using the collected dataset. During calibration, the model's parameters are 

meticulously adjusted to ensure precision and reliability in predicting CBR values. Validation 

is vital to assess how well the model performs with data it has not encountered during the 

calibration phase. This iterative process is pivotal in refining the model for enhanced predictive 

capabilities. 

Refinement and iteration: This iterative approach makes the model that predicts CBR values 

based on the plasticity index robust and reliable. This model development stage also includes 

the application of a regression analysis approach to predict CBR values based on soil 

properties. To predict the CBR value, a multiple linear regression model is selected that 

considers the plasticity index (PI) and other relevant soil properties as predictor variables. 

╒║╡ Ȣ ╟╘ Ȣ  

Where CBR represents the predicted CBR value, ɓ0 is the intercept, ɓ1 to ɓn are the regression 

coefficients, and X2 to Xn are other soil properties. The model is trained using preprocessed 

data and optimized through feature selection techniques to identify the most significant 

variables contributing to CBR values. This method ensures that our predictive model is both 

accurate and efficient. 

 

Model Evaluation 

The performance of the developed mathematical model (Figure: 1) is evaluated rigorously to 

ascertain its accuracy, precision, and reliability in predicting CBR values based on the plasticity 

index. This section outlines the steps involved in model evaluation: 

Comparison with field data: The model's predictions are compared against actual field data and 

independent validation datasets. This direct comparison is crucial for assessing the accuracy 

and reliability of the model's predictions. 

Assessment of model performance: The evaluation process includes a comprehensive 

assessment of the model's performance, taking into consideration metrics such as mean 
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absolute error (MAE), mean squared error (MSE), and R-squared values. These metrics provide 

a quantitative measure of how well the model aligns with the actual CBR values. 

Identification of limitations and improvements: During model evaluation, we also identify any 

limitations or discrepancies. If necessary, we suggest modifications or improvements to 

enhance the model's performance and predictive capabilities. The developed model is given 

below. Upon inputting a Plasticity Index value within the range of 17 to 21, the corresponding 

CBR value is generated through the derived equation. 

 
Figure 1 - Software Model Interface 

 

As an example, when we enter the Plasticity index value as 18, it is automatically calculating 

the CBR value from the found equation and generates the relationship between CBR and 

plasticity index by a graph as it is shown below (Figure: 2). 

 
Figure 2- Software Model Value Results Interpretation 
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Results and Discussion 

The developed mathematical model, expressed as CBR = -0.7984 × PI + 30.58, underwent 

thorough validation using a distinct dataset, revealing minimal discrepancies between predicted 

and founded CBR values, with error rates ranging from -0.01747 to 0.011993. The negative 

slope (-0.7984) indicated a downward trend, affirming the anticipated negative correlation 

between CBR and plasticity index in geotechnical engineering. The intercept (30.58) 

represented the starting point of the linear relationship, emphasizing its role in accurate 

predictions.  

╒║╡ Ȣ ╟╘ Ȣ  

 

 

◐           □      Ȣ       ●            ╫   

 

Validation analysis demonstrated the model's practical applicability, with relatively small error 

rates validating its performance on new data. Quantitative metrics such as MAE, MSE, and R-

squared values provided a nuanced assessment, contributing to a comprehensive evaluation. 

While the model showed validity within the specific plasticity index range in the dataset, 

caution was advised for extrapolation beyond observed values. The research's implications for 

geotechnical engineering practices, particularly in highway construction, were underscored, as 

the model provided a valuable tool for predicting CBR values based on plasticity index, 

emphasizing the importance of considering plasticity characteristics in geotechnical analyses. 

 

Table 1 - CBR & PI Values 

CBR PI As per Linear Equation Error Rate  

16.85 17.45 16.64792 0.011993 

15.75 18.23 16.025168 -0.01747 

15.65 18.61 15.721776 -0.00459 

15.58 18.74 15.617984 -0.00244 

15.53 18.84 15.538144 -0.00052 

15.49 18.91 15.482256 0.0005 

15.34 19.02 15.394432 -0.00355 

15.33 19.16 15.282656 0.003088 

15.27 19.28 15.186848 0.005445 

15.25 19.33 15.146928 0.006759 

 

A set of primary data is given in the table 1 above for the validation through the derived 

mathematical model. Soils with high plasticity indexes (high PI values) have a wide range 

between the plastic and liquidity limits (Figure 3). These soils can undergo significant 
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deformation and have higher water-holding capacities. Understanding the relationship between 

plastic limit and liquidity limit, as expressed by the Plasticity Index, is essential in soil 

classification systems and is valuable for assessing a soil's engineering properties. 

 
Figure 3 - Plasticity Limit and Liquidity Limit Relationship for Validated Data Set 

 

 
Figure 4 - CBR Graph for the Validated Data Set 

 

In general, there is a correlation between CBR values and dry density (Figure 4), although the 

relationship can be influenced by various factors. Above Figure 4 has given the variation of 

CBR Vs Dry Density values for the primary data set to get a good understanding of the sample.  

 

Steps to Find Error Rates Referring to the Validated Data Set: 

1. Substitute each value of `PI` into the equation `CBR = -0.7984 × PI + 30.58` to calculate the 

predicted values of `CBR`. 

2. Subtract the predicted values of `CBR` from the founded values of `CBR` to find the errors. 
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3. Divide each error by the corresponding value of `CBR` to calculate the error rates. 

`CBR = 16.85` and `PI = 17.45`. 

Substitute `PI = 17.45` into the equation: 

CBR = -0.7984 × 17.45 + 30.58 

Calculate the predicted value of `CBR`. 

CBR = -0.7984 × 17.45 + 30.58 = 16.64792 

Error = CBR - BR = 16.85 - 16.64792 = 0.20208 

Ὁὶὶέὶ ὶὥὸὩ  
πȢςπςπψ

ρφȢψυ
πȢπρρωωσ 

 
Figure 5 - Relationship between CBR and PL 

 

In the equation ὅὄὙ πȢχωψτὖὍσπȢυψ, ͼ πȢχωψτͼ  represents the slope of the line. 

The slope is a measure of how steep the line is. It indicates the rate at which the dependent 

variable of CBR changes with respect to a change in the independent variable of Plasticity 

Index. In other words: If the slope is positive, the line slopes upward from left to right, 

indicating a positive correlation between CBR and Plasticity Index. An increase in Plasticity 

Index corresponds to an increase in CBR. 

If slope is negative, the line slopes downward from left to right, indicating a negative 

correlation between CBR and Plasticity Index. An increase in Plasticity Index corresponds to 

a decrease in CBR. If slope is zero, the line is horizontal, indicating no change in CBR as 

Plasticity Index changes. The variable 30.58 in the equation is the CBR-intercept, which is the 

value of CBR when Plasticity Index is zero. 

 

Validation Analysis: 

The provided data presents a validation analysis for a linear equation expressing the 

relationship between California Bearing Ratio (CBR) and Plasticity Index (PI) referring to the 

equation: ╒║╡ Ȣ ╟╘ Ȣ  
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Model Accuracy: 

The linear model aims to predict CBR values based on the Plasticity Limit, with coefficients -

0.7984 as the slope and 30.58 as the intercept. This equation is used to calculate predicted CBR 

values. 

Error Calculation: 

To validate the model, the errors are computed by subtracting the predicted CBR values from 

the founded CBR values. The error rates are then calculated by dividing each error by the 

corresponding founded CBR value. 

Evaluation of Error Rates: 

The error rates in the given data range from -0.01747 to 0.011993, indicating relatively small 

discrepancies between the predicted and founded CBR values. This suggests that the linear 

model provides a reasonably good fit to the data. 

Slope Interpretation: 

The slope of -0.7984 signifies the rate of change in CBR concerning a change in Plasticity 

Index. With a negative slope, the line slopes downward from left to right, suggesting a negative 

correlation between CBR and Plasticity Index. This implies that as the Plasticity Index 

increases, the CBR tends to decrease. 

CBR-Intercept: 

The intercept of 30.58 in the equation represents the CBR value when the Plasticity Index is 

zero. This may not have a direct physical interpretation since the Plasticity Index is typically a 

positive value, but it is a characteristic of the linear model. 

Correlation and Causation: 

While the correlation between CBR and Plasticity Index is captured by the model, it's important 

to note that correlation does not imply causation. The linear relationship may suggest an 

association, but causation should be established through further investigation. 

Range of Plasticity Index: 

The model's validity may be influenced by the range of Plasticity Index values in the dataset. 

Between 16 to 21 range of PI can be apply to this program. It is advisable to ensure that the 

model is applicable across the relevant range of Plasticity Index values encountered in practical 

scenarios. 

 

Conclusion 

In conclusion, this research delves into the intricate relationship between California Bearing 

Ratio (CBR) values and soil plasticity characteristics. Commencing with an extensive literature 

review, we navigated diverse studies, emphasizing the importance of mathematical modeling 

in comprehending geotechnical nuances. The empirical foundation involved meticulous soil 

sample collection from diverse locations, with laboratory tests revealing insights into plasticity 

index and grain size distribution. Data analysis unveiled nuances in the relationship between 

plasticity index and CBR values, guiding the formulation of a predictive mathematical model 

through multiple linear regression. The resulting equation demonstrated a negative correlation, 

aligning with geotechnical expectations. Model evaluation, marked by small error rates and 

quantitative metrics, validated its accuracy. The developed model emerges as a practical asset 

for geotechnical professionals, offering a quantitative tool for decision-making in soil 
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engineering. While acknowledging limitations, including dataset dependence and the need for 

ongoing refinement, this research paves the way for future considerations, suggesting 

expansion of datasets and exploration of additional influencing factors. Ultimately, this 

research serves as a catalyst for ongoing exploration and refinement, contributing to the 

dynamic landscape of geotechnical engineering. 
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Abstract 

The depletion of natural aggregates in various regions necessitates exploring alternative 

materials for sustainable concrete production. This study investigates the feasibility of using 

coal bottom ash (CBA) as a substitute for fine aggregates and recycled glass as coarser 

aggregates in lightweight concrete, aiming to address environmental concerns while meeting 

construction demands. The research examines the impact of replacing CBA and recycled glass 

on the mechanical properties and workability of lightweight concrete, with a focus on 

controlling negative effects through water-cement ratio adjustments. The primary objective 

was to determine an optimal mix design for high-performance lightweight concrete 

incorporating CBA and recycled glass. Nine concrete mixes, including a control, are prepared, 

with four sets at a water-cement ratio of 0.45 and another four sets at a ratio of 0.375. The 

incremental increase of CBA and crushed glass replacement (up to 16%) was investigated for 

both sets of mixes. The overall concrete grade utilized for the study was M15 grade (1:2:4 

ratio). This study demonstrates that the optimal compressive strength for lightweight concrete 

was achieved at an 8% substitution rate. Notably, the material's lightweight properties became 

evident following a 12% substitution, suggesting its potential for sustainable construction in 

the face of diminishing natural aggregates. 

 

Keywords: Coal Bottom Ash, Recycled Glass, Light Weight Concrete, Water-

Cement Ratio, Natural Aggregate Depletion. 

 

Introduction  

In a world where concrete is the backbone of modern construction, an emerging challenge 

looms on the horizon - the depletion of natural aggregates, especially the river sand (Elavenil 

& Vijaya, 2013). As cities grow and projects multiply, the demand for these essential resources 

escalates, casting a shadow on the sustainability of our construction practices  (Sanjith, et al., 

2015) (Agrawal, et al., 2017). 

Another concept that requires attention is the need for lightweight concrete, a crucial 

component in modern engineering, the call for structures that are both sturdy and light, capable 

of withstanding the test of time while minimizing environmental impact, becomes ever more 

urgent (Mousa, et al., 2018) (Bejan, et al., 2020). Thus, CBA and recycled glass hold the 

potential to transform lightweight concrete production and pave the way for a greener future. 

This research aims to explore the potential of these alternative materials in lightweight 

concrete, focusing on their impact on compressive strength. The research will also explore 

mailto:malintharukshan22@gmail.com
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adjustments in the water-to-cement ratio to control potential negative effects and achieve the 

desired compressive strength. 

In a world driven by the need for electricity, coal combustion stands as a prominent choice to 

generate power globally (Heidrich, et al., 2013). However, this process generates significant 

waste in the form of fly ash and coal bottom ash, demanding proper handling to mitigate 

environmental consequences. In Sri Lanka's Norochcholai coal-fired thermal power plant, a 

staggering amount of bottom ash is produced daily, leading to an environmental burden as it 

remains largely unused and discarded (Gimhan, et al., 2018) (Jayaranjan, et al., 2014). This 

waste material, rich in silica, possesses the potential to be a game-changer in the construction 

industry if harnessed effectively (Savitha, 2015). By replacing river sand in lightweight 

concrete production, coal bottom ash can provide a sustainable solution, not only addressing 

environmental challenges but also reducing the demand for natural resources (Ali, et al., 2022). 

Another critical aspect of sustainable concrete production involves the inadequate recycling of 

waste glass. Large volumes of post-consumer glass bottles are disposed of daily worldwide, 

with minimal recycling rates (Ling & Poon, 2011) (Dyer, 2015) (Ramzi, et al., 2016). Thus, 

unlocking the potential of recycled glass as a coarser aggregate in concrete promises a 

captivating journey in sustainable construction. With its remarkable strength and unique 

angular shape, this eco-friendly alternative can boost concrete's mechanical properties and 

resist compressive forces. Beyond its performance, the use of recycled glass diverts waste from 

landfills, reduces construction weight, and bestows a dazzling aesthetic to architectural designs 

(Petrella, et al., 2007) (Shi & Zheng., 2007). 

Despite the progress in exploring alternative materials, the specific impact of incorporating 

CBA and recycled glass in lightweight concrete's compressive strength requires further 

investigation. This research aims to bridge this gap by developing an optimal mix design that 

combines CBA as a substitute for fine aggregates and recycled glass as a replacement for 

coarser aggregate. The findings of the research will be beneficial for researchers and 

practitioners to further enhance the strength of lightweight concrete for targeted industrial 

applications.  

 

Materials and Methods  

This research was applied research based on an experimental approach which allows us to 

directly explore and analyze the effects of CBA and recycled glass on the compressive strength 

of lightweight concrete by conducting investigations and experiments.  

Constituent materials 

The Constituent materials employed in the experimental study for lightweight concrete 

production are listed in Table 1.  
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Table 1: Constituent Materials 

Materials Description 

Cement OPC Grade 42.5R 

Specific Gravity = 3.15 

Bottom Ash Specific Gravity = 1.7 

Finer than 2.36mm 

Recycled 

Glass 

Size 4.75mm ï 9.5mm 

 

Mix Design  

Concrete of M15 Grade was formulated with a mix proportion of 1:2:4, denoting one part 

cement to two parts fine aggregate to four parts coarse aggregate. The mix design was designed 

using a water-cement ratio of 0.57 in accordance with the chosen grade.  

 

Mix Proportions  

A total of nine concrete mixtures were prepared for this study. Among them, one mixture was 

designated as the control, while the remaining eight mixtures were formulated by 

systematically varying the percentages of CBA and recycled glass, ranging from 4% to 16%. 

For each percentage variation, two batches of concrete were created featuring different water-

cement ratios of 0.45 and 0.375. Details of the mix proportions are included in Table 2 and 

Table 3. 
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The cement, water, fine and coarse aggregates, coal bottom ash, and recycled glass were 

precisely weighed using an electronic balance with a minimum count of 0.1 mg, based on 

specific W/C ratios. The mixing process, illustrated in Figure 1, took approximately 14 minutes 

to achieve a uniform mixture. 

