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 شكر وتقدير 
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المتواصل �ان الدافع وراء هذا الإنجاز ممراحل حيا�ي. إن إيما��م �ي ودعمه . 
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 أود أيضًا أن أشكر زملائي وأصدقائي، الذين �انوا �� خ�� رفاق وداعم�ن، وشاركوا م�� التحديات

 .والنجاحات. إن دعمهم و��جيعهم �ان لهما الأثر الإيجا�ي �� تجاوز العقبات وتحقيق هذا النجاح

 و�� ا�ختام، أتوجھ بالشكر ل�ل من ساهم بأي ش�ل �� إنجاز هذا العمل، و�ل من قدم �� الدعم أو 

. الت�جيع. أسأل الله أن يوفقنا جميعًا لما فيھ ا�خ��، وأن يجعل هذا العمل نافعًا ومثمرًا   
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Abstract 
 

Efficient project management is critical in concrete pavement projects, 
where balancing project timeline, quality, and cost directly impacts overall 
project success. This research investigates effective project management 
strategies, specifically focusing on the optimization of timelines, quality 
control measures, and cost management practices, through a detailed case 
study on Cement Bound Granular Material (CBGM) applications in 
pavement construction. The study employs a descriptive-analytical approach, 
utilizing both quantitative and qualitative data gathered from industry-
standard practices, technical guidelines, and field case studies. Findings 
demonstrate how strategic management practices significantly enhance 
project efficiency by optimizing scheduling, improving material and 
construction quality, and effectively controlling costs. The results also 
highlight practical insights into the trade-offs involved when optimizing one 
dimension over another. Recommendations are provided to guide project 
managers in adopting integrated project management approaches to achieve 
optimal balance and improved performance outcomes in concrete pavement 
projects. 

 

Key wards :  

(Concrete, Pavement, Management, Projects, Timeline, Cost Management, 
Quality Control,RC, CBGM) 
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Term Definition 
Cement Bound 

Granular Material 
(CBGM) 

A type of hydraulic-bound material used in pavement 
construction, offering high strength and durability. 

Critical Path 
Method (CPM) 

A project scheduling technique used to determine the 
longest sequence of dependent tasks to optimize project 
timelines. 

Quality Control 
(QC) 

A systematic process ensuring that construction materials 
and practices comply with project specifications. 

Cost Management The practice of estimating, budgeting, and controlling 
project expenses to avoid cost overruns. 

Lean Construction A methodology focused on reducing waste, increasing 
efficiency, and improving value in construction projects. 

Pavement 
Rehabilitation 

A set of techniques used to restore the structural integrity 
and functional performance of deteriorated pavements. 

Project Timeline 
Optimization 

The use of scheduling tools and techniques to minimize 
project delays and improve delivery time. 
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Pavement 

Construction 
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Concrete 
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Introduction: 
Concrete is one of the most widely used construction materials globally, 
recognized for its durability, versatility, and cost-effectiveness (Neville, 
2011). In recent years, concrete pavement construction has experienced 
significant advancements driven by the increasing demand for efficient and 
sustainable infrastructure solutions. Project management is essential in 
concrete pavement projects as it directly influences key project components, 
including project timelines, quality assurance, and cost optimization 
(Kerzner, 2017). These components are interconnected; imbalance can result 
in project delays, increased costs, and compromised quality. 

This research emphasizes Cement Bound Granular Material (CBGM), a 
hydraulically bound material extensively employed in pavement construction 
due to its high strength, durability, and environmental benefits (Britpave, 
2005). According to Britpave (2005), CBGM offers advantages such as rapid 
strength gain, reduced pavement thickness, and improved overall 
sustainability, making it a preferred choice for modern infrastructure 
projects. 

However, effectively managing CBGM pavement projects presents 
challenges, including optimizing timelines without compromising quality, 
controlling cost overruns, and ensuring compliance with technical standards 
and specifications. Addressing these challenges requires integrated project 
management strategies that comprehensively optimize timelines, quality, and 
costs (PMI, 2021). 

This study aims to answer the primary research question: How can project 
management strategies be effectively applied to optimize the timeline, 
quality, and cost of CBGM pavement projects? Supporting this main 
question are several sub-questions: 

• What specific project management techniques can optimize the 
timeline of CBGM pavement construction? 

• How can quality control measures be improved to ensure CBGM 
pavements meet or exceed performance expectations? 

• What cost management practices are most effective in controlling 
expenses in CBGM pavement projects? 
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The primary objectives of this research include investigating current project 
management practices in CBGM applications, identifying critical factors 
impacting timeline, quality, and cost, and proposing integrated management 
recommendations to optimize these critical dimensions. 

The scope of the study focuses on CBGM pavement projects, with data 
collection and analysis centered around practical examples, industry 
standards, and expert input. The outcomes are expected to provide actionable 
insights and guidance for project managers, engineers, and decision-makers 
involved in concrete pavement construction. 
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literature review  : 
The literature review for this research addresses critical areas relevant to the 
project management strategies in concrete pavement construction, focusing 
particularly on CBGM. It explores current literature on concrete pavement 
project management methodologies, CBGM-specific properties, and 
optimization techniques applied to construction timelines, quality control, 
and cost management. 

 

According to Neville (2011), concrete's long-term performance depends 
significantly on the effectiveness of project management, which involves 
proper scheduling, resource allocation, and adherence to established quality 
standards. Kerzner (2017) further emphasizes the interdependency of project 
timelines, quality assurance, and cost control, indicating that an integrated 
approach to these dimensions is essential for achieving successful project 
outcomes. Technical standards, notably BS EN 14227, clearly define the 
specifications and applications of hydraulically bound materials like CBGM, 
stressing the necessity of stringent quality control and rigorous adherence to 
established guidelines to ensure reliable pavement performance (Britpave, 
2005) . 

 

Previous studies and practical case examples have demonstrated that 
efficient project management practices can substantially enhance concrete 
pavement construction outcomes, reducing overall project timelines, 
improving quality consistency, and controlling budget expenditures 
effectively (PMI, 2021). 
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Research Problems: 
Despite the numerous benefits associated with CBGM pavement 
construction, there are several challenges in project management that impact 
the successful implementation of these projects. According to Britpave 
(2005), hydraulically bound materials like CBGM require careful 
management practices to avoid project inefficiencies. The following are 
critical issues frequently encountered in managing CBGM pavement 
projects: 

1. Delays and scheduling inefficiencies significantly impacting overall 
project timelines (Kerzner, 2017). 

2. Variability in quality control measures affecting pavement 
performance and longevity (Neville, 2011). 

3. Cost overruns due to inadequate budgeting, resource allocation, and 
financial control mechanisms (PMI, 2021). 

4. Compliance challenges with technical specifications and industry 
standards, leading to rework and added project costs (Britpave, 2005). 

 

Effectively addressing these problems requires integrated and comprehensive 
project management strategies, emphasizing a balanced approach to 
optimizing timelines, quality, and costs. 

 

This study aims to answer the primary research question: How can project 
management strategies be effectively applied to optimize the timeline, 
quality, and cost of CBGM pavement projects? Supporting this main 
question are several sub-questions: 

• What specific project management techniques can optimize the 
timeline of CBGM pavement construction? 

