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	ABSTRACT

	This study evaluates the costs and implementation times for flexible and rigid pavement designs for the Sampang-Ketapang road (Link 113) using the 2024 Pavement Design Manual. The flexible pavement design, using Class A aggregate with a thickness of 200 mm, costs IDR 12,804,591,492 and requires a 7-month implementation period. In contrast, the rigid pavement design, with 300 mm concrete and a flexural strength of 4.5 MPa, costs IDR 19,513,787,534 and takes 9 months to complete. While flexible pavement is more cost-efficient and quicker to implement, making it suitable for projects with budget and time constraints, rigid pavement offers greater durability and reduced maintenance over time, which may justify its higher initial cost for roads with heavy traffic. This study emphasizes the importance of selecting the appropriate pavement type based on traffic conditions, subgrade characteristics, and budget limitations. Flexible pavement is recommended for segments with moderate traffic and short-term construction needs, while rigid pavement is better suited for high-traffic areas requiring long-term durability. The research suggests a strategic combination of both pavement types to optimize cost and efficiency while ensuring sustainability. The findings provide practical guidance for stakeholders in road infrastructure projects, offering a framework to balance initial costs, construction timelines, and long-term maintenance to achieve optimal outcomes in road widening projects like the Sampang-Ketapang road expansion.
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INTRODUCTION
Roads are very important transportation infrastructure in supporting economic and social growth. As stated by Sukirman (2003), roads must be able to provide optimal service to users while maintaining their main function as a means of transportation. Sampang Regency, with leading sectors such as salt and tobacco, requires reliable road infrastructure to support increased economic activity (Farid, 2013).
Sampang-Ketapang Road (Link 113) is one of the vital routes in Madura, serving as a link between the northern and southern regions of Sampang Regency. According to Hardiyatmo (2015), inadequate road conditions can lead to decreased productivity and community comfort. The road currently has an average width of 4-5 meters, far below the minimum standard of 9 meters set by the Ministry of Public Works (Ministry of PUPR, 2018). This condition requires road widening to meet provincial road specifications as stipulated in PP 34 of 2006 (Kahar, Umboh, & Runtu, 2024).
Pavement type is one of the main aspects in road widening planning. There are two main alternatives, namely flexible pavement and rigid pavement. According to Aly (2004), flexible pavement uses asphalt as a binder, while rigid pavement uses cement. Each type of pavement has advantages and disadvantages. For example, flexible pavements have lower initial costs but require more intensive maintenance, while rigid pavements are more durable but require higher initial costs (Affandi, 2009).
The 2024 Pavement Design Manual provides technical guidance in road planning. The manual emphasizes the importance of considering traffic factors, soil conditions, and life expectancy in determining pavement design (Ministry of PUPR, 2018). In the context of the Sampang-Ketapang Road, increasing traffic volumes, including heavy vehicles, make pavement design analysis increasingly relevant (Khofifah, Sholichin, & Fatikasari, 2024).
In addition, the evaluation of cost and implementation time is a determining factor in choosing the type of pavement to be used. Based on research by Eduardi Prahara and Andika Sunarsa (2012), rigid pavements show long-term cost efficiency despite requiring a larger initial investment. In contrast, flexible pavements are more economical for projects with limited budgets.
In terms of implementation, Firmansyah (2013) showed that the application of modern technology in cost estimation can improve planning accuracy. With the utilization of technology, cost analysis and implementation time for the widening of Sampang-Ketapang Road can be done more effectively and efficiently. Research by Wulandari et al. (2019) confirms that the selection of appropriate construction methods also contributes to the cost and time efficiency of the project.
The impact of road widening is not only felt in increasing traffic capacity but also in regional development. According to Lutfiana Sahrianto (2016), better accessibility can encourage the growth of the tourism and trade sectors. In Sampang Regency, tourism potential such as Lon Malang Beach and Toroan Waterfall can be better utilized with adequate road infrastructure (Cahya, 2024).