Figure 1: Specimen preparation procedure: 
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Test Procedures 

Workability Test  

The water-absorbing nature of coal bottom ash and the influence of adjusting the water-cement 

ratio on each specimen were evaluated through the slump cone test, adhering to ASTM 

C143/C143M guidelines. Each specimen underwent one test to assess its workability, where a 

mould with 8 in. base diameter, 4 inches. top diameter, and height of 12 inches was utilized. 

Compressive Strength 

The primary objective of this research was to identify the optimal mix design with the highest 

compressive strength; thus, this test was conducted using 150mm x 150mm x 150mm cubes 

following ASTM C39/C39M guidelines. After one day of casting, the cubes were de-moulded 

and water-cured until the 28th day when testing occurred. This assessment was facilitated using 

a state-of-the-art Universal Compressive Strength Machine (UTM), which facilitated precise 

and controlled loading at a maximum rate of 5 mm per minute under displacement control. 

Three cubes per specimen were cast and the average result was used to determine the concreteôs 

strength. 

 
Figure 2: Test cube casting and testing process 

 

Wet and Dry Unit Density  

The research experiment was to create a lightweight concrete mix. To achieve this, the unit 

weight of each specimen needs to be evaluated. The dry and fresh weights were precisely 

weighed using an electronic balance with a minimum count of 0.1 mg. Dry and wet unit 
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densities were determined by dividing the weights of the fresh and dry concrete cubes by their 

respective volumes, following ASTM C138 guidelines.  

 

Data Analysis and Discussion  

The results of the conducted research on the influence of CBA and recycled glass on the 

compressive strength of lightweight concrete provide critical insights into the performance and 

properties of the developed concrete mixtures. Through a comprehensive analysis of the 

experimental data, key trends and correlations emerge, shedding light on the intricate 

interactions between varying percentages of replacements and different W/C ratios. These 

findings contribute to a deeper understanding of the potential implications for sustainable and 

high-performance concrete formulations in the construction industry. 

 

Wet and Dry Unit Density 

The research investigation, documented in Figure 3 and Figure 4, examined the intricate 

interplay between different W/C ratios with varying percentages of CBA, recycled glass as 

substitutes for aggregate, and the resulting dry and wet density of concrete. Notably, the 

observed decline in overall dry density with increasing replacement percentages aligns with 

expectations derived from the current literature background (Singh & Siddique, 2015) (Mangi, 

et al., 2019) (Du & Tan, 2014). Furthermore, the observed increase in dry density values with 

decreasing W/C ratios aligns with established theories in the field. These complex findings, 

backed by detailed analysis and interpretation, are thoroughly discussed in the subsequent 

discussion section of the research report. 

 

 
Figure 3:Concrete dry density: aggregate replacement & w/c ratio impact 

 

The inclusion of Coal Bottom Ash (CBA) and recycled glass distinctly impacts the dry unit 

density of the concrete, as demonstrated in Figure 3. The graph exhibits a pronounced decrease 

in the dry unit density as the proportion of these lightweight materials increases, indicating 

their efficacy in reducing the overall density of the concrete mixture. Notably, the high R-

square values of 0.988 for the 0.375 W/C ratio line and 0.9872 for the 0.45 W/C ratio line 
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signify a robust correlation between the variables, affirming the reliability of the data analysis. 

Analysis of the graphical representation of Figure 5, reveals that the 0.45 and 0.375 W/C ratio 

lines initially were higher than the control specimen's dry density with up to 8% substitution of 

CBA and recycled glass. However, beyond 8% substitution, a noticeable decline below the 

control indicates the attainment of lightweight properties. This underscores the role of CBA 

and recycled glass in reducing the dry density, owing to their porous and lightweight 

characteristics identified by previous literature (Choo & Newman, 2003) which enables more 

efficient packing within the concrete mixture. These findings align with existing research on 

lightweight additives, affirming their significance in developing sustainable and structurally 

sound lightweight concrete predicted to be achieved based on previous literature (Choo & 

Newman, 2003) (Nazri, et al., 2019) (Al-Sibahy & Edwards, 2012). 

Nevertheless, it is crucial to note that the decrease in the water-cement (W/C) ratio to enhance 

the concrete's strength properties leads to an elevation in the dry density compared to that of 

conventional concrete. This underscores the delicate balance required between achieving 

lightweight properties and preserving the necessary structural strength. Consequently, a 

meticulous equilibrium must be achieved between the incorporation of lightweight materials 

and the optimization of the W/C ratio to attain the desired mechanical performance while 

minimizing the overall density of the concrete. 

 

 
Figure 3:Concrete wet density: aggregate replacement & w/c ratio impact 

 

The wet unit density demonstrated a similar trend to dry density, with slightly different R-

square values of 0.975 for the 0.45 W/C ratio and 0.973 for the 0.375 ratio, as depicted in 

Figure 4. In contrast, to dry concrete, the behavior of wet concrete is influenced by factors like 

workability, consistency, and the amount of entrapped air. The reduction in wet unit density 

with the increased addition of CBA and recycled glass could be attributed to their lightweight 

nature, which facilitates a more dispersed and less densely packed concrete matrix.  

As a result, the wet concrete experiences lower unit density due to the presence of air voids 

and the overall distribution of lightweight materials within the mixture. Conversely, the 
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increase in wet unit density with the decrease in the water-cement (W/C) ratio is linked to the 

concrete's improved workability and decreased water content (Varma, 2015) (Felekoĵlu, et al., 

2007). A lower W/C ratio promotes better particle packing and a denser cementitious matrix, 

thereby reducing the presence of air voids in the wet concrete. This leads to an increase in the 

wet unit density as a result of the more compact and closely packed structure.  

Understanding these intricacies is crucial in ensuring the optimal design and performance of 

fresh concrete, as the balance between workability, density, and structural integrity plays a vital 

role in determining the overall quality and durability of the concrete structure. 

 

 
Figure 4: Concrete dry density trends: aggregate replacement & w/c ratio impact 

 

Compressive Strength 

As shown in Figure 6, the 8% aggregate replacement level, a novel composition, yielded 

unexpectedly higher compressive strength, deviating from established literature. The results 

demonstrated a gradual increase in compressive strength as the aggregate replacement 

percentage increased, with the peak value achieved at 8%. Subsequently, a decline in 

compressive strength was observed for the subsequent replacement percentages, representing 

a critical shift from the initially ascending trend. These intriguing findings are comprehensively 

discussed in the discussion section, shedding light on the unique dynamics governing 

compressive strength in this innovative concrete mixture. 



 

Proceedings of the 6th Annual International Research Symposium ï2023 

[ISSN 2961-502X] 

 

145 International College of Business and Technology, Sri Lanka 

 

 
Figure 5:Compressive strength at 28 days: aggregate replacement & w/c ratio variation 

 

The compression test results, as depicted in Figure 6, demonstrate an initial rise in the 

compressive strength at 28 days from 4% to 8% CBA and recycled glass substitution, peaking 

notably at the 8% mark which was higher than the control benchmark. Subsequently, a decline 

in strength is observed from 8% to 16% substitution, with the decrease at 16% noticeably less 

than the control benchmark. This is clearly highlighted in Figure 7. The initial increase in 

compressive strength is due to the reinforcing effects of recycled glass and Coal Bottom Ash 

(CBA), known for their pozzolanic properties, leading to improved particle packing and 

enhanced interfacial bonding within the concrete matrix. Additionally, the lower water-cement 

(W/C) ratio promotes more efficient hydration and denser cementitious matrix, contributing to 

the observed surge in compressive strength. 

Surprisingly, specimens with a W/C ratio of 0.375 exhibited lower compressive strength 

compared to those with a W/C ratio of 0.45. This unexpected trend was attributed to the 

significantly reduced workability at the lower W/C ratio, resulting in challenges during 

compaction. These findings underscore the critical balance required between achieving optimal 

strength and ensuring suitable workability, highlighting the pivotal role of the W/C ratio in 

determining both the mechanical performance and handling characteristics of the concrete 

 

Workability Test  

The workability test results revealed uniformly low workability across all specimens, 

evidenced by a zero-slump height except for the control sample, which exhibited a slump of 

5.7 cm. The limited workability is indicative of the challenging nature of the concrete mixture, 

suggesting potential difficulties in its handling, placement, and finishing. Further elaboration 

on the factors influencing this restricted workability is discussed comprehensively in the 

subsequent sections. 

The low workability observed in the specimens can be attributed to multiple factors, including 
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the absorptive nature of Coal Bottom Ash (CBA) (Andrade, et al., 2009) and the particular 

properties of the recycled glass, both of which can significantly affect the rheological properties 

of the concrete mixture. CBA, being a porous material, tends to absorb moisture from the mix, 

leading to a reduction in the effective water content available for hydration, thus contributing 

to the stiffening of the concrete. Similarly, the irregular particle shapes of recycled glass may 

hinder the efficient lubrication between the particles, resulting in increased internal friction and 

reduced workability (Singh, et al., 2015). 

Moreover, the elevated ambient temperature during the mixing process can accelerate the 

setting time of the mixed concrete, leading to premature stiffening and further complicating the 

handling and placement of the concrete. This can be particularly challenging for the M15 grade 

concrete, which typically has a lower water-cement ratio, rendering it less flowable compared 

to higher-grade counterparts. The inherent design of the 1:2:4 mix proportion further 

exacerbates the issue, as the relatively lower water content in the mix results in a stiffer concrete 

paste that is difficult to manipulate and compact.  

 

Compressive Load to Dry Unit Density Ratio Analysis 

The analysis of the data highlighted in Figure 7, depicts a crucial aspect of the research, 

emphasizing the delicate balance between achieving optimal compressive strength and 

minimizing the dry density in lightweight concrete. The findings underscore the significance 

of identifying the most suitable combination of CBA and Recycled glass replaced and water-

cement (W/C) ratio to achieve the desired lightweight properties without compromising the 

concrete's structural integrity.  

Notably, the optimal design is achieved at 8% CBA, and Recycled glass is replaced with a W/C 

ratio of 0.45, striking a balance between reduced density and enhanced compressive strength. 

Further examination reveals that the 12% CBA and Recycled glass replaced option is also 

preferred, offering a significantly lighter composition while still surpassing the benchmark. 

These trends shed light on the critical role played by the selection of materials and W/C ratio 

in achieving lightweight concrete with robust mechanical performance. Such insights hold the 

potential to inform future advancements in lightweight concrete design, fostering innovation 

and sustainability in the construction industry. 
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Figure 6: Compressive load trend at 28 days: aggregate replacement & W/C ratio variation 

 

 
Figure 7: Compressive load at 28 days to dry unit density ratio variation 

 

Conclusions 

This research aimed to determine the most effective mix design for high-performance 

lightweight concrete, utilizing coal bottom ash (CBA) as a substitute for fine aggregate and 

recycled glass for coarser aggregate. The study encompassed a comprehensive review of 

existing literature on CBA and recycled glass in concrete, examining the impact of various 

substitutions on compressive strength at different water-cement ratios.  

An extensive analysis was conducted, comparing the properties of the modified concrete with 

those of conventional concrete. The findings revealed that the most substantial reduction in 

density while maintaining comparable strength occurred within the 12% to 16% substitution 
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range. In contrast, the 8% and 4% substitution levels, despite exhibiting higher compressive 

strength, did not effectively showcase the desired lightweight properties.  

The elevated dry density at these levels, resulting from the lower water-cement ratio, 

contributed to this limitation. It was determined that the critical threshold for achieving genuine 

lightweight characteristics was within the 12% to 16% substitution range. 

However, the study encountered limitations concerning Grade 15 concrete, which exhibited 

lower workability, leading to improper compaction and subsequently lower compressive 

strength. Nonetheless, upon thorough analysis and discussion, it became evident that higher 

substitutions were viable without significantly impacting the compressive strength. This 

observation highlights the potential for exploring higher substitution levels to achieve 

enhanced lightweight properties without compromising structural integrity. 

 

Recommendations 

The below recommendation can be derived based on the findings and observations of the 

present research.  

Suggested Proportions for Grade 15 Concrete: Based on the study's findings, it is recommended 

to consider a substitution range of 12% to 16% along with a water-cement (W/C) ratio of 0.45. 

This strategic combination enables the achievement of lightweight properties without 

compromising the compressive strength, ensuring an efficient and effective construction 

process. 

Priority Research on Grade 30 Concrete: Emphasize the need for in-depth research specifically 

focused on Grade 30 concrete to address the identified workability challenges encountered in 

Grade 15. This dedicated investigation will significantly enhance the overall performance of 

lightweight concrete applications, bolstering the durability and adaptability of construction 

materials. 

Exploration of Higher Substitution Ranges and W/C Ratios: Investigate the implications of 

higher percentage substitution ranges in conjunction with both 0.45 and 0.375 (lowered) water-

cement ratios. This critical analysis aims to optimize the concrete mix design, reducing the 

water-cement ratio while maintaining the structural integrity and functional excellence of 

lightweight concrete. 

Implementation of Advanced Methodologies: Implement advanced and innovative 

methodologies to overcome the limitations associated with lower water-cement ratios, thereby 

enhancing the workability and compaction of lightweight concrete. Prioritizing the deployment 

of these sophisticated techniques will streamline construction processes and ensure the 

seamless integration of lightweight concrete across diverse building projects. 

By focusing on the above recommendations, the construction industry can effectively leverage 

the findings of this study to advance the use of high-performance lightweight concrete, 

fostering sustainable and efficient construction practices  
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Abstract 

In the construction industry, buildings directly contribute to all major environmental issues. 

Therefore, the industry introduced the concept of ñGreen Buildingò, aiming to utilize fewer 

resources than conventional buildings, and hence can be part of the solution for environmental 

issues. This research paper investigates the importance of the ñGreen Buildingò concept and 

mainly focuses on energy efficiency strategies as a pivotal principle within the sustainable 

green building concept. The paper aims to identify and propose viable energy efficiency 

strategies tailored to the context of the Sri Lankan existing residential structures. Furthermore, 

the study investigates the economic benefits associated with implementing such strategies, 

emphasizing their potential impact on the overall sustainability of buildings. Archival research 

has been conducted for this study. Moreover, the paper explores the advantages of applying 

energy efficiency strategies as an innovative approach during the economic crisis in Sri Lanka. 

 

Keywords: Construction, Energy efficiency, Green Building, Sustainability 

 

Introduction  

The construction industry is significant in a country that serves as the bedrock for societal 

progress and development. Industry contributes greatly to economic growth by generating 

employment opportunities and contributing substantially to a nationôs GDP (Gross Domestic 

Product). Residential building projects play a significant role in the industry, with varying sizes 

ranging from small-scale to large-scale developments. The execution of construction projects 

involves numerous activities and processes that have the potential to affect the economy, 

environment, and society adversely.  Therefore, sustainability became popular in the industry 

to reduce the economic, environmental, and social negative impacts of construction projects 

along with their nature. (Zabihi, H. ,Habib, F. and Mirsaeedie, L., 2012). The ñGreen Buildingò 

concept was created when developing residential buildings to achieve sustainability by 

addressing energy efficiency concerns in construction, maximizing resources, and reducing the 

impact of emissions on the environment. (Mousavi et al, 2023). Energy efficiency is one of the 

key aspects of sustainability in green buildings (Ann, C.M. and Abualrejal, H.M., 2015). 

Furthermore, the authors explained that energy efficiency brings several benefits to society 

such as managing increasing energy costs, reducing environmental impacts, reducing the 

emission of greenhouse gases, and adding value to enhance the competitiveness of green 

buildings. The study used previous research studies, conference proceedings, and journal 

articles. This research is based on three main objectives. (1) Identify the principles and 

significance of the green building concept when developing residential buildings. (2) Study 

existing energy efficiency methods and techniques with a focus on their applicability to existing 
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residential buildings and identify access strategies that enhance the sustainability and 

performance of the building. (3) Investigate and propose innovative solutions for addressing 

Sri Lankaôs economic downturn by adopting energy efficiency methods and techniques in 

existing residential buildings. Adopting energy-efficient strategies in the residential 

consumption context of Sri Lanka can serve as a potential solution to address the energy crisis 

and reduce the elevated costs associated with energy consumption. 

