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Abstract. Due to the unstructured and random arrangement of material, the ce-
ramics industry faces efficiency challenges in its raw material storage warehouse.
This problem is exacerbated by the placement of dead stock in strategic areas
near the input/output (I/O) doors, resulting in long material handling distances
and hindering the smooth operation of the production process. This study aims to
redesign the warehouse layout to minimize space usage and increase efficiency
by comparing dedicated and shared storage methods. The research method adopts
a quantitative with analytical approach. The analysis begins with calculating
space requirements, material movement frequency (throughput), and the through-
put ratio per unit of space to determine the placement priority of each material.
Layout efficiency is evaluated by measuring and comparing the total travel dis-
tance using the rectilinear distance method in the initial and proposed conditions.
The analyzed material movement data are obtained from the company's historical
records. The results show that the proposed dedicated storage method can reduce
travel distance achieving an efficiency of 27.02%. Meanwhile, the shared storage
method demonstrated more optimal results, in reducing travel distance, achieving
an efficiency of 35.27% compared to the initial conditions. Thus, it can be con-
cluded that the shared storage method is superior in terms of travel distance effi-
ciency.

Keywords: layout optimization, warehouse efficiency, material handling.

1 Introduction

Effective warehouse management is key to ensuring a smooth supply chain and pro-
duction process [1]. However, many companies, including PT X, face efficiency chal-
lenges due to unsystematic material organization [2]. Random storage practices often
result in wasted space, slow search times, and ultimately hinder overall workflow [3].

Moreover, the problem at PT X is exacerbated by the placement of dead stock ma-
terials in strategic storage areas near the input/output (I/O) doors. This inappropriate
placement contradicts basic logistics principles, resulting in excessive material han-
dling distances. Consequently, it leads to significant operational inefficiency and po-
tential disruption to the smooth flow of materials within the warehouse [4].
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Numerous empirical studies have confirmed that the application of structured ware-
house layout methods can significantly improve operational efficiency. Studies by [5,
6, 7, 8, 9] indicate that dedicated storage methods effectively reduce warehouse density
and the distance traveled by workers. Previous literature has documented the success
of this method in optimizing storage in the automotive [10], printing [2], textile [11],
and logistics [12, 13] sectors, with a focus on improving orderliness and ease of material
accessibility.

In contrast, the shared storage method has proven effective in reducing total travel
distance in the rice processing [14, 15], chemical [3], textile [16], and finished product
[17,4, 18, 19, 20] industries, where flexibility and space utilization are key parameters.
A study by [1] examines the potential of combining both approaches to create a hybrid
model that maximizes space utilization in static warchouses. This approach emphasizes
that the choice between regularity (dedicated storage) and flexibility (shared storage) is
not always absolute; but can be strategically combined to achieve optimal results.

The novelty of this study lies in the formulation of a direct comparative analysis
between dedicated storage and shared storage methods within the authentic context of
the ceramics industry. Specifically, this study aims to identify the most effective ap-
proach for minimizing material handling distances and optimizing space utilization,
thereby producing data-driven strategic recommendations applicable to similar indus-
tries.

2 Research Method

This study uses a quantitative approach with an analytical design to evaluate and rede-
sign the warehouse layout [10]. The object of this study is the layout of the raw material
storage warehouse at PT X. The data used are primary data (direct observation, inter-
views, and layout measurements) and secondary data from the company's historical
records of material transactions from January to June 2025 [9]. The research flow began
with the identification of the problem, namely, space wastage and irregular arrangement
of goods [7]. The next stage was a literature study on dedicated and shared storage
methods [1]. Data processing and analysis were carried out through the following steps:
1. Space Requirement Calculation: The first step is to calculate the space required for
each type of material. Space requirements are determined based on the average
number of components and pallet/rack capacity [8], as shown in Formula (1).

Ji (M

Description:

Si = amount of space required

Jji = average number of components
bi = capacity of material rack/pallet
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Throughput Calculation (Ti): Throughput measures the frequency of movement (in-
out) of goods within a specific period of time, which reflects the activity level of an
item [12]. The calculation uses the following formula (2).