With this urgency in mind, analyzing the cost and implementation time for flexible and rigid pavements is a strategic step to determine the most feasible design. As stated by Nugroho et al. (2017), a data-driven approach to construction project decision-making can improve efficiency while minimizing risk. This research is expected to serve as a reference for other road widening projects in the province that face similar challenges.
In order to improve the quality and capacity of the Sampang-Ketapang Road (Link 113), several key issues need to be analyzed comprehensively. First, what is the cost and implementation time required for road widening using flexible and rigid pavement? Second, how to determine the feasible choice based on the cost and implementation time analysis of the two types of pavement? This analysis not only considers the technical aspects but also the economic and operational impacts, so that the decision taken can support the development of the region in a sustainable manner (Cahya, 2024).
Literature Review
Basic Concepts of Flexural and Rigid Pavements
Flexible pavement is a type of pavement that uses asphalt as the main binder. This structure consists of several layers, such as the surface layer, upper foundation, lower foundation, and subgrade which functions to spread the traffic load evenly downward (Sukirman, 2003). Flexural pavement is often used due to its ease of implementation and lower initial cost compared to rigid pavement (Hardiyatmo, 2015). However, its main drawback is that it requires intensive periodic maintenance due to its relatively short service life.
In contrast, rigid pavement uses cement concrete as a binder, which provides higher durability against heavy traffic loads. The rigid pavement structure usually consists of a concrete slab, sub-base layer, and subgrade (Aly, 2004). Although they have high initial construction costs, rigid pavements are more durable and require less maintenance than flexible pavements (Affandi, 2009). Both types of pavement have their own advantages and disadvantages, which should be considered based on the needs and conditions of the project.
In the context of road widening, the choice between flexible and rigid pavement depends on the traffic analysis and planned life. Research by Farid (2013) shows that rigid pavements are suitable for roads with heavy traffic volumes and long plan lives. In contrast, flexible pavements are more ideal for roads with light to medium traffic and limited budgets. The selection of pavement type requires an in-depth evaluation of the cost, implementation time, and functional requirements of the road. The 2024 Road Pavement Design Manual provides guidelines in determining pavement design, taking into account parameters such as traffic load, soil bearing capacity, and rainfall (Ministry of PUPR, 2018). The manual emphasizes the importance of selecting appropriate materials for each layer, to ensure the performance and durability of the road structure (Prasetya & Marleno, 2020).
Cost and Time Analysis
Construction cost is one of the main factors in determining the type of pavement to be used. Flexible pavements usually require lower initial costs than rigid pavements, but require more frequent maintenance during their service life (Eduardi Prahara & Sunarsa, 2010). In contrast, rigid pavements have high initial costs but are more economical in the long run due to minimal maintenance requirements (Hidayat, 2015). In a study of road projects in Boyolali Regency, rigid pavement showed annual cost efficiency compared to flexible pavement.
Implementation time is also an important consideration in road projects. Flexible pavements require a faster construction process as they do not require the long drying time of rigid pavements (Affandi, 2009). However, the time saved is often offset by higher maintenance costs due to material wear. In the Sampang-Ketapang Road widening project, the estimated implementation time for flexible pavement was 7 months, while for rigid pavement it reached 9 months (Ministry of PUPR, 2018).
Cost and time analysis should include variables such as material prices, labor wages, and work volume. Research by Wulandari et al. (2019) shows that a data-driven cost estimation model can improve accuracy in road project planning. With this approach, planners can minimize the risk of budget overruns and project delays.
The use of technology and software in cost and time analysis is also a growing trend. Firmansyah (2011) underlines the importance of technology adoption to improve efficiency and accuracy in construction project planning. In this context, cost and implementation time analysis for the Sampang-Ketapang Road can be conducted more effectively with the support of modern technological tools (Putra, 2018).