 

Methodology 

Data for this study was gathered from diverse sources, including Emerald Insight, Google 

Scholar, and ScienceDirect, through searches using the terms "Green buildings" and 

"Sustainable buildings." Subsequently, from the initially retrieved hundred papers, a refined 

selection process was employed to identify the top fifty most relevant past research papers. 

These carefully curated papers were then utilized to conduct an archival research study. 

 

Literature Review 

The Concept of Green Building & and Its Importance 

Green building is one of the approaches to sustainable construction development. Constructing 

a healthy built environment focusing on energy efficiency resources is the main objective of 

the green building concept. (Ann, C.M. and Abualrejal, H.M., 2015). The green building 

concept concerns specific key areas such as efficient resource distribution, reduction of energy 

consumption, reduction of embodied energy, promoting reuse, recycling activities, and many 

more to achieve sustainability. Green buildings can be known as sustainable or ñhigh-

performance buildingsò. 

Ibrahim (2017) found that green buildings need to incorporate several key features. 

Energy efficiency is often viewed as a fundamental aspect and some organizations consider it 

a cornerstone. In addition, other features such as recycled materials, recycled water, and 

sustainable equipment contribute to the overall sustainability of green buildings. When 

developing a green building, construction activities and processes should be carried out, taking 

into consideration these key factors. 

1. Minimal disturbance to landscapes and site conditions 

2. Use of non-toxic and recycled materials 

3. Efficient use of water and water recycling 

4. Use of energy-efficient and eco-friendly equipment 

5. Use of renewable materials 

6. Quality of indoor air quality for human safety and comfort 

7. Effective controls and building management systems. 

 

Green buildings provide diverse benefits in environmental conservation, including biodiversity 

enhancement, ecosystem protection, and improved air and water quality. Economically, they 

reduce operating costs, enhance asset value, and optimize life-cycle performance. Societal 

advantages encompass improved health, indoor air quality, and overall quality of life, 

emphasizing the comprehensive benefits of green building practices. 
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Design principles of green buildings 

The green building design process commences by deeply understanding the siteôs intricacies, 

embracing an ecological approach that integrates introduced systems with existing on-site 

ecological functions. These functions include providing habitat, responding to sun movements, 

air purification, and water catchment. This is crucial in urbanized areas to bolster biodiversity 

and a robust ecosystem. The approach emphasizes creating new habitats on structures to 

support diverse species and maintain a healthy environment (Radwan et al, 2015). 

 

 
Figure 1 : Conceptual Drawing of Green Building 

 

Green Building Rating Systems 

Utilizing tools that can assess the sustainability of buildings throughout their life cycle is 

crucial in enabling the transition towards a sustainable built environment, considering 

environmental, social, and economic aspects. Therefore, various Green Building Rating 

Systems (GBRS) have arisen in the last few decades, and they have been reviewed from 

different perspectives. (Braulio-Gonzalo, M., Jorge-Ortiz,A. and Bovea,M.D., 2022) 

Furthermore, the authors stated in their paper that the initial advancement of Green Building 

Rating Systems (GBRS) came with the creating of the Building Research Establishment 

Environment Method (BREEAM) in 1990. Subsequently, various international organizations 

including the World Green Building Council (WGBC) established in 1990, the International 

Initiative for Sustainable Building Environment, and the Sustainable Building Alliance, have 

contributed to the development of new tools, applicable worldwide. However, some of the 

Green Building Rating Systems (GBRS) have been progressively adjusted to specific 

regions/countries to meet their contextual requirements. 

The Green Building Council of Sri Lanka (GBCSL) was established to apply greener practices 

in building construction to achieve sustainability (Waidyasekara,K.G.A.S. and 

Fernando,W.N.J.K., n.d.). 
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Figure 2 : Various Green Building Rating Systems 

 

Energy Efficiency in Green Buildings 

Energy efficiency is the key to achieving sustainability in green building. (Ann, C.M. and 

Abualrejal, H.M., 2015). Zero-energy building is not a realistic solution, but low-energy 

building design would be the most possible target to achieve in sustainable building design, as 

evidenced by the research conducted by (Zin, M.H.M. and Ibrahim, N.L.N., 2012). 

In addition, the authors stated in their paper that every building requires energy to operate, and 

efficient energy management is the most effective approach to reducing adverse environmental 

effects. 

Innovative Approaches to enhance energy efficiency in existing residential buildings. 

If a residential building has not been initially constructed with green building principles, it can 

be converted into a green building without causing detriment to the existing structure through 

the adoption of energy efficiency approaches. According to (Ann, C.M. and Abualrejal, H.M., 

2015), energy efficiency can enhance productivity and trim down inflation problems. Sri Lanka 

has been going through a massive economic crisis and the economy has been suffering from a 

severe crisis. Simultaneously Sri Lanka has been facing a tremendous fuel shortage due to the 

economic crisis. (Nandy, D., Al-Mumun,A. and Akon, S., 2023). Amidst the ongoing economic 

and energy challenges, the Sri Lankan government has consistently raised electricity tariffs, 

causing significant hardship for the general population. In response to this, addressing the 

residential energy crisis through the implementation of energy practices and management has 

emerged as a potential solution. (Caldera et al, 2023), determined that Sri Lanka has scarce 

indigenous fossil fuel reserves but plentiful solar, wind, hydro, and sustainable biomass 

resources distributed throughout the island and the current crisis in Sri Lanka presents an 

opportunity to reinvent the energy system to one that is based on abundant indigenous 

renewable energy (RE) resources and able to meet the countryôs energy demand. Numerous 

approaches and strategies exist for improving the energy efficiency of existing buildings. A 

few of the methods and techniques are outlined below. Solar thermal panels use energy from 

the sun to heat water or air for space heating, providing a renewable and sustainable alternative 

to conventional heating systems. Infrared heating panels utilize radiation to warm objects in 

the room, offering a more precise and efficient heating method that requires minimal 

maintenance. It is necessary for guidance from professionals to identify the most suitable green 

heating method based on location, climate, size of the home, and availability of renewable 

energy sources. (Farghali et al, 2023). (Zin, M.H.M. and Ibrahim, N.L.N., 2012), stated that 
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ñPhotovoltaic (PV) cells can be used to convert the energy of the sun directly into electricity, 

without noise or pollution, and with little visual impact and they can be integrated with building 

elements such as roof and walls to be more economical. Natural daylight represents a valuable 

strategy to decrease electricity expenses in residential buildings. By strategically incorporating 

sufficient well-designed windows, skylights, and other architectural features, residents can 

minimize their reliance on artificial lighting during daylight hours. This contributes to cost 

saving while enhancing the overall energy efficiency of the building, aligning with suitable and 

eco-friendly practices. According to (Ann, C.M. and Abualrejal, H.M., 2015), LED light bulbs, 

currently experiencing rapid growth which can save energy and less energy consumption which 

can achieve energy efficiency effectively in the building. In certain regions of Sri Lanka blessed 

with wind resources, harnessing wind energy emerges as a promising solution to address the 

nationôs energy challenges by generating electricity through wind power. However, the 

successful implementation of this approach relies heavily on the proactive involvement of the 

government and other professionals. It is their responsibility to spearhead initiatives that 

encourage public engagement, provide financial resources, and comprehensive knowledge, and 

equip the population with the necessary technology and tools. Above mentioned strategies and 

techniques can be implemented within existing residential buildings without changing the 

structures. It is necessary to provide knowledge and awareness about energy efficiency 

strategies when implementing these methods and techniques. Adopting these methods and 

techniques can gain economic benefits while simultaneously improving the eco-friendliness 

and longevity of buildings. 

 

Conclusion 

In summary, this research paper highlights the vital role of green building concepts and energy 

efficiency strategies in advancing sustainable residential construction. The construction 

industry's impact on economic and societal growth, particularly through residential projects, is 

emphasized. The adoption of green building principles, aiming to alleviate environmental and 

social impacts, is crucial. Key considerations in green building design encompass landscape 

preservation, resource efficiency, and indoor air quality. The integration of green building 

rating systems and a focus on energy efficiency contribute to sustainable construction. The 

study's emphasis on innovative approaches for energy efficiency aligns with Sri Lanka's 

economic challenges, offering solutions for energy crises and sustainability. Identified 

strategies, including solar thermal panels, infrared heating, photovoltaic cells, daylight 

utilization, and wind energy, provide practical solutions for energy efficiency without structural 

changes. The research advocates the widespread adoption of energy-efficient methods for 

economic benefits, environmental sustainability, and building longevity. 
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Abstract  

In delving into the intricacies of implementing green building concepts in Sri Lanka's 

construction sector, this research takes a comprehensive mixed-methods approach. The study 

rigorously examines the significance of green leasing, meticulously identifying both the 

obstacles impeding its adoption and the factors that facilitate its integration into the industry. 

The findings underscore a paramount need for heightened awareness and knowledge within the 

sector to overcome the challenges observed. A crucial revelation is made through the analysis, 

emphasizing that for sustainable adoption, stakeholders must be well-informed and conscious 

of the benefits and practices associated with green leasing. While the research successfully 

sheds light on these aspects, it candidly acknowledges the inherent methodological limitations 

encountered along the way. This acknowledgment underscores the importance of adopting a 

balanced research approach in future endeavors, ensuring a more nuanced understanding of the 

complexities involved in fostering green practices within the Sri Lankan construction 

landscape. Striking this balance becomes imperative for the robustness and relevance of future 

research in advancing sustainable building practices in the region. 

 

Keywords: Construction, Green Leasing, Green Building, Commercial Options, 

Sustainability. 

 

Introduction 

Within the ever-changing context of Sri Lanka's building construction sector, including 

sustainable practices has become essential, calling for a closer look at new strategies like green 

leasing (Hettige, et al., 2017). The notion of green leasing presents itself as a viable means of 

promoting a more environmentally conscious built environment, particularly as the 

construction industry struggles with issues related to resource usage and environmental effect. 

Like many other industries worldwide, the building and construction sector in Sri Lanka is at 

a crossroads where environmental responsibility and economic prosperity must align. The 

industry's standard procedures frequently fail to meet the growing issues of resource depletion, 

energy use, and environmental sustainability in general. The study centers on green leasing, 

which is a deliberate partnership between renters and landlords with the goal of overseeing 

sustainable building operations, in response to this urgent demand building (Abdelfattah, 

2020). 

However, despite the growing recognition of the importance of sustainable construction 

practices, there is a significant research gap in understanding and implementing commercial 

options in the green leasing sector in the Sri Lankan context. This study aims to explore 

mailto:himansa1995@gmail.com


 

Proceedings of the 6th Annual International Research Symposium ï2023 

[ISSN 2961-502X] 

 

158 International College of Business and Technology, Sri Lanka 

 

unexplored avenues and highlight how commercial options can play a key role in advancing 

green building concepts (Hettige, et al., 2017). To emphasize the originality of our study, it is 

important to highlight a unique research gap in the existing literature. Although the global 

conversation on green leasing has gained momentum, the specific challenges and opportunities 

in Sri Lanka's construction sector have been less explored. Our research seeks to fill this void 

by focusing on the unique case of Sri Lanka, focusing on aspects that are often neglected in 

broader discussions of green building practices (Abdelfattah,2020). By addressing this research 

gap, our study not only contributes to the academic discourse but also provides practical 

insights to industry stakeholders, policymakers, and practitioners who wish to navigate the 

intersection of economic interests and environmental sustainability in the Sri Lankan context. 

This research aims to investigate the adoption of the green lease concept as a commercial option 

to implement green building concepts in the Sri Lankan construction sector. 

 

Research Objectives 

To study the concept of green lease and understand its importance to the Sri Lankan building 

construction industry. 

To identify impediments and adoptions of the green leasing concept 

To research the factors that can implement the green lease concept in the Sri Lankan building 

construction industry and recommend solutions to reduce the obstacles in implementation. 

To develop a framework for the adoption of the Green Lease concept in Sri Lankan building 

construction industry. 

 

The significance of this research lies in its potential to catalyze a paradigm shift within the Sri 

Lankan construction industry. By unraveling the complexities surrounding green leasing, the 

study aspires to provide stakeholders, policymakers, and industry players with valuable 

insights. These insights, in turn, can inform strategic decisions, reshape industry practices, and 

contribute to the overarching goal of creating a more sustainable built environment in Sri 

Lanka. As the nation strives for economic progress, the integration of green leasing practices 

not only aligns with global sustainability trends but also positions Sri Lanka at the forefront of 

environmentally responsible construction practices. The outcomes of this research can thus 

serve as a guiding beacon for transformative change within the industry, fostering a balance 

between economic growth and environmental ownership. 

 

Methodology 

To comprehensively investigate the adoption of commercial options for green building 

concepts in the Sri Lankan construction industry, a mixed-methods approach was employed. 

This methodological framework integrates both qualitative and quantitative analyses, allowing 

for a nuanced understanding of the multifaceted factors influencing the implementation of 

green leasing concepts. Digitalized questionnaire will be conducted with industry experts to 

gather primary data. The questions will be semi-structured, allowing for flexibility and in-depth 

exploration of the research objectives. The research's qualitative component entailed a 

thorough investigation of the individualized elements associated with green leasing. We made 

use of academic journals, business briefs, and in-depth interviews with significant figures in 
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the Sri Lankan construction industry. The goal of this qualitative technique was to capture the 

complex viewpoints, opportunities, and difficulties related to green leasing. Using content and 

theme analysis, significant insights were drawn from the collected qualitative data. Quantitative 

data collection involved a structured survey distributed among a representative sample of 

stakeholders within the Sri Lankan building construction industry. The survey instrument was 

designed to capture quantitative information on awareness levels, challenges faced, and factors 

influencing the adoption of green leasing practices. The statistical analyses included correlation 

analysis to identify relationships between variables and regression analysis to model the impact 

of key factors on the adoption landscape. 

Snowball Sampling Strategy, in this approach, industry experts who possess in-depth 

knowledge and experience in green building practices will be identified as the initial 

participants. These experts will be selected based on their involvement in sustainable 

construction projects, relevant publications, and recommendations from industry professionals. 

Additional participants will be identified through referrals from the initial experts, forming a 

network of knowledgeable individuals. This sampling strategy allows for the inclusion of 

experts who may not be easily accessible through traditional sampling methods. 

In-depth interviews and a methodical evaluation of pertinent literature were used to gather 

qualitative data. A digitally distributed structured survey was used to gather quantitative data, 

and a secure platform was used to collect replies. Both open-ended and closed-ended questions 

were used in the survey to elicit further information and to quantify important variables. 

 

Results 

The validity analysis encompassed the Kaiser-Meyer-Olkin (KMO) measure and Bartlett's 

Test. The KMO measure recorded a value of 0.814, signifying a highly satisfactory level of 

adequacy for the dataset. This suggests that the data is suitable for factor analysis, a crucial 

aspect of validating the underlying structure of the research constructs. Bartlett's Test of 

Sphericity, with an approximate chi-square value of 107.484 and a significance level of 0.001, 

further supports the suitability of the data for factor analysis. These results affirm the dataset's 

adequacy for exploring underlying patterns and relationships between variables. The reliability 

analysis, as measured by Cronbach's alpha, returned a value of 0.837. This high alpha value 

indicates a strong level of internal consistency among the items in the survey instrument. In the 

context of hypothesis testing, a reliable survey instrument ensures that the data collected 

consistently measures the intended constructs. Researchers can have confidence in the 

dependability of the results, reinforcing the robustness of the study's findings. 

