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The growth of industrial estates in the Mojokerto region contributes positively to the 
economy but negatively impacts the road network, degrading its performance. Factory 
operational activities, particularly during shift changes, result in sudden traffic loading 
(shock loading) and significant mixed traffic on access roads. This study aims to evaluate 
the traffic impact of factory development on the performance of surrounding roads. Data 
collection was conducted through primary surveys (traffic volume, side friction, road 
geometry) and secondary data. Road performance analysis follows the 2023 Indonesian 
Highway Capacity Manual (PKJI) to determine Capacity (C) and Degree of Saturation 
(DS), followed by an ANOVA statistical test and spatial mapping in QGIS. The ANOVA 
results (p-value < 0.05) confirmed significant differences among the five factory locations 
in volume, side friction, and degree of saturation. Spatial mapping of the Level of Service 
(LoS) revealed significant polarization in existing conditions. The most critical conditions 
are concentrated in the northern area (PT Mertex Indonesia, PT Mago Pasifik Abadi, and 
PT Ajinomoto Indonesia), with DS values exceeding 1.0. The southern area (PT Sunrise 
Steel) is in a transitional phase approaching saturation (DS 0.76), characterized by very 
high side friction due to frequent employee crossings, logistics vehicle activity, and on-
street parking.Conversely, the city roads around PT Intidragon Suryatama are the only 
areas with stable and smooth traffic performance, with a DS value below 0.50. The 
resulting thematic map provides a comprehensive visual representation of the current 
congestion point distribution as a foundation for mitigating industrial traffic impacts 
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1. INTRODUCTION 

1.1. Research Background  

Mojokerto Regency and City have developed into strategic areas 
in East Java's industrialisation map, particularly as part of the 
Gerbangkertosusila metropolitan region. The rapid growth of the 
manufacturing sector has driven the regional economy; however, 
it has also increased transport demand. The presence of large-
scale factories along arterial and collector road corridors acts as 

major trip generators, massively overloading capacity of the 
existing road infrastructure [1], [2]. As any new development 
creates additional trips through generation and attraction, it is 
imperative to quantify these movements to minimisthe burden on 
both internal and external transport networks [3]. Furthermore, 
analyzing traffic growth patterns and forecasting future volumes 
are essential for road planning to anticipate technical and social 
issues arising from increased traffic intensity [4]. The continuous 
growth of industrial facilities inherently necessitates continuous 
monitoring of the road's capacity and Level of Service (LoS) to 
prevent severe saturation [1]. 
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Research on road network performance resulting from traffic 
trip generation has been widely conducted; however, industrial 
areas exhibit specific traffic problem characteristics. 
Operationally, the traffic impact generated heavily depends on the 
industry type. Labour-intensive industries trigger a shock-loading 
phenomenon, characterised by a sharp surge in traffic flow during 
shift changes, predominantly driven by employee motorcycle 
movements [5]. This aligns with findings that areas with 
heterogeneous industrial activities exhibit highly contrasting 
traffic fluctuation patterns between weekdays and holidays 6]. On 
the other hand, capital-intensive industries impose a distinct 
burden through logistics and transport activities. Studies 
conducted in the Ngoro Industrial Estate confirmed that the 
dominance of heavy vehicles significantly contributes to road 
capacity overload [8]. High levels of side friction further 
exacerbate this capacity issue. For instance, arterial roads dense 
with factory zones frequently experience severe congestion, 
aggravated by intense vehicle entry and exit manoeuvres at 
industrial gates 9]. Furthermore, simultaneous employee road-
crossing activities, coupled with the presence of street vendors, 
effectively reduce vehicle free-flow speed and congest the main 
traffic stream [10]. 

Based on these specific industrial traffic phenomena, 
preliminary field observations reveal that severe congestion 
currently takes place on the access roads leading to five main 
industrial locations in Mojokerto, namely PT Intidragon 
Suryatama and PT Sunrise Steel (4/2-D road type), PT Ajinomoto 
Indonesia (2/2-UD), as well as PT Mertex Indonesia and PT 
Mago Pasifik Abadi (4/2-UD). 

