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	Abstract 

The construction project experienced a discrepancy between the rebar inventory and the material demand. Materials are a crucial component of construction projects. The inventory shortage disrupted production processes and delayed project progress, potentially extending the project's completion timeline.  This study aims to determine rebar volume using Cubicost TRB and plan inventory using Material Requirement Planning with Silver Meal and Wagner-Whitin algorithms. Detailed engineering data supports the application, ensuring rebar bends meet technical standards at beam, column, and slab intersections. Material planning incorporates project schedules, inventory records, and rebar volume data from Cubicost. This planning considered the minimization of ordering and storage costs. The results showed that the volume of rebar calculated using the Cubicost application was more accurate than the project's bill of quantity data. The use of the Cubicost application proved to be more advantageous, resulting in a 1% or IDR 34,809,590.78 reduction compared to the project data. Then, the Silver Meal algorithm resulted in total costs that were 21% lower than those of the Wagner-Whitin method in minimizing overall inventory costs, particularly for high-demand rebar types such as D13 and D19. These findings emphasized the importance of rebar inventory scheduling and selecting appropriate lot-sizing techniques to minimize costs and prevent project delays. 
This is an open access article under the CC BY-SA license
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INTRODUCTION
The execution process of construction projects often faces challenges due to cost overruns [1, 2] and delays at various stages of work 
 ADDIN EN.CITE 
[1-3]
, especially in structural work. One of the leading causes of project delays is the lack of attention to procuring construction materials, which should be prioritized during project implementation. During the execution phase, contractors prioritize labor and implementation methods to keep the project on schedule. Still, they often neglect critical aspects such as material procurement planning [4] which can ultimately impact the cost estimation of a project.
Materials are a crucial component of construction projects, accounting for a significant portion of the total cost [5]. reinforcement bar (rebar) in reinforced concrete structures constitutes a considerable share of the total project cost, approximately 16% to 20% of the budget [6]. Accurate calculations of rebar quantities are essential, as overestimation can lead to increased project costs. Therefore, proper material inventory planning is necessary to prevent surplus or shortage of materials [7] ensuring that production activities proceed according to schedule [8]. Material shortages are illustrated in Figure 1.  

[image: image3]
Figure 1. Comparison of Rebar Demand and Inventory in July 2024
Based on the Figure 1, the construction project experienced a discrepancy between the rebar inventory and the demand during July 2024. This inventory shortage can disrupt production processes and delay project progress, potentially extending the project's completion timeline. Such conditions can also reduce productivity and risk penalties for project delays [1].
In inventory planning, it is essential to determine the required quantity of rebar. Using conventional methods to calculate rebar quantities requires estimators to meticulously review each drawing and ensure that no items are overlooked or double-counted [9]. This process is time-consuming and increases the risk of errors in volume calculations. Consequently, adopting advanced technology becomes crucial to optimize the estimation process [10].
In this context, Building Information Modeling (BIM), particularly at the 5D level, offers an effective solution for calculating material requirements, commonly called quantity take-off. Among various 5D BIM applications, Cubicost stands out for its ability to simplify the quantity take-off process [11]. The application of Cubicost minimizes human errors [12] reducing inaccuracies in determining material volumes during the project 
 ADDIN EN.CITE 
[11, 13]
. BIM models store dimensional data in 3D models, allowing measurements and material quantities to be extracted automatically. This approach can reduce calculation time by up to 80% compared to conventional methods [9]. Additionally, BIM ensures consistent data updates whenever changes are made to the model [14] and supports the automatic arrangement of rebar to generate the required quantities [10]. BIM can be applied at the design stage after completing structural analysis to ensure the accuracy of rebar lengths and quantities for the Bar Bending Schedule (BBS). However, the accuracy of quantity calculations heavily depends on the precision of the 3D model geometry created, requiring detailed definitions of elements and materials 
 ADDIN EN.CITE 
[11, 15]
.
Issues related to material inventory planning have also been discussed in several studies.  In a previous study by Awati and Putra [16] on rebar, formwork, and ready-mix concrete for high-rise buildings, supporting data were obtained from the bill of quantities for rebar (project data). To account for material waste, the quantities were adjusted by multiplying them with a factor of 1.05. Material requirement planning was conducted for rebar, formwork, and ready-mix concrete using various lot-sizing techniques, including Lot-for-Lot (LFL), Economic Order Quantity (EOQ), and Period Order Quantity (POQ). The results indicated that the LFL and POQ techniques provided optimal order quantities.
In a study by Asmal et al., [17], a company faced increased storage costs due to inaccurate inventory calculations and inefficient methods. The study revealed that applying the Wagner-Whitin Algorithm resulted in higher total inventory costs than the Silver Meal Algorithm. The company could optimize costs by using only the Silver-Meal Algorithm, which offers lower long-term material costs than the Wagner Whitin Algorithm [17].

Another study by Ikasari et al., [18] applied the Material Requirement Planning (MRP) method in a shrimp processing company. The results showed that inventory control using the Silver-Meal Algorithm reduced the frequency of orders compared to the company’s previous method. Implementing the Silver-Meal Algorithm reduced total inventory costs by up to 15% [18].
Ernawati et al., [19] researched material planning in motorcycle manufacturing. The results indicated that combining the Wagner-Whitin Algorithm with the Silver-Meal method optimized inventory costs, reducing them by 1.8% compared to previous expenditures [19]. 

A potential solution involves planning the quantity and timing of rebar orders for high-rise building construction projects to address the issue of rebar shortages. Based on previous studies, no research has applied the Cubicost Takeoff for Rebar (TRB) application to determine rebar quantities. Furthermore, the Silver-Meal and Wagner-Whitin lot-sizing algorithms have yet to be implemented in the construction sector, particularly for rebar procurement in high-rise building projects.

This study aims to identify the volume of rebar through a quantity take-off process using the Cubicost TRB application and to plan rebar inventory by applying the Material Requirement Planning (MRP) method. The MRP method incorporated material purchase costs, ordering costs, and storage costs. It employed lot-sizing techniques (determining order size) and offsetting techniques (determining order timing) using the Silver-Meal Algorithm and the Wagner-Whitin Algorithm.
The findings of this study are expected to prevent cost overruns and project delays caused by material shortages or surpluses by implementing the Cubicost TRB application, which accurately determines rebar requirements. Additionally, applying the MRP method helps identify the quantity of rebar ordered in each procurement period, schedule rebar procurement effectively, and select a lot-sizing technique that ensures optimal order sizes with the lowest inventory costs.
METHOD
Material

This research focuses on rebar materials used in structural work for high-rise buildings from the 7th to the 13th floors. The data analyzed in this study include rebar volume, rebar inventory records, the project schedule, the 2021 Surabaya Unit Price List (HSPK), rebar material ordering costs, stockyard storage costs, and lead time. The rebar volume was determined using the Cubicost application. The building structure was initially modeled in Cubicost based on the Detail Engineering Design (DED).
Methods
This study employs a quantitative approach to plan the procurement of rebar to prevent production delays and cost overruns caused by inventory shortages or excesses. The planning process utilizes the Cubicost Takeoff for Rebar (TRB) application to determine the quantity of rebar required accurately. Subsequently, this research applies the Material Requirement Planning (MRP) method, which aims to ensure material availability in accordance with project needs [20] through optimal calculations that take into account purchasing, ordering, and holding costs. This method determines the optimal order quantity (lotting) and order timing (offsetting) while minimizing holding and ordering costs to reduce total expenditures [21]. Material Requirement Planning (MRP) integrates various lot-sizing techniques. This study implements two methods: the Silver-Meal Algorithm and the Wagner-Whitin Algorithm. These techniques were chosen for their ability to calculate lotting and offsetting for each procurement period.
Research Stages