Mi Ki

Ti=— 4 —
S TIANY

2
Description:

Ti = throughput

Mi = average material input

Ki = average material output

Pi = material rack/pallet capacity

Throughput per Space Ratio (T/S) Calculation: This ratio is used to determine the
priority of item placement. A high T/S value indicates that an item has high move-
ment but uses little space, making it a priority for placement in a strategic location
near the I/O point [5]. The calculation uses the following formula (3).

Ti 3)
Si

Description:

Ti = throughput

Si = space requirement

Rectilinear Distance Calculation: The distance between the storage location and the
I/O point is calculated using the rectilinear distance method. This method is chosen
because the movement pattern in the warehouse generally follows straight and per-
pendicular paths (horizontal and vertical) [4]. The calculation uses the following
formula (4).

Dy = |xi — xj| + |yi — yj| Q)

Description:

D;; = distance from the storage slot to the input/output (I/O) doors

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

xj = distance from the center of the destination location to the X-axis
yi = Starting point for I/O calculation on the Y-axis

yj = distance from the center of the destination location to the Y-axis

Distance Calculation: This stage aims to calculate the total distance traveled by ma-
terial handling by multiplying the rectilinear distance value by the T/S ratio [14].
The results of this calculation form the basis for evaluating warehouse layout effi-
ciency. The calculation uses the following formula (5).
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T
Distance traveled = 3 X Rectilinear %)

3 Results and Discussion

3.1 Existing Layout Conditions and Material Priorities

The initial condition of the warehouse revealed an unstructured and random arrange-
ment of materials. The material storage facility at PT X has a layout measuring 60 me-
ters in length and 28 meters in width, covering a total area of 1,680 square meters. The
internal design of the facility is divided into 18 storage areas, with a central corridor
measuring 9.8 meters in width. The main access for material movement is facilitated
by a 10-meter-wide input/output (I/O) doors. There is also space allocated for specific
functions, namely one lot for the initial processing of stoneware and pigments, as well
as a temporary storage zone (TPS). The initial layout, which represents to the existing
design, is shown in Figure 1.

60m
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Fig. 1 Warehouse Layout

To redesign the layout, calculations were made to determine space requirements,
throughput, and the throughput per space (T/S) ratio, which helped prioritize the place-
ment of each material.

3.2  Space Requirement

Space requirements are calculated to determine the space allocation (i.e., the number of
pallet slots) required for each material based on its average storage volume. The results
of the calculation show significant variations in space requirements between the mate-
rials listed in Table 1.

Table 1. Space Requirement
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No Item code Item name Average inbound Space req
1 RMB-0000001 Calcium carbonat 4500,0 3
2 RMB-0000002 Bentonite powder 125,0 1
3 RMB-0000003 Bentonite lump 5025,8 3
4 RMB-0000004 Wollastonite 141,7 1
80 RMM -0000017 Noritake TA-60 IP 16000,0 11

Table 1 presents the quantification of space requirements for each material item,
calculated proportionally based on average inbound volume.

A significant positive correlation can be identified between the volume of incoming
materials and the number of storage slots allocated. For example, the material “Noritake
TA-60 IP” with the highest inbound volume (16,000.0) logically requires the most ex-
tensive space allocation, namely 11 slots. Conversely, materials with lower receipt vol-
umes, such as “Bentonite powder” (125.0) and “Wollastonite” (141.7), only require a
single allocation of 1 slot.

3.3  Throughput

Throughput represents the frequency of material handling activities (inbound and out-
bound) for each item in a given period. This value indicates the degree of dynamicity
of a material. Calculations regarding throughput are summarized in Table 2.