Pavement Type Selection Strategy
The selection of pavement type requires a thorough evaluation of technical and economic requirements. One strategy used is life cycle cost analysis, which considers initial construction, maintenance, and replacement costs over the life of the plan (Grant et al., 1996). Research by Lutfiana Sahrianto (2016) shows that rigid pavements are more cost-efficient in the long run, especially for roads with heavy traffic.
In addition, traffic analysis and subgrade conditions are also determining factors in pavement selection. Flexural pavements are more suitable for areas with light to medium traffic and stable subgrade soils (Hardiyatmo, 2011). In contrast, rigid pavements are more suitable for less stable soil conditions or roads with heavy loads and high intensity (Manuho, 2016). Understanding field conditions is key to successful road project planning. Research also emphasizes the importance of considering environmental aspects in the selection of pavement type. Rigid pavements have lower environmental impacts in the long run due to minimal maintenance requirements (Affandi, 2009). In contrast, flexible pavements may produce higher emissions due to more frequent maintenance.
In the Sampang-Ketapang Road widening project, the pavement type selection strategy should consider budget constraints, implementation time, and long-term needs. Nugroho et al. (2019) recommend a data-driven approach to objectively evaluate design options. With a comprehensive analysis, the project can achieve cost and time efficiency while meeting the desired quality standards.
According to Farid (2013), flexible pavements typically involve lower initial construction costs compared to rigid pavements, but they require more frequent maintenance and shorter service life. In contrast, rigid pavements, while more expensive initially, offer better durability and lower long-term maintenance costs, making them more suitable for high-traffic areas. Similarly, Eduardi Prahara and Sunarsa (2012) highlight that the choice between flexible and rigid pavements depends on several factors, including traffic load, climate conditions, and available budget, emphasizing the importance of considering these factors when making a decision on pavement type for road projects.
The urgency of this research arises from the ongoing development projects in Sampang-Ketapang Road (Link 113) that require an informed decision on the pavement design. With the increasing traffic load and the necessity to improve infrastructure to meet regional demands, it is crucial to assess the cost, time, and performance factors for selecting either flexible or rigid pavement. The appropriate pavement choice will not only ensure the durability of the road but also help in managing public funds efficiently, aligning with long-term sustainability goals.
Although several studies have compared flexible and rigid pavements in terms of cost and performance, there is limited research on the application of these pavements in specific regions, particularly in the context of road widening projects with varying traffic conditions and environmental factors. Most studies tend to generalize findings across broader contexts without considering the specific needs and conditions of a region like Sampang-Ketapang Road. This study aims to fill that gap by evaluating the cost, implementation time, and suitability of both pavement types for this particular road project.
This research is novel in its detailed comparison of flexible and rigid pavements specifically for the Sampang-Ketapang Road (Link 113) project, taking into account not only the immediate cost and time benefits but also long-term maintenance and performance. By integrating cost analysis with construction timelines and traffic conditions, this study provides a comprehensive evaluation tailored to the needs of regional infrastructure projects. The findings offer new insights into how specific regional conditions can influence the choice of pavement design, making it a valuable contribution to the field of road construction in Southeast Asia.
The primary objective of this research is to assess the costs and implementation times of flexible and rigid pavements for the Sampang-Ketapang Road (Link 113) and provide recommendations on the most appropriate pavement design based on these factors. The study aims to guide policymakers and stakeholders in making data-driven decisions that balance cost efficiency, construction time, and long-term durability. The benefits of this research include providing actionable insights for road construction planners, ensuring that the Sampang-Ketapang road widening project meets its operational and budgetary goals while offering a sustainable solution for future road infrastructure projects.

