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This study is motivated by the importance of efficiency in material handling 

within warehouse logistics systems, which is influenced by physical factors, 

particularly the coefficient of friction of floor surfaces. The objective of this 

research is to analyze the effect of the coefficient of friction on pushing force 

and the operational efficiency of material handling in warehouses. The method 

employed is a direct experimental approach by moving a 10 kg load using a 

trolley over a distance of 5 meters on three types of surfaces: ceramic, wood, 

and carpet. Each treatment was repeated 20 times. The observed variables 

include pushing force, travel time, work, efficiency, and coefficient of friction, 

which were subsequently analyzed using descriptive and inferential statistics. 

The results indicate that an increase in the coefficient of friction significantly 

increases the required pushing force and travel time, while reducing system 

efficiency. The ANOVA test produced a significance value of 0.000 (<0.05), 

indicating a significant difference among the surface types. Furthermore, 

Pearson correlation analysis revealed a very strong relationship between the 

coefficient of friction and pushing force (r = 0.990). Ceramic surfaces yielded 

the highest efficiency compared to wood and carpet. The study concludes that 

selecting floor materials with a low coefficient of friction can significantly 

improve the operational efficiency of material handling in warehouses, making 

it an important consideration in logistics system design. 
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1. Introduction 

In logistics systems, the efficiency of goods handling is 

crucial for reducing operational costs. One of the main factors is 

the friction force between surfaces and handling equipment [1]. 

This study aims to analyze the relationship between the 

coefficient of friction and the efficiency of goods handling. 

Operational efficiency in warehousing systems is one of the 

critical aspects in supporting modern supply chain performance. 

The process of moving goods that requires large pushing forces 

has the potential to increase energy consumption, extend working 

time, and raise overall operational costs. This condition can 

directly affect the productivity and effectiveness of the 

distribution process [2]. 

One of the physical factors influencing the goods handling 

process is the coefficient of friction between handling equipment, 

such as trolleys or pallet movers, and the warehouse floor surface 

[3]. A higher coefficient of friction increases the force required to 

move the load, thereby affecting the operational performance of 

the system. 

In the context of industrial engineering and logistics, 

understanding the relationship between the coefficient of friction, 

driving force, and operational efficiency is very important as a 

basis for decision-making in warehouse floor design, selection of 

material handling equipment, and optimization of material 

handling processes. One of the physical factors influencing this 

process is the friction force between trolley wheels or the base of 

goods and the floor surface. The greater the friction force, the 

greater the force required to move the goods [4]. 

https://doi.org/10.63643/jges.v3i2.332
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However, studies that specifically examine the effect of the 

coefficient of friction on the pushing force and operational 

efficiency in warehouse systems remain relatively limited. Most 

previous studies have focused more on basic mechanics and 

theoretical analysis, without integrating repeated experimental 

testing accompanied by inferential statistical analysis. 

In addition, studies that link physical parameters with 

practical implications for energy efficiency, operator 

productivity, and logistics operational costs are still rarely found. 

Yet, such information is very important for designing effective 

and efficient material handling systems. 

Based on this research gap, this study aims to analyze the 

effect of the coefficient of friction on the required pushing force 

and its implications for operational efficiency in the goods 

handling process in warehouses through a direct experimental 

approach and statistical analysis. The results of this study are 

expected to produce a quantitative model as a basis for selecting 

warehouse floor materials and optimizing the use of material 

handling equipment. 

One of the phenomena commonly encountered in daily life 

is friction. Frictional force is an interesting topic to study in 

physics education [5]. Friction arises due to the relative motion 

between two contacting surfaces, causing movement between 

them to become restricted and hindered. The greater the frictional 

force, the stronger or more “adherent” the contact between the 

surfaces [6]. Friction occurs when two objects are in contact, and 

its direction is opposite to the direction of motion of the object, 

or tends to oppose the direction in which the object is about to 

move [7]. Friction is influenced by the roughness level of the 

surfaces in contact as well as the normal force between the two 

objects [8]. Surface roughness affects the coefficient of friction at 

the contact interface. 

The frictional force acting when an object moves relative to 

another medium is called kinetic friction. One way to study 

friction is by sliding an object on an inclined plane system [9]. An 

object placed on an inclined plane will slide when the component 

of gravitational force parallel to the plane is greater than the 

maximum static friction force. When the object is in motion, the 

friction acting on it is kinetic friction. 