The steps of this research are explained in Figure 2. The research began with the Detail Engineering Design (DED) stage, where key structural elements such as columns, beams, slabs, and shear walls were defined in detail. The data from the DED was then remodeled using the Cubicost Takeoff for Rebar (TRB) application to produce a Bar Bending Schedule (BBS), ensuring accuracy in calculating the required material volume. One of the main factors influencing BBS efficiency was compliance with building code regulations regarding rebar detailing, such as requirements for lap splices, development lengths, hook lengths, bar spacing, and concrete cover thickness [10]. These regulations were based on the Indonesian National Standard (SNI) or guidelines established by the planners in the DED. Once the modeling was completed, the next step was the quantity take-off process. This stage was used to calculate the rebar requirements based on the structural elements that had been previously modeled.
Activity scheduling was conducted after calculating the material requirements to arrange the timing and volume of material procurement according to project needs. A Bill of Materials (BoM) was created, comprising a hierarchical structure that shows the specific materials required for each element to produce a single unit of the final product [20]. The Bill of Materials for column, beam, slab, and shear wall works is presented in Table 1[22]. The Bill of Materials outlines the material details required for each task, aiming to prevent overstocking or shortages . Then, Table 2 shows that rebar inventory in July 2024 is calculated based on the stock of rebar available in the stockyard after deducting the amount of rebar used during that period. 
Table 1. Bill of Material

	Job
	Rebar Type
	Unit

	Beam Work
	Ø10 Rebar
	Kg

	
	D13 Rebar
	Kg

	
	D16 Rebar
	Kg

	
	D19 Rebar
	Kg

	
	D22 Rebar
	Kg

	Slab Work
	Ø8 Rebar
	Kg

	
	Ø10 Rebar
	Kg

	
	D10 Rebar
	Kg

	Column Work
	D10 Rebar
	Kg

	
	D13 Rebar
	Kg

	
	D19 Rebar
	Kg

	
	D32 Rebar
	Kg

	Shear Wall Work
	D10 Rebar
	Kg

	
	D13 Rebar
	Kg

	
	D19 Rebar
	Kg
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Figure 2. Research Process
Table 2. Rebar Inventory in July 2024
	Rebar Type
	Material Inventory Quantity
	Unit

	Ø8 Rebar
	8,044.29
	Kg

	Ø10 Rebar
	5,430.13
	Kg

	D10 Rebar
	6,702.59
	Kg

	D13 Rebar
	775.16
	Kg

	D16 Rebar
	3,181.73
	Kg

	D19 Rebar
	0
	Kg

	D22 Rebar
	0
	Kg

	D32 Rebar
	11,969.37
	Kg


This inventory data becomes the basis for preparing material requirements plans for the next period, so that project needs can be met on time and within budget. This explanation can be shown in Tabel 2.
From the rebar volume data and project schedule, a Master Production Schedule (MPS) was developed. The MPS is a crucial step in inventory management, serving as the foundation for material planning and production processes [22]. The MPS specifies the quantity of materials to be processed for each task within each period, typically on a every week [7]. Based on the MPS, a material schedule was created detailing the quantities required for each type of material in each period.
Once all data were collected, material procurement planning was analyzed using the Material Requirement Planning (MRP) method with the lot-sizing techniques Silver Meal Algorithm and Wagner-Whitin Algorithm. The lotting process involves several key indicators. The Gross Requirement (GR) represents the planned material needs. Jumlah material yang dibutuhkan diambil dari Cubicost. Meanwhile, the On-Hand Inventory indicates the stock available in the stockyard. The Net Requirement (NR) is determined by calculating the difference between the Gross Requirement and the On-Hand Inventory. Order Release refers to the timing of material orders, considering the lead time, whereas Order Receipt specifies the expected arrival time and quantity of materials.

To determine the optimal order size and identify the appropriate ordering time, this study used two techniques: the Silver Meal Algorithm and the Wagner Whitin Algorithm. Edward Silver and Harlan Meal developed the Silver-Meal Algorithm based on the period cost [23]. The Silver-Meal Algorithm is a heuristic approach used to determine the purchasing lot size, which is relatively simple to apply [24, 25]. This heuristic approach is similar to the Economic Order Quantity (EOQ) approach, but its calculations are primarily based on the variable costs of the purchase period rather than the total demand for the entire planning horizon [26, 27]. This algorithm aims to minimize total costs, including ordering and holding costs, by optimizing the lot size to avoid wastage from unplanned orders. 

The Silver-Meal technique aims to determine the most efficient lot size to reduce total costs for each period. This lot size is calculated by summing the material requirements of several consecutive periods as an initial estimate. The formula for the Silver-Meal technique is explained in equation (1) [17]:
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Description:

K
: Jumlah Pemesanan di Suatu Periode
m
: periode ke-
A
: order cost
h
: holding cost

D
: total demand
n
: m – 1
The quantity and timing of rebar orders are determined based on material requirements, available stock in the warehouse, and lead time, which refers to the time needed from placing the order to when the material is ready for use. In this study, equation (1) is adjusted to fit the material procurement process in construction projects. In construction projects, the ordering costs are calculated based on the quantity of material ordered. Additionally, storage costs are determined by the reduced quality of the area used for storing rebar. Therefore, adjustments are necessary in implementing equation (2).
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Meanwhile, the Wagner-Whitin Algorithm was developed by Wagner and Whitin in 1958 [23]. This algorithm aims to determine the most cost-efficient solution by minimizing total procurement and storage costs over a specified timeframe. Unlike methods that assess each period independently, the Wagner-Whitin Algorithm evaluates all potential ordering combinations. It selects the option with the lowest overall cost, providing a more holistic approach to inventory planning.
The formula for the Wagner Whitin technique is described in equations (3), (4), and (5) [17, 19].
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Description

Qce
: alternative order

Dk
: demand in the kth period
Zce
: variable cost

C
: ordering cost per order placement
h
: storage cost per unit per period
Qci
: demand in period i
N
: total number of periods
fe 
: order combination with minimum costs
fc
: order combination with the lowest cost
Equation (3) calculates the cumulative demand from the start to the end of a specific period. Meanwhile, equation (4) is utilized to determine the total variable costs for all possible ordering options across N periods. The total variable costs from period c to period e, including ordering and holding costs, are denoted as Z. Lastly, equation (5) identifies the order combinations that minimize these costs. The calculation of ordering costs and storage costs in equations (3), (4), and (5) is also adjusted to align with the material procurement process in construction projects, similar to the Silver Meal Algorithm equations.
The next step was determining the order timing (off-setting) by subtracting the lead time from the required material availability date. Lead time is the duration between placing an order and receiving the product. Factors such as item availability and the distance between buyer and supplier significantly influence lead time. As a result, safety stock inventory maintained to meet the needs during the waiting period is crucial [17] In this study, the lead time was set at one week.
Finally, the total costs resulting from both techniques were calculated using the Material Requirement Planning (MRP) analysis. The lot-sizing technique with the lowest total cost was selected for implementation.
RESULTS AND DISCUSSION
Data Analysis

1. Validation of Rebar Volume
The required rebar quantities were obtained with BIM 5D Cubicost Take-off for Rebar (TRB), form Bar Bending Schedule (BBS) based on the Detail Engineering Design (DED). The rebar details or Bar Bending Schedule (BBS) for the beams, slabs, columns, and shear walls in Cubicost include support and field reinforcements, overlapping lengths, and distribution lengths, as shown in Figure 3.[image: image1.jpg]®
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The rebar details impact the total material requirements. BBS plays a crucial role in rebar procurement as it serves to determine the required quantity of rebar while also providing guidelines for rebar shaping [10].