 

Table 1: Reliability Statistics 

 

 

 

 

  

Reliability Statistics 

Cronbach's Alpha N of Items 

.837 12 
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Table 2: Validity Analysis 

 

 

 

                                                   

 

 

 

The analysis provides robust support for Hypothesis 1, affirming a positive relationship 

between the range and accessibility of commercial options (IV1) and the adoption of green 

lease concepts. Both qualitative and quantitative evidence, including a comprehensive 

literature synthesis, correlation analysis, and regression model, align with the hypothesis, 

emphasizing the pivotal role of diverse and accessible commercial options in shaping the 

adoption landscape. 

Hypothesis 2 is strongly validated by the findings, indicating that barriers and challenges (IV2) 

exert a negative influence on the adoption of green lease concepts. Through a combination of 

qualitative insights and quantitative measures such as regression analysis and ANOVA, the 

study underscores the significant adverse impact of barriers like low awareness, budget 

constraints, and emerging regulations on the adoption landscape. 

The analysis convincingly supports Hypothesis 3, highlighting a positive impact of cost-

effectiveness and affordability (IV3) on the adoption of green lease concepts. The results from 

the regression model and ANOVA underscore the statistical significance of this relationship, 

providing valuable insights for stakeholders seeking to promote the adoption of green leasing 

practices in the Sri Lankan building construction industry. 

Hypothesis 4 is strongly affirmed by the analysis, indicating a positive correlation between 

awareness and knowledge (IV4) and the adoption of green lease concepts. Both qualitative 

synthesis of the literature and empirical evidence from the regression model and correlation 

analysis emphasize the crucial role of awareness and knowledge in overcoming barriers and 

fostering the adoption of green lease concepts in the Sri Lankan context. 

 

Table 3: Model Summary 

Model Summary 

Model R R Square 

Adjusted R 

Square 

Std. Error of the 

Estimate 

1 .657a .431 .420 .65963 

 

  

KMO and Bartlett's Test  

Kaiser-Meyer-Olkin Measure of Sampling 

Adequacy. 

.814 

Bartlett's Test of 

Sphericity 

Approx. Chi-Square 107.484 

df 66 

Sig. .001 
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Table 4: ANOVA 

ANOVA a 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 62.467 2 31.233 36.886 .000b 

Residual .000 117 .000   

Total 62.467 119    

a. Dependent Variable: Green Lease 

b. Predictors: (Constant), Challenges, Awareness and Knowledge 

 

Table 5: Coefficients 

Coefficients 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) 2.059 .066  1.730 .000 

Awareness And Knowledge .081 .080 -.556 -4.459 .000 

Challenges 1.500 .000 10.825 .000 .000 

a. Dependent Variable: Green Lease 

 

Discussion 

This study delves into the dynamics of green leasing adoption within the Sri Lankan 

construction industry and explains unique challenges and opportunities. The findings 

underscore a pivotal role for awareness initiatives, mirroring global trends. However, the 

contrast between the global discourse on green leasing and its nascent stage in Sri Lanka 

highlights a distinctive context. Comparative analyses with international practices offer 

insights into potential strategies for overcoming barriers, emphasizing the need for context-

specific interventions. Bridging this knowledge gap not only contributes to the global dialogue 

on sustainable construction but also provides a roadmap for tailored advancements in Sri 

Lanka's evolving real estate landscape. 

 

Conclusions and Recommendations 

This study sheds light on the Sri Lankan construction industry's adoption of green buildings 

and the use of green lease principles. The results, which are backed up by a thorough 

methodology, point to a positive future with a strong uptake of green buildings. Most 

importantly, the study draws attention to the obstacles most notably, poor awareness and 

limited resources that call for focused solutions. The significance of educational programs is 

highlighted by the favorable association observed between awareness, knowledge levels, and 

acceptance of green leases. 

Recommendations based on the study's findings are meant to accelerate Sri Lanka's 

implementation of green lease ideas. The suggested activities constitute a strategic roadmap 

and range from thorough workshops and regulatory studies to cooperative platforms and 

established rules. Stakeholders may actively contribute to a sustainable built environment and 
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ensure a healthy balance between economic development and environmental stewardship by 

raising awareness, removing barriers, and promoting collaboration. 

 

Table 6: Recommendations 

Recommendations 

Conduct comprehensive 

workshops to enhance 

awareness among industry 

stakeholders regarding the 

benefits and implementation 

of green leasing. These 

workshops should cover the 

principles, advantages, and 

practical applications of 

green leases, fostering a 

deeper understanding within 

the construction community. 

 

Create collaborative 

platforms that bring together 

key players in the 

construction industry, 

including developers, 

occupiers and regulators. 

These platforms can serve as 

forums for sharing best 

practices, discussing issues 

and working collectively 

towards the common goal of 

sustainable construction. 

 

Develop clear and well-

defined rules and guidelines 

for the implementation of 

green leasing in the 

construction industry in Sri 

Lanka. These should include 

green building certification 

standards, tenancy 

provisions and dispute 

resolution mechanisms, 

providing a structured 

framework for industry 

stakeholders to follow. 
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Abstract 

In modern days, most structural engineering industries face a lot of failures such as compressive 

and tensile failures, bending failures, shear failures, and buckling failures. Compressive 

strength failure also generally affects Sri Lankan buildings during construction or after that. 

Because it is the main indicator of how effectively concrete can resist loads that impact its size, 

taking this aspect of concrete into consideration is vital. Therefore, concrete has great 

compressive loading resistance. In recent years, a technique for improving the strength of 

concrete by utilizing self-curing ingredients for internal curing has been developed. Fly ash can 

be added to cement to improve concrete strength as a solution to strength failure. The strength 

qualities of the concrete are tested by keeping it in ambient curing in the laboratory at a 

temperature of 27`C, and the experimental results on the concrete of up to 30% replacement of 

fly ash with cement have been revealed. Furthermore, this research is being undertaken to add 

different percentages of fly ash (>30%) and to analyze the strength of lightweight concrete up 

to the typical M25 grade of concrete. 

 

Keywords: Lightweight concrete, Compressive strength, Workability, Mix proportion, Fly ash 

percentages, Cast and curing, expanded clay 

 

Introduction  

Construction activity has been quickly expanding for the development of infrastructure, and 

concrete as an essential material has seen a surge in its use for structure construction. (Feng, et 

al., 2023) Because of the numerous areas of utilization, concrete is the second most consumed 

material on the planet, solely after water, with a worldwide creation of around 4.1 billion tons 

of concrete in 2021 (Monteiro,, et al., 2017) (Nilimaa, 2023). Modern infrastructure 

development and construction engineering need excellent material performance, which 

translates to great energy absorption capacity, hardness, and strength. Novel materials that can 

achieve an ultimate compressive strength of 120ï240 include High-Performance Concrete 

(HPC) and Ultra High-Performance Concrete (UHPC). The use of additional cementitious 

materials, including fly ash (FA), enables the development of mechanical qualities, such as 

strength, workability, and durability (Cucuzza, et al., 2023). 

(Bejan G. , BŁrbuἪŁ, Robert, Vizitiu, & Burlacu, 2020) Since light buildings reduce their 

weight, the frequency of natural disasters like earthquakes throughout the world has raised the 

demand for lightweight structural solutions. For concrete, a density of less than 2200 kg/m3 

qualifies it as lightweight. ( Wibowo & Saidani, 2023) By this concept, BS EN 206ï1 describes 

lightweight concrete as having an oven-dry density of at least 800 kg/m3 and not more than 

mailto:mahinsadinith@gmail.com
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2000 kg/m3, which corresponds to the substitution of lightweight aggregates for natural 

aggregates. Lightweight concrete may lower concrete volume, rebar branching, and beam size 

in building projects, despite its high cost per cubic meter drawback. Additionally, by lowering 

the superstructure loads, the building that made use of the LWC decks was able to save money, 

build more quickly, and have little impact on traffic (Mousa, et al., 2018) . As a result, by 

lessening the strain on the building structure, it would also be possible to lower overall 

construction costs by improving time and cost efficiency. Depending on the use, lightweight 

concrete might be autoclaved aerated concrete (AAC), foamed concrete, or lightweight 

aggregate concrete. Rather than employing structural concrete, lightweight concrete blocks are 

frequently used in the construction of homes. (Chaipanich & Chindaprasirt, 2015) ( Wibowo 

& Saidani, 2023) 

Natural, synthetic, and recycled materials are the primary sources of lightweight aggregate 

(LWA), a type of aggregate utilized in the creation of concretes and cementitious composites. 

Various forms of low-weight asphalt (LWA) have been examined and applied, such as waste 

rubber, pumice, expanded clay, sintered fly ash, oil palm shells, brick chips, and so on ( Saha, 

et al., 2021), ( Huda, et al., 2018), (Ravindrarajah & Tuck, 1994) ( Ak­aºzoĵlu, et al., 2013) 

(Mohammed, Azmi, & Abdullahi, 2011) and (Zhang & Aslani, 2021) According to (Prasad, 

2017), Fly ash is a fine powder that is a byproduct of burning pulverized coal in electric 

generation power plants. The use of fly ash in concrete enhances both the strength and 

durability of hardened concrete as well as the workability of concrete. Fly ash (FA) is a tiny 

particulate substance that is mostly composed of silica, alumina, and calcium compounds that 

give it pozzolanic properties. It is precipitated from the stack gases of coal-burning power 

plants. Fly ash has gained widespread acceptance as a supplemental cementitious ingredient 

for use in the creation of ecologically friendly concrete mixes because of its advantageous 

chemistry for use in cementitious mixtures. (Yang, et al., 2019) (Park & l Choi, 2021) Fly ash 

is generated in enormous quantities across the world, but its recycling rate is far lower than its 

production rate (Bhatt, et al., 2019) . Just 14% of the approximately 27 million tons of fly ash 

produced in the US alone in 2019 was recycled (Nassar & Room, 2023). Conversely, around 9 

billion tons of concrete are produced annually worldwide. Hence, a significant measure of the 

fly ash can be utilized as SCM for substantial creation. Concrete created with fly ash has huge 

energy, natural, and money-saving advantages as it is a waste material and doesn't need the 

utilization of energy in its creation. Contingent upon the level of fly ash utilized as PC 

substitution, the subsequent cement can be named high-volume fly ash (HVFA) or low-volume 

fly ash (LVFA) concrete. (Nassar & Room, 2023) 

(Gellert & München, 2010) Say expanded clay, when used as a thermal insulation material, is 

primarily utilized to fill voids and, for example, helps to improve the sound insulation of 

suspended floor constructions. Expanded clay is also used as a lightweight aggregate in the 

production of masonry units and precast concrete elements, as well as to improve the insulating 

qualities of mortar, render, and plaster in small grain sizes. According to (Boudaghpour, 2008) 

it is used in structural backfill against foundations, retaining walls, bridge abutments, and other 

similar structures, LECA can lower earth pressure by 75% when compared to conventional 

materials, while simultaneously increasing stability and minimizing settlement land 

deformation. 
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The present study is to determine a suitable mix design proportion of concrete with fly ash 

percentage to achieve an optimum compressive strength of lightweight concrete by substituting 

plaster sand. That this concrete will hold all the components/parameters together and perform 

the intended function.  

 

Methodology  

Materials and Methods.  

The following materials are employed in these experiments. Ordinary Portland cement of SLS 

1697: 2021 grade 42.5N/R with a specific gravity of 3.14. As a fine aggregate, locally available 

fly ash obtained from the thermal power station is used, and locally available plaster sand with 

a Specific gravity of 2.6 is used. As a coarse aggregate, crushed granite stone with a specific 

gravity of 2.75 is employed. The expanded clay with extremely fine pores is lightweight. 

Weight, size, and strength can all be precisely regulated. Pellets with diameters ranging from 

4 to 8 mm are available. Lightweight expanded clay aggregates have a dry density of 300 to 

500 kg/m3. This research takes 25% of clay balls instead of coarse aggregates.  

In addition, 150mm ×150mm×150mm cube molds, Compressive Test machines (BS 1881-108: 

1983), Slump cones, and tamping rods are used. 

Mix Proportions 

The quantities of materials, cement, and fine aggregate used in normal concrete are employed 

in the first trial mixes according to IS 10262: 2019 criteria without the replacement of fly ash. 

The proportions of materials for M25 grade concrete are 1: 1: 2 (IS 10262) with a W/C ratio of 

0.45. 

The Second trail mixes according to IS 10262: 2019 criteria within fly ash and expanded clay. 

The concrete materials are batch-measured according to the mix design for the required grade 

of concrete. Hand mixing is used to make the concrete.               

 

Table 1: Mix Proportions 

Mix Proportion (1:1:2) 

 

 

W/C Fly Ash % Expanded Clay (kg) 12 mm 

Corse Agg. (Kg) 

Plaster Sand (kg) 

Control 0.45 - - 22.8 11.4 

Test 1 0.69 35 5.7 17.1 11.4 

Test 2 0.75 40 5.7 17.1 11.4 

Test 3 0.82 45 5.7 17.1 11.4 

 

One method that helps to minimize concrete potential strength is the cure. Concrete continues 

to hydrate after curing, which results in ongoing strong growth. The concrete must be kept at a 

suitable temperature and moisture content for a long enough time to continue to hydrate. 
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Data Analysis and Discussion 

Compressive Strength  

The concrete cube specimens (150 ×150×150mm) are tested according to IS 516 at the ages of 

7 and 28 days. For each control proportion and each percentage of cementitious material (Fly 

ash) substitution, three specimens are tested, and the average of the three is used to determine 

the concreteôs strength. Compressive strength test results for M25 concrete are shown in Figure 

2. 

After 7 days, this (Figure 2) shows some variation. At the beginning, it shows 20MPa at adding  

35% of fly ash and gradually decreases that compressive strength value to 18.75 MPa. At the 

same time, it shows a value of 21.87 MPa at 45%. It is shown as the maximum value in the 

graph. The graph (Figure 2) shows that R2 = 0.3546. It appears to not correlate. Normal M25 

concrete shows a strength of 66% of full strength after 7 days and fly ash concrete also obtains 

Figure 1: Test cube casting and testing 

Figure 2 : Compressive strength distribution 
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the lowest percentage of strength among the above-average values. (>16.5%) Thus, the R-value 

provides more confirmation. When analyzed after 28 days, the graph shows a maximum value 

at the beginning, and gradually it falls to a minimum value of 29.57 MPa. Accordingly, it can 

be assumed that no matter how much the fly ash is increased in 28 days, the overall strength 

does not increase. Further, after 28 days, R2 = 0.4628. It also seems to still not correlate. After 

28 days, the strength of normal M25 concrete is 99% of its full strength (24.75%), while fly 

ash concrete has attained a higher percentage of normal strength than 99% (>24.75%).  

 
Figure 3 : Total compressive strength performance 

 

Figure 3, shows how the strengths of the fly ash percentages used in the test vary with the 

control proportion. Considering the above R2 values in Figure 2 and the R2 values there is some 

difference between 7 and 28 days. This was mainly due to the change in the control mix and 

not having fly ash percentages exceed it. Overall, fly ash concrete was capable of withstanding 

the strength of M25 within 28 days, giving it an advantage over M25. But here, in 28 days, the 

strength required for M25 has been exceeded. This is an anomaly found during the experiment 

and the reason for this can be assumed to be the effect of the plaster sand used.  

 

Lightweight variety of fly ash concrete.  