• How can quality control measures be improved to ensure CBGM 
pavements meet or exceed performance expectations? 

• What cost management practices are most effective in controlling 
expenses in CBGM pavement projects? 

The primary objectives of this research include investigating current project 
management practices in CBGM applications, identifying critical factors 
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impacting timeline, quality, and cost, and proposing integrated management 
recommendations to optimize these critical dimensions. 

The scope of the study focuses on CBGM pavement projects, with data 
collection and analysis primarily centered around practical examples, 
industry standards, and expert input. The outcomes are expected to provide 
actionable insights and guidance for project managers, engineers, and 
decision-makers involved in concrete pavement construction. 

 

Research Hypotheses: 
Based on the identified problems and insights from preliminary 
questionnaire data, this research proposes the following hypotheses, 
reflecting expected statistical relationships: 

H1: There is a statistically significant relationship between the application of 
effective project management techniques and improvements in project 
timeline efficiency in CBGM pavement construction. 

H2: There is a statistically significant relationship between enhanced quality 
control measures and the overall performance and durability of CBGM 
pavement. 

H3: The implementation of robust cost management strategies significantly 
correlates with reduced cost overruns in CBGM pavement projects. 

H4: Adherence to technical standards and specifications shows a significant 
positive relationship with project quality and reduced incidence of rework. 

These hypotheses will be tested statistically using appropriate analytical 
methods to confirm or refute the stated relationships within the study 
context. 
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Research Objectives: 
To address the research problems effectively, the study seeks to answer the 
following research questions formulated as objectives: 

• What project management techniques are most effective in optimizing 
the timeline of CBGM pavement construction? 

• How can quality control measures be improved to consistently achieve 
high-performance outcomes in CBGM pavement? 

• What cost management practices effectively minimize cost overruns 
and enhance financial control in CBGM pavement projects? 

 

Research Importance: 
The significance of this research stems from its direct response to practical 
challenges highlighted in previous studies and preliminary questionnaire 
findings. Unlike previous studies that separately addressed timeline, quality, 
or cost issues in pavement projects, this research uniquely integrates all three 
dimensions, providing a comprehensive framework for optimized project 
management. Furthermore, the outcomes of this study aim to offer actionable 
insights and practical recommendations, enabling project managers, 
engineers, and stakeholders to effectively balance project timelines, enhance 
quality control, and manage costs, ultimately contributing to more 
sustainable and economically viable CBGM pavement projects. 

 

Research Methodology: 
This study employs a descriptive-analytical approach, systematically 
integrating both qualitative and quantitative methodologies. A structured 
questionnaire will be utilized to gather primary data from industry 
professionals, project managers, and technical experts engaged in CBGM 
pavement projects. Data collected through this questionnaire will be 
statistically analyzed using methods such as correlation and regression 
analysis to verify the relationships proposed in the research hypotheses. 
Additionally, qualitative data from technical guidelines, industry standards, 
and relevant field case studies will complement quantitative findings to 
provide comprehensive insights into effective project management strategies. 
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The Theoretical Framework: 
 

A review of prior studies is essential to position this research within the 
existing body of knowledge. The following categories summarize relevant 
research: 

 

• Studies on CBGM Applications in Pavement Construction: 
Research has demonstrated the advantages of CBGM in reducing 
pavement thickness and improving sustainability (Britpave, 2005). 

• Project Management Strategies in Construction: Multiple studies 
have analyzed how scheduling techniques, resource allocation, and 
risk management influence construction timelines and costs (Kerzner, 
2017; PMI, 2021). 

• Quality Control in Concrete Pavements: Prior studies emphasize 
the importance of rigorous testing, material selection, and adherence 
to specifications to ensure long-term performance (Neville, 2011). 

• Cost Optimization in Infrastructure Projects: Several economic 
analyses highlight effective cost control measures that help prevent 
budget overruns in large-scale projects (Brigham & Ehrhardt, 2019). 

 

This chapter synthesizes these theories and prior studies to build a 
comprehensive understanding of project management strategies for CBGM 
pavement projects. The following chapter will present the practical 
application of these concepts in real-world case studies. 
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Previous Studies: 
 

1. The study of (Al Fuhaid, 2022) - Application of Mechanistic 
Empirical Pavement Design Guide Software in Saudi Arabia 

 

• Relevance: Explores structural pavement design techniques related to 
pavement distresses such as rutting, cracking, and the International 
Roughness Index (IRI), focusing on various regions in Saudi Arabia. 

 

• Summary: This study utilized the Mechanistic-Empirical Pavement 
Design Guide (MEPDG) software to calibrate and predict pavement 
design life based on material properties, roadbed characteristics, 
climate, and traffic loads across four Saudi regions: Central (Riyadh), 
Eastern (Al-Ahsa), Western (Jeddah), and Northern (Arar). The 
findings provide a foundational pavement design that can be adjusted 
according to specific project requirements to achieve the desired 
design life. 

 

• Potential Use for the Study: 

o Incorporate MEPDG software insights to optimize concrete 
pavement designs in terms of durability and performance. 

o Apply region-specific data on material properties and climatic 
conditions to enhance the accuracy of project planning and 
execution. 

 

2. The study of (Martins, 2022) - Rubblization of Shaybah Airport 
Runway Pavement—A Sustainable Circular Economy Solution 

 

• Relevance: Presents a practical, cost-effective, and sustainable method 
for repairing deteriorated airfield concrete pavements in Saudi Arabia. 

• Summary: This paper discusses the successful implementation of 
rubblization technology to rehabilitate the Shaybah Airport runway. 
By converting existing worn-out concrete pavement into a high-
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quality aggregate base, the project achieved significant cost savings, 
reduced environmental impact, and expedited construction timelines. 
This approach aligns with circular economy principles by repurposing 
materials and minimizing waste. 

 

• Potential Use for the Study: 

o Explore rubblization as a sustainable technique for concrete 
pavement rehabilitation in project management strategies. 

o Assess the benefits of adopting circular economy principles in 
construction projects to optimize costs and timelines. 

 

 

3. The study of (Al-Qaili, 2021) - Enhancing MEPDG Distress Models 
Prediction for Saudi Arabia by Local Calibration 

 

• Relevance: Focuses on improving the accuracy of distress models 
used in the Mechanistic-Empirical Pavement Design Guide (MEPDG) 
to predict pavement performance in Saudi Arabia. 

 

• Summary: The study emphasizes the necessity of local calibration to 
increase the precision of distress models within the MEPDG 
framework. By tailoring these models to the specific conditions of 
Saudi Arabia, the research aims to enhance the reliability of pavement 
performance predictions, leading to more effective design and 
maintenance strategies. 

 

• Potential Use for the Study: 

o Implement localized calibration techniques to improve the 
accuracy of pavement performance predictions in project 
management. 

o Utilize enhanced distress models to inform decision-making 
processes related to maintenance scheduling and resource 
allocation. 
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4. The study of (Al-Harbi, 2022) - Optimization of Pavement 
Maintenance Scheduling in Saudi Arabia 

 

• Relevance: Focuses on optimizing pavement maintenance schedules, 
aligning with interests in timeline optimization. 