[image: image28.png]
Figure 3. Rebar Work Details from TRB Cubicost

The rebar work for this project was divided into two zones, the volume was calculated separately for each zone and floor. The rebar requirements were calculated by multiplying the work volume by the appropriate material coefficient. This calculation was based on the coefficient values listed in the 2021 Surabaya Unit Price List (HSPK). Below is an example of material requirement calculations of beam work on the 11th floor zone 2.
Material Type

: Ø10 Rebar

Material Volume
: 492.23 kg

Coefficient

: 1.05

Requirement for Ø10 Rebar
= Material Volume x Coefficient
= 492.23 x 1.05

= 516.84 kg
2. Master Production Schedule (MPS)
Below is an example of the material requirement calculation in week 47 for beam work on the 11th-floor zone 2.

Material Type


: Ø10 Rebar

Amount of Rebar

: 516.84 kg

Total Duration


: 3 days

The number of days in week 47
: 1 day

Material requirement
= [image: image15.png]Amount of Materials
Number of Days
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=172.28 kg  

The overall MPS for rebar works is detailed in Table 3.
3. Material Schedule
The material schedule outlines the quantity of each type of material that must be available within a given period. The material requirements are derived from the Master Production Schedule. The overall Material Schedule for rebar is detailed in Table 4.
Table 3. Master Production Schedule
	No
	Job Description
	Unit
	July
	August
	September
	October

	
	
	
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48
	49
	50
	51
	52

	
	
	
	8 - 14
	15 - 21
	22 - 28
	29 - 04
	05 - 11
	12 - 18
	19 - 25
	26 - 01
	02 - 08
	09 - 15
	16 - 22
	23 - 29
	30 - 06
	07 - 13

	1
	7th Floor
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	a
	Beam
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 1
	Kg
	 18,453.21 
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 2
	Kg
	
	 4,655.60 
	
	
	
	
	
	
	
	
	
	
	
	

	b
	Slab
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 1
	Kg
	 3,353.84 
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 2
	Kg
	
	 1,177.06 
	
	
	
	
	
	
	
	
	
	
	
	

	c
	Column
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 1
	Kg
	 15,535.07 
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 2
	Kg
	
	8,424.99
	
	
	
	
	
	
	
	
	
	
	
	

	d
	Shearwall
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 1
	Kg
	 3,269.55 
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 2
	Kg
	
	3,268.09
	
	
	
	
	
	
	
	
	
	
	
	

	2
	8th Floor
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	a
	Beam
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 1
	Kg
	
	
	 18,453.21 
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 2
	Kg
	
	
	
	 4,655.60 
	
	
	
	
	
	
	
	
	
	

	b
	Slab
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 1
	Kg
	
	
	 3,353.84 
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 2
	Kg
	
	
	
	 1,177.06 
	
	
	
	
	
	
	
	
	
	

	c
	Column
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 1
	Kg
	
	
	 15,535.07 
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 2
	Kg
	
	
	
	8,424.99
	
	
	
	
	
	
	
	
	
	

	d
	Shearwall
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 1
	Kg
	
	
	 3,269.55 
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 2
	Kg
	
	
	
	3,268.09
	
	
	
	
	
	
	
	
	
	

	3
	9th Floor
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	a
	Beam
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 1
	Kg
	
	
	
	
	15,315.93
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 2
	Kg
	
	
	
	
	
	4,669.64
	
	
	
	
	
	
	
	

	b
	Slab
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 1
	Kg
	
	
	
	
	3,442.13
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 2
	Kg
	
	
	
	
	
	1,257.07
	
	
	
	
	
	
	
	

	c
	Column
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 1
	Kg
	
	
	
	
	15,049.48
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 2
	Kg
	
	
	
	
	
	7,983.86
	
	
	
	
	
	
	
	

	d
	Shearwall
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 1
	Kg
	
	
	
	
	3,307.14
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 2
	Kg
	
	
	
	
	
	3,268.09
	
	
	
	
	
	
	
	

	4
	9th Floor
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	a
	Beam
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 1
	Kg
	
	
	
	
	
	
	15,315.93
	
	
	
	
	
	
	

	-
	Rebar Zone 2
	Kg
	
	
	
	
	
	
	
	4,669.64
	
	
	
	
	
	

	b
	Slab
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 1
	Kg
	
	
	
	
	
	
	3,442.13
	
	
	
	
	
	
	

	-
	Rebar Zone 2
	Kg
	
	
	
	
	
	
	
	1,257.07
	
	
	
	
	
	

	c
	Column
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 1
	Kg
	
	
	
	
	
	
	15,049.48
	
	
	
	
	
	
	

	-
	Rebar Zone 2
	Kg
	
	
	
	
	
	
	
	7,983.86
	
	
	
	
	
	

	d
	Shearwall
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 1
	Kg
	
	
	
	
	
	
	3,307.14
	
	
	
	
	
	
	

	-
	Rebar Zone 2
	Kg
	
	
	
	
	
	
	
	3,268.09
	
	
	
	
	
	

	5
	11th Floor
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	a
	Beam
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 1
	Kg
	
	
	
	
	
	
	
	
	15,315.93
	
	
	
	
	

	-
	Rebar Zone 2
	Kg
	
	
	
	
	
	
	
	
	1,556.55
	3,113.09
	
	
	
	

	b
	Slab
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 1
	Kg
	
	
	
	
	
	
	
	
	.
	
	
	
	
	

	-
	Rebar Zone 2
	Kg
	
	
	
	
	
	
	
	
	419.02
	838.04
	
	
	
	

	c
	Column
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 1
	Kg
	
	
	
	
	
	
	
	
	15,049.48
	
	
	
	
	

	-
	Rebar Zone 2
	Kg
	
	
	
	
	
	
	
	
	
	7,983.86
	
	
	
	

	d
	Shearwall
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 1
	Kg
	
	
	
	
	
	
	
	
	3,307.14
	
	
	
	
	

	-
	Rebar Zone 2
	Kg
	
	
	
	
	
	
	
	
	
	3,268.09
	
	
	
	

	6
	12th Floor
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	a
	Beam
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 1
	Kg
	
	
	
	
	
	
	
	
	
	
	18,474.33
	
	
	

	-
	Rebar Zone 2
	Kg
	
	
	
	
	
	
	
	
	
	
	1,556.55
	3,113.09
	
	

	b
	Slab
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 1
	Kg
	
	
	
	
	
	
	
	
	
	
	3,419.78
	
	
	

	-
	Rebar Zone 2
	Kg
	
	
	
	
	
	
	
	
	
	
	419.70
	839.41
	
	

	c
	Column
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 1
	Kg
	
	
	
	
	
	
	
	
	
	
	18,320.66
	
	
	

	-
	Rebar Zone 2
	Kg
	
	
	
	
	
	
	
	
	
	
	
	7,980.60
	
	

	d
	Shearwall
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 1
	Kg
	
	
	
	
	
	
	
	
	
	
	3,269.55
	
	
	

	-
	Rebar Zone 2
	Kg
	
	
	
	
	
	
	
	
	
	
	
	3,262.24
	
	

	7
	13th Floor
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	a
	Beam
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 1
	Kg
	
	
	
	
	
	
	
	
	
	
	
	
	19,182.88
	

	-
	Rebar Zone 2
	Kg
	
	
	
	
	
	
	
	
	
	
	
	
	1,298.72
	2,597.44

	b
	Slab
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 1
	Kg
	
	
	
	
	
	
	
	
	
	
	