In evaluating the severity of such mixed traffic in those 
locations, the Degree of Saturation (DS) parameter serves as the 
primary indicator for determining the Level of Service (LoS). If 
the ratio of traffic volume to road capacity (DS value) exceeds the 
0.85 threshold, the road's level of service falls into the poor 
category, indicating saturated conditions up to total gridlock 11]. 
Therefore, precise road performance calculations require the 
latest standard approach, namely the 2023 Indonesian Highway 
Capacity Manual (PKJI 2023), to accurately account for 
passenger car equivalent (PCE) factors in actual mixed traffic 
conditions. 

Despite the high urgency of mitigating industrial congestion, 
road performance evaluations in Mojokerto have generally been 
conducted only partially and reactively. A comprehensive study 
comparing traffic impacts across different factory locations is 
currently lacking, as is statistical proof regarding the significance 
of the traffic load differences generated by each factory's 
operational characteristics. Furthermore, the absence of 
quantitative data visualised through spatial mapping hinders 
policymakers' ability to determine traffic management priorities.  
even though Geographic Information System (GIS) mapping has 
proven highly effective in visually assessing road density and 
saturation levels[12]. Based on these research gaps, this study 
aims to evaluate the road performance resulting from the 
operations of five main factories in Mojokerto, statistically test 
their differences, and map the congestion spatially as a strategic 
foundation for regional transportation mitigation.. 

1.2. Literature Review 

Research on road network performance resulting from traffic 
trip generation has been widely conducted; however, industrial 
areas exhibit specific traffic problem characteristics. Several 

previous studies have examined the impact of factory operations 
that trigger extreme fluctuations in vehicle flow. Pradana[13 
identified that labour-intensive industries trigger a shock-loading 
phenomenon, characterised by a sharp surge in traffic flow during 
shift changes, predominantly driven by employee motorcycle 
movements. This aligns with findings that areas with 
heterogeneous industrial activities exhibit highly contrasting 
traffic fluctuation patterns between weekdays and holidays, 
thereby requiring a different traffic engineering approach than 
inypical commercial zones [6]. 

In addition to the shock flow phenomenon from light 
vehicles, the presence of industries also imposes a distinct burden 
through logistics transport activities. Studies conducted on the 
access roads of the Ngoro Industrial Estate, Mojokerto, confirmed 
that the dominance of heavy vehicles significantly contributes to 
the overloading of road capacity and to t degradation of 
infrastructure durability [8]. High levels of side friction further 
exacerbate this capacity issue. A study conducted in Mojokerto 
City demonstrated that simultaneous road-crossing activities by 
thousands of employees, coupled with the presence of street 
vendors around the factory gate areas, effectively reduced the 
free-flow speed of vehicles and congested the main traffic stream 
10]. 

In evaluating the severity of such mixed traffic, the Degree of 
Saturation (DS) parameter serves as the primary indicator for 
determining the Level of Service (LoS). In evaluating the severity 
of such mixed traffic, the Degree of Saturation (DS) parameter 
serves as the primary indicator for determining the Level of 
Service (LoS). As established by the Ministry of Transportation 
of the Republic of Indonesia, if the ratio of traffic volume to road 
capacity (DS value) exceeds the 0.85 threshold, the road's level 
of service falls into a poor category, indicating saturated 
conditions up to total gridlock [11][14]. Therefore, the 
application of updated guidelines, such as the 2023 Indonesian 
Highway Capacity Manual (PKJI 2023), is absolutely necessary 
to precisely adjust the passenger car equivalent (PCE) factors in 
accordance with field conditions[16]. 

1.2.1. Traffic volume 

Traffic volume (Q) is defined as the number of vehicles passing 
a specific observation point during a designated time interval. For 
the purpose of capacity analysis, the volume of various vehicle 
types must be converted into Passenger Car Units (PCU) by 
applying passenger car equivalent (PCE) factors, which are 
adjusted according to the local traffic composition and road 
geometric conditions 17]. 

1.2.2. Road Capacity 

Road capacity (C) is defined as the maximum traffic flow that can 
be stably maintained on a road segment. The capacity calculation 
approach is distinguished into two categories based on the 
environmental classification of the road: urban roads and inter-
urban roads [18]. 
For road segments located in urban environments, the effective 
capacity is calculated by considering the city size factor 
(population), as shown in Equation 1. 

𝐶 = 𝐶଴ × 𝐹𝐶ௐ × 𝐹𝐶ௌ௉ × 𝐹𝐶ௌி × 𝐹𝐶஼ௌ 

Conversely, for road segments in inter-urban environments, the 
capacity calculation is not influenced by city size; rather, it is 
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solely focused on the geometric conditions and friction