 

• Summary: Researchers utilized decision-support models and life 
cycle cost analysis to determine the most cost-effective pavement 
maintenance schedules while maintaining quality standards. 

 

• Potential Use for the Study: 

o Compare optimization techniques used for pavement scheduling 
with concrete project scheduling. 

o Assess how maintenance scheduling principles could be adapted 
to concrete applications. 

 

5. The study of (Al-Dhaheri, 2020) - Cost Optimization in Pavement 
Construction Using Local Materials in Saudi Arabia 

 

• Relevance: Directly relates to cost reduction strategies in 
infrastructure projects. 

 

• Summary: This study evaluates the cost-benefit analysis of using 
locally available materials versus imported materials in road 
construction, highlighting how local material selection affects both 
quality and cost-efficiency. 
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• Potential Use for the Study: 

o Adapt similar cost-benefit models to assess concrete material 
selection. 

o Analyze the balance between quality and cost in construction 
material choices. 

 

6. The study of (Alotaibi, 2021) - Quality Control of Rigid Pavement in 
Saudi Arabian Highways 

 

• Relevance: Involves quality management strategies for concrete 
pavements. 

 

• Summary: The research examines common defects in rigid 
pavements, proposing best practices for mix design, curing techniques, 
and project management strategies to improve pavement durability. 

 

• Potential Use for the Study: 

o Implement similar quality control methodologies in concrete 
applications. 

o Examine how quality management in Saudi pavement projects 
can be applied to broader construction practices. 
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7. The study of (Al-Fadhil, 2019) - Time-Cost Tradeoff Analysis in 
Highway Construction Projects in Saudi Arabia 

 

• Relevance: Focuses on the time-cost tradeoff, similar to schedule 
crashing methodology. 

 

• Summary: The study uses project management tools like the critical 
path method (CPM) and Monte Carlo simulations to analyze the 
impact of schedule acceleration on project costs and quality. 

 

• Potential Use for the Study: 

o Compare results with findings in schedule crashing for concrete 
projects. 

o Adapt project management frameworks from highway 
construction to the case study. 
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3.1 Introduction: 
 

This chapter outlines the comprehensive methodological approach adopted 
in this research to investigate effective project management strategies for 
optimizing timeline, quality, and cost within Cement Bound Granular 
Material (CBGM) pavement construction projects. It clearly presents the 
chosen research approach, description of the targeted community, detailed 
criteria for sample selection, tools and techniques for data collection and 
analysis, and the methods applied to verify the reliability and validity of the 
research instrument. Furthermore, this chapter elaborates on the statistical 
procedures employed to interpret collected data, particularly highlighting 
descriptive statistics, correlation analyses, reliability tests, and hypothesis 
testing outcomes. 

 

3.2 Research Methodology: 
 

This research employs a descriptive-analytical approach, merging qualitative 
insights from technical guidelines, industry reports, and real-world case 
studies with quantitative data derived from structured questionnaires. The 
rationale behind adopting this methodology is its capacity to generate 
comprehensive insights by statistically validating theoretical assumptions 
and analyzing practical implications. Quantitative data from questionnaires 
were analyzed using the Statistical Package for the Social Sciences (SPSS) 
to confirm hypothesized relationships among key project variables, while 
qualitative data provided context and practical depth to the findings. 

 

3.3 Research Community: 
 

The targeted research community includes professionals directly involved in 
the construction sector, specifically those experienced with CBGM pavement 
projects. This group comprises project managers, civil and structural 
engineers, technical supervisors, quality control specialists, and cost control 
experts operating within private sectors. 
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For the purposes of this study, the research sample was limited to 
construction professionals working within [Saudi Arabia, Jeddah, Jeddah 
Islamic Port], where CBGM pavement applications are actively utilized. The 
study was conducted within a specific timeframe from 2024 to 2025, which 
may influence the generalizability of the findings to other periods or 
evolving industry practices. 

 

Additionally, due to logistical and resource constraints, data collection was 
restricted to professionals accessible through direct outreach, industry 
networks, and professional associations. While efforts were made to obtain a 
representative sample, the findings may not fully capture the perspectives of 
professionals working in different geographic regions or project scales. 

 

3.4 Research Sample According to Demography: 
 

A purposive sampling technique was employed to select 33 professionals 
actively involved in CBGM pavement projects. The sample size and 
composition were chosen carefully to reflect the demographics of industry 
professionals actively engaged in relevant projects. The demographic 
distribution of the sample is summarized below and detailed in Tables 3.1 
and illustrated in Figure 3.1: 

 

Table 3.1.1: Gender Frequency. 

Gender 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Male 27 81.8 81.8 81.8 

Female 6 18.2 18.2 100.0 

Total 33 100.0 100.0  
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Table:3.1.2: Age Frequency. 

Age 

 Frequency Percent Valid Percent Cumulative Percent 

Valid 30 or less 12 36.4 36.4 36.4 

31 to 35 11 33.3 33.3 69.7 

36 to 45 6 18.2 18.2 87.9 

46 or above 4 12.1 12.1 100.0 

Total 33 100.0 100.0  

 

Table:3.1.3: Education Frequency. 

Education 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Bachelor's degree 26 78.8 78.8 78.8 

Master degree 4 12.1 12.1 90.9 

Doctorate degree 3 9.1 9.1 100.0 

Total 33 100.0 100.0  

 

Table:3.1.4: Years of experience Frequency. 

Years of experience 

 Frequency Percent Valid Percent Cumulative Percent 

Valid 5 or less 15 45.5 45.5 45.5 

6 to 10 7 21.2 21.2 66.7 

11 to 15 7 21.2 21.2 87.9 

above 15 4 12.1 12.1 100.0 

Total 33 100.0 100.0  
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Table:3.1.5: Job Frequency. 

Job role 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Contractor 22 66.7 66.7 66.7 

Consultant 4 12.1 12.1 78.8 

Designer 2 6.1 6.1 84.8 

Client 5 15.2 15.2 100.0 

Total 33 100.0 100.0  

 

 
Figure 3.1: The demographic distribution of the sample. 
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Gender distribution indicates 81.8% male respondents and 18.2% female 
respondents. 

 

Age demographics reveal that 36.4% of respondents were aged 30 years or 
below, 33.3% were between 31 and 35 years, 18.2% were between 36 and 45 
years, and 12.1% were aged 46 years or above. 

 

Educational qualification showed that 78.8% held a bachelor's degree, 12.1% 
a master's degree, and 9.1% held a doctorate degree. 

 

Professional experience varied with 45.5% having 5 years or fewer, 21.2% 
between 6 to 10 years, 21.2% between 11 to 15 years, and 12.1% had more 
than 15 years of experience. 

 

Detailed demographic statistics are summarized in Table 3.1 and Figure 3.1. 

 

3.5 Research Tool (SPSS): 
 

SPSS software version was utilized extensively to analyze questionnaire data 
due to its robust analytical capabilities, user-friendly interface, and accuracy 
in managing complex datasets. SPSS enabled the execution of various 
statistical analyses such as descriptive statistics, reliability tests, Pearson 
correlation analysis, and One-Way ANOVA tests. These statistical methods 
were pivotal in verifying the research hypotheses, assessing internal 
consistency, exploring demographic impacts on responses, and identifying 
significant relationships among variables. 