At the end of 28 days, another objective of the research has been fulfilled. That is to reduce the 

overall weight of fly ash concrete than normal concrete. The special point here is the 

contribution made by expanded clay. This proves that lightweight aggregate like expanded clay 

reduces the weight of the entire concrete system. In addition, wood and plastic particles, 

expanded vermiculite, pumice, and pelletized expanded slag can be used as substitutes. Figure 

4, shows the average test cube wight of each test after 28 days.  
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Figure 4 : Test cube weight variation 

Workability 

To overcome the limitations of conventional empirical tests like the slump test, fresh concrete 

workability should be assessed using its rheological characteristics (Nagaraj & Shamanna, 

2015). 

 
Figure 5 : Slump heights 

 

As shown here, the slump height of the initial control mixture is higher than the others. Slump 

height has decreased at 35% and gradually increased in the remaining percentages. However, 
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all these heights belong to the true slump type. True slump - The majority of the concrete's 

ability to retain its cone shape is a sign that the mixture is cohesive and is not particularly 

workable. However, the advantages of this form of a slump are greatest for slabs, columns, and 

beams. (20 - 80mm) (Joseph & K, 2009). 

All the same, based on the aforementioned experiment, it is inferred that adding plaster sand to 

cement increases the strength and workability of concrete.  

 

Conclusions 

In this experiment, 3 percentages of fly ash including the control experiment were carried out. 

Overall, the test was completed with all objectives achieved. 

In the first control test, 6 samples were made and tested for 7 and 28 days by mixing cement, 

sand, and coarse aggregates appropriately for M25. Similarly, the above process was followed 

for fly ash lightweight concrete, and by replacing fly ash 35, 40, and 45 % with cement, 

expanded clay was added as a substitute for crushed stones, and 18 samples were made and 

tested. 

According to the first objective, the strength of the fly ash aggregates mostly determines the 

compressive strength of concrete. Despite the low strength of the aggregate, the strength of 

concrete is determined by the strength of the aggregateôs influence on the concrete. Comparing 

these concretes (LWAC) to normal aggregate concrete (M25), earlier research found that they 

had higher compressive strengths. Also, it was observed that the strength of the aggregate plays 

a considerable part in regulating the strength of LWAC and doesnôt only affect the compressive 

strength of the concrete produced. 

After 28 days, the replacement of 45% fly ash can be suggested as the most suitable partial 

replacement of fly ash percentage to achieve an optimal compressive strength of concrete. This 

is because according to Figure 3, it has fulfilled M25 compressive strength. When it comes to 

weight, it has reduced total weight and is well-suited for lightweight concrete. 

Creating samples for the workability of fly ash aggregate concrete as a function of mixed 

proportion variables including cement content, water content, and volume fraction of fly ash 

was another goal that was accomplished. The volume proportion of aggregate in the 

composition, which is the principal interaction effect, has a significant impact on the 

workability of concrete in addition to the water content. 

 

Recommendations 

The below recommendation can be derived based on the findings and observations of the 

present research.  

Due to its many benefits, such as its light weight, strength, good seismic performance, good 

durability, and outstanding heat insulation performance, lightweight aggregate concrete 

(LWAC) can be utilized in high-rise buildings, large-span bridges, and offshore platforms. 

When considering material cost, lightweight concrete saves 8% of the cost compared to 

normal-weight concrete. 

As a result, lightweight concrete is a more economical option than normal concrete. 
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Abstract 

The Sri Lankan Construction Industry (SLCI) is suffering from crises that are generated from 

external factors. Crisis Management (CRM) success or failure depends on top management 

decisions. The lack of studies regarding external CRM (ECRM) in SLCI, generates knowledge 

gaps and risks to SLCI. Hence, determining the relationship between Top Management 

Strategies (TMS) and ECRM Strategies (ECRMS) in SLCI is necessitated to survive 

construction organizations during external crisis periods.  Online questionnaire survey was 

used to collect quantitative data relevant to ECRMS and TMS. 101 SLCI industry participants 

joined for quantitative data gathering. Pearson correlations test is used to identify linear 

relationships between TMS and ECRMS. It revealed that ECRMS has moderate positive linear 

relationships with TMS. Hence, organizations can apply those TMS strategies for increasing 

effectiveness of ECRM. The final outcomes of the study will be facilitated to smooth operations 

during external crises in large scale main contractorsô organizations registered under the 

Construction Contractors Grading Schema of the Construction Development Authority of Sri 

Lanka. 

 

Key Words: External Crises, External Crisis Management Strategies (ECRMS), Top 

Management Strategies (TMS) and Sri Lankan Construction Industry (SLCI)  

 

Introduction  

A crisis can be defined as an unpredictable event that can potentially generate negative 

outcomes (Park, 2017) for an individual, a group or an organization. Construction organizations 

are easily affected by crises due to high initial investments that increase huge financial losses 

(Sahin, Ulubeyli and Kazaza, 2015). Crisis creates sudden changes to organizations which 

encourages the necessity of forming new systems to manage crises. Several environmental and 

organizational factors influence creation crises. Economic, political, technological, legal, and 

natural factors are key reasons for external crises (Nassar and Erzaij, 2023). Sri Lankan 

Construction Industry (SLCI) is one of the most innovative, dynamic, and technologically 

advanced industries among other industries (De Silva, Darmicka and Fernando, 2014). 

Although, SLCI is suffering from several external crises such as terrorism, natural disasters, 

economic and financial crises, political instability, and competitions generating from foreign 

contractorsô involvement etc.  

CRM can be defined as the dynamic and continuous process used to identifying, planning and 

resolving of crisis by application of both reactive and proactive actions (Nassar and Erzaij, 
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2023). CRM success or failure depends on top management decisions. Top management should 

consider several factors to effective crisis management such as; focusing on financial aspects 

of crisis, maintaining information flow, tackling information flow bottlenecks, developing 

flexibility of managerial strategies, monitoring and managing interpersonal relationships 

(Sahin, Ulubeyli and Kazaza, 2015). 

SLCI is suffering from external crises. And identification of effective CRM strategies and 

processes necessary to smooth running of construction organizations. Lack of studies regarding 

external CRM (ECRM) in SLCI, generate knowledge gaps and risks to SLCI. Hence, 

determining relationship between Top Management Strategies (TMS) and External Crisis 

Management Strategies (ECRMS) in SLCI is necessitated to surviving during the external 

crisis periods.   

Research findings were focused only on external crises situations in SLCI. The findings can be 

only applied to large scale main contractorsô organizations in SLCI which are registered under 

C3, C2, C1, CS1 and CS2 as per the Construction Contractors Grading Schema of Construction 

Development Authority of Sri Lanka. This study only focused on TMS and ECRMS. 

 

Methodology 

The quantitative Research Methodology approach was applied to determine the linear 

relationship between TMS and ECRMS in SLCI. Several three ECRMS and four TMS applied 

during external crisis periods were identified through the literature sources. As per the 

operationalization Table 1, the online survey developed by using Google Forms. All these 

strategies were measured by using five point Likert scale; 1-Strongly Disagree, 2-Disagree, 3-

Neutral, 4-Agree and 5-Strongly Agree.  

 

Table 1 ï Operationalization Table for Online Questionnaire Development  

 

A Linear relationship between identified TMS and ECRMS was investigated for fulfilment of 

research objective. ECRMS is considered as a Dependent variable. TMS is considered as 

Independent variables. The Person Correlation was conducted by developing below null and 

alternative hypotheses as Table 2. 

  

Concept Measures Question Number in 

Questionnaire 

ECRMS  M1. Crisis management plan preparation 2.1 

M2. Decision making framework  2.2 

M3. Organizationôs resource management 2.3 

TMS M1. Maintain behavioral change 3.1 

M2. Monitoring and supervision 3.2 

M3. Organization overhead controlling   3.3 

M4. Motivation 3.4 
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Table 2 - Hypothesis for Identification of Linear Relationship between TMS and ECRMS in 

SLCI 

Purpose Hypotheses 

Identify linear relationship 

between ECRMS and TMS 

H0 ï there is no any significant linear relationship between top 

management strategies and external crisis management 

strategies. 

H1 ï there is a significant linear relationship between top 

management strategies and external crisis management 

strategies 

 

Present study focused on SLCI employees which are currently working in Sri Lanka. The below 

criteria used to define the population.  

1. Employee should be worked in SLCI as a representative of client, contractor, consultant 

or subcontractor.  

2. Employee should not be minor staff, skilled labour or unskilled labour in construction 

firm.  

 

Simple random sampling technique used to identify sample of the online questionnaire survey 

(Osiyevskyy, Shirokova and Ritala, 2020).  

 Figure 1 - Minimum Sample Size Calculation for Online Questionnaire Survey by Using 

G*Power Software 
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G*Power software is recommended for sample size calculation (Kang, 2021). Minimum 

sample size requirement for questionnaire survey was determined through for G*Power 

(version 3.1.9.4) software as Figure 01. The minimum sample size for online questionnaire 

survey should be 84. The power of rejecting hypothesis is 80%. 

 

Results and Discussion  

Sample Description 

101 SLCI experts were participated in online questionnaire data collection process. The details 

of designations are shown in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The details of participantôs industry experience level are shown in Figure 3. 

 

 

 

 

 

 

Figure 1 - Minimum Sample Size Calculation for Online Questionnaire Survey by Using 

G*Power Software 

Figure 2 ï Graphical Presentation of Participantsô Designation in Online Questionnaire Survey 

Figure 3 - Graphical Presentation of Online Questionnaire Survey Participantsô Construction 

Industry Experience Level 
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As the figure 4, Majority of respondents (75.25% of respondents) were working in large scale 

construction organizations which mentioned in research limitations.  

 

 

 

Identification of the linear relationship between ECRMS and TMS 

The main intention of this analysis is to identify the linear relationship between TMS and 

ECRMS. Pearson correlation test is widely used to measure the strength of the linear 

relationship between two variables. Several Correlation coefficient values indicate the strength 

of the linear relationship between variables. Those values are listed in Figure 5. 

 

 

Significance level (Ŭ) in Pearson correlation result use to test hypothesis. If Ŭ < 0.05, there is 

enough evidence to reject null hypothesis (H0) (Supena, Darmuki and Hariyadi, 2021). 

Hypotheses analyses for this study are shown below. 

Pearson correlation test results for ECRMS and TMS are shown in Figure 6. 

 

Figure 4 - Graphical Presentation of Online Questionnaire Survey Participantsô 

Organizations Categories 

Figure 5 - Correlation Coefficient Values' Indications (Akoglu, 2018) 
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The Ŭ value = < 0.001 which was less than 0.05 was less than 0.05. Hence, there was enough 

evidence to reject H0. Due to that, there is a significant linear relationship between ECRMS 

and TMS. The r value = 0.365 which was in between r range of 0.3 to 0.7. Hence, there is a 

moderate positive linear relationship between ECRMS and TMS.  

Effect of crisis increases natural tension in organizations and decrease ability to cope with 

changes. Continuous monitoring is necessary to maintain these kinds of behavioural (Sahin, 

Ulubeyli and Kazaza, 2015). Top management decisions can be made for managing complex 

situations by monitoring the relationship between organizational complexity and employeesô 

behaviours (Daniel and Daniel, 2018). Continuous monitoring is necessary to identify external 

facilities that are required in CRM. Team distraction can occur due to close supervision. Hence, 

senior management should consider the organizationôs managerial size for effective monitoring 

and supervision (Choi, Sung and Kim, 2010). Evidence of previous studies revealed that 

monitoring and supervision key strategies in CRM. Organizations can achieve benefits during 

crises through employeesô motivation (Sahin, Ulubeyli and Kazaza, 2015). Any actions which 

are decrease morale of employees should not be taken in crises situations (Taneja, 2014). 

Closing organization departments, employeesô salaries reduction, given unpaid vacations, 

restrictions in extra services and employees dismissal are some overhead management 

strategies that top management implied to CRM as a reactive approach. Those strategies are 

only suitable for short-term and small-scale CRM. Those strategies caused to loss of 

experienced employees to organization (Sahin, Ulubeyli and Kazaza, 2015) and the reduction 

of employees moral. Evidence of previous studies revealed that monitoring, supervision and 

motivation are key strategies in CRM.  Overhead management is not acted in a key role in 

ECRM.  But, the TMS is necessity to effective ECRM. It revealed that the positive moderate 

linear relationship between ECRMS and TMS.  

 

Conclusion and Recommendation  

SLCI is now experiencing multiple external crises. Hence, it is imperative to determine the 

relationship between TMS (Top Management Strategies) and ECRMS (External Crisis 

Management Strategies) in order to ensure the resilience of SLCI in times of external crises. 

The study obtained quantitative data from 101 participants of the SLCI by utilizing Google 

Forms. The primary objective of quantitative data collection was to ascertain the linear 

relationship between TMS and ECRMS.  

Figure 6 -Pearson correlation test results for ECRMS and TMS 
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The Pearson correlation test was employed to identify of linear associations between TMS and 

ECRMS. The analysis demonstrated that there is a moderate positive linear relationship 

between ECRMS and TMS. Hence, it is advisable to implement such TMS tactics to enhance 

the efficiency of ECRM. Furthermore. Implementing efficient TMS will enhance the 

construction organizations' resilience during external crises. 
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Abstract 

Wastewater should be treated before releasing to the environment to remove harmful materials 

from water bodies. This experiment has been conducted in order to build up a renewable 

wastewater treatment technology which generates electricity as a product. Here, constructed 

wetland microbial fuel cell has been developed to treat wastewater and to improve its power 

output. Graphite plates have been used as both anode and cathode and gravel, alum sludge and 

glass wool have been used as separators. pH test, COD test, DO test and turbidity tests were 

conducted before treating collected wastewater and after the treatment to identify the amount 

of pollutants in the sample and to demonstrate the efficiency of the microbial fuel cell. The 

system was able to perform an average COD removal of 58.88% and generate a peak power 

density of 7.778 mW/m2. 

 

Keywords: COD - Chemical oxygen demand, DO - Dissolved oxygen, MFC - Microbial fuel 

cell 

 

Introduction 

A significant amount of wastewater is released to the environment during construction projects 

and it is a critical issue for all the living beings. Untreated wastewater can contaminate surface 

and groundwater resources. They can also carry pollutants, pathogens, and nutrients that can 

harm aquatic life, impacting biodiversity and ecosystems. Inadequate wastewater management 

can further exacerbate these issues (Edokpayi, 2017). Inadequate management can lead to 

waterborne diseases, affecting human health and quality of life. Also, this can lead to negative 

economic impacts on industries like fishing and tourism. Proper wastewater treatment and 

responsible disposal are essential to mitigate these risks and protect the environment and public 

health (Silva, 2023). Treating wastewater is essential and it is a challenge due to energy 

consumption, skills of people and availability of facilities. Here, plant microbial fuel cell is 

used as wastewater treatment method. Plant Microbial Fuel Cell (PMFC) is one of the 

alternative energy developments that is able to produce electric current from the microbial 

oxidation of organic matter (Logan, 2006). Microorganisms around the roots of the plant 

convert unabsorbed organic materials from photosynthesis into electrons and protons. These 

charges are then harnessed to generate electric current through microbial fuel cells, offering 

potential for sustainable energy production (Helder, 2013). 

In this experiment, Graphite will be used as both anode and cathode. Alum sludge, glass wool 

and gravel will be used as separators (Asefi, 2019). Common water hyacinth has been tested to 

study the effect of root excreted oxygen on microbial fuel cells. Therefore, MFC can be 

designed that incorporated water hyacinth plants growing in the cathode chamber (Pamintuan, 

2018). pH, turbidity test COD test and DO test can be conducted to identify the amount 
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pollutants in wastewater. After treating the wastewater, the relevant tests should be conducted 

in order to determine the treatment efficiency and voltage drop would be measured to identify 

the electrical performance and according to the results obtained, the efficiency of MFC can be 

analyzed.  