	
	1,183.25
	

	-
	Rebar Zone 2
	Kg
	
	
	
	
	
	
	
	
	
	
	
	
	394.42
	788.84

	c
	Column
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 1
	Kg
	
	
	
	
	
	
	
	
	
	
	
	
	14,118.77
	

	-
	Rebar Zone 2
	Kg
	
	
	
	
	
	
	
	
	
	
	
	
	
	7,704.95

	d
	Shearwall
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	-
	Rebar Zone 1
	Kg
	
	
	
	
	
	
	
	
	
	
	
	
	3,268.08
	

	-
	Rebar Zone 2
	Kg
	
	
	
	
	
	
	
	
	
	
	
	
	
	3,262.78


Table 4. Material Schedule
	No
	Rebar Type
	Unit
	July
	August
	September
	October

	
	
	
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48
	49
	50
	51
	52

	
	
	
	8 - 14
	15 - 21
	22 - 28
	29 - 04
	05 - 11
	12 - 18
	19 - 25
	26 - 01
	02 - 08
	09 - 15
	16 - 22
	23 - 29
	30 - 06
	07 - 13

	1
	Ø8 Rebar
	Kg
	1343.11
	316.63
	1343.11
	316.63
	1256.90
	316.63
	1256.90
	316.63
	1362.44
	211.08
	1355.07
	211.08
	437.06
	218.53

	2
	Ø10 Rebar
	Kg
	965.35
	610.14
	965.35
	610.14
	841.68
	608.52
	841.68
	608.52
	1044.52
	405.68
	1141.67
	405.68
	960.43
	349.02

	3
	D10 Rebar
	Kg
	1838.89
	783.18
	1838.89
	783.18
	2258.15
	1111.52
	2258.15
	1111.52
	2541.07
	828.60
	2541.21
	829.96
	1386.95
	824.85

	4
	D13 Rebar
	Kg
	14204.74
	6215.32
	14204.74
	6215.32
	12188.90
	5528.10
	12188.90
	5528.10
	12669.69
	5047.31
	15308.36
	5038.20
	14151.73
	4836.41

	5
	D16 Rebar
	Kg
	2130.82
	1196.91
	2130.82
	1196.91
	2015.78
	1196.91
	2015.78
	1196.91
	2414.75
	797.94
	2530.44
	797.94
	2525.67
	790.55

	6
	D19 Rebar
	Kg
	9173.68
	5591.99
	12418.93
	5591.99
	8154.84
	5605.42
	8154.84
	5605.42
	8375.99
	5384.26
	11308.86
	5384.26
	9666.93
	5076.80

	7
	D22 Rebar
	Kg
	4720.26
	850.04
	4720.26
	850.04
	4163.62
	850.04
	4163.62
	850.04
	4446.96
	566.69
	5009.60
	566.69
	5009.59
	566.68

	8
	D32 Rebar
	Kg
	6234.80
	1961.51
	6234.80
	1961.51
	6234.80
	1961.51
	6234.80
	1961.51
	6234.80
	1961.51
	6234.80
	1961.51
	5307.76
	1691.15


4. Cost Data
The storage cost was calculated based on the rebar stockyard area shown in Figure 4.
[image: image18.png]



Figure 4. Site Layout Management
Based on interviews with the logistics team on this project, rebar is shipped from Cilegon to Surabaya, costing IDR 400 per kilogram. This cost is considered as the material ordering cost. The purchase cost depends on the prevailing unit price. In this study, the unit price for rebar refers to the 2021 Surabaya Unit Price List (HSPK), which is IDR 9,500 for all types of rebar.
The storage cost is calculated based on the stockyard area's depreciation due to the rebar's presence. This cost is determined by dividing the stockyard area used for rebar by the total duration of the reinforcement work. According to the site management layout in Figure 4, the rebar stockyard area is 628.82 m², equivalent to 7.64% of the total project area. Consequently, the total storage cost resulting from the stockyard depreciation due to rebar is IDR 12,749,526. Since the reinforcement work spans 35 weeks, the storage cost per period for rebar is IDR 27,843.
Results of Rebar Inventory Planning using Silver Meal Algorithm
To determine the order quantity and timing for rebar using the Silver Meal Algorithm method, the first step is to conduct forecasting or iterations. Table 5 explains the iteration process to obtain the optimal order quantity and timing for D10 rebar. This iteration begins by calculating the net requirements by subtracting the gross rebar requirements from the material inventory in the stockyard. Then, the total ordering cost (A), holding cost (h), and purchase cost for the total trial periods are calculated.
Below is an example calculation for forecasting the order size and timing for the D10 rebar in periods 45 and 46.
Total Ordering Cost (A)

Total A
= ordering cost per unit x cumulative
   requirement

= IDR 400 x 3369.67 kg

= IDR 1,347,866.94
Total Holding Cost (h)

Total h
= holding cost per period x holding

   frequency

= IDR 27,843 x 1 period


= IDR 27,842.51

Total Cost per Period (K)

K
= [image: image20.png]fotal A+Totalh





= [image: image22.png]DR 1347 86654 + DR 27 84251





= IDR 687,854.73
The results of the iteration using equation (2) for D10 rebar in periods 45 and 46 are as follows:
K
= [image: image24.png]| (4xD2)+((my - 1h+ (m;- b))





= [image: image26.png]DR 4002365 67 ke +([2- 1/ IDR 27 84)





= IDR 687,854.73

If the result of the next iteration is greater than the calculated iteration, the iteration process is stopped. This indicates that the order quantity and timing for that period are optimal. The process then continues by calculating the next period, as shown in Table 5. Finally, the ordering schedule for each type of rebar can be arranged, as shown in Table 6.

After determining the optimal quantity and timing for ordering rebar, the next step is to calculate the material purchasing cost by multiplying the required amount of rebar by the unit price listed in the 2021 HSPK. 
Purchasing Cost = unit price x required quantity

     of rebar



 = IDR 9,500 x 3369.67 kg


 = IDR 32,011,839.83
Table 5. Demand Forecasting using Silver Meal Algorithm

	Period
	Requirement
	Cumulative Requirement
	Total Period
[m]
	Ordering Cost [A] (IDR)
	Storage Cost [H] (IDR)
	Total Cost/Period [K] (IDR)
	Purchasing Cost (IDR)

	43
	799.72
	799.72
	1
	319,887.90
	-
	319,887.90
	7,597,337.63

	43;44
	1111.52
	1911.24
	2
	764,494.02
	27,842.51
	396,168.27
	

	44
	1111.52
	1111.52
	1
	444,606.12
	-
	444,606.12
	10,559,395.35

	44;45
	2258.15
	3369.67
	2
	1,347,866.94
	27,842.51
	687,854.73
	

	45
	2258.15
	2258.15
	1
	903,260.82
	-
	903,260.82
	

	45;46
	1111.52
	3369.67
	2
	1,347,866.94
	27,842.51
	687,854.73
	32,011,839.83

	45;46;47
	2541.07
	5910.74
	3
	2,364,295.78
	83,527.54
	815,941.11
	

	47
	2541.07
	2541.07
	1
	1,016,428.84
	-
	1,016,428.84
	

	47;48
	828.60
	3369.67
	2
	1,347,866.94
	27,842.51
	687,854.73
	32,011,839.83

	47;48;49
	2541.21
	5910.88
	3
	2,364,352.34
	83,527.54
	815,959.96
	

	49
	2541.21
	2541.21
	1
	1,016,485.40
	-
	1,016,485.40
	

	49;50
	829.96
	3371.18
	2
	1,348,470.06
	27,842.51
	688,156.29
	

	49;50;51
	1386.95
	4758.12
	3
	1,903,249.32
	83,527.54
	662,258.95
	

	49;50;51;52
	824.85
	5582.97
	4
	2,233,189.98
	167,055.08
	600,061.26
	53,038,262.03


