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Abstract. A company that produces porcelain tableware experiences problems 

in storing materials in its warehouses, which results in their materials being po-

sitioned randomly based on available space and placing deadstock in the front 

area. Many storage areas remain underutilized, causing some materials to be 

stored outside their designated areas. This situation makes it difficult for ware-

house operators to handle materials with the highest movement due to their irreg-

ular position, resulting in a very high travel distance for the material from January 

to June 2025. This study aims to provide suggestions for more practical and effi-

cient material storage. The class-based storage method is applied to solve the 

problem by classifying materials based on their movement value and divided into 

classes A, B, and C. After classification, nine materials were identified for as 

class A or fast moving, another nine other materials as class B or slow moving, 

55 materials as class C or non-moving, and seven items as deadstock, materials 

making a total of 80 materials. The class-based storage method can also reduce 

the total distance traveled by up to 41%. 
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1 Introduction 

Warehouses in the modern manufacturing industry are a crucial component of a com-

pany's supply chain. According to [1], warehouse storage must be reorganized to 

achieve greater effectiveness and efficiency. [2] state that the distance travelled and the 

time required to retrieve materials are influenced by their storage location within the 

warehouse, which in turn affects the efficiency of the order picking process. One of the 

most challenging problems in logistics system planning is determining the ideal ware-

house layout, as it involves numerous important factors, including warehouse space 

configuration, material handling systems, product characteristics, demand patterns, 

product movement, and space requirements [3]. 

At PT Z's material warehouse, which handles porcelain, the storage process is based 

solely on available space. Materials are placed randomly without considering their 

movement value of the materials. Warehouse operators often mix certain materials with 

other materials. This results in a long travel distances for materials moving in and out 
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of the warehouse. From January 2025 to June 2025, the total distance traveled by all 

materials entering and leaving the warehouse was 48,086 meters, equivalent to approx-

imately 48 kilometers, over six months. Improving the warehouse layout using the 

Class-Based Storage (CBS) method can solve the problems experienced by PT Z. Ac-

cording to [4], CBS can reduce the distance of material movement by placing material 

storage close to the I/O door. The principle of the CBS method is to group materials 

based on specific criteria, after which the material groups are positioned in strategic 

areas [2]. Therefore, the CBS approach was selected to classify porcelain materials us-

ing the ABC method based on their movement frequency and to determine the distance 

traveled after improvements were made. This ensures that the warehouse layout can be 

arranged more efficiently and aligned with operational needs. 

2 Literature Review 

Class-Based Storage (CBS) strategies have long been recognized as effective in reduc-

ing picking distances and improving warehouse efficiency compared to random or ded-

icated storage. [5] developed a probabilistic model to estimate the average travel dis-

tance in a two-block warehouse, while [6] demonstrated that CBS can increase space 

utilization and reduce material handling distances by up to 45%. In terms of warehouse 

design, [7] integrated CBS with non-traditional configurations, such as diagonal cross-

aisles, to reduce cycle time. Meanwhile, [8] and [9] proposed optimization approaches 

using PSO algorithms and constrained clustering to make CBS more adaptive to oper-

ational conditions. 

Previous studies on Class-Based Storage (CBS) have primarily focused on its appli-

cation in high-tech warehouses, utilizing simulation approaches, mathematical models, 

and automation system optimization in automated environments such as shuttle-based 

storage and retrieval systems [10, 11, 12, 13]. Although several field studies have 

shown that CBS can reduce material transfer distances, such as lowering picker travel 

distances, speeding up the picking process, and increasing storage capacity [14, 15, 16], 

the direct relationship between ABC classification and minimizing material handling 

distances in raw material warehouses in traditional manufacturing industries has rarely 

been studied. This study applies the CBS method based on ABC classification in the 

redesign of the raw material warehouse layout to minimize material travel distance. The 

novelty of this study lies in its focus on reducing material handling distance in a porce-

lain material warehouse, utilizing actual data from six periods, unlike previous studies 

that have emphasized simulation or capacity improvement. Thus, this study enriches 

CBS literature while offering practical solutions for the manufacturing industry. 

3 Research Method 

This study is a case study conducted at the raw material warehouse of PT Z. The data 

used consist of historical data of material inflows and outflows. This study employs a 

confirmatory approach, by applying the Class-Based Storage (CBS) method to a real-

world case to assess its impact on material handling distance efficiency. The analysis 

was carried out using the ABC classification method, the CBS application, and 
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rectilinear distance calculations. Data processing was performed through the following 

steps: 

1 Throughput calculations are performed to determine the movement of goods within 

a company by creating a priority scale, where high movement levels are placed clos-

est to the exit or entrance, followed by materials with the least movement [17]. 

Throughput is obtained using the formula (1): 

. 

2 The rectilinear distance method is a method used to calculate the distance traveled 

by raw materials by following a path that forms a right angle. The distance is meas-

ured by following one line perpendicular to another line [18]. To obtain the distance 

of the material, the following formula is used (2): 

. 