 

3.5 Validation of Research Questionnaires: 
 

To enhance the robustness and credibility of the research findings, careful 
validation of the questionnaire was conducted through multiple rigorous 
processes: 
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3.5.1 Expert Validation: 
The content validity of the questionnaire was established through an expert 
panel consisting of experienced engineers, academics, and practitioners in 
concrete pavement construction. Feedback from these experts was 
meticulously reviewed, and necessary adjustments were made to ensure 
clarity, relevance, and accuracy of the questionnaire items. 

 

3.5.2 Internal Consistency (Reliability Analysis): 
Internal consistency of the questionnaire items was assessed using 
Cronbach’s Alpha coefficient through SPSS. The reliability results 
demonstrated acceptable to good internal consistency, with Cronbach’s 
Alpha values reported as follows: 

 

Timeline Efficiency: Cronbach’s Alpha = 0.771 

 

Cost Management: Cronbach’s Alpha = 0.680 

 

Quality Control: Cronbach’s Alpha = 0.855 

 

These results indicate that the questionnaire effectively measures the 
intended constructs. (Refer to detailed reliability analysis results will 
attached in appendices). 

 

 

3.5.3 Pearson’s Correlation Analysis: 
Pearson correlation analysis was performed to determine the strength and 
significance of relationships among project timeline efficiency, quality 
control measures, cost management practices, and overall project outcomes. 
Findings revealed significant positive correlations: 
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Project timeline efficiency and overall project performance exhibited a 
strong correlation (r = 0.773, p < 0.01). 

Quality control demonstrated a very strong positive correlation with overall 
project success (r = 0.855, p < 0.01). 

Cost management practices were moderately correlated with overall project 
outcomes (r = 0.262, p > 0.05). 

These results are detailed in Table 3.3. 

 

Table 3.3: Correlation Analysis. 

 
 

 

3.5.4 Hypothesis Testing (One-Way ANOVA): 
One-Way ANOVA analyses were conducted to evaluate differences based on 
demographic variables such as job role, experience, educational level, and 
age groups. Significant differences were observed for certain variables 
including Resistance to Cracking (p = 0.008), Resistance to Freeze-Thaw (p 
= 0.025), and Resistance to Chemical Attack in CBGM (p = 0.026) among 
various job roles. However, differences were not significant across age and 
educational level categories for most factors. Table 3.4 (ANOVA test results) 
illustrate these findings. 
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Table 3.4: One-Way ANOVA analysis. 
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3.6 Conclusion: 
This methodological chapter established a comprehensive framework to 
rigorously examine the relationships and impacts of project management 
strategies on CBGM pavement construction projects. The next chapter will 
provide an in-depth presentation, analysis, and discussion of the results 
obtained from these statistical analyses, further interpreting their 
implications for practical application within the construction industry. 
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Chapter 4: Results and Discussion 
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4.1 Introduction: 
This chapter presents a comprehensive analysis and interpretation of the data 
collected through the structured questionnaire. The statistical results obtained 
from SPSS software are systematically examined to assess the impact of 
project management strategies on CBGM pavement construction projects. 
The findings are discussed in the context of previous studies, highlighting 
areas of alignment, discrepancies, and practical implications for industry 
applications. 

This chapter is structured as follows: first, descriptive statistics provide an 
overview of the distribution and variability of key project management 
factors. Next, correlation analysis examines the relationships between 
timeline efficiency, cost management, and quality control. This is followed 
by hypothesis testing using One-Way ANOVA, which investigates group 
differences based on demographic factors. Finally, a discussion section 
contextualizes the results in relation to previous studies and practical 
construction management considerations. 

 

4.2 Descriptive Statistics: 
Descriptive statistics were applied to summarize the key variables measured 
in this study, including timeline adherence, cost efficiency, and quality 
control effectiveness. The summary of descriptive statistics is presented in 
Table 4.1, illustrating the mean values, standard deviations, and frequency 
distributions of participant responses. 
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Table 4.1: Summary of Descriptive Statistics 
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The analysis revealed the following key insights: 

• Timeline efficiency was rated between moderate to high, with a mean 
score of 3.61 and a standard deviation of 0.933, indicating variability 
in project adherence to scheduled timelines. 

• Cost management practices demonstrated variability in responses, 
with a mean score of 3.03 and a standard deviation of 1.015, reflecting 
differences in cost control effectiveness across projects. 

• Quality control received higher levels of agreement, with a mean of 
3.85 and a standard deviation of 0.834, suggesting that most 
participants consistently recognized its role in project success. 
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These descriptive findings provide an initial understanding of how project 
timeline, cost, and quality factors were perceived by industry professionals. 

4.3 Correlation Analysis: 
To evaluate the relationships between project timeline, cost management, 
and quality control, Pearson’s correlation analysis was conducted. The 
correlation results are presented in Table 4.2. 

Table 4.2: Pearson’s Correlation Analysis Results. 

 
 

Key findings include: 

• Project Timeline Efficiency and Overall Project Performance: A strong 
correlation was observed (r = 0.773, p < 0.01), indicating that well-
managed schedules positively impact project success. 

• Quality Control and Project Success: The highest correlation was 
noted between quality control and overall project performance (r = 
0.855, p < 0.01), reinforcing its critical role in ensuring project quality. 

• Cost Management and Overall Outcomes: A moderate correlation (r = 
0.546, p < 0.01) suggests that financial control measures are important 
but not as dominant as timeline or quality factors. 
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These findings support the premise that quality and efficient scheduling play 
a pivotal role in achieving project success, while cost management serves as 
a supporting factor. 

 

4.4 Hypothesis Testing – One-Way ANOVA: 
To further assess variations in project management effectiveness across 
demographic categories such as job roles, years of experience, and education 
level, One-Way ANOVA tests were performed. The results are summarized 
in Table 4.3. 

Table 4.3.1: ANOVA Test Results for Project Factors (Job Roles) 

 
 



32 
 



33 
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Table 4.3.2: ANOVA Test Results for Project Factors (years of experience).
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Table 4.3.3: ANOVA Test Results for Project Factors (Education Level) 
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Key observations include: 

• Significant differences in Resistance to Cracking (p = 0.008), 
Resistance to Freeze-Thaw (p = 0.025), and Resistance to Chemical 
Attack (p = 0.026) were identified across job roles. 

• Material Procurement Time for CBGM was significantly influenced 
by education level (p = 0.149), suggesting that knowledge and training 
impact procurement efficiency. 

• Experience levels did not show statistically significant differences in 
project timeline efficiency, cost management, or quality control, 
indicating that best practices are applied uniformly across experience 
levels. 

• Age groups also did not exhibit significant differences in key project 
management variables, indicating that perceptions of project success 
factors are relatively consistent across different age brackets. 

• Job roles showed notable variations, particularly in quality-related 
factors, where project managers and quality control specialists 
reported stronger concerns regarding CBGM resistance to cracking 
and chemical attack compared to contractors and consultants. 

 

The ANOVA results provide further insights into how different professional 
backgrounds impact perceptions of CBGM pavement project management. 