Table 6. Rebar Ordering Schedule with Silver Meal Algorithm Technique

	No
	Material
	Unit
	Indicator
	July
	August
	September
	October

	
	
	
	
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48
	49
	50
	51
	52

	
	
	
	
	01 - 07
	8 - 14
	15 - 21
	22 - 28
	29 - 04
	05 - 11
	12 - 18
	19 - 25
	26 - 01
	02 - 08
	09 - 15
	16 - 22
	23 - 29
	30 - 06
	07 - 13

	1
	Ø8 Rebar
	Kg
	Gross Requirement
	
	1,343.11
	316.63
	1,343.11
	316.63
	1,256.90
	316.63
	1,256.90
	316.63
	1,362.44
	211.08
	1,355.07
	211.08
	437.06
	218.53

	
	
	
	On Hand Inventory
	8,044.29
	6,701.18
	6,384.55
	5,041.45
	4,724.82
	3,467.92
	3,151.29
	1,894.39
	1,577.76
	215.32
	4.24
	866.68
	655.60
	218.53
	-

	
	
	
	Net Requirement
	
	
	
	
	
	
	
	
	
	
	
	1,350.83
	
	
	

	
	
	
	Order Receipt
	
	
	
	
	
	
	
	
	
	
	
	2,217.52
	
	
	

	
	
	
	Order Release
	
	
	
	
	
	
	
	
	
	
	2,217.52
	
	
	
	

	2
	Ø10 Rebar
	Kg
	Gross Requirement
	
	965.35
	610.14
	965.35
	610.14
	841.68
	608.52
	841.68
	608.52
	1,044.52
	405.68
	1,141.67
	405.68
	960.43
	349.02

	
	
	
	On Hand Inventory
	5,430.13
	4,464.78
	3,854.64
	2,889.30
	2,279.16
	1,437.47
	828.95
	608.52
	-
	405.68
	-
	405.68
	-
	349.02
	-

	
	
	
	Net Requirement
	
	
	
	
	
	
	
	12.73
	
	
	
	
	
	
	

	
	
	
	Order Receipt
	
	
	
	
	
	
	
	621.25
	
	1,450.20
	
	1,547.35
	
	1,309.45
	

	
	
	
	Order Release
	
	
	
	
	
	
	621.25
	
	1,450.20
	
	1,547.35
	
	1,309.45
	
	

	3
	D10 Rebar
	Kg
	Gross Requirement
	
	1,838.89
	783.18
	1,838.89
	783.18
	2,258.15
	1,111.52
	2,258.15
	1,111.52
	2,541.07
	828.60
	2,541.21
	829.96
	1,386.95
	824.85

	
	
	
	On Hand Inventory
	6,702.59
	4,863.69
	4,080.51
	2,241.62
	1,458.43
	-
	-
	1,111.52
	-
	828.60
	-
	3,041.76
	2,211.80
	824.85
	-

	
	
	
	Net Requirement
	
	
	
	
	
	799.72
	
	
	
	
	
	
	
	
	

	
	
	
	Order Receipt
	
	
	
	
	
	799.72
	1,111.52
	3,369.67
	
	3,369.67
	
	5,582.97
	
	
	

	
	
	
	Order Release
	
	
	
	
	799.72
	1,111.52
	3,369.67
	
	3,369.67
	
	5,582.97
	
	
	
	

	4
	D13 Rebar
	Kg
	Gross Requirement
	
	14,204.74
	6,215.32
	14,204.74
	6,215.32
	12,188.90
	5,528.10
	12,188.90
	5,528.10
	12,669.69
	5,047.31
	15,308.36
	5,038.20
	14,151.73
	4,836.41

	
	
	
	On Hand Inventory
	775.16
	6,215.32
	-
	6,215.32
	-
	5,528.10
	-
	5,528.10
	-
	5,047.31
	-
	5,038.20
	-
	4,836.41
	-

	
	
	
	Net Requirement
	
	13,429.58
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	Order Receipt
	
	19,644.90
	
	20,420.07
	
	17,717.00
	
	17,717.00
	
	17,717.00
	
	20,346.57
	
	18,988.15
	

	
	
	
	Order Release
	19,644.90
	
	20,420.07
	
	17,717.00
	
	17,717.00
	
	17,717.00
	
	20,346.57
	
	18,988.15
	
	

	5
	D16 Rebar
	Kg
	Gross Requirement
	
	2,130.82
	1,196.91
	2,130.82
	1,196.91
	2,015.78
	1,196.91
	2,015.78
	1,196.91
	2,414.75
	797.94
	2,530.44
	797.94
	2,525.67
	790.55

	
	
	
	On Hand Inventory
	3,181.73
	1,050.91
	2,130.82
	-
	-
	1,196.91
	-
	1,196.91
	-
	797.94
	-
	797.94
	-
	790.55
	-

	
	
	
	Net Requirement
	
	
	146.00
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	Order Receipt
	
	
	2,276.82
	
	1,196.91
	3,212.69
	
	3,212.69
	
	3,212.69
	
	3,328.38
	
	3,316.22
	

	
	
	
	Order Release
	
	2,276.82
	
	1,196.91
	3,212.69
	
	3,212.69
	
	3,212.69
	
	3,328.38
	
	3,316.22
	
	

	6
	D19 Rebar
	Kg
	Gross Requirement
	
	9,173.68
	5,591.99
	12,418.93
	5,591.99
	8,154.84
	5,605.42
	8,154.84
	5,605.42
	8,375.99
	5,384.26
	11,308.86
	5,384.26
	9,666.93
	5,076.80

	
	
	
	On Hand Inventory
	-
	5,591.99
	-
	5,591.99
	-
	5,605.42
	-
	5,605.42
	-
	5,384.26
	-
	5,384.26
	-
	5,076.80
	-

	
	
	
	Net Requirement
	
	9,173.68
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	Order Receipt
	
	14,765.68
	
	18,010.92
	
	13,760.26
	
	13,760.26
	
	13,760.26
	
	16,693.12
	
	14,743.73
	

	
	
	
	Order Release
	14,765.68
	
	18,010.92
	
	13,760.26
	
	13,760.26
	
	13,760.26
	
	16,693.12
	
	14,743.73
	
	

	7
	D22 Rebar
	Kg
	Gross Requirement
	
	4,720.26
	850.04
	4,720.26
	850.04
	4,163.62
	850.04
	4,163.62
	850.04
	4,446.96
	566.69
	5,009.60
	566.69
	5,009.59
	566.68

	
	
	
	On Hand Inventory
	-
	850.04
	-
	850.04
	-
	850.04
	-
	850.04
	-
	566.69
	-
	566.69
	-
	566.68
	-

	
	
	
	Net Requirement
	
	4,720.26
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	Order Receipt
	
	5,570.30
	
	5,570.30
	
	5,013.66
	
	5,013.66
	
	5,013.66
	
	5,576.29
	
	5,576.27
	

	
	
	
	Order Release
	5,570.30
	
	5,570.30
	
	5,013.66
	
	5,013.66
	
	5,013.66
	
	5,576.29
	
	5,576.27
	
	

	8
	D32 Rebar
	Kg
	Gross Requirement
	
	6,234.80
	1,961.51
	6,234.80
	1,961.51
	6,234.80
	1,961.51
	6,234.80
	1,961.51
	6,234.80
	1,961.51
	6,234.80
	1,961.51
	5,307.76
	1,691.15

	
	