According to previous studies, the removal of organic matters by MFC is about 74% - 86% 

(Zhang, 2009). MFC is an eco-friendly method used to purify wastewater. Although MFC is a 

sustainable method, it still requires some technical advancements (Chen, 2020). The aim is to 

develop an effective wastewater purification technology (Microbial Fuel Cell) with the use of 

microorganisms which generates electricity as a product. There are four specific objectives to 

achieve the main aim of the research. The objectives of the study are to determine the properties 

of wastewater sample, to develop a suitable microbial fuel cell for wastewater purification, to 

determine the applicability of MFC in wastewater purification and energy production and 

finally, to analyze the treatment efficiency of developed microbial fuel cell and determine its 

environmental impact. To achieve above objectives, chemical and physical characteristics of 

the water sample, such as pH, DO, COD, nutrient content, and presence of pollutants should 

be analyzed. Then appropriate materials and optimize conditions for the MFC to operate 

efficiently should be selected by conducting systematic literature review. The applicability & 

efficiency can be determined by measuring removal rates of pollutants, evaluating water quality 

improvements, and investigating byproduct generation. 

 

Methodology 

This section explains the specific procedures that were used to identify and analyze the 

information in this research.  

The system was developed using a PVC column of 500mm height and 145 mm of internal 

diameter. A black PVC column is used to avoid and control algae growth (Yadaw, 2013). 

Graphite plates were used as electrodes for both anode and cathode. They were connected to 

each other using copper wires (Srikanth, 2011). Dewatered alum sludge was used as separator 

as it is able to increase the removal efficiency of COD and phosphates from the wastewater 

according to previous suggestions (Zhao, 2013). Gravel (average size 20-25 mm) was used as 

the wetland substrate. Wastewater sample was collected from industrial construction site which 

contained sediment, suspended solids, oil, grease, chemicals, and construction-related 

materials. 

Common water hyacinth, Pontederia crassipes, was planted in the cathode section of MFC due 

to its rapid growth, high biomass, high-density of root and ability to survive in the contaminated 

land (Zhao, 2013). To determine the properties of initial wastewater sample COD test, pH test, 

DO test and Turbidity test was conducted in laboratory (Auriga Research, 2022).  

 

Configuration and Setup 

The system was setup by putting alum sludge (dewatered) at the bottom of the PVC column to 

a height of 210 mm, with the anode placed. As a physical barrier, a glass wool layer of 10 mm 

was placed. In the cathode compartment, and above the separator (glass wool) 60 mm layer of 

gravel was placed. At that moment air diffusion heads were  positioned in the cathode 

compartment above where an additional 130 mm of gravel was placed and then the cathode 
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was placed on the top. Then, another gravel layer   of 90 mm was placed. Then, the water 

hyacinth was planted there in order to complete the microbial fuel cell. The electrodes were 

connected externally using an electrical resistor of 100ɋ (Zhao, 2013). 

Figure 1 : Setup of plant microbial fuel cell 

 

An inlet pipe would be supplied at the bottom of MFC and it can be linked to a pump and on 

the top of the column another two connection ports would be added in order to allow continuous 

flow mode. 

 
Figure 2 : Constructed plant microbial fuel cell 

 

System was operated under a continuous vertical upper flow. During the experiment process, 

the flow rate was diverse between 1.9 - 3.2 L/day. Air diffusion heads were positioned in the 

section of cathode supplied air using an air pump at a rate of 100-120 mL/s. The ability of 

microbial fuel cell to purify wastewater was determined by the removal efficiency of COD and 

DO content. The voltage drop (V) was measured daily in order to determine electrical 

performance. 

 

Water hyacinth 
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Results and Discussion 

This section explains the process of applying statistical /logical techniques to evaluate and 

describe data.  

To analyze the treatment efficiency, COD test, pH test, DO test and Turbidity tests were 

conducted after treating initial water samples and the efficiency of the system was determined 

by analyzing the obtained results. COD of the water sample was tested for every 3 days for a 9 

daysô time period while DO was tested for every 2 days within 10 daysô time period. Turbidity 

and pH readings were taken before treating wastewater. The pH value of the wastewater sample 

was 7.06. It was considered as neutral while the obtained turbidity value was 2.6 NTU. 

Guidelines have recommended turbidity levels below 5 NTU for recreational water (USGS, 

2018). The constructed MFC was able to produce electricity consistently throughout the 

experiment. The energy production were determined through basic calculations and it was able 

to generate maximum current of 2.65mA and maximum power density of 7.778 mW/m2. 

All the tests were conducted under room temperature (27ÁC). 

 

Table 1: Obtained results of COD/ DO/ turbidity and pH 

Physio-chemical 

 Parameter 

Mean concentration 

Initial Sample (mg/L) Final Sample (mg/L) 

COD 798.93 55.02 

DO 4.11 7.01 

Turbidity 2.6 NTU 

pH 7.06 

 

COD Removal Efficiency with Time 

COD removal efficiency in a pant microbial fuel cell over time can be influenced by various 

factors, such as the type of plant, environmental conditions, nutrient availability, variations in 

temperature and the design of the PMFC system. To determine COD removal efficiency, 

wastewater was treated for 9 days and COD of the effluent was tested for every 3 days (Table 

2).  

 

Table 2: COD removal efficiency with time 

Initial COD (mg/L) Final COD (mg/L) 
Time duration 

(Days) 

COD removal efficiency 

(%) 

798.93 325.16 1-3 59.30 

325.16 137.39 3-6 57.74 

137.39 55.02 6-9 59.95 
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Figure 3 : Initial COD and final COD vs time (days) graph 

 

During days 1-3, Initial COD concentration was measured as 798.93 mg/L (starting 

concentration) and after some processing, it was reduced to 325.16 mg/L. On the 3rd day, Initial 

COD concentration was obtained as 325.16 mg/L and during days 3-6, final COD content was 

acquired as 137.39 mg/L. Wastewater was treated for 3 more days from days 6-9 with the Initial 

COD concentration of 137.39 mg/L on the 6th day. Finally, after refinement COD content was 

reduced to 55.02 mg/L on the 9th day. 

 

 
Figure 4 : COD removal efficiency vs time 

 

During first three days, COD removal efficiency was obtained as 59.30%. On the sixth and 

ninth days it was obtained as 57.74% and 59.95% respectively. From these results, the average 

COD removal efficiency was calculated as 58.88% and the removal efficiency was not as good 

as expected since the obtained COD removal efficiency was lesser than the efficiencies reported 
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in previous studies (In previous studies, an average of 74% of COD has been  removed) 

(Research Gate, 2012). 

 

Dissolved Oxygen Concentration with Time 

DO concentration of the constructed MFC was monitored for every two days during 10 daysô 

time period (Table 3). From day 2-8 DO content has increased from 4.11 - 7.12 mg/L. Within 

the next two days, it is reduced to 7.01 mg/L. Healthy Range of DO content in water sources 

is 6 - 12 mg/L and optimal Range for most aquatic life is 8 - 9 mg/L (USGS, 2018). The obtained 

results indicated that the DO content of MFC varied within acceptable ranges.  

 

Table 3: DO variation during 10 daysô time period 

DO (mg/L) Time (Days) 

4.11 2 

5.73 4 

6.70 6 

7.12 8 

7.01 10 

 

Figure 5 :  Dissolved oxygen vs time graph 
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Table 4: Variation of Dissolved Oxygen with voltage 

DO (mg/L) Voltage (mV) Time (Days) 

4.11 156 2 

5.73 213 4 

6.70 248 6 

7.12 279 8 

7.01 252 10 

 

   Figure 6 : Dissolved oxygen vs voltage graph 

 

Initial DO concentration of the water sample was determined as 4.11mg/L. The system is 

subjected to a continuous flow with aeration in the cathode chamber via a pump in order to 

supply oxygen. DO variation is between 4.11 mg/L minimum and 7.12 mg/L of maximum 

value. During this period, it was met with voltage from 156mV to 252mV. This small increment 

of voltage indicated that the system was not much restricted by the limited DO availability due 

to aeration. Changes in environmental factors and Cathode Reactions can impact microbial 

activity, electrochemical reactions, plant species, and oxygen solubility. These changes might 

have resulted in variations in both dissolved oxygen concentration and voltage output. 

 

Variation of Voltage with Time 

Voltage drop (V) was measured daily over a 10 daysô time period across the external resistor 

of 100ɋ using a multimeter. According to the obtained results, the average daily voltage was 

calculated as 209.17 mV. The current production (I = V/R) and power generation (P = VI) were 

determined as 2.091 mA and 0.437 mW respectively. The power density was obtained as 4.846 
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mW/m
2
 by dividing the power with the surface area of the anode (90250 Ĭ10ī6 m2). The peak 

voltage drop of 265mV was observed on the ninth day which resulted maximum current and 

power of 2.65mA and 0.702 mW respectively. The obtained maximum power density was 

7.778 mW/m2 

 

Table 5: Voltage variation with time 

Voltage (mV) Time (Days) 

156 1 

168.52 2 

189.10 3 

173 4 

196.7 5 

213.5 6 

231 7 

247.9 8 

265 9 

251 10 

Figure  7 :  Variation of voltage with time (days) 

 

Organic Loading Rate (OLR) 

OLR is a measure of the amount of organic material applied to a treatment system per unit of 

reactor volume per day. Organic loading rate can be calculated using the equation, Organic 

loading rate = Total organic matter Ĭ Flow rate / Area, when the area of the reactor is constant 

(0.52185 m 
2 
). According to Table 6, Organic loading rate is influenced by both the total 

organic matter in the influent and the flow rate. A higher flow rate with a higher COD 

concentration would result in a higher OLR. 
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Table 6: Organic loading rate results with total organic matter and flow rate 

 

Total organic matter/        

COD content (mg/L) 

 

Flow rate 

(L/day) 

 

Organic loading rate 

(mg/m2/day) 

798.93 2.1 3215.01 

325.16 2 1246.18 

137.39 1.9 500.222 

 

Electricity Production 

For 10 days period, average voltage was 209.17mV peaking at 265 mV. Constructed plant 

microbial fuel cell was able to produce an average power density of 4.846 mW/m2 and the 

maximum power density of 7.778 mW/m2 (Zhao, 2013) 

Ph Value 

The initial pH value of the obtained wastewater sample was 7.08. Therefore, the pH was 

considered as neutral during the process. 

Turbidity 

Initial turbidity of the wastewater sample was 2.6 NTU. 

Factors affected for the Performance 

Effect on Wetland Plant  

Power density: The organic carbon from wetland plants serves as an electron donor for 

microbial metabolism, facilitating the production of electricity through microbial redox 

reactions. This will help to increase the power density. The expected COD removal efficiency 

was 74% - 80% but the obtained efficiency was 58.88% and the average power density was 

4.846 mW/m2 while the maximum power density was 7.778 mW/m2.  

Organic removal: The roots of wetland plants are able to provide some extra organics due to 

the decay of their roots, tissues & leaves. In the section of cathode, the DO concentration was 

relatively higher without planting the water hyacinth. As it was planted, DO concentration was 

reduced. 

Electrode Material and Size 

For this experiment, 2 plates of uncoated graphite were used as electrodes. Electrical 

conductivity of graphite is lower than nickel, brass and stainless steel. The electricity 

generation can be increased by using electrodes with a higher conductivity. 

 

Table 7: Conductivity of different electrodes 
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By increasing the electrode size, the voltage and power generation can be increased (ACS 

Publications, 2020). 

 

Conclusion and Recommendation 

This experiment is conducted in order to integrate microbial fuel cell technology into 

constructed wetland to achieve two goals mainly, of wastewater purification and then power 

generation. A model of laboratory scale microbial fuel cell was built and tested in continuous 

flow mode. Compared with past publications of researches, the obtained results indicated that 

the performance was not up to the expected limit and organic removal efficiency was lower 

than expected percentage. 

Low organic loading and using graphite as electrodes which has a low electrical conductivity 

resulted low performance and efficiency. Also due to electrochemical loses, such as kinetic 

losses (mass transfer loss), Ohmic losses (due to ion and electron transfer) and activation losses, 

the performance of microbial fuel cell was reduced. The performance of MFC can be enhanced 

by extending the surface area of the electrodes, using electrodes with high electrical 

conductivity and increasing the amount of organic loading. 

Plant microbial fuel cells can be considered as one of novel technology to fulfill future demands 

for wastewater purification and power generation from organic contamination. From the 

literature it can be concluded that plant microbial fuel cells can produce effluent quality of 

water within environmental regulations for irrigation application and this can be considered as 

real time application with low carbon footprints. 
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Abstract  

This research project focuses at the use of Calcium Chloride (CaCl2) in subgrade soil 

stabilization for construction of roads, with the goal of addressing the recurring issue of road 

failure owing to insufficient soil compaction. The study emphasizes the importance of CaCl2's 

hygroscopic properties, emphasizing its ability to efficiently stabilize soil by drawing moisture 

and preventing evaporation, hence improving compaction and ensuring a long-lasting 

foundation. Chemical soil stabilization is recognized for its time and cost savings, waste 

reduction, and application to a wide range of soil types, making it a viable option in civil 

engineering projects. The goal is to enhance soil stabilization using CaCl2, with objectives 

including CaCl2 property research, the creation of soil samples with varying CaCl2 amounts, 

laboratory testing, and result analysis. The procedures include executing Proctor compaction 

and CBR tests, as well as doing literature research and procuring industrial-grade CaCl2. The 

results show that CaCl2 treatment increases soil strength and stability. Despite its limits, the 

study suggests the prudent use of chemicals in construction for improved soil quality, providing 

useful insights to the worldwide engineering community. 

 

Key Words: Calcium Chloride (CaCl2), Road Construction, Soil, Stabilization, Subgrade 

 

Introduction 

The background of the research involves addressing a critical issue in road construction, 

specifically related to the failure of some projects due to inadequate soil compaction. The 

Colombo-Negombo main road, located in the Seeduwa area of the Western Province, serves as 

a pertinent example where subsidence has occurred, highlighting the importance of thorough 

soil compaction for the longevity and stability of highways. The failure of certain road 

construction projects is attributed to the lack of proper compaction of the Earth's soil at the 

construction site before the commencement of highway construction. Inadequate soil 

compaction can lead to structural instability, causing roads to collapse or subside over a 

relatively short period. The negative consequences of such failures include increased 

maintenance costs, disruptions in transportation, and potential safety hazards for commuters. 