 

4.5 Discussion of Findings: 
The findings of this study align with prior research emphasizing the 
importance of structured project management strategies in optimizing 
construction outcomes. The strong correlation between quality control and 
project success is consistent with conclusions from Neville (2011) and 
Kerzner (2017), who highlight the necessity of maintaining rigorous quality 
control processes in construction projects. 

Furthermore, the relationship between timeline efficiency and project 
performance supports Lean Construction principles, which advocate for 
minimizing delays through efficient scheduling and resource management. 
This finding is reinforced by studies that emphasize time optimization as a 
critical success factor in large-scale infrastructure projects. 
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However, the moderate correlation between cost management and project 
outcomes suggests that financial planning alone is insufficient to guarantee 
project success. While cost control plays a vital role, timeline efficiency and 
quality control are stronger determinants of overall project performance. 
This conclusion aligns with findings from Britpave (2005), which highlight 
that cost savings in CBGM projects often stem from efficiency gains rather 
than direct cost-cutting measures. 

The results from One-Way ANOVA further illustrate that professional roles 
influence perceptions of project challenges. Engineers, project managers, and 
quality control specialists may have differing views on factors like material 
procurement and durability, highlighting the need for collaborative decision-
making processes in construction management. 

 

4.6 Practical Implications: 
The results of this study provide several key insights for construction 
industry professionals, policymakers, and project managers: 

• Improving Timeline Efficiency: Adoption of digital project 
management tools, improved scheduling techniques, and proactive 
risk mitigation strategies can help optimize project timelines. 

• Strengthening Quality Control Measures: Regular material testing, 
adherence to international quality standards, and on-site inspections 
should be enforced to enhance overall project quality. 

• Refining Cost Management Strategies: While cost control remains 
essential, emphasis should be placed on efficiency-driven cost savings 
rather than indiscriminate budget reductions. 

• Training and Education: The findings suggest that higher education 
levels influence material procurement decisions. This underscores the 
need for continuous professional training to ensure engineers and 
project managers are well-equipped with the latest methodologies in 
CBGM pavement construction. 
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4.7 Conclusion: 
This chapter has provided a detailed statistical analysis and interpretation of 
the data collected from industry professionals regarding CBGM pavement 
project management. The results confirm the critical role of timeline 
efficiency and quality control in project success, while cost management 
plays a supporting role. 

The next chapter will summarize the key findings of the study, provide 
strategic recommendations for industry applications, and discuss future 
research directions that can further enhance the effectiveness of project 
management strategies in CBGM pavement construction. 
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Chapter 5: Conclusions and Recommendations



42 
 

5.1 Introduction: 
This chapter presents a comprehensive summary of the key findings of this 
study and provides strategic recommendations for enhancing project 
management practices in CBGM pavement construction. It also discusses the 
implications of the findings for industry stakeholders and outlines avenues 
for future research. The recommendations proposed in this chapter aim to 
optimize the efficiency, quality, and cost-effectiveness of CBGM pavement 
projects, offering actionable insights for project managers, engineers, 
policymakers, and researchers. 

 

5.2 Summary of Key Findings: 
The study has generated significant insights into project management 
strategies for CBGM pavement construction, highlighting the 
interdependence between scheduling, quality control, and cost management. 
The major findings are summarized as follows: 

• Timeline efficiency is a critical determinant of project success, with a 
strong correlation (r = 0.773, p < 0.01) between well-managed 
schedules and positive project outcomes. Efficient scheduling not only 
improves project delivery time but also minimizes resource waste and 
cost overruns. 

• Quality control emerged as the most influential factor, exhibiting the 
highest correlation with overall project success (r = 0.855, p < 0.01). 
This finding underscores the necessity of stringent quality assurance 
processes and adherence to construction standards. 

• Cost management, while important, showed a moderate impact on 
project success (r = 0.546, p < 0.01). The results indicate that while 
financial planning is necessary, it should be complemented by 
efficiency-driven strategies that optimize project workflows and 
resource allocation. 

• ANOVA results revealed significant variations in perceptions of 
project management challenges based on job roles and education 
levels, suggesting that tailored training programs are needed to bridge 
knowledge gaps among different professional groups. 

• Differences in experience levels did not significantly impact 
perceptions of timeline efficiency, cost management, or quality 
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control, implying that best practices in project management are 
applied consistently across various experience levels. 

 

5.3 Strategic Recommendations: 
Based on the research findings, the following strategic recommendations are 
proposed to enhance the management of CBGM pavement projects: 

 

5.3.1 Enhancing Project Timeline Efficiency: 
• Implement advanced scheduling methodologies, such as Critical Path 

Method (CPM), Program Evaluation and Review Technique (PERT), 
and Building Information Modeling (BIM), to optimize project 
planning and execution. 

• Develop proactive risk mitigation strategies, including comprehensive 
contingency planning and early detection of potential delays, to 
enhance project resilience. 

• Improve coordination and communication among stakeholders, 
leveraging digital project management tools to streamline 
collaboration and ensure seamless workflow integration. 

 

5.3.2 Strengthening Quality Control Measures: 
• Establish standardized quality assurance frameworks based on 

international best practices, ensuring uniform material performance 
and compliance with technical specifications. 

• Increase the frequency of on-site inspections and laboratory testing, 
enabling early detection of material inconsistencies and reducing the 
risk of structural failures. 

• Utilize advanced monitoring technologies, such as Internet of Things 
(IoT)-enabled sensors, for real-time tracking of construction quality 
and material integrity. 

• Adopt performance-based specifications, requiring contractors to meet 
pre-defined durability and safety standards as part of contractual 
obligations. 

 



44 
 

5.3.3 Optimizing Cost Management Strategies: 
• Prioritize cost-efficiency over cost-cutting, ensuring that budget 

reductions do not compromise quality or timeline efficiency. 

• Encourage value engineering practices, fostering innovative design 
and material optimization strategies to enhance cost-effectiveness 
while maintaining performance standards. 

• Implement performance-based contracting models, incentivizing 
contractors based on key performance indicators (KPIs) such as timely 
completion, adherence to budget constraints, and quality assurance. 

• Enhance procurement strategies, streamlining supply chain 
management to reduce delays in material availability and optimize 
cost-effectiveness in project execution. 

 

5.3.4 Advancing Workforce Training and Capacity Building: 
• Develop specialized CBGM training modules, equipping engineers, 

project managers, and quality control specialists with knowledge of 
best practices and emerging technologies. 

• Promote continuous professional development (CPD) initiatives, 
ensuring that industry professionals remain updated on evolving 
project management techniques and material innovations. 

• Encourage knowledge transfer programs, fostering collaboration 
between experienced professionals and early-career engineers to 
strengthen skill development in CBGM pavement construction. 

 

5.4 Future Research Directions: 
While this study has contributed valuable insights into CBGM pavement 
project management, several areas warrant further research: 

• Long-term performance analysis of CBGM pavements: Future studies 
should examine the durability of CBGM materials under varying 
environmental conditions, assessing their resistance to climate factors 
and load-bearing capacity over extended periods. 

• Scaling the study to diverse geographic regions and project types: 
Conducting comparative research across multiple locations can 
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enhance the generalizability of findings and identify region-specific 
challenges. 

• Integration of Artificial Intelligence (AI) and Machine Learning (ML) 
in project management: Investigating how AI-driven predictive 
analytics can optimize scheduling, cost estimation, and risk 
management in CBGM pavement projects. 