	
	On Hand Inventory
	11,969.37
	5,734.57
	3,773.06
	1,961.51
	-
	1,961.51
	-
	1,961.51
	-
	1,961.51
	-
	1,961.51
	-
	1,691.15
	-

	
	
	
	Net Requirement
	
	
	
	2,461.75
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	Order Receipt
	
	
	
	4,423.26
	
	8,196.32
	
	8,196.32
	
	8,196.32
	
	8,196.32
	
	6,998.91
	

	
	
	
	Order Release
	
	
	4,423.26
	
	8,196.32
	
	8,196.32
	
	8,196.32
	
	8,196.32
	
	6,998.91
	
	


Results of Rebar Inventory Planning using Wagner Whitin Algorithm
Determining the order quantity and timing using the Wagner-Whitin Algorithm begins by calculating the alternative order (Qce) as shown in Table 7. This alternative order is obtained by summing the demand from the previous periods with the demand for the current period, resulting in the final alternative order representing the total demand across all periods.
Furthermore, the variable cost (Zce) is calculated by determining the ordering cost and storage cost for each alternative order quantity. From the variable costs, the order combination with the minimum price (fe) is selected, as shown in Table 9. This process yields the most optimal order quantity and timing. The cost of purchasing rebar is calculated based on the order quantity, with the ordering and storage costs minimized in each period. This result can see in Table 8 below.

Table 7. Alternative Order (Qce) of D10 Rebar Type
	Period
	August
	September
	Oktober

	
	43
	44
	45
	46
	47
	48
	49
	50
	51
	52

	GR
	799.72
	1111.52
	2258.15
	1111.52
	2541.07
	828.60
	2541.21
	829.96
	1386.95
	824.85

	43
	799.72
	1911.24
	4169.39
	5280.90
	7821.97
	8650.57
	11191.78
	12021.74
	13408.69
	14233.54

	44
	
	1111.52
	3369.67
	4481.18
	7022.25
	7850.85
	10392.06
	11222.03
	12608.97
	13433.82

	45
	
	
	2258.15
	3369.67
	5910.74
	6739.33
	9280.55
	10110.51
	11497.46
	12322.31

	46
	
	
	
	1111.52
	3652.59
	4481.18
	7022.40
	7852.36
	9239.31
	10064.16

	47
	
	
	
	
	2541.07
	3369.67
	5910.88
	6740.84
	8127.79
	8952.64

	48
	
	
	
	
	
	828.60
	3369.81
	4199.77
	5586.72
	6411.57

	49
	
	
	
	
	
	
	2541.21
	3371.18
	4758.12
	5582.97

	50
	
	
	
	
	
	
	
	829.96
	2216.91
	3041.76

	51
	
	
	
	
	
	
	
	
	1386.95
	2211.80

	52
	
	
	
	
	
	
	
	
	
	824.85


Table 8. Variable Cost (Zce) (IDR) of D10 Rebar Type
	Period
	August
	September
	Oktober

	
	43
	44
	45
	46
	47
	48
	49
	50
	51
	52

	43
	 319,887.90 
	 792,336.53 
	 1,723,439.87 
	 2,195,888.50 
	 3,240,159.85 
	 3,599,440.46 
	 4,643,768.38 
	 5,003,595.55 
	 5,586,217.32 
	 5,944,000.49 

	44
	
	 444,606.12 
	 1,375,709.45 
	 1,848,158.09 
	 2,892,429.44 
	 3,251,710.05 
	 4,296,037.96 
	 4,655,865.14 
	 5,238,486.91 
	 5,596,270.08 

	45
	
	
	 903,260.82 
	 1,375,709.45 
	 2,419,980.81 
	 2,779,261.42 
	 3,823,589.33 
	 4,183,416.50 
	 4,766,038.28 
	 5,123,821.45 

	46
	
	
	
	 444,606.12 
	 1,488,877.47 
	 1,848,158.09 
	 2,892,486.00 
	 3,252,313.17 
	 3,834,934.94 
	 4,192,718.12 

	47
	
	
	
	
	 1,016,428.84 
	 1,375,709.45 
	 2,420,037.37 
	 2,779,864.54 
	 3,362,486.31 
	 3,720,269.48 

	48
	
	
	
	
	
	 331,438.10 
	 1,375,766.01 
	 1,735,593.19 
	 2,318,214.96 
	 2,675,998.13 

	49
	
	
	
	
	
	
	 1,016,485.40 
	 1,376,312.57 
	 1,958,934.35 
	 2,316,717.52 

	50
	
	
	
	
	
	
	
	 331,984.66 
	 914,606.43 
	 1,272,389.61 

	51
	
	
	
	
	
	
	
	
	 554,779.26 
	 912,562.43 

	52
	
	
	
	
	
	
	
	
	
	 329,940.66 


Table 9. Order Combination with Minimum Costs (fe) (IDR) of D10 Rebar Type
	Period
	August
	September
	Oktober

	
	43
	44
	45
	46
	47
	48
	49
	50
	51
	52

	43
	319,887.90
	1,112,224.43
	2,487,933.89
	3,863,643.34
	5,352,520.81
	6,728,230.26
	8,103,996.28
	9,480,308.85
	10,394,915.28
	11,307,477.71

	44
	
	764,494.02
	2,140,203.47
	3,515,912.93
	5,004,790.40
	6,380,499.85
	7,756,265.86
	9,132,578.44
	10,047,184.87
	10,959,747.30

	45
	
	
	1,667,754.84
	3,043,464.29
	4,532,341.77
	5,908,051.22
	7,283,817.23
	8,660,129.80
	9,574,736.24
	10,487,298.67

	46
	
	
	
	2,112,360.96
	3,601,238.43
	4,976,947.89
	6,352,713.90
	7,729,026.47
	8,643,632.90
	9,556,195.34

	47
	
	
	
	
	3,128,789.80
	4,504,499.25
	5,880,265.27
	7,256,577.84
	8,171,184.27
	9,083,746.70

	48
	
	
	
	
	
	3,460,227.90
	4,835,993.91
	6,212,306.49
	7,126,912.92
	8,039,475.35

	49
	
	
	
	
	
	
	4,476,713.30
	5,853,025.87
	6,767,632.31
	7,680,194.74

	50
	
	
	
	
	
	
	
	4,808,697.96
	5,723,304.39
	6,635,866.83

	51
	
	
	
	
	
	
	
	
	5,363,477.22
	6,276,039.65

	52
	
	
	
	
	
	
	
	
	
	5,693,417.88


Table 10. Rebar Ordering Schedule with Wagner Whitin Algorithm Technique
	No
	Material
	Unit
	Indicator
	July
	August
	September
	October

	
	
	
	
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48
	49
	50
	51
	52

	
	
	
	
	01 - 07
	8 - 14
	15 - 21
	22 - 28
	29 - 04
	05 - 11
	12 - 18
	19 - 25
	26 - 01
	02 - 08
	09 - 15
	16 - 22
	23 - 29
	30 - 06
	07 - 13

	1
	Ø8 Rebar
	Kg
	Gross Requirement
	
	 1,343.11 
	 316.63 
	 1,343.11 
	 316.63 
	 1,256.90 
	 316.63 
	 1,256.90 
	 316.63 
	 1,362.44 
	 211.08 
	 1,355.07 
	 211.08 
	 437.06 
	 218.53 

	
	
	
	On Hand Inventory
	 8,044.29 
	 6,701.18 
	 6,384.55 
	 5,041.45 
	 4,724.82 
	 3,467.92 
	 3,151.29 
	 1,894.39 
	 1,577.76 
	 215.32 
	 4.24 
	 -   
	 -   
	 -   
	 -   