Table 2. Throughput

No Ttem code ltem name Average Averageout- Amount Through-

inbound bound per trip put
1 000%1(\)41]?;- Peptapon 205 0,0 0,0 1250 0,0
12 000%1342}3' Kaolin Ikc 325 94500,0  88683,3 1500 122,1
13 000%1342}3' Kaolin gr-01 0,0 0,0 1200 0,0
14 000%1(\)425' Cm 09 3800,0 31058 1250 55
15 000%1(\)42]3' Alumina al5 70,0 58,5 1250 0,1
%0 000%1(\)411\;[' E,Oﬂtake TA60 160000 11400,0 1250 219

Table 2 presents throughput data representing the frequency of movement or han-
dling activities for each material item. This throughput value is calculated by aggregat-
ing inbound and outbound material volumes, which are then divided by the standard
transport capacity per trip. The analysis results show significant disparities in handling
activities between materials. For example, Kaolin lkc 325 material shows the highest
throughput value (122,1), indicating it as a fast-moving item with the most intensive
handling frequency. On the other hand, this analysis also identified several materials,
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such as Peptapon 205 and Kaolin gr-01, that had a throughput value of 0,0, so they
could be classified as dead stock.

Materials with the highest T/S values are prioritized for placement at locations clos-
est to the I/O. Table 3 shows some of the results of the material sequence based on the
highest T/S values.

Table 3. Throughput / Space Requirement

Item code Item name req.Space pUtThrough- /8 (Lt:im o
OOO}})I(\)%(I}- Sodium felspar 1 6,0 6,0 1
000%1(\;[1}2' Ballstone uk. 6-8 cm 1 5,2 5.2 2
000%1(\)/{)1?' Gyp. Prestia ceracast 3 10,8 36 3
000%349? . Ballstone uk. 4-6 cm 1 34 34 4
000055 s B e
000%1(\;;(5}' Fritt boron 5118 0 0,0 0,0 80

The priority of material placement is ranked in descending order based on the T/S
ratio value, where a higher value indicates a higher priority for placement in the most
strategic location. For example, the material ‘Sodium felspar’ ranks first in priority with
the highest T/S value (6,0), which indicates very high movement activity relative to its
minimal space requirements. Conversely, materials with the lowest T/S values, such as
Fritt boron 5118 (T/S = 0,0), are assigned the lowest priority. The priority order result-
ing from this T/S analysis forms the fundamental basis for redesigning the warehouse
layout to achieve optimal operational efficiency.
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34 Calculation of Total Distance Traveled

The total material handling distance calculation for this layout, based on historical data
from January to June 2025, was 4,333.9 meters. This calculation was performed using
formula (4) to determine the rectilinear distance and formula (5) to calculate the travel
distance. This high distance confirms the existence of inefficiencies caused by material
placement that does not consider movement frequency, especially the placement of
slow-moving items near the I/O point. Data on travel distance calculations are summa-
rized in Table 4.

Table 4. Travel Distance

Item code Item name _ Rectilinear T/S Travel dis-
distance tance

G97 Kaolin QH 89 23,85 1,9 45,8

B 49 Potassium feldspar pf-01 28,1 2,0 56,9

B 01 Calcium carbonate 28,55 2,5 72,7

G73 Zirconium silicate kzm-150 27,9 0,2 5,1

B 31 Kaolin nzcc 28,8 1,7 49,3

B 88 Alumina 200# 54ca 14,8 0,0 0,0

Total Travel Distance 43339

Table 4 presents the quantification of total travel distance for material handling ac-
tivities in the initial warehouse layout configuration. The travel distance calculation for
each item is the product of the rectilinear distance (physical distance from the I/O point
to the storage location) and the material handling frequency (represented by the T/S or
throughput value). Data analysis reveals that materials with a high handling frequency,
when placed at distant locations, contribute significantly to the total travel distance. For
example, calcium carbonate produces a travel distance of 72,7 m due to a relatively
high combination of distance and frequency. Conversely, the zirconium silicate KZM-
150 material contributed only 5.1 meters to the total distance, due to its very low fre-
quency, despite being at a similar location. The accumulation of all these activities re-
sulted in a total travel distance of 4333,9 meters. This value serves as a crucial baseline
for evaluating the efficiency level of the proposed warchouse layout redesign.