Experimentally determining the coefficient of kinetic 

friction using conventional methods is relatively complex, 

involving many parameters that must be collected and analyzed. 

Manual observation of the travel time of an object along an 

inclined plane also requires careful attention and is difficult to 

perform, especially for relatively short track lengths [10]. 

This study was conducted to determine the relationship 

between the coefficient of friction and the efficiency of goods 

handling through direct experimentation.  

2. LITERATURE REVIEW 

2.1. Basic Concepts of Frictional Force 

Frictional force is one of the most commonly encountered 

physical phenomena in both daily life and industrial applications. 

It is also an interesting topic in physics education due to its wide 

relevance [11]. Friction arises due to the relative motion between 

two contacting surfaces, causing the movement of an object 

against another to be hindered [12]. The greater the frictional 

force, the stronger the interaction between the two surfaces. 

Friction occurs when two objects are in contact, and its 

direction is opposite to the direction of motion of the object or 

tends to oppose the direction in which the object is about to move. 

This characteristic makes friction a force that always acts to resist 

motion [6]. The factors that influence the magnitude of frictional 

force include the surface roughness of the two contacting bodies 

and the contact force between them, known as the normal force 

[8]. Surface roughness directly affects the coefficient of friction 

at the contact interface [13]. 

Mathematically, the relationship between frictional force, 

coefficient of friction, and normal force can be expressed by the 

following equation: 

f = μ × N 

where f is the frictional force (Newton), μ is the coefficient 

of friction (dimensionless), and N is the normal force acting 

perpendicular to the contact surface (Newton). This equation 

applies to both the static friction coefficient (μs) and the kinetic 

friction coefficient (μk). 

2.2. Static and Kinetic Coefficients of Friction 

In applied physics studies, there are two types of friction 

coefficients relevant to the analysis of goods handling, namely the 

static friction coefficient (μs) and the kinetic friction coefficient 

(μk). The static friction coefficient represents the magnitude of 

frictional resistance when an object is still at rest and about to start 

moving, whereas the kinetic friction coefficient represents the 

frictional resistance when the object is already in motion. 

Previous studies have analyzed static and kinetic friction 

coefficients on various material surfaces, such as wood, glass, and 

aluminum, through experiments involving object motion on 

inclined planes. The results show that the value of the static 

friction coefficient (μs) is generally higher than the kinetic 

friction coefficient (μk) across various material pairings [14]. 

This finding is consistent with the physical principle that the force 

required to initiate motion is always greater than the force needed 

to maintain motion. 

Other studies have also examined kinetic frictional force 

acting when an object moves relative to another surface using an 

inclined plane system. Under certain conditions, an object placed 

on an inclined plane will begin to slide when the component of 

gravitational force parallel to the plane exceeds the maximum 

static friction force. Once the object starts moving, the friction 

acting on it becomes kinetic friction [15]. This approach is widely 

used in experimental research to accurately determine the 

coefficient of friction. 

Another study analyzed static and kinetic friction 

coefficients for various material surface pairs on an inclined plane 

using video tracking analysis applications. The results showed 

that the lowest coefficient of friction was observed for the tile–

tile surface pair (0.291 ± 0.004), while the highest value was 

found for the aluminum–wood pair (0.65 ± 0.013) [16]. These 

findings demonstrate that the type of surface material 

significantly influences the magnitude of the friction coefficient. 

 

2.3. Factors Affecting the Coefficient of Friction 

The coefficient of friction is influenced by several factors 

that need to be understood in the context of warehouse material 

handling. Frictional force is affected by two main factors, namely 

the surface roughness of the two contacting bodies and the contact 
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force between them (normal force). Surface roughness is an 

important parameter because it is directly related to the physical 

characteristics of warehouse flooring materials and the bases of 

handling equipment used [17]. 

Research on the testing of friction coefficients of plate 

surfaces with variations in lubrication shows that surface 

roughness significantly affects the coefficient of friction. Under 

dry conditions, the rougher the surface, the greater the friction 

angle and the coefficient of friction. However, the use of 

lubricants with certain viscosities can alter this relationship 

pattern [18]. These findings provide important implications for 

the selection of flooring types and handling equipment in 

warehouse environments. 

 

3. METHODOLOGY 

The research method used is a quantitative experimental 

approach with a simulation of load transfer on various types of 

surfaces. A load of 10 kg was moved over a distance of 5 meters 

using a trolley. Variations in the coefficient of friction were 

determined based on the type of surface, namely ceramic/iron (μ 

= 0.2), wood (μ = 0.3), and rubber/carpet (μ = 0.5). 