	
	
	
	Net Requirement
	
	
	
	
	
	
	
	
	
	
	
	 1,350.83 
	
	
	

	
	
	
	Order Receipt
	
	
	
	
	
	
	
	
	
	
	
	 1,350.83 
	 211.08 
	 437.06 
	 218.53 

	
	
	
	Order Release
	
	
	
	
	
	
	
	
	
	
	 1,350.83 
	 211.08 
	 437.06 
	 218.53 
	

	2
	Ø10 Rebar
	Kg
	Gross Requirement
	
	 965.35 
	 610.14 
	 965.35 
	 610.14 
	 841.68 
	 608.52 
	 841.68 
	 608.52 
	 1,044.52 
	 405.68 
	 1,141.67 
	 405.68 
	 960.43 
	 349.02 

	
	
	
	On Hand Inventory
	 5,430.13 
	 4,464.78 
	 3,854.64 
	 2,889.30 
	 2,279.16 
	 1,437.47 
	 828.95 
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   

	
	
	
	Net Requirement
	
	
	
	
	
	
	
	 12.73 
	
	
	
	
	
	
	

	
	
	
	Order Receipt
	
	
	
	
	
	
	
	 12.73 
	 608.52 
	 1,044.52 
	 405.68 
	 1,141.67 
	 405.68 
	 960.43 
	 349.02 

	
	
	
	Order Release
	
	
	
	
	
	
	 12.73 
	 608.52 
	 1,044.52 
	 405.68 
	 1,141.67 
	 405.68 
	 960.43 
	 349.02 
	

	3
	D10 Rebar
	Kg
	Gross Requirement
	
	 1,838.89 
	 783.18 
	 1,838.89 
	 783.18 
	 2,258.15 
	 1,111.52 
	 2,258.15 
	 1,111.52 
	 2,541.07 
	 828.60 
	 2,541.21 
	 829.96 
	 1,386.95 
	 824.85 

	
	
	
	On Hand Inventory
	 6,702.59 
	 4,863.69 
	 4,080.51 
	 2,241.62 
	 1,458.43 
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   

	
	
	
	Net Requirement
	
	
	
	
	
	 799.72 
	
	
	
	
	
	
	
	
	

	
	
	
	Order Receipt
	
	
	
	
	
	 799.72 
	 1,111.52 
	 2,258.15 
	 1,111.52 
	 2,541.07 
	 828.60 
	 2,541.21 
	 829.96 
	 1,386.95 
	 824.85 

	
	
	
	Order Release
	
	
	 -   
	
	 799.72 
	 1,111.52 
	 2,258.15 
	 1,111.52 
	 2,541.07 
	 828.60 
	 2,541.21 
	 829.96 
	 1,386.95 
	 824.85 
	

	4
	D13 Rebar
	Kg
	Gross Requirement
	
	 14,204.74 
	 6,215.32 
	 14,204.74 
	 6,215.32 
	 12,188.90 
	 5,528.10 
	 12,188.90 
	 5,528.10 
	 12,669.69 
	 5,047.31 
	 15,308.36 
	 5,038.20 
	 14,151.73 
	 4,836.41 

	
	
	
	On Hand Inventory
	 775.16 
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   

	
	
	
	Net Requirement
	
	 13,429.58 
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	Order Receipt
	
	 13,429.58 
	 6,215.32 
	 14,204.74 
	 6,215.32 
	 12,188.90 
	 5,528.10 
	 12,188.90 
	 5,528.10 
	 12,669.69 
	 5,047.31 
	 15,308.36 
	 5,038.20 
	 14,151.73 
	 4,836.41 

	
	
	
	Order Release
	 13,429.58 
	 6,215.32 
	 14,204.74 
	 6,215.32 
	 12,188.90 
	 5,528.10 
	 12,188.90 
	 5,528.10 
	 12,669.69 
	 5,047.31 
	 15,308.36 
	 5,038.20 
	 14,151.73 
	 4,836.41 
	

	5
	D16 Rebar
	Kg
	Gross Requirement
	
	 2,130.82 
	 1,196.91 
	 2,130.82 
	 1,196.91 
	 2,015.78 
	 1,196.91 
	 2,015.78 
	 1,196.91 
	 2,414.75 
	 797.94 
	 2,530.44 
	 797.94 
	 2,525.67 
	 790.55 

	
	
	
	On Hand Inventory
	 3,181.73 
	 1,050.91 
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   

	
	
	
	Net Requirement
	
	
	 146.00 
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	Order Receipt
	
	
	 146.00 
	 2,130.82 
	 1,196.91 
	 2,015.78 
	 1,196.91 
	 2,015.78 
	 1,196.91 
	 2,414.75 
	 797.94 
	 2,530.44 
	 797.94 
	 2,525.67 
	 790.55 

	
	
	
	Order Release
	
	 146.00 
	 2,130.82 
	 1,196.91 
	 2,015.78 
	 1,196.91 
	 2,015.78 
	 1,196.91 
	 2,414.75 
	 797.94 
	 2,530.44 
	 797.94 
	 2,525.67 
	 790.55 
	

	6
	D19 Rebar
	Kg
	Gross Requirement
	
	 9,173.68 
	 5,591.99 
	 12,418.93 
	 5,591.99 
	 8,154.84 
	 5,605.42 
	 8,154.84 
	 5,605.42 
	 8,375.99 
	 5,384.26 
	 11,308.86 
	 5,384.26 
	 9,666.93 
	 5,076.80 

	
	
	
	On Hand Inventory
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   

	
	
	
	Net Requirement
	
	 9,173.68 
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	Order Receipt
	
	 9,173.68 
	 5,591.99 
	 12,418.93 
	 5,591.99 
	 8,154.84 
	 5,605.42 
	 8,154.84 
	 5,605.42 
	 8,375.99 
	 5,384.26 
	 11,308.86 
	 5,384.26 
	 9,666.93 
	 5,076.80 

	
	
	
	Order Release
	 9,173.68 
	 5,591.99 
	 12,418.93 
	 5,591.99 
	 8,154.84 
	 5,605.42 
	 8,154.84 
	 5,605.42 
	 8,375.99 
	 5,384.26 
	 11,308.86 
	 5,384.26 
	 9,666.93 
	 5,076.80 
	

	7
	D22 Rebar
	Kg
	Gross Requirement
	
	 4,720.26 
	 850.04 
	 4,720.26 
	 850.04 
	 4,163.62 
	 850.04 
	 4,163.62 
	 850.04 
	 4,446.96 
	 566.69 
	 5,009.60 
	 566.69 
	 5,009.59 
	 566.68 

	
	
	
	On Hand Inventory
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   

	
	
	
	Net Requirement
	
	 4,720.26 
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	Order Receipt
	
	 4,720.26 
	 850.04 
	 4,720.26 
	 850.04 
	 4,163.62 
	 850.04 
	 4,163.62 
	 850.04 
	 4,446.96 
	 566.69 
	 5,009.60 
	 566.69 
	 5,009.59 
	 566.68 

	
	
	
	Order Release
	 4,720.26 
	 850.04 
	 4,720.26 
	 850.04 
	 4,163.62 
	 850.04 
	 4,163.62 
	 850.04 
	 4,446.96 
	 566.69 
	 5,009.60 
	 566.69 
	 5,009.59 
	 566.68 
	

	8
	D32 Rebar
	Kg
	Gross Requirement
	
	 6,234.80 
	 1,961.51 
	 6,234.80 
	 1,961.51 
	 6,234.80 
	 1,961.51 
	 6,234.80 
	 1,961.51 
	 6,234.80 
	 1,961.51 
	 6,234.80 
	 1,961.51 
	 5,307.76 
	 1,691.15 