T = 
Average incoming material 

Total single transport 
+ 

Average outgoing material 

Total single transport
                  (1) 

Dij = |xi − xj| + |yi − yj|        (2) 

Description: 

Dij = Distance from storage slot to entry/exit point (I/O) 

xi = Starting point for I/O calculation on the X axis 

tion to the X axis xj = 

yi = Starting point for I/O calculation on the Y axis 

Distance from the center of the destination loca 

yj = Distance from the center of the destination location to the Y axis 

4 Results and Discussion 

4.1 Warehou

 
 

 

 

 

 

 

se Layout 

Fig. 1. Warehouse Layout 

The material warehouse at PT Z measures 60 meters in length and 28 meters in width, 

totaling 1,680 square meters. The central area of the warehouse, measuring 9.8 m, is 

used as a material loading and unloading area, with an I/O door width of 10 meters. 
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There are 80 materials in the warehouse, totaling 755 pallets measuring 1.3 x 1.1 m. In 

storage lot T, there are seven deadstock materials, which are marked in gray (see Error! R 

eference source not found.). 

4.2 Historical Data on Material Inflows and Outflows 

Research conducted at the PT Z material warehouse yielded average material entry and 

exit data, as shown in Table 1. 

Table 1. Average Material in and Out 

Material Average in (kg) Average out 

(kg) 

Frequency (kg) 

Calcium carbonate 4,500 5,043 9,543 

Bentonite powder 125 183 308 

Bentonite lump 5,026 8,887 13,913 

Noritake TA-60 IP 16,000 11,400 27,400 

Total   1,627,471 

Table 1 presents the average values for material output and input in kilograms, to-

taling 1,627,471 kg. 

4.3 Distance of Prefix Material from I/O Port 

Table 2 shows the results of calculating the distance of each material to the I/O (in or 

out) point corresponding to the initial layout. The distance of the material is used to 

determine the total distance of material movement in and out. The calculation uses for-

mula (2): 

Dij = |xi − xj| + |yi − yj| = |14 − 3,25| + |0 − 13,1| = 23,85 m 

Table 2. Rectilinear Distance Prefix 

Material Xi Xj Yi Yj Material distance (m) 

Kaolin QH 89 14 3.25 0 13.1 23.85 

Potassium feldspar PF-
14 0.65 0 14.75 28.1  

Calcium carbonate 14 1.3 0 15.85 28.55  

… 

Noval K 95 

 

14 

 

26.85 

 

0 

 

48.55

 

61.4  

Table 2 shows the variation in material distance to the I/O door in the initial layout, 

ranging from 23.85 to 61.4 meters. This indicates that material placement is still inef-

ficient, which can impact material handling movements. 
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4.4 Throughput 

The throughput calculation in Table 3 aims to determine the average movement in and 

out of the warehouse for each material over six months using formula (1): 

T = 
4500 

1250 
+ 

5043 

1250 
= 7,6 

Table 3. Throughput Value 

Material Average in Average out Number of trans-

ports 

Throughput 

Calcium carbonate 4,500 5,043 1,250 7.6 

Bentonite powder 125 183 1,500 0.2 

Bentonite lump 5,026 8,887 1,500 9.3 

… 

Noritake TA-60 IP 

 

16,000 

 

11,400 

 

1,250 

 

21,9 

 Table 3 presents the calculated throughput values for each material that generated 

activity or movement over six months. These materials have varying levels of move-

ment. 

4.5 Total Distance Traveled by Initial Material 

Table 4 shows the calculation of the total distance traveled by each material by calcu-

lating the distance of the material to the I/O door multiplied by the total movement of 

the material (throughput). 

Table 4. Initial Distance 

Material Distance (m) Throughput Travel distance (m) 

Kaolin QH 89 23.85 106.8 2546.5 

Potassium feldspar PF-01 28.1 2.0 56.9 

Calcium Carbonate 28.55 7.6 218.0 

Noval K 95 61.4 1.1 0.0 

Total Distance Travelled   48,086 

 Table 4 shows that the distance traveled by the material reached approximately 48 

km, or 48,086 m. 

4.6 ABC Class Classification 

Table 5 presents the results of classifying each material based on the frequency of ma-

terial handling (MH) using a forklift with a maximum transport capacity of 1,500 kg. 