The frictional force is calculated based on the relationship: 

 

𝐹 = 𝜇𝑁 

The work (W) performed during the transfer is formulated 

as: 

𝑊 = 𝐹 ⋅ 𝑠 

System efficiency is calculated by comparing ideal work to 

actual work: 

𝜂 =
𝑊𝑖𝑑𝑒𝑎𝑙

𝑊𝑎𝑘𝑡𝑢𝑎𝑙
× 100% 

 

Data collection was carried out through 20 repetitions for 

each type of surface to improve reliability and minimize 

measurement errors. The observed variables include pushing 

force (N) and travel time (seconds), which are then used to 

calculate work, coefficient of friction, and efficiency. 

Data processing techniques include descriptive statistical 

analysis (mean and standard deviation) as well as inferential 

analysis in the form of ANOVA tests to examine differences 

between groups, Pearson correlation analysis to assess 

relationships between variables, and linear regression to model 

the effect of the coefficient of friction on force and efficiency. 

 

4. RESULTS AND DISCUSSION 

4.1. Data Processing Results  

The results of data processing from the experiment on the 

effect of surface type on frictional force, work, and the efficiency 

of object movement are presented. The surface variations used 

include ceramic, wood, and carpet, each of which has different 

roughness characteristics and contact interactions. The analyzed 

parameters include the average frictional force, standard 

deviation (SD), coefficient of friction (μ), work required to move 

the object, and system efficiency. The processed data are 

presented in Table 1. 

 

Table 1. Data Processing Results 

Surface  𝑭̅ (N) SD μ Work 

(J) 

Efficiency 

(%) 

Ceramic 19.0 1.0 0.19 95.0 100.0 

Wood 29.0 1.0 0.29 145.0 65.52 

Carpet 46.0 1.0 0.46 230.0 41.3 

 

Based on the obtained data, it can be observed that the type 

of surface has a significant effect on the values of frictional force, 

coefficient of friction, work, and relative efficiency. The ceramic 

surface shows the lowest frictional force value, namely 19.0 N 

with a coefficient of friction of 0.19. This indicates that the 

ceramic surface has a relatively low level of roughness, resulting 

in minimal interaction between the two surfaces. Consequently, 

the work required to move the object is also the lowest, namely 

95.0 J. The relative efficiency value of 100% for this surface is 

obtained because it is used as the reference condition with 

minimum work. In this study, relative efficiency is defined as the 

ratio of minimum work to the work on each surface; therefore, 

lower values indicate higher energy requirements due to 

increased frictional force. 

In contrast, the carpet surface shows the highest frictional force 

value, namely 46.0 N with a coefficient of friction of 0.46. This 

high value is caused by the rough and fibrous structure of the 

carpet surface, which increases the resistance to object 

movement. As a consequence, the required work increases to 

230.0 J, while system efficiency decreases significantly to 41.3%. 

The wood surface is in an intermediate condition, with a 

frictional force value of 29.0 N and a coefficient of friction of 

0.29. The required work is 145.0 J with an efficiency of 65.52%. 

This indicates that wood has a moderate level of roughness, 

resulting in frictional force and efficiency values between those 

of ceramic and carpet. 

Overall, the results of this study show that as the coefficient 

of friction of a surface increases, the force and work required to 

move an object also increase, while the resulting efficiency 

decreases. This relationship confirms that the material surface 

characteristics play an important role in determining the 

performance of object handling systems. 

4.2. Mathematical Analysis 

Mathematical analysis was conducted to quantify the 

relationship between the physical parameters involved in the 

object transfer process on various types of surfaces. The 

calculations include the mean force, standard deviation, 

coefficient of friction, work, and system efficiency using relevant 

mathematical equations. This approach aims to provide a 

quantitative basis for interpreting the experimental results and 

evaluating the consistency of the obtained data. Through this 

analysis, the relationship between frictional force and transfer 

system performance can be explained in a more systematic and 

measurable manner. 

  

Mean: 

 
Standard deviation: 
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Coefficient of friction:  

 
Work:  

 
Efficiency:  

 

 
Figure 1. Data Distribution  

 

 
Figure 2. 3D Graph of Coefficient of Friction, Force, and 

Efficiency 

 

The average force values for ceramic, wood, and carpet are 

19.00 N, 29.00 N, and 46.00 N, respectively. The small standard 

deviation indicates that the experimental results are consistent. 