METHOD
Research Approach
This research uses a quantitative approach to evaluate the cost and time of road widening implementation on Sampang-Ketapang Road (Link 113). The quantitative method was chosen because it is able to provide a measured and systematic analysis of data obtained from field studies and secondary sources. Quantitative data involves relevant figures such as cost estimation, work volume, and project duration to support objective analysis. With this approach, the research results are expected to provide recommendations based on facts and real data.
The data collection process begins with a field survey to obtain information on the physical condition of the road, traffic volumes, and subgrade characteristics. This survey is conducted to identify technical variables that will affect pavement design and construction implementation. The data obtained from the field will be compared with the guidelines listed in the 2024 Pavement Design Manual. This information will be used to develop accurate cost and implementation time estimates.
In addition to the field survey, the study also relied on secondary data obtained from project documents, related literature, and historical data. Documents such as previous project reports, similar case studies, and unit price references were used to enrich the analysis. The combination of primary and secondary data enabled this study to identify the most suitable pavement design options.
Data analysis was conducted using relevant calculation software to ensure accuracy and efficiency. Quantitative data was analyzed using descriptive statistical methods to identify patterns and trends. This approach provides a clear picture of the relationship between the variables of cost, time, and pavement type, so that decisions made can be justified.
Data Collection Procedure
Data collection in this study involved three main stages: field surveys, interviews with related parties, and collection of technical documents. Field surveys were conducted to obtain primary data on the existing condition of the road, such as road width, type of pavement used, and level of damage. The survey also included road geometric measurements to ensure compliance with applicable standards. Data collected during the survey were systematically recorded using prepared survey forms.
Interviews were conducted with parties involved in project planning and implementation, such as the public works department, consultants, and contractors. Information obtained through the interviews included cost estimates, technical constraints, and experience in using specific pavement types. This approach helped to gain in-depth insight into the factors that influenced the success of the project.
Technical document collection included a study of previous project reports, technical guidelines, and cost references. These documents were used to complement the primary data obtained from the field survey. References such as the 2024 Pavement Design Manual were used to ensure the methodology conformed to national standards. The data collected was then processed to produce information relevant to the research objectives. Data processing was done by integrating primary and secondary data to form a complete database. This database contains detailed information on the cost, implementation time, and technical specifications of the flexible and rigid pavement alternatives. This information will be used to compare the two pavement types and determine the most efficient option.
Data Analysis Technique
Data analysis in this study was conducted in three main stages, namely descriptive analysis, comparative analysis, and recommendation analysis. The first stage is descriptive analysis, which aims to describe the data obtained from field surveys and secondary sources. This analysis involved basic statistical calculations such as mean, median, and standard deviation to understand the distribution of the data. The results of this descriptive analysis provide an overview of the existing conditions and variables affecting the project.
The second stage was a comparative analysis, which was used to compare the cost and implementation time between flexible and rigid pavements. This analysis was conducted using comparison tables and graphs to visualize the differences between the two alternatives. This method helps to identify the advantages and disadvantages of each pavement type, so that data-driven decisions can be made.
The third stage is the recommendation analysis, which aims to provide solutions based on the results of the previous analysis. The recommendations focused on the most feasible pavement type to be applied on the Sampang-Ketapang Road. This analysis considers factors such as cost efficiency, implementation time, and long-term impact on road maintenance. With this approach, the recommendations provided are expected to provide maximum benefits to the project.
To support the validity of the results, sensitivity tests were conducted on key variables such as material cost and implementation time. These tests help evaluate the extent to which changes in these variables can affect the final results. Thus, the analysis results can be more reliable and applicable in the context of road projects in the Sampang-Ketapang region.