• Sustainability assessments of CBGM applications: Future research 
should evaluate the environmental impact of CBGM pavement 
construction, including lifecycle analysis, carbon footprint estimation, 
and waste reduction strategies. 

• Impact of regulatory policies on CBGM adoption: Analyzing how 
government regulations and policy frameworks influence the 
implementation and standardization of CBGM materials in 
infrastructure projects. 

 

5.5 Conclusion: 
This study has demonstrated the crucial role of project management 
strategies in optimizing CBGM pavement construction. The findings 
reinforce the significance of timeline efficiency, quality control, and cost 
management as fundamental pillars of project success. 

By implementing the recommended strategies, industry professionals can 
significantly improve CBGM pavement project outcomes, ensuring 
enhanced efficiency, structural durability, and economic feasibility. 
Additionally, ongoing research and technological advancements will 
continue to shape the future of CBGM pavement management, fostering 
innovation and sustainability in the construction sector. 

Ultimately, this study provides a framework for industry stakeholders to 
adopt best practices, refine project methodologies, and pursue further 
research into emerging trends, thereby contributing to the advancement of 
infrastructure development and construction management excellence. 
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Questionaries 
Questionaries and Arbitration request form (Email) 
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Questionaries request form (social media) 
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Arbitration of Research Questionnaire replies. 
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Email

ةيبرعلا

Project Management Strategies for
Concrete Application: Optimization of
Project Timeline, Quality, and Cost

ةغللا رايتخإ  / Select your language

     55

Questionaries Form 



نايبتسلاا ةمدقم

كراشملايزيزع ،

،نمزلابةقلعتملاةفلتخملالماوعلاةنراقمومييقتىلإنايبتسلاااذهفدهينايبتسلاااذهلامكلإكتقوصيصختىلعكلارًكش
ىلعزيكرتلاعم،ءانبلاعيراشميفةدوجلاو،ةفلكتلاو

ةحلسملاةناسرخلا

تنمسلإابةطبترملاةيبيبحلاةداملا

ةبرتلاىلعةطلابيحيضوتلاثم

ةحلسملاةناسرخلا ةوقلاوةناتملانامضلةبرتلاىلعةطلابءاشنلإةيديلقتلاةحلسملاةناسرخلامادختسا
ةيلكيهلا

تنمسلإابةطبترملاةيبيبحلاةداملا لامحلأللضفألمحتةردقرفوتةرقتسمةقبط

نايبتسلاايفمييقتلارواحم

✔ عورشمللماعلاينمزلالودجلاو،ذيفنتلا،ريضحتلا،داوملاءارشةءافكنمزلا

✔ ةنايصلاو،تادعملا،ةلامعلا،داوملافيلاكتمييقتةفلكتلا

✔ ةدوجلاةبقارمةلوهسو،لمحتلاةردق،تاققشتلاةمواقم،ةناتملاةدوجلا

يميداكلأاثحبلاضارغلألاإمدختستنلوةيوهلاةلوهجمنوكتستاباجلإاعيمجةيرسلا

طقفقئاقدىلإنمنايبتسلااقرغتسيةردقملاةدملا

ثحبلااذهيفةميقلاكتمهاسموكتقوردّقن

تايحتلابيطأ ،

كيكسبايدزيزعلادبعثحابلا
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ةيصخشلا تانايبلا

يميداكلأاثحبلاضارغلألاإمدختستنلوةيوهلاةلوهجمنوكتستاباجلإاعيمجةيرسلا

ركذ

ىثنأ

لقأوأ

ىلإ

ىلإ

رثكأوا

يوناث

سويرولاكب

ريتسجام

هاروتكد

سنجلا

رمعلا

يميلعتلا ىوتسملا
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لقأوأتاونس

تاونسىلإ

ةنسىلإ

رثكأوأةنس

لواقم

يراشتسا

ممصم

ليمع

نايبتسلإا ةلئسأ

يميداكلأاثحبلاضارغلألاإمدختستنلوةيوهلاةلوهجمنوكتستاباجلإاعيمجةيرسلا

نمزلا نايبتسا
ءانبلاعيراشميفنمزلالماوعمييقت

ئيطب عيرس

ةربخلا تاونس ددع

لمعلا ةهج

ةحلسملا ةناسرخلا  (RC)

داوملاءارشتقو
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ئيطب عيرس

ئيطب عيرس

ئيطب عيرس

ئيطب عيرس

تنمسلإاب ةطبترملا ةيبيبحلا ةداملا  (CBGM)

داوملاءارشتقو

ةحلسملا ةناسرخلا  (RC)

ريضحتلاتقو

تنمسلإاب ةطبترملا ةيبيبحلا ةداملا  (CBGM)

ريضحتلاتقو

ةحلسملا ةناسرخلا  (RC)

ذيفنتلاءاشنلإاتقو
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ئيطب عيرس

ئيطب عيرس

ئيطب عيرس

ئيطب عيرس

تنمسلإاب ةطبترملا ةيبيبحلا ةداملا  (CBGM)

ذيفنتلاءاشنلإاتقو

ةحلسملا ةناسرخلا  (RC)

بلصتلاةجلاعملاتقو

تنمسلإاب ةطبترملا ةيبيبحلا ةداملا  (CBGM)

بلصتلاةجلاعملاتقو

ةحلسملا ةناسرخلا  (RC)

عورشمللماعلاينمزلالودجلا
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ئيطب عيرس

ةفلكتلا نايبتسا
ءانبلاعيراشميفةفلكتلالماوعمييقت

لقأ رثكأ

لقأ رثكأ

تنمسلإاب ةطبترملا ةيبيبحلا ةداملا  (CBGM)

عورشمللماعلاينمزلالودجلا

ةحلسملا ةناسرخلا  (RC)

داوملافيلاكت

تنمسلإاب ةطبترملا ةيبيبحلا ةداملا  (CBGM)

داوملافيلاكت
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لقأ رثكأ

لقأ رثكأ

لقأ رثكأ

لقأ رثكأ

ةحلسملا ةناسرخلا  (RC)

ةلامعلافيلاكت

تنمسلإاب ةطبترملا ةيبيبحلا ةداملا  (CBGM)

ةلامعلافيلاكت

ةحلسملا ةناسرخلا  (RC)

تادعملافيلاكت

تنمسلإاب ةطبترملا ةيبيبحلا ةداملا  (CBGM)

تادعملافيلاكت
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لقأ رثكأ

لقأ رثكأ

لقأ رثكأ

لقأ رثكأ

ةحلسملا ةناسرخلا  (RC)

ريضحتلابلاوقلافيلاكت

تنمسلإاب ةطبترملا ةيبيبحلا ةداملا  (CBGM)

ريضحتلابلاوقلافيلاكت

ةحلسملا ةناسرخلا  (RC)

ةنايصلافيلاكت

تنمسلإاب ةطبترملا ةيبيبحلا ةداملا  (CBGM)

ةنايصلافيلاكت
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ةدوجلا نايبتسا

ءانبلاعيراشميفةدوجلالماوعمييقت

لقأ ىلعأ

لقأ ىلعأ

لقأ ىلعأ

ةحلسملا ةناسرخلا  (RC)