The research aims to address this critical issue by investigating the use of Calcium Chloride 

(CaCl2) as a soil stabilizer in subgrade preparation for road construction. Calcium Chloride is 

chosen for its hygroscopic qualities, which efficiently stabilize soils by attracting moisture and 

resisting subsequent evaporation. This property is expected to enhance compaction during 

construction, ensuring a robust and lasting foundation material for highways. The significance 

of this research lies in its potential to revolutionize soil compaction processes, offering a quick 

and efficient method for preparing the land on which highways are built. Successful 

implementation of Calcium Chloride in soil stabilization could lead to streamlined construction 
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procedures, saving both time and labour costs. Furthermore, it has the potential to reduce waste, 

increase the structural lifespan of roads, and provide a sustainable solution applicable to a wide 

range of soil types. The broader context emphasizes the environmental impact, versatility, and 

sustainability of chemical soil stabilization in civil engineering projects. By minimizing waste, 

limiting environmental disturbance, and ensuring durable structures across various geological 

conditions, this research contributes to the advancement of construction practices and aligns 

with the principles of sustainable infrastructure development. (Barman & Dash, 2022). The 

primary aim of this investigation is to enhance soil stabilization in subgrade for road 

construction through the application of Calcium Chloride. The focus of the research lies in 

improving both the stabilization and compaction of soil by leveraging the hygroscopic qualities 

of Calcium Chloride. By attracting moisture and resisting subsequent evaporation, Calcium 

Chloride is expected to facilitate efficient compaction during the construction process, thereby 

contributing to the creation of a robust and durable foundation material for highways. (Yu et 

al., 2021) To achieve the stated goal, the research plan includes the execution of two crucial 

laboratory tests: the Proctor compaction test and the California Bearing Ratio (CBR) test. These 

tests are instrumental in evaluating the compaction characteristics and strength parameters of 

the soil treated with Calcium Chloride. (Pooria Ghadir et al., 2021) The Proctor compaction 

test will provide insights into the optimum moisture content and maximum dry density 

achievable for the treated soil, while the CBR test will assess the soil's strength and load-

bearing capacity (Karami et al., 2021). Furthermore, the research methodology involves a 

comprehensive review of existing literature, research reports, books, and documents relevant 

to soil stabilization using Calcium Chloride. This thorough examination of prior studies will 

provide a solid foundation for understanding the principles, methodologies, and outcomes 

associated with the use of Calcium Chloride in soil stabilization. By building upon existing 

knowledge, the research aims to contribute novel insights and advancements to the field. The 

anticipated outcome of this research is not only the verification of the hypothesis regarding the 

effectiveness of Calcium Chloride in improving soil stabilization but also the generation of 

accurate and reliable data through laboratory testing. The aim of this investigation is to 

investigate the improvement of soil stabilization using Calcium Chloride in subgrade. Through 

a systematic approach encompassing literature review, laboratory experimentation, and 

detailed reporting, this investigation seeks to make a meaningful contribution to the knowledge 

base and practices in soil stabilization for sustainable infrastructure development.  

 

Methodology 

This section acts as the approach of overall research project, defining the methodology that is 

going to be used. Quantitative research descriptive method was used for this research study by 

testing the samples using selected test methods. The research methodology outlines the 

processes that were done, from reviewing the literature and data gathering to testing in 

laboratories and result analysis, giving a road map for the study's execution and assuring a 

thorough and repeatable procedure for conducting research. 

The use of Cacl2 in the subgrade for road building may improve soil stability. The grant 

objective of this research is to improve the stabilization of the soil in the area where the 

construction work is carried out at the highest quality level during the construction of roads. It 
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is felt that this research will be successful. Some of the related facts were discovered in the 

literature review mentioned above. If we compare the progress and the facts contained in it 

with this research, it is felt that this research will be successful.  

The Properties of Calcium Chloride (CaCl2), The methodology followed here is Literature 

Reviews. It is hoped to get the necessary information from the RDA and using old records. 

This method is helpful for the research because of the existing results should be useful to obtain 

assumptions which needed to obtained while the research. Obtain the Industrial Grade Calcium 

Chloride Flakes 77% from the market. 

The methodology followed here involves comprehensive literature reviews and the extraction 

of essential information from existing reports. Drawing upon insights from prior studies, 

calcium chloride will be added to the soil samples following methodologies outlined in 

previously documented reports. This approach ensures a consistent and informed application 

of calcium chloride. The goal is to produce four distinct soil samples, each containing varying 

percentages of calcium chloride (0%, 5%, 10%, 15%, 20%), allowing for a nuanced exploration 

of its impact on soil stabilization within the subgrade. This systematic and controlled variation 

in calcium chloride content contributes to a thorough understanding of its effectiveness in 

enhancing soil properties for road construction. 

The methodology involves conducting two crucial laboratory tests, namely, the Proctor 

compaction test and the CBR test. This strategic selection of tests aims to validate the relevance 

and accuracy of the research topic. The tests will be meticulously carried out at the ICBT 

Geology lab, ensuring precision and reliability in the assessment of soil properties. 

After conducting all the laboratory tests, the readings taken from them are used, and the correct 

results are obtained using Microsoft Excel. The test results obtained here are helpful to continue 

the research. All the test results obtained from the above-mentioned laboratory researches are 

evaluated in detail and finally the final results of the research are proved by using the most 

meaningful graphs. correct results are obtained using Microsoft Excel. The test results obtained 

here are helpful to continue the research. All the test results obtained from the above-mentioned 

laboratory researches are evaluated in detail and finally the final results of the research are 

proved by using the most meaningful graphs. 

 

Results and Discussion 

The section reveals the core of a research effort by summarizing the results of careful laboratory 

experiments. Here, unprocessed information converges to elucidate discoveries, laying the 

basis for conversations and furthering knowledge in the selected topic. Dive into this critical 

section, wherein scientific results influence the research's perspective. 

 

Proctor Compaction Test  

Five samples were used for these laboratory tests. Relative to their soil calcium chloride values, 

they are classified as 0%, 5%, 10%, 15%, and 20%. Also, each sample was divided into three 

or four cots, and the test was carried out in such a way as to increase or decrease the water 

ratio. The water-to soil ratio is 8%, 10%, 12%, and 14% added to each mixture. The table 1 

below shows the results of Proctor Compaction Test. 
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Table 1 : Results of Proctor Compaction Test 

From the first sample to the last, i.e., the fifth sample, a gradual increase in the obtained results 

can be seen.  

Max. dry density of 1st sample < Max. dry density of 2nd sample < Max. dry density of 3rd 

sample < Max. dry density of 4th sample < Max. dry density of 5th sample  

1943.82 < 1968.54 < 2054.70 < 2140.16 < 2194.19 

 

Accordingly, the dry density value is higher in the last sample than in the first sample. Also, 

the range of these results has also increased atomically. Considering the facts of the previously 

analyzed reports, surveys, and sources, it can be interpreted that the results of this study are 

meaningful. Maximum dry density of four soil samples in a previously discussed survey was 

respectively 1587, 1310, 1560, and 1343. The optimum moisture contents of all 4 soil samples 

are 18, 34, 18, and 30 percent, respectively (Vitales et al., 2022). After analyzing all those 

references, it can be stated that the results obtained by this test are all very successful. 

Therefore, it can be concluded that this calcium chloride can increase the dry density of the soil 

and bring it to very good compaction. It can be mentioned that the mixing ratio of calcium 

chloride and soil used for this research is very suitable for road construction projects. 
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Figure 1 : Max. Dry Density vs Optimum Moisture Content 

 

California Bearing Ratio (CBR) Test  

These scientific experiments used five samples. They are categorized as 0%, 5%, 10%, 15%, 

and 20% relative to soil calcium chloride levels. In this test, the ratio of water to soil was taken 

as 8%. Also, the automatic CBR apparatus was used for this experiment. The following table 2 

provides a better understanding of the results obtained after conducting the survey. 

 

Table 2 : Results of CBR Test 

Sample 

Number 

Calcium 

Chloride 

Ratio 

Penetration 

of plunger 

(mm) 

Standard 

Load (kN) 

CBR Value Final CBR 

Value 

1 0% 2.5 0.9921 7.5162 9.6907 

5.0 1.9381 9.6907 

2 5% 2.5 1.1305 8.5650 10.944 

5.0 2.0188 10.0944 

3 10% 2.5 1.3267 10.0507 11.8245 

5.0 2.3649 11.8245 

4 15% 2.5 1.7074 12.9349 13.7285 

5.0 2.7457 13.7285 

5 20% 2.5 1.9381 14.6828 16.6122 

5.0 3.3225 16.6122 

A gradual rise in the acquired findings can be seen from the first sample to the last, i.e., the 

fifth sample.  
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CBR value of 1st sample < CBR value of 2nd sample < CBR value of 3rd sample < CBR value 

of 4th sample < CBR value of 5th sample  

9.6907 < 10.0944 < 11.8245 < 13.7285 < 16.6122 

 

As a result, the CBR value in the last sample is greater than the CBR value in the first sample. 

Furthermore, the range of these findings has expanded. Given the facts from the previously 

examined reports, surveys, and sources, the findings of this research can be taken as significant. 

The CBR test is intended to measure the strength of a material.  

Accordingly, it can be said that this laboratory test done with samples made by mixing calcium 

chloride and soil is successful to some extent Based on the previous surveys and tests, their 

CBR value increases to some extent. But in the CBR test conducted for this research, the water 

molecule ratio was taken as 8% compared to soil. The results of previous tests may vary due 

to the proportion of water applied as well as the type of soil.  

Note: The graph which proves all the facts mentioned above is given below. 

 

Figure  2 : Results of CBR Test 

 

Conclusion and Recommendation 

This research was conducted with the aim of making soil compaction more stable by using 

calcium chloride. Before conducting this research, four objectives were made, and all kinds of 

activities required to achieve those objectives were carried out. Conducting laboratory tests, 

reading and knowing the content of pre-printed books, and analyzing pre-released research 

reports were all done to achieve the objectives of this research. The results obtained by 

conducting laboratory research related to this research are all very accurate and successful. By 

analyzing the results of the Proctor compaction test and the CBR test with understanding, it 

can be concluded that the strength and stability of the soil can be increased more effectively by 
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applying calcium chloride. (Ge et al., 2021) Only two laboratory tests related to this research 

were conducted (Proctor compaction test and CBR test), but it is possible to conduct several 

other laboratory tests for this research. Permeability tests and direct shear tests are some of 

those tests. It is a research limitation that occurred while conducting this research. Also, the 

mixing ratios (0%, 5%, 10%, 15%, and 20%) taken during the laboratory research related to 

this research are as above. (Wang, Zhang and Li, 2022) But it is possible to carry out this 

research by increasing the mixing ratio. Thus, a very accurate understanding can be obtained 

about this research. It is also a research limitation that occurred while conducting this research. 

Chemical stabilization is typically more costly compared to biological techniques and raises 

concerns regarding the environment. Also, it was possible to carry out the laboratory research 

related to this research by using the laboratory equipment that was used for some time, which 

is also a limitation of the research. 

ñThe problem that prompted the research is that while the majority of projects are effective, 

others fail spectacularly as the road collapses in a relatively short period of time. This is because 

the natural soil at the construction location was not properly compacted prior to the 

construction of the roadway.ò Increasing the stability of the soil by using chemical liquids is 

very suitable to solve the problem mentioned above. Chemicals are a very productive, efficient, 

after conducting this research, recommendations can be given to the construction industry that 

the use of chemicals can increase the quality and stability of the soil. Accordingly, these types 

of sources can be used to avoid various problems and technical omissions in the construction 

industry. By carrying out this kind of research, it is possible to get a very high-quality result in 

the field of engineering as well as in the field of construction. Also, when this research is well 

analyzed and the facts are known, every possible technical step must be taken to apply it. Thus, 

this research will be useful for Sri Lanka as well as the whole world. 
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Abstract 

The research investigates the enhancement of bearing capacity in dredged sea sand through the 

application of Class C fly ash and commercial rapid lime. The study involves varying mix 

proportions by 0.5% to assess their impact on permeability, compaction, and CBR. The 

objective is to determine the optimal mix percentage for improving soil conditions in land 

reclamation projects. Results indicate that specific fly ash and lime percentages lead to 

increased bearing capacity, permeability, and compatibility. Limitations include fixed 0.5% 

variations. The research extends beyond bearing capacity to address challenges in land 

reclamation, particularly in areas like Colombo International Financial City in Sri Lanka, where 

dredging is crucial for creating new land. The dredged sand, often slurry-like, has low 

permeability and high viscosity, requiring extensive time for consolidation. The study aims to 

improve the compatibility and permeability of such sea sand, crucial for achieving the desired 

quality in land reclamation. This research contributes valuable insights for engineering 

measures to enhance the construction industry, particularly in regions with significant land 

reclamation projects, potentially revolutionizing strategies in port cities, coastal areas, and 

along rivers. 

Key Words: Land reclamation, fly ash, Lime, Bearing capacity, Sandy Soil (Sea bed soil) 

 

Introduction  

Land reclamation, a widely adopted method to alleviate land shortage issues, primarily 

employs hydraulic techniques that involve utilizing dredged sea sand from the seabed. 

However, the sea bed sand used in reclamation projects is often characterized by its smooth 

and soft nature, exhibiting low compatibility and high permeability. This inherent soil quality 

poses a challenge for construction activities, necessitating effective soil improvement methods 

before commencing any building projects on reclaimed lands. (Wenlong Zhu, 2018).  

Traditionally, chemical soil stabilization has proven to be a valuable approach for enhancing 

the ground properties in such scenarios. Previous research efforts in ground improvement have 

frequently employed materials such as fly ash, cement, and lime to address the challenges 

associated with sandy soils. The specific nature of sea bed sand, artificially created during land 

reclamation, makes it more critical to address soil improvement compared to naturally 

occurring sandy lands. (Gaafer, 2015). To adequately address this issue, it becomes imperative 

to comprehensively evaluate the current texture of the sea bed soil, considering its unique 

characteristics and properties. Previous research has established the need for significant 

improvement in sandy soils before initiating construction, and this is especially true for 

reclaimed lands, which require meticulous attention due to their artificial creation. Among the 

various soil improvement materials, fly ash and quicklime (CaO) have emerged as highly 

effective applications for enhancing soil properties such as compatibility and permeability. 
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Both fly ash and quicklime have been employed independently in previous studies to improve 

soil characteristics, including plastic limit and water content. (Biswal, 2018). This research 

aims to advance the existing knowledge by exploring the synergistic effects of combining fly 

ash and quicklime in different mix proportions. The focus is on improving the bearing capacity 

of dredged sea sand, commonly used for land reclamation purposes. By systematically studying 

the impact of varying mix proportions of fly ash and quicklime, the research endeavors to 

provide valuable insights into optimizing soil improvement strategies for reclaimed lands. The 

findings of this study are anticipated to contribute significantly to the understanding of effective 

ground improvement techniques in the context of land reclamation projects. (Afrin, 2017).  

In addressing the inherent challenges posed by the high permeability and low compact ability 

of dredged sea sand, this study focuses on modifying its physical, chemical, and biological 

characteristics through the incorporation of fly ash and lime (quicklime). The overarching aim 

is to enhance the bearing capacity of sea sand, particularly when utilized for land reclamation 

purposes. The utilization of dredged sea sand in land reclamation is a prevalent practice, yet 

the smooth and soft nature of this material presents significant obstacles to construction due to 

its suboptimal compaction and high permeability. To overcome these challenges, the study 

explores the synergistic effects of fly ash and lime as soil improvement agents. Both fly ash 

and lime have demonstrated effectiveness in modifying soil properties individually, and this 

research seeks to harness their combined potential to achieve superior results. The primary 

objective is to investigate the optimal mix proportions of fly ash and lime for enhancing the 

bearing capacity of dredged sea sand. By systematically examining the physical, chemical, and 

biological transformations induced by these additives, the study aims to provide insights into a 

comprehensive and efficient strategy for improving the overall stability and load-bearing 

capacity of sea sand. The findings from this research hold the potential to inform best practices 

for soil improvement in land reclamation projects, contributing to sustainable and resilient 

infrastructure development. 

 

Methodology 

The use of the fly ash and the quick lime helps to improve the bearing capacity of the dredged 

sandy soil which were taken from the sea bed. As mentioned in the introduction, fly ash and 

quicklime has been used separately in many existing researches to improve many properties in 

the soil itself. Data collection for the research mainly can be get from the literature reviews and 

conducted testsô results. The suitable data from the existing research papers has been analyzed 

and marked. The results obtained from the permeability test, proctor compaction test, CBR test, 

specific gravity test and sieve analysis test. 