RESULTS AND DISCUSSION 
Results
Estimated Cost of Implementation
The estimated implementation cost for road widening with flexible and rigid pavement was calculated based on technical specifications and unit price of materials. For flexible pavement, the cost is IDR 12,804,591,492, using class A aggregate with a thickness of 200mm.
[bookmark: _Toc185618187]Table 1. Asphalt flexible pavement design with aggregate foundation layer
	[bookmark: _Hlk185369229]Pavement Structure Type
	FFF(1) 4

	20-year plan load (106 ESA5)
	> 10 - 15

	Pavement layer thickness (mm)

	AC - WC
	40

	AC - BC
	75

	AC Base
	100

	Class A Aggregate Foundation Layer
	200

	Class B Aggregate Foundation Layer
	150

	Coarse Grained Preferred Backfill or Class C LFA or Cement Stabilization
	200


Source: Author's Report, 2024

 These costs include materials, labor, and necessary construction equipment. The flexible pavement showed higher cost efficiency compared to the rigid pavement alternative. In contrast, the estimated cost for rigid pavement reached IDR 19,513,787,534. This type of pavement uses concrete with a flexural strength of 4.5 MPa and a thickness of 300mm. Cost components include the use of high-quality materials such as cement and concrete reinforcements, as well as specialized labor. The difference in cost is mainly due to the more expensive materials required and the longer construction time.
A cost comparison between the two types of pavements shows that flexible pavements are more economical for projects with limited budgets. However, the cost analysis needs to be combined with an evaluation of long-term requirements, including maintenance costs. Thus, the cost estimation gives an initial idea of the budget efficiency that can be expected from each alternative. In addition, the cost evaluation is based on the volume of work and the inflation rate. In this context, flexible pavements offer higher flexibility for budget adjustment. This factor becomes important in large-scale projects such as the road widening in Sampang-Ketapang.
Estimated Implementation Time
The estimated implementation time is a crucial aspect in determining the feasible pavement type. For flexible pavement, the time required is 7 months, with stages including land preparation, material spreading, and compaction. This process is faster than rigid pavement because it does not require a long concrete curing time.
[bookmark: _Toc185618188]



Table 2. Calculation of duration of flexible pavement work
	Work Items
	Unit
	Volume
	Coefficient
	Workers
	Duration (days)
	Duration (month)

	Regular Excavation
	M3
	10.170
	0,0144
	2
	74
	3

	Ordinary backfill from excavation sources
	M3
	2.400
	0,1675
	8
	51
	2

	Road Body Preparation
	M2
	18.000
	0,0034
	2
	31
	2

	Class A Aggregate Foundation Layer
	M3
	3.600
	0,0779
	8
	36
	2

	Class B Aggregate Foundation Layer
	M3
	2.700
	0,0779
	8
	27
	1

	Prime Coat
	Liters
	28.800
	0,0016
	3
	16
	1

	Wear Layer Laston (AC-WC)
	Tons
	1.656
	0,2008
	10
	34
	2

	Intermediate Layer Laston (AC-BC)
	Tons
	3.105
	0,2008
	10
	63
	3


Source: Author's Report, 2024
Meanwhile, rigid pavement takes 9 months to implement. This duration includes casting work, concrete curing, and joint completion. Delays may occur due to weather factors or material specification mismatches. Therefore, time management becomes more complex in rigid pavement projects.
Time efficiency can increase productivity and reduce traffic disruption during construction. In this project, flexible pavement is superior in terms of time due to its simpler working method. However, the implementation time needs to be adjusted to the technical requirements to ensure the quality of the final result. Time management also considered external factors such as the availability of labor and equipment. Schedule adjustments were made to overcome obstacles that may arise during project implementation. This becomes part of the overall strategy to ensure timely completion of the project.
Table 3. Calculation of Rigid pavement work duration
	Work Items
	Unit
	Volume
	Coefficient
	Workers
	Duration (days)
	Duration (month)

	Regular Excavation
	M3
	15.300
	0,0144
	2
	74
	3

	Ordinary backfill from excavation sources
	M3
	2.400
	0,1675
	8
	50
	2

	Road Body Preparation
	M2
	18.000
	0,0034
	2
	31
	2

	Class A Aggregate Foundation Layer
	M3
	3.600
	0,0779
	8
	35
	2

	Thin Concrete Underlayment
	M3
	2.700
	0,1004
	8
	34
	2

	Structural concrete, fc'20 MPa
	M3
	5.400
	0,4016
	17
	128
	5


Source: Author's Report, 2024
[bookmark: _Toc185618190]Table 4. Schedule for the implementation of flexible pavement works
	Work Items
	Month

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Regular Excavation
	
	
	
	
	
	
	
	
	
	
	
	

	Ordinary backfill from excavation sources
	
	
	
	
	
	
	
	
	
	
	
	

	Road Body Preparation
	
	
	
	
	
	
	
	
	
	
	
	

	Class A Aggregate Foundation Layer
	
	
	
	
	
	
	
	
	