3.5 Layout Proposal Using Dedicated Storage

The proposed layout was designed using the dedicated storage method, in which each
material is assigned a fixed and specific storage location. The allocation of these loca-
tions is prioritized based on the T/S ratio value, with materials that have the highest
ratio (such as Sodium Felspar) placed closest to the I/O point.
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Fig. 2. Proposed Dedicated Storage Layout

The total distance traveled for the dedicated storage layout is calculated to be 3,162.8
meters. This figure shows a reduction in distance traveled of 1,171.1 meters compared
to the initial design. Thus, the proposed dedicated storage layout has achieved an effi-
ciency improvement of 27.02%. This demonstrates that organizing materials based on
their movement frequency can lead to a more efficient material flow, resulting in re-
duced operator time and energy. The primary advantages of this method are its regular-
ity and ease of material acquisition. The proposed layout, designed using this method,
is illustrated in Figure 2.

3.6 Layout Proposal Using Shared Storage

The second layout proposal was designed using the shared storage method. This ap-
proach offers greater flexibility, where available slots can be used alternately by differ-
ent materials as needed, while still prioritizing high-frequency items to be located near
the I/O area.

The analysis results show that the total distance traveled for the shared storage layout
is 2,805.2 meters. This distance is a significant reduction compared to both the initial
design and the dedicated storage layout. The increase in efficiency compared to the
initial condition reaches 35.27%, or a decrease in distance of 1,528.6 meters. The ad-
vantage of the shared storage method in reducing travel distance is due to its ability to
dynamically maximize space utilization, ensuring that no empty slots are wasted while
waiting for materials to be replenished. The proposed layout, designed using this
method, is illustrated in Figure 3.
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N ]
Fig. 3. Proposed Shared Storage Layout

3.7 Comparison of Methods

A comparison between the two proposed methods shows a clear trade-off. The shared
storage method proved to be more effective in minimizing travel distance, with results
11.30% more efficient than dedicated storage. This finding is consistent with previous
literature that also documents the effectiveness of shared storage in the chemical [3],
finished goods [4], textile [16], and rice processing industries [14], which consistently
conclude that the flexibility and dynamic space utilization that characterize this method
are crucial factors in minimizing the total distance traveled in material handling. This
makes it a superior choice if the company's main objective is to optimize movement
efficiency and maximize space capacity utilization.

On the other hand, the dedicated storage method offers significant advantages in
terms of simplicity, orderliness, and ease of locating goods, as each product has a per-
manent location. This can reduce search time and minimize errors in the picking pro-
cess. These operational advantages have been validated by previous studies, such as
those in the textile industry, which have proven an increase in order picking efficiency,
as well as successful optimization in the automotive components [10] and logistics sec-
tors [12] achieved through the implementation of a structured warehouse layout.

The implementation of shared storage, although more efficient, necessitates a more
sophisticated inventory control system to track the dynamic location of materials accu-
rately. The selection of the best method will depend on the company's strategic priori-
ties: maximizing efficiency and space utilization (shared storage) or ensuring regularity
and ease of operation (dedicated storage).

3.8 Conclusion

This study successfully analyzed the inefficiencies of the existing raw material ware-
house layout at PT X, which proved to be inefficient due to the random placement of
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materials. The application of structured storage methods, particularly shared storage,
proved to be substantially superior in reducing the total distance traveled by material
handling compared to dedicated storage methods. However, dedicated storage methods
have the advantage of creating a storage system that is more organized and accessible
than shared storage methods. The practical implication of these findings is the provision
of a strategic framework for similar industries to increase productivity through layout
optimization. Theoretically, this study enriches the warehouse management literature
by presenting a direct comparative analysis in the context of the authentic ceramics
industry.

However, this study has limitations because it only focuses on distance parameters
and does not include a cost-benefit analysis of system implementation, such as the in-
formation technology investment required to track dynamic locations in the shared stor-
age method. Therefore, further research is recommended to integrate economic analy-
sis, explore hybrid storage models that combine the advantages of both approaches, or
utilize simulation modeling to test the design's resilience against demand variability,
thereby producing more comprehensive and holistic recommendations.
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