	
	
	
	On Hand Inventory
	 11,969.37 
	 5,734.57 
	 3,773.06 
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   

	
	
	
	Net Requirement
	
	
	
	 2,461.75 
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	Order Receipt
	
	
	
	 2,461.75 
	 1,961.51 
	 6,234.80 
	 1,961.51 
	 6,234.80 
	 1,961.51 
	 6,234.80 
	 1,961.51 
	 6,234.80 
	 1,961.51 
	 5,307.76 
	 1,691.15 

	
	
	
	Order Release
	
	
	 2,461.75 
	 1,961.51 
	 6,234.80 
	 1,961.51 
	 6,234.80 
	 1,961.51 
	 6,234.80 
	 1,961.51 
	 6,234.80 
	 1,961.51 
	 5,307.76 
	 1,691.15 
	


Comparison of Total Inventory Costs 
Subsequently, the procurement costs for all types of rebar are calculated using both lot-sizing techniques, as shown in Table 11 and Table 12. These procurement costs are then compared to identify the technique that results in the lowest procurement cost as shown in Table 13 and Figure 5.
Table 11. Total Inventory Cost using Silver Meal Algorithm

	No
	Rebar Type
	Purchasing Costs
	Ordering Costs
	Holding Costs
	Total Inventory Costs

	1
	Ø8 
	IDR      21,066,403.14
	IDR      887,006.45
	IDR 167,055.08
	IDR      22,120,464.66

	2
	Ø10 
	IDR      46,818,414.43
	IDR   1,971,301.66
	IDR 111,370.05
	IDR      48,901,086.14

	3
	D10 
	IDR    135,218,674.65
	IDR   5,693,417.88
	IDR 222,740.10
	IDR    141,134,832.63

	4
	D13 
	IDR 1,259,231,462.00
	IDR 53,020,272.08
	IDR 194,897.59
	IDR 1,312,446,631.67

	5
	D16 
	IDR    154,685,387.33
	IDR   7,902,560.48
	IDR 167,055.08
	IDR    162,755,002.89

	6
	D19 
	IDR 1,002,195,132.75
	IDR 42,197,689.80
	IDR 194,897.59
	IDR 1,044,587,720.14

	7
	D22 
	IDR    354,674,212.20
	IDR 14,933,651.04
	IDR 194,897.59
	IDR    369,802,760.83

	8
	D32 
	IDR    419,970,611.51
	IDR 17,682,973.12
	IDR 167,055.08
	IDR    437,820,639.70


Table 12. Total Inventory Cost using Wagner Whitin Algorithm
	No
	Rebar Type
	Purchasing Costs
	Ordering Costs
	Holding Costs
	Total Inventory Costs

	1
	Ø8 
	IDR      21,066,403.14
	IDR      887,006.45
	IDR        887,006.45
	IDR      21,953,409.59

	2
	Ø10 
	IDR      46,818,414.43
	IDR   1,971,301.66
	IDR     8,284,251.38
	IDR      55,102,665.81

	3
	D10 
	IDR    135,218,674.65
	IDR   5,693,417.88
	IDR   31,795,821.78
	IDR    167,014,496.43

	4
	D13 
	IDR 1,259,231,462.00
	IDR 53,020,272.08
	IDR 410,492,488.62
	IDR 1,669,723,950.61

	5
	D16 
	IDR    154,685,387.33
	IDR   7,902,560.48
	IDR   53,161,652.15
	IDR    233,337,259.55

	6
	D19 
	IDR 1,002,195,132.75
	IDR 42,197,689.80
	IDR 324,446,607.80
	IDR 1,326,641,740.55

	7
	D22 
	IDR    354,674,212.20
	IDR 14,933,651.04
	IDR 117,405,209.04
	IDR    472,079,421.24

	8
	D32 
	IDR    419,970,611.51
	IDR 17,682,973.12
	IDR 114,030,025.75
	IDR    534,000,637.26


Table 13. Comparison of Total MRP Costs

	No
	Rebar Type

(kg)
	
	Total Cost Material Inventory

	
	
	Silver Meal Algorithm
	Wagner Whitin Algorithm

	1
	Ø8 
	IDR
	22,120,464.66
	IDR
	21,953,409.59

	2
	Ø10
	IDR
	48,901,086.14
	IDR
	55,102,665.81

	3
	D10
	IDR
	141,134,832.63
	IDR
	167,014,496.43

	4
	D13
	IDR
	1,312,446,631.67
	IDR
	1,669,723,950.61

	5
	D16
	IDR
	162,755,002.89
	IDR
	233,337,259.55

	6
	D19
	IDR
	1,044,587,720.14
	IDR
	1,326,641,740.55

	7
	D22
	IDR
	369,802,760.83
	IDR
	472,079,421.24

	8
	D32 Rebar
	IDR
	437,820,639.70
	IDR
	534,000,637.26

	Total Material Inventory Cots
	IDR
	3,539,569,138.65
	IDR
	4,479,853,581.03



[image: image27]
Figure 5. Graphic Comparison of Total Costs Material Requirement Planning (MRP)
Among the two lot-sizing techniques, the Silver Meal Algorithm achieved the lowest procurement cost. This is consistent with the findings of studies conducted by Asmal et al., [17], Ikasari et al., [18], and Ernawati et al., [19]. The Silver Meal Algorithm is generally more effective for most materials, particularly those with high-volume demands and fluctuating demand patterns. In contrast, the Wagner-Whitin Algorithm is better suited for materials with stable demand patterns and relatively small order volumes.
In the previous study by Awati and Putra [16], supporting data were obtained from the bill of quantity for rebar (project data), which was then multiplied by 1.05 to account for leftover materials. In this study, rebar requirement data were based on the detailed engineering design input into the TRB Cubicost application, followed by an analysis to obtain the rebar quantity. Based on the resulting rebar quantity, it was multiplied by 1.05 to account for material waste.
CONCLUSION

Based on the analysis above, the calculation results using the Cubicost application indicated a total rebar requirement of 395,984.76 kg, compared to the project data, which showed a requirement of 399,648.92 kg. This finding demonstrates that using the Cubicost application is more advantageous, reducing the rebar requirement by 3,664.17 kg, or 1%, equivalent to a cost saving of IDR 34,809,590.78.  

Additionally, the total material inventory cost using the Silver Meal Algorithm lot-sizing technique was found to be lower than that of the Wagner-Whitin Algorithm. Implementing the Silver Meal Algorithm resulted in a rebar procurement cost of IDR 3,539,569,138.65, while the Wagner-Whitin Algorithm produced a procurement cost of IDR 4,479,853,581.03. These results indicate that the Silver Meal Algorithm is 21% more cost-effective in minimizing the total inventory cost of rebar compared to the Wagner-Whitin method. The D13 and D19 rebar types observed the most significant cost differences. However, for Ø8 and Ø10 rebar types, the cost differences between the two algorithms were less important. For Ø8 rebar, the Silver Meal Algorithm's total cost was slightly higher than that of the Wagner-Whitin Algorithm.
The findings of this study provide recommendations for contractors to adopt the Cubicost TRB application for more accurate material estimation. To ensure the accuracy of data generated by the Cubicost application, it is crucial to design rebar details with high precision that reflects actual site conditions. This ensures that rebar requirements are calculated accurately. However, the Cubicost TRB application does not allow the simultaneous display of all structures, making it challenging to visually verify that the rebar details are accurately represented according to site conditions. Furthermore, contractors are encouraged to select the most appropriate algorithm based on the type and demand pattern of materials to minimize total costs and improve material planning efficiency.
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