يضارتفلإارمعلاةناتملا

تنمسلإاب ةطبترملا ةيبيبحلا ةداملا  (CBGM)

يضارتفلإارمعلاةناتملا

ةحلسملا ةناسرخلا  (RC)

تاققشتلاةمواقم
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لقأ ىلعأ

لقأ ىلعأ

لقأ ىلعأ

لقأ ىلعأ

تنمسلإاب ةطبترملا ةيبيبحلا ةداملا  (CBGM)

تاققشتلاةمواقم

ةحلسملا ةناسرخلا  (RC)

لامحلأالمحتةردق

تنمسلإاب ةطبترملا ةيبيبحلا ةداملا  (CBGM)

لامحلأالمحتةردق

ةحلسملا ةناسرخلا  (RC)

صلقتلاوددمتلاتارودةمواقم

     65



لقأ ىلعأ

لقأ ىلعأ

لقأ ىلعأ

لقأ ىلعأ

تنمسلإاب ةطبترملا ةيبيبحلا ةداملا  (CBGM)

صلقتلاوددمتلاتارودةمواقم

ةحلسملا ةناسرخلا  (RC)

ةيئايميكلاتامجهلاةمواقم

تنمسلإاب ةطبترملا ةيبيبحلا ةداملا  (CBGM)

ةيئايميكلاتامجهلاةمواقم

ةحلسملا ةناسرخلا  (RC)

يحطسلابيطشتلاةدوج
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لقأ ىلعأ

لقأ ىلعأ

لقأ ىلعأ

ريدقتو ركش
نإةميقلامكدوهجومكتقوىلعنايبتسلاااذهيفنيكراشملاعيمجلريدقتلاوركشلاصلاخبهجوتأ

مكمعدومكنواعتردّقأةساردلاهذهحاجنإيفريبكلكشبتمهاسةماهلامكتاظحلاموةلاعفلامكتكراشم ،
يملعلاثحبلاضارغلألاإمدختسُتنلوةماتةيرسبلماعُتسمكتاباجإنأمكلدكؤأو

تنمسلإاب ةطبترملا ةيبيبحلا ةداملا  (CBGM)

يحطسلابيطشتلاةدوج

ةحلسملا ةناسرخلا  (RC)

ةدوجلاةبقارمةلوهس

تنمسلإاب ةطبترملا ةيبيبحلا ةداملا  (CBGM)

ةدوجلاةبقارمةلوهس
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Introduction for the Questionnaire

✔

✔

✔
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Personal Information

Gender

Age
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 Timeline Questionnaire

Education

Years of experience

Job role
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Material Procurement Time

RC (reinforced concrete)

Material Procurement Time

CBGM

Preparation Time

RC (reinforced concrete)

Preparation Time

CBGM
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Placement/Construction Time

RC (reinforced concrete)

Curing/Setting Time

RC (reinforced concrete)

Curing/Setting Time

CBGM

Overall Project Timeline

RC (reinforced concrete)
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Cost Questionnaire

Overall Project Timeline

CBGM

Material Costs

RC (reinforced concrete)

Material Costs

CBGM
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Labor Costs

RC (reinforced concrete)

Labor Costs

CBGM

Equipment Costs

RC (reinforced concrete)

Equipment Costs

CBGM
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Formwork/Preparation Costs

RC (reinforced concrete)

Formwork/Preparation Costs

CBGM

Maintenance Costs

RC (reinforced concrete)

Maintenance Costs

CBGM
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Quality Questionnaire

Durability/Longevity

RC (reinforced concrete)

Durability/Longevity

CBGM

Resistance to Cracking

RC (reinforced concrete)
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Resistance to Cracking

CBGM

Load-Bearing Capacity

RC (reinforced concrete)

Load-Bearing Capacity

CBGM

Resistance to Freeze-Thaw

RC (reinforced concrete)
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Resistance to Freeze-Thaw

CBGM

Resistance to Chemical Attack

RC (reinforced concrete)

Resistance to Chemical Attack

CBGM

Surface Finish

RC (reinforced concrete)
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Acknowledgment

Surface Finish

CBGM

Ease of Quality Control

RC (reinforced concrete)

Ease of Quality Control

CBGM
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SPSS Outputs: 

Frequencies 
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Reliability 

  
 

 
  



85 
 

 
 

 
 
  



86 
 

 

 
  



87 
 

Correlations 
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One Way Anova 
ANOVA 

 
Sum of 
Squares df 

Mean 
Square F Sig. 

Material 
Procuremen
t Time_RC 
(reinforced 
concrete) 

Between 
Groups 

1.318 3 .439 .414 .744 

Within 
Groups 

30.743 29 1.060   

Total 32.061 32    

Material 
Procuremen
t 
Time_CBG
M 

Between 
Groups 

1.591 3 .530 .579 .634 

Within 
Groups 

26.590 29 .917   

Total 28.182 32    

Preparation 
Time_RC 
(reinforced 
concrete) 

Between 
Groups 

7.001 3 2.334 2.117 .120 

Within 
Groups 

31.969 29 1.102   

Total 38.970 32    

Preparation 
Time_CBG
M 

Between 
Groups 

3.425 3 1.142 .956 .427 

Within 
Groups 

34.636 29 1.194   

Total 38.061 32    

Placement/
Construction 
Time_RC 
(reinforced 
concrete) 

Between 
Groups 

1.413 3 .471 .417 .742 

Within 
Groups 

32.769 29 1.130   

Total 34.182 32    

Placement/
Construction 

Between 
Groups 

2.867 3 .956 1.035 .392 
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Time_CBG
M 

Within 
Groups 

26.769 29 .923   

Total 29.636 32    

Curing/Setti
ng Time_RC 
(reinforced 
concrete) 

Between 
Groups 

3.006 3 1.002 .645 .592 

Within 
Groups 

45.055 29 1.554   

Total 48.061 32    

Curing/Setti
ng 
Time_CBG
M 

Between 
Groups 

2.670 3 .890 .819 .494 

Within 
Groups 

31.512 29 1.087   

Total 34.182 32    

Overall 
Project 
Timeline_R
C 
(reinforced 
concrete) 

Between 
Groups 

1.706 3 .569 .508 .680 

Within 
Groups 

32.476 29 1.120   

Total 34.182 32    

Overall 
Project 
Timeline_C
BGM 

Between 
Groups 

2.336 3 .779 .884 .461 

Within 
Groups 

25.543 29 .881   

Total 27.879 32    

Surface 
Finish_RC 
(reinforced 
concrete) 

Between 
Groups 

7.714 3 2.571 1.851 .160 

Within 
Groups 

40.286 29 1.389   

Total 48.000 32    

Surface 
Finish_CBG
M 

Between 
Groups 

.707 3 .236 .295 .829 

Within 
Groups 

23.171 29 .799   
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Total 23.879 32    

Ease of 
Quality 
Control_RC 
(reinforced 
concrete) 

Between 
Groups 

1.153 3 .384 .445 .722 

Within 
Groups 

25.029 29 .863   

Total 26.182 32    

Ease of 
Quality 
Control_CB
GM 

Between 
Groups 

4.385 3 1.462 2.374 .091 

Within 
Groups 

17.857 29 .616   

Total 22.242 32    

Material 
Costs_RC 
(reinforced 
concrete) 