	
	
	

	Class B Aggregate Foundation Layer
	
	
	
	
	
	
	
	
	
	
	
	

	Prime Coat
	
	
	
	
	
	
	
	
	
	
	
	

	Wear Layer Laston (AC-WC)
	
	
	
	
	
	
	
	
	
	
	
	

	Intermediate Layer Laston (AC-BC)
	
	
	
	
	
	
	
	
	
	
	
	


Source: Author's Report, 2024
[bookmark: _Toc185618191]Table 5. Implementation schedule of Rigid pavement works
	Work Items
	Month

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Regular Excavation
	
	
	
	
	
	
	
	
	
	
	
	

	Ordinary backfill from excavation sources
	
	
	
	
	
	
	
	
	
	
	
	

	Road Body Preparation
	
	
	
	
	
	
	
	
	
	
	
	

	Class A Aggregate Foundation Layer
	
	
	
	
	
	
	
	
	
	
	
	

	Thin Concrete Underlayment
	
	
	
	
	
	
	
	
	
	
	
	

	Structural concrete, fc'20 MPa
	
	
	
	
	
	
	
	
	
	
	
	


Source: Author's Report, 2024
Discussion
Analysis of the results showed significant differences between flexible and rigid pavements in terms of cost and implementation time. Flexural pavements have lower initial costs, but require more frequent maintenance during their service life. In contrast, rigid pavements are more expensive in the initial stages but are more durable and require minimal maintenance. Both alternatives offer their own advantages that need to be considered based on the needs of the project.
In terms of implementation time, flexible pavements have the advantage of shorter construction duration. This has the advantage of reducing traffic disruption during the project. However, rigid pavement is more suitable for roads with heavy traffic loads due to its better resistance to deformation and wear. The choice of pavement type should be adjusted to the traffic intensity on the Sampang-Ketapang road. The cost breakdown for flexible and rigid pavements revealed a difference of approximately IDR 6,709,196,042. This analysis reflects the need for further evaluation of the long-term benefits of each pavement type. Considering the 20-year plan life, rigid pavement may be the more economical choice overall.
The differences in implementation time as listed in Table 1 and Table 2 indicate that time efficiency needs to be a top priority. Although flexible pavements are quicker to complete, their use must take into account the additional maintenance requirements that may disrupt the road operations in the long run. Therefore, a trade-off analysis between time and cost is essential in decision making. In addition, technical factors such as soil bearing capacity and rainfall also affect the performance of both pavement types. Flexural pavements are more prone to damage due to unstable soil conditions, while rigid pavements offer greater stability. Design adjustments need to be made to ensure optimal performance under specific field conditions.
In determining viable options, multi-criteria analysis can be used to comprehensively evaluate cost, time, and quality aspects. This method allows stakeholders to choose the alternative that provides the best value for the investment made. With this approach, the widening of the Sampang-Ketapang road can provide maximum benefits for road users and the surrounding community. Recommendations for this project include the selection of flexible pavement if time efficiency is the top priority. However, if plan life and maintenance cost are the main considerations, then rigid pavement is a more appropriate choice. The final decision should be based on a thorough analysis of the project needs and budget availability.

CONCLUSION
Based on the results of the cost and time analysis of road widening implementation on Sampang-Ketapang Road (Link 113), it is found that flexible pavement requires a cost of IDR 12,804,591,492 with an implementation duration of 7 months. In contrast, rigid pavement cost more, IDR 19,513,787,534, with an implementation time of 9 months. The significant cost difference between the two pavement types makes flexible pavement more economical for this project. However, the planned life and lower maintenance requirements of the rigid pavement make it the more efficient choice in the long run.The choice of a suitable pavement type should consider technical aspects, such as traffic intensity and subgrade conditions. Flexural pavements are suitable for roads with moderate traffic and fast workability. Meanwhile, rigid pavement is more suitable for roads with heavy traffic due to its high resistance to deformation and wear. Therefore, the final decision should integrate a thorough analysis of cost, time, and functional requirements of the road.
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