The material handling frequency is calculated by dividing the average frequency of 

entries and exits by the maximum transport capacity. There are three classification clas-

ses: A, B, and C. Class A represents as fast-moving material, Class B represents slow-

moving materials, and Class C represents as non-moving materials. 
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Table 5. ABC Classification 

Material MH Fre-

quency 

Frequency 

Percentage 

Cumulative 

Percentage 

Class 

Silica powder #200 176.52 16.269 16.27% A 

Potasium feldspar 200# 124.36 11.462 27.73% 

Kaolin LKC 325 122.12 11.256 38.99% 

… 

Alumina oxide 200# 

 

50.53 

 

4.658 

 

79.31% 

Potassium feldspar MSCS 40.89 3.769 83.08% B 

200# 

Silica powder 325# 36.52 3.366 86.45% 

Noritake TA-60 IP 18.27 1.684 88.13% 

…    

Potashium feldspar lam- 8.26 0.761 94.58% 

pung linoco 200# 

Dolomite 6.40 0.589 95.16% C 

Calcium carbonate 6.36 0.586 95.75% 

Alumina oxide 325# 5.80 0.534 96.29% 

… 

Surface hardner B (4 Ltr) 

 

0.00 

 

0.0001 

 

100.00% 

Peptapon 9 0 0.00 100.00% Dea 

Peptapon 205 0 0.00 100.00% d 

… 

Fritt boron 5118 

 

0 

 

0.00 

 

100.00% 

stoc 

k 

 1,085 100.00   

4.7 Propos 

Class A materi n red, as shown 

in Figure 2. 

 

ed Layout 

als are marked in green, class B in yellow, and class C i 

Fig. 2. Proposed Layout 
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4.8 Distance of Proposed Material from I/O Door 

After adjusting the layout based on classification, the updated material distances were 

obtained. Table 6 presents the results of calculating the distance of each material to the 

I/O door according to the proposed layout. 

Table 6. Proposed Material Distance 

Material Xi Xj Yi Yj Material distance (m) 

Kaolin LKC 60 14 3.25 0 13.1 23.85 

Kaolin NZCC 14 3.25 0 15.85 26.6 

Silica powder 325# 14 3.25 0 18.6 29.35 

… 

Peptapon 205 

 

14 

 

24.25 

 

0 

 

47.45 

 

57.7 

 Table 6 shows the distance of each material after the layout was improved. The po-

sition or distance of the material furthest from the I/O door is 57.7 m, which is a de-

crease from the position before the improvement. 

4.9 Proposed Material Travel Distance 

The proposed layout improvement design affects the position of materials compared to 

the initial layout. This results in a reduction in the distance between materials with high 

movement levels to the smallest movements, as shown in Table 7. 

Table 7. Proposed Distance 

Material Distance (m) Throughput Total distance traveled 

(m) 

Kaolin LKC 60 23.85 88.5 2110.6 

Kaolin NZCC 26.6 79.5 2114.4 

Silica powder 325# 29.35 43.8 1286.1 

Borax 31 17.1 529.1 

Peptapon 205 57.7 0.0 0.0 

Total Distance Traveled   28,303 

 Table 7 illustrates the reduction in material handling distance resulting from the im-

plementation of these improvements. With the proposed layout, the material handling 

distance can be reduced to approximately 28 km, or 28,303 m. 

4.10 Comparison Before and After Repair 

The comparison between the initial layout and the proposed layout reveals a significant 

difference in the total distance traveled by materials over six months. In the initial de-

sign, the total distance traveled by materials was very high, reaching 48,086 m, reflect-

ing ongoing inefficiency in the movement of raw materials. After improving the layout 

by applying the ABC classification-based Class-Based Storage approach, the total dis-

tance traveled was successfully reduced to 28,303 m. This represents a reduction of 
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19,783 m, or a decrease of 41.14% compared to the initial layout. This reduction 

demonstrates that the proposed layout can have a tangible impact on material movement 

efficiency, thereby not only reducing travel distance but also potentially lowering the 

time, energy, and operational costs incurred by the company in the long term. 

5 Conclusion 

Based on the study's results, the ABC classification identified nine materials classified 

as A, nine as B, 55 as Class C (non-moving), and seven as deadstock. The results of the 

layout comparison evaluation indicate that the total material handling distance can be 

significantly reduced by implementing the proposed layout using the ABC classifica-

tion-based Class-Based Storage approach, resulting in a decrease in material travel dis-

tance. This demonstrates that the CBS method is a viable option for improving ware-

house efficiency.  

For future research, it is recommended that the focus not only be on reducing mate-

rial handling distances, but also include aspects such as costs, the time spent by opera-

tors in picking and storage activities, and the optimization of overall labor utilization. 

In addition, physical factors of the warehouse, such as the width of aisles for forklift 

movement, access routes between racks, and building structure design which can affect 

material distribution, also need to be considered. The use of simulation software, such 

as FlexSim or AnyLogic, can serve as an alternative to for testing the performance of 

layout designs before their actual implementation in the field.  

The implications of this study indicate that applying Class-Based Storage with ABC 

classification is not only effective in reducing material travel distance but also contrib-

utes to the development of academic literature on warehouse layout management. No-

tably, these findings can serve as practical guidelines for manufacturing companies to 

improve operational efficiency, optimize space utilization, and support data-driven de-

cision-making in warehouse management. 
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