Between 
Groups 

7.667 3 2.556 2.854 .054 

Within 
Groups 

25.969 29 .895   

Total 33.636 32    

Material 
Costs_CBG
M 

Between 
Groups 

2.094 3 .698 .655 .586 

Within 
Groups 

30.876 29 1.065   

Total 32.970 32    

Labor 
Costs_RC 
(reinforced 
concrete) 

Between 
Groups 

6.384 3 2.128 2.392 .089 

Within 
Groups 

25.798 29 .890   

Total 32.182 32    

Labor 
Costs_CBG
M 

Between 
Groups 

1.896 3 .632 .934 .437 

Within 
Groups 

19.619 29 .677   

Total 21.515 32    
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Equipment 
Costs_RC 
(reinforced 
concrete) 

Between 
Groups 

4.010 3 1.337 1.403 .262 

Within 
Groups 

27.626 29 .953   

Total 31.636 32    

Equipment 
Costs_CBG
M 

Between 
Groups 

.853 3 .284 .479 .699 

Within 
Groups 

17.207 29 .593   

Total 18.061 32    

Formwork/P
reparation 
Costs_RC 
(reinforced 
concrete) 

Between 
Groups 

6.699 3 2.233 2.772 .059 

Within 
Groups 

23.362 29 .806   

Total 30.061 32    

Formwork/P
reparation 
Costs_CBG
M 

Between 
Groups 

3.860 3 1.287 1.332 .283 

Within 
Groups 

28.019 29 .966   

Total 31.879 32    

Maintenanc
e Costs_RC 
(reinforced 
concrete) 

Between 
Groups 

5.414 3 1.805 1.815 .166 

Within 
Groups 

28.829 29 .994   

Total 34.242 32    

Maintenanc
e 
Costs_CBG
M 

Between 
Groups 

3.744 3 1.248 1.238 .314 

Within 
Groups 

29.226 29 1.008   

Total 32.970 32    

Durability/Lo
ngevity_RC 

Between 
Groups 

2.945 3 .982 1.052 .384 
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(reinforced 
concrete) 

Within 
Groups 

27.055 29 .933   

Total 30.000 32    

Durability/Lo
ngevity_CB
GM 

Between 
Groups 

.976 3 .325 .526 .668 

Within 
Groups 

17.933 29 .618   

Total 18.909 32    

Resistance 
to 
Cracking_R
C 
(reinforced 
concrete) 

Between 
Groups 

5.795 3 1.932 1.626 .205 

Within 
Groups 

34.448 29 1.188   

Total 40.242 32    

Resistance 
to 
Cracking_C
BGM 

Between 
Groups 

.507 3 .169 .197 .897 

Within 
Groups 

24.826 29 .856   

Total 25.333 32    

Load-
Bearing 
Capacity_R
C 
(reinforced 
concrete) 

Between 
Groups 

4.781 3 1.594 1.582 .215 

Within 
Groups 

29.219 29 1.008   

Total 34.000 32    

Load-
Bearing 
Capacity_C
BGM 

Between 
Groups 

.635 3 .212 .222 .880 

Within 
Groups 

27.607 29 .952   

Total 28.242 32    

Resistance 
to Freeze-
Thaw_RC 

Between 
Groups 

6.282 3 2.094 2.186 .111 

Within 
Groups 

27.779 29 .958   
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(reinforced 
concrete) 

Total 34.061 32    

Resistance 
to Freeze-
Thaw_CBG
M 

Between 
Groups 

3.889 3 1.296 1.915 .149 

Within 
Groups 

19.626 29 .677   

Total 23.515 32    

Resistance 
to Chemical 
Attack_RC 
(reinforced 
concrete) 

Between 
Groups 

6.296 3 2.099 1.404 .262 

Within 
Groups 

43.340 29 1.494   

Total 49.636 32    

Resistance 
to Chemical 
Attack_CBG
M 

Between 
Groups 

4.689 3 1.563 1.470 .243 

Within 
Groups 

30.826 29 1.063   

Total 35.515 32    

 

  



94 
 

All praise and thanks be to Allah, whose guidance and blessings have 
enabled me to complete this research. Without His grace, this achievement 
would not have been possible. I am deeply grateful to my family, teachers, 
and colleagues for their unwavering support, encouragement, and wisdom 
throughout this journey. Their guidance and belief in me have been 
invaluable in shaping this work. 

I also extend my appreciation to Midocean University for providing the 
resources and academic environment necessary for conducting this research. 
May this work contribute positively to the field and serve as a foundation for 
future advancements. May Allah bless us all with continued knowledge, 
wisdom, and success. 

 

 

 

 

 

 

 

 

 

 

 

 

"© 2025 AbdulAziz Diab Skik, Midocean University. All rights 
reserved. No part of this document may be reproduced, distributed, or 
transmitted in any form or by any means, including photocopying, 
recording, or other electronic or mechanical methods, without prior 
written permission from the author or institution, except in the case of 
brief quotations embodied in critical reviews and certain other 
noncommercial uses permitted by copyright law." 

  



95 
 

 الملخص 
 

إدارة المشاریع الفعالة أمر بالغ الأھمیة في مشاریع رصف الخرسانة، حیث یؤثر تحقیق التوازن بین 
الجدول الزمني للمشروع، الجودة، والتكلفة بشكل مباشر على نجاح المشروع ككل. یھدف ھذا البحث  

لجداول إلى دراسة استراتیجیات إدارة المشاریع الفعالة، مع التركیز بشكل خاص على تحسین ا
الزمنیة، تدابیر ضبط الجودة، وممارسات إدارة التكالیف، من خلال دراسة حالة تفصیلیة لتطبیقات  

 .في إنشاء الأرصفة الخرسانیة  (CBGM) المادة الحبیبیة المرتبطة بالإسمنت 

 

یعتمد البحث على المنھج الوصفي التحلیلي، مستفیداً من البیانات الكمیة والنوعیة المستمدة من  
توضح النتائج كیف   .الممارسات الصناعیة القیاسیة، الإرشادات التقنیة، ودراسات الحالات المیدانیة 

یمكن للممارسات الإداریة الاستراتیجیة أن تعزز كفاءة المشاریع بشكل كبیر من خلال تحسین 
كما تسلط النتائج   .الجدولة الزمنیة، تحسین جودة المواد والبناء، والسیطرة الفعالة على التكالیف

الضوء على التحدیات والتوازنات العملیة التي یجب مراعاتھا عند تحسین أحد ھذه الأبعاد على 
 .حساب الآخر

 

ویختتم البحث بتقدیم توصیات عملیة لمساعدة مدیري المشاریع في تبني نھج متكامل لإدارة 
المشاریع، یحقق التوازن الأمثل بین ھذه العوامل، مما یسھم في تحسین الأداء والنتائج في مشاریع  

 .الرصف الخرساني

 

 :الكلمات المفتاحیة 

الخرسانة، الرصف، الإدارة، المشاریع، الجدول الزمني، إدارة التكالیف، ضبط الجودة، الخرسانة (
 CBGM)المسلحة، 
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