The results show a linear relationship between the 

coefficient of friction and force. Efficiency decreases as the 

coefficient of friction increases because more energy is dissipated 

in overcoming friction. In a warehouse context, the use of low-

friction materials can significantly improve operational 

efficiency. The greater the coefficient of friction, the greater the 

force required to move goods. This leads to a significant reduction 

in system efficiency. The small error bars indicate that the 

experimental data are stable and reliable. 

4.3. Statistical Analysis 

Analysis of Variance (ANOVA) was used to evaluate 

the significance of differences in mean pushing force across 

various types of surfaces. This approach enables the identification 

of the effect of treatment variations on the observed response in a 

statistical manner. The results of the analysis are presented in 

Table 2. 

  

 

Table 2. ANOVA Analysis 

Source 
Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

Between 

Groups 
7533.20 2 3766.60 7160.80 0.000 

Within 

Groups 
30.00 57 0.53     

Total 7563.20 59       

 

Based on the ANOVA test results, an F-value of 7160.80 was 

obtained with a significance value of 0.000. Since the significance 

value is less than 0.05, there is a statistically significant difference 

in pushing force among the three types of surfaces. 

 

Table 3. Descriptive Statistics 

Variable N Mean 
Std. 

Deviation 
Minimum Maximum 

Ceramic 20 19.00 0.73 18 20 

Wood 20 29.00 0.73 28 30 

Carpet 20 46.00 0.73 45 47 

 

Based on the descriptive analysis, the highest average pushing 

force was observed on the carpet surface at 46 N, while the lowest 

was on the ceramic surface at 19 N. 

 

Tabel 4. Pearson Correlation 

Variable μ Force Sig. (2-tailed) 

μ 1.000 0.990 0.000 

Force 0.990 1.000 0.000 

 

The Pearson correlation coefficient of 0.990 indicates a very 

strong and positive relationship between the coefficient of friction 

and pushing force. 

 

Table 5. Regression Model Summary 

Model R R Square 
Adjusted R 

Square 
Std. Error 

1 0.990 0.980 0.979 0.50 

 

The coefficient of determination of 0.980 indicates that 98% of 

the variation in pushing force is influenced by the coefficient of 

friction. The results show an ANOVA significance value of 

0.000, meaning there is a significant difference among the three 

surfaces. The Pearson correlation value of 0.990 indicates a very 

strong relationship between the coefficient of friction and pushing 

force. The R Square value of 0.980 shows that 98% of the 

variation in pushing force can be explained by changes in the 

coefficient of friction. 

5. CONCLUSION  

This study shows that the coefficient of friction has a highly 

significant effect on pushing force, work, and efficiency in 

warehouse material handling processes. The experimental results 

demonstrate that an increase in the coefficient of friction 

consistently leads to higher required pushing force and greater 

work input, which ultimately results in a decrease in system 

efficiency. These findings are supported by statistical tests, where 

ANOVA analysis shows a significant difference among surface 

types (sig. 0.000 < 0.05), and Pearson correlation analysis 

indicates a very strong and positive relationship between the 

coefficient of friction and pushing force (r = 0.990). In addition, 

the coefficient of determination (R² = 0.980) indicates that most 
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of the variation in pushing force can be explained by changes in 

the coefficient of friction. 

In practical terms, the results of this study indicate that the 

selection of low-friction flooring materials, such as ceramic, can 

significantly improve the operational efficiency of goods 

handling compared to high-friction materials such as carpet. The 

implications of these findings are highly relevant to warehouse 

logistics system design, particularly in efforts to optimize energy 

use and improve work productivity. Therefore, the surface 

characteristics of materials should be a key consideration in the 

design and management of storage facilities to achieve optimal 

operational efficiency. 
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NOMENCLATURE 

F  Frictional force / pushing force (Newton, N) 

μ  Coefficient of friction (dimensionless) 

N  Normal force (Newton, N) 

W  Work (Joule, J) 

s  Displacement distance (meter, m) 

η  Efficiency (%) 

W₍ideal₎  Ideal work (Joule, J) 

W₍actual₎  Actual work (Joule, J) 

m  Load mass (kilogram, kg) 

g  Gravitational acceleration (9.81 m/s²) 

t  Travel time (second, s) 

v  Average velocity (meter/second, m/s) 

r  Pearson correlation coefficient (dimensionless) 

σ  Standard deviation 

x̄  Mean value 

      