According to the first objective of the study, properties of CaO and fly ash could be obtained 

by the existing research papers. The researches about the biological, physical and chemical 

properties about both fly ash and CaO useful to obtain the required information to conduct the 

research. The chemical properties of fly ash should capable to increase the CBR value and to 

reduce the specific gravity as well. Lime (CaO) inspires the soil to bond with fly ash and to 

improve the ability of compaction and reduce the high permeability in dredged sea sand. 
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Materials 

Fly ash & Lime: The previous reviews showed that the Class C fly ash (CaO) gives more 

positive results compared to other classes of fly ash. Therefore, commercially available fly ash 

class C was used for the research.  

According to the previous researches Lime has two variations as Ca (OH)2 & CaO which 

generally called as hydrated lime and quick lime. In this research the CaO (quick lime) has 

been used and commercially available lime (CaO) was used of this purpose. 

Soil: The chemically untreated dredged sea soil samples were taken from the Port City 

Colombo. This soil was dredged by the method of floating pipes by the use of bottom opened 

barges. 

Existing researches has been used to develop the samples with suitable mix proportions of Cao 

and fly ash. The selected suitable mix proportion percentages are changing in only 0.5% of 

percentage to study the soil improvement by the change of small about of additives. This 

research would be helpful to understand the workability of the fly ash and lime on dredged sea 

sand as well. 

 

Table 1 : Percentages of Mix Proportions 

 

The specialty of the research is to continue the soil percentage as 91% while changing the 

percentages of fly ash and lime mix proportion accordingly to study how fly ash and lime react 

to improve the permeability, compact ability and CBR of dredged sea sand. 

The main objective of the research is to improve the dredged sea sand up to the required 

permeability level and compaction. Therefore, if dredged soil could be able to improve with 

small number of additives compared to the soil amount, that would be an added advantage of 

this research. 

According to the third objective, bearing capacity of all developed soil mixtures were 

determined. Bearing capacity is the key component of the research. The compact ability and 

the permeability are also parameters of bearing capacity. Therefore, after chemically treating 

the soil sample with fly ash and CaO with proposed mix proportions, the soil sample should be 

test out whether the required parameters have been improved or not.  

As this research ultimate goal is to develop the compatibility and permeability to improve the 

CBR of the dredged soil, the permeability test, proctor compaction test and CBR test should be 

conducted for the five different soil samples.  

The sixth soil sample which is not containing any chemical (Chemically untreated dredged sea 

sand) also should be test out to have an idea about the selected soil sample and also to compare 

Sample No Amount of Fly Ash % Amount of Lime 

% 

Amount of Soil % 

1 6.5 2.5 91 

2 7 2 91 

3 7.5 1.5 91 

4 8 1 91 

5 8.5 0.5 91 

6 0 0 100 
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the obtained results. Behalf of main three tests, to analyze the soil particle distribution and to 

determine the void ratio of the dredged sea sand, the sieve analysis test and the specific gravity 

tests were conducted. All the tests were conducted in room temperature and the standard 

apparatus and materials were used while the tests. 

Data analyzing is one of the important things in the research. Appropriate tables, graphs and 

diagrams could be used to analyze the data which were obtained from the conduced tests. After 

analyzing the obtained results from the conducted tests to identify the bearing capacity of the 

developed soil mixtures for different mix proportions, the results could be used to decide the 

best and most suitable mix proportion of the dredged sea sand for the land reclamation.  

 

Results and Discussion  

The process of applying statistical methods to evaluate and describe data can be identified as 

data analysis. The fourth objective is to analyze the results to recommend the suitable mix 

proportion of sandy soil for the land reclamation.  

Effect of Fly Ash & CaO (Lime) on Soil Compaction 

Proctor Compaction Test was conducted to analyze the effect of Fly Ash & CaO (Lime) on soil 

compaction. Five different soil samples were used for the proctor compaction test under the 

percentages as mentioned in the below table 2.  

 

Table 2 : Results of Proctor Compaction Test 

Sample Water Ratio Fly Ash (%) Lime 

(CaO) 

(%) 

Moisture 

Content 

(%) 

Dry Unit 

Weight (Ὕ) 

1 8 6.5 2.5 8.026 1920.04 

 10   10.99 1946.89 

 12   12.02 1948.04 

 14   13.91 1674.00 

      

2 8 7.0 2.0 7.99 1926.43 

 10   10.07 1926.64 

 12   11.93 1958.97 

 14   13.83 1851.82 

      

3 8 7.5 1.5 8.301 1897.56 

 10   10.3824 1904.01 

 12   12.006 1976.66 

 14   14.17 1734.97 

      

4 8 8.0 1.0 8.05 1990.21 

 10   10.50 2015.1 

 12   12.33 2023.66 

 14   14.45 1906.54 
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5 8 8.5 0.5 8.1 2003.86 

 10   10.79 2017.39 

 12   11.3 2045.47 

 14   14.47 1897.04 

      

  

Figure 1: Dry Density Vs. Moisture Content Graph 

 

Figure 1 shows the variation of the moisture content against the dry density. Dry density 

depends on the mass and the volume of the dry soil sample. Dry density should be high in a 

good soil sample. Generally, the dredged sea soil is a sandy type soil. Therefore, normally the 

dry density of the dredged soil is very low. As in the graph 1 it indicates that the dry density of 

the chemically untreated soil sample carries a lower dry density value compared to the other 

chemically treated soil samples. Figure 1 clearly indicates that the dry density has been 

increased when the fly ash percentage is increasing and lime percentage is decreasing.  
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Figure 2 : Pure Dredged Soil 

 

In higher percentage of fly ash, the dry density of the dredged soil sample is more compared 

with other samples and in lower percentages of lime, the dry density of the soil sample is lower. 

In conclusion these results convey that the fly ash has been able to improve the compact ability 

of the dredged sea soil. According to the obtained results the selected fly ash and lime mix 

proportion percentages are suitable to improve the compaction of dredged sea soil. 

 

Effect of Fly Ash & CaO (Lime) on California Bearing Ratio 

CBR test was conducted for all six soil samples as five chemically treated soil samples and one 

pure dredged sea soil sample. The test was conducted under the standard guidelines. 

 

Table 3: Results of CBR Test 

 

Sample Fly Ash (%) Lime (CaO) 

(%) 

Penetration 

of plunger 

(mm) 

Standard 

load 

CBR value Final 

CBR 

value 

1 6.5 2.5 2.5 0.6921 5.2438 13.8438 

   5.0 2.7687 13.8438  

2 7.0 2.0 2.5 0.8075 6.1178 15.5743 

   5.0 3.1148 15.5743  

3 7.5 1.5 2.5 1.0382 7.8658 16.7280 

   5.0 3.3456 16.7280  

4 8.0 1.0 2.5 1.2690 9.6138 17.3048 

   5.0 3.4609 17.3048  

5 8.5 0.5 2.5 1.5574 11.7987 21.6310 

   5.0 4.3262 21.6310  
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Figure 3 : Load Vs. Penetration for Pure Dredged Sea Soil (CBR value = 4.3838) 

 

California Bearing Ratio (CBR) is a value to discuss the bearing capacity of particular soil 

sample. Therefore, CBR test is very important to have an idea about the bearing capacity of a 

soil sample. 

Graph 3 shows the variation between the load and the penetration. According to the obtained 

results from the CBR test, that shows when the fly ash percentage increases while CaO 

percentage decrease, the CBR value is higher compared to the lower fly ash percentages and 

higher CaO percentages. Therefore, it conveys that the bearing capacity of the soil has been 

increased compared to the CBR value of the chemically untreated dredged sea soil. 

 

Effect of Fly Ash & CaO (Lime) on Permeability property 

Permeability Test was conducted to analyze the effect of Fly Ash & CaO (Lime) on soil 

permeability. Five different soil samples were used for the permeability test under the 

percentages as mentioned in the below table 4. 

 

Table 4 : Co-efficient of Permeability of Samples 

 

Sample Fly Ash 

(%) 

Lime (CaO) 

(%) 

Gradient 

(m) 

K 

Co efficient of 

permeability 

1 6.5 2.5 0.0213 4.4517×10-6 

     

2 7.0 2.0 0.0190 4.4517×10-6 

     

3 7.5 1.5 0.0173 4.4517×10-6 

     

4 8.0 1.0 0.017 4.4517×10-6 

     

5 8.5 0.5 0.0155 4.4517×10-6 

     

6 0 0 0.0255 4.4517×10-6 
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Figure 4: Permeability variation for different Fly ash and Lime (CaO) Percentages 

 

Permeability is the ability of water to move through the soil. Generally, high permeable soil is 

not suitable for the construction purposes. Therefore, the dredged sea soil needed to be treated. 

According to the obtained results from the permeability test, Table 4 conveys that the 

permeability co-efficient has been reduced when the fly ash percentage is higher and lime 

percentage is lower. Therefore, the results convey that the under the proposed fly ash and lime 

percentage, the permeability is successful. Therefore, the mix proportion percentages are 

suitable for the improvement of the permeability of dredged sea soil. 

 

Conclusion and Recommendation 

The research findings show that using certain fly ash and lime (CaO) percentages improves 

bearing capacity metrics, permeability, and compatibility of dredged sea sand. This shows that 

these additions have the potential to improve the performance of maritime soils. Certain 

research limitations, however, must be noted. The fixed 0.5% variance in additive percentages 

for each sample limits the search for optimal mix proportions. Changing this variable might 

result in more nuanced and valuable results, providing for a more complete knowledge of the 

influence of fly ash and lime on dredging marine soil. 

While the study's primary goal was to improve soil carrying capacity, it also identified potential 

for further laboratory testing. These tests, conducted with the same percentages of fly ash and 

lime, could further address various parameters affecting dredged sea soil quality. By extending 

the investigation beyond bearing capacity, the research aims to contribute holistic insights into 

the improvement of marine soil characteristics. 

Civil engineering, typically regarded as the core of the construction industry, is critical in 

addressing issues linked to port city building, coastal development, and riverbank projects. The 

study proposes the use of cutting-edge civil engineering solutions that make use of the detected 

chemical components to stabilize and strengthen soil. The implementation of research-derived 

solutions to tackle complications encountered in many building situations, promoting creativity 

and resilience in the face of environmental and engineering constraints, has the potential to 

revolutionize the construction sector. Finally, the study hopes to have a revolutionary influence 
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on building techniques, enabling sustainable growth in maritime and riverbank construction 

projects. 
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Abstract 

This research investigates the improvement of the bearing capacity of the coastal sandy soil by 

stabilizing Granite dust-waste rubber powder mixture. The Granite dust and waste rubber 

powder were mixed with percentage 1:1 of the weights. And the Granite dust- rubber powder 

mixture was mixed to the weight percentage of the sandy soil 4%, 8%, 12%, 16% and 20%. 

There were several laboratory testings were done to obtain the research aim. According to the 

results of permeability test, the coefficient of permeability value was reduced from 

0.01024ὧάί to 0.00845ὧάί by increasing the mix proportion up to 20%. According to 

the test results of proctor compaction test, the maximum dry density value was increased by 

mixing 20% of mixture and the value is 2.083Ὣὧάϳ . The optimum moisture content value 

was also generated from 20% of mixture mixed with sandy soil, and the value is 7.1%. The 

CBR value also increased when the mix proportion is increased up to 20% and the value is 

26%. Granite dust-waste rubber powder mixture can be used to stabilize the coastal sandy soil. 

 

Keywords: Bearing capacity, coastal sandy soil, granite dust, waste rubber powder, stabilizing, 

shear strength, permeability, compaction.       

 

Introduction 

With the quick growth of human population in the earth, the favorable space for living is being 

limited. People have to moved places where hard to living. As an example, a country such as 

Sri Lanka, there are lot of lands around the coastal areas. But most of the areas there are no big 

cities or villages have been developed due to some sorts of issues. People cannot build their 

habitats by using these spaces. Thus, people need to identify this situation and need to find a 

way to develop coastal areas up to the livable places. Therefore, there is a need to design proper 

structures with including high rise, mid-rise, low-rise buildings, roadway systems, bridges and 

other required infrastructures etc. But there are several problems can be identified regarding 

the exposure condition and the geological conditions are, mostly affected those constructions 

in the coastal areas (Naeimabadi, A., 2012).  

The soil type of the coastal areas can be classified as sandy soil which is having with poor 

characteristics such as, high permeability, low shear strength, lack of compaction, low bearing 

capacity ect, which are unfavorable for those construction works which are mentioned above 

(El-Nagar, D. A., Mohamed, R. A. A., 2019). According to the problem a proper soil 

improvement technique is required to prevent the construction failures at the coastal areas 

(Santhos, K et al.2013).  In this research project focus on what are the main issues regarding 

mailto:tharindugimhan.51@gmail.com
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the soil profile of coastal areas and a new technique to improve some soil properties of sandy 

soil in coastal areas. Thus, this research mainly aims to improve to bearing capacity of the 

coastal sandy soil in the coastal areas of north western part of Sri Lanka. 

 

Research Methodology 

In this research, there is a solution which proposed to improve the soil properties of the coastal 

sandy soil such as, permeability, shear strength, bearing capacity by using granite dust-waste 

rubber powder mixture which is stabilized with the coastal sandy soil in the north western part 

of Sri Lanka. This research is a quantitative research where the improvement of above soil 

properties is measured by conducting geo-engineering laboratory testing according to the 

ASTM standards.  

The properties of the materials which are sandy soil, Granite dust and rubber powder were 

found through referring previous research projects as the literature reviews. As well as the 

probability of mixing the materials is much important facts, because of the chemical properties 

and reactions when the materials were being mixing found by reviewing the literature reviews. 

There were five different mix proportions used (Table 1 and 2) in this study, from the lowest 

weight percentage to the highest weight percentage of Granite dust-waste rubber powder 

mixture. When mixing materials, firstly granite dust and rubber powder were mixed to the 

weight percentage of 1:1 weight to create the granite dust waste rubber powder mixture.  

 

Table 1: mixing weight percentages of Granite dust-rubber powder 

Materials  Weight percentage  

Granite dust  50%  

Waste rubber powder  50%  

  

Table 2: Mixing proportions of sandy soil with granite dust-rubber powder mixture 

Sample no  01  02  03  04  05  

Granite 

Dust-Waste 

rubber  

powder 

mixture  

4%  

(of soil 

weight)  

8%  

(of soil 

weight)  

12%  

(of soil 

weight)  

16%  

(of soil 

weight)  

20%  

(of soil 

weight)  

 

After preparing the mixtures as per the above-mentioned mixing proportions, laboratory tests 

were done to determine the different properties of Granite dust-waste rubber powder mixture, 

mixed with sandy soil.  

Finally, all the results were calculated which were collected through the separate laboratory 

testing as per the test standards. Obtained results were analyzed one by one sample where tested 

at the laboratory by using a computer software, Microsoft Excel. The variations of the 

permeability, optimum moisture content, maximum dry density and CBR values were 

evaluated and the values were discussed by comparing one by one testing whether there is an 
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improvement or not of the coastal sandy soil when mixing the granite dust- waste rubber 

powder mixture.  

 

Results and Discussion 

Particle Size Distribution of Materials 

In this research, there are three samples were tested individually including, sandy soil, granite 

dust and rubber powder by using a set of sieve which has been included six different sieves 

with different mesh sizes according to the order of 4.75mm, 2.36mm, 2.00mm, 0.425mm, 

0.075mm and 0.045mm. the final results were added to the semi logo metrical graphs by 

individually.   

 
Figure 1 : Particle size distribution curve of sandy soil 

 

According to the distribution curve of the sandy soil, the effective particle size is 0.10mm and 

the coefficient of uniformity value is 9. As well as the coefficient of curvature value is 0.69. 

 
Figure 2 : Particle size distribution curve of Granite dust 

 

According to the distribution curve of the sandy soil, the effective particle size is 0.42mm and 

the coefficient of uniformity value is 5. As well as the coefficient of curvature value is 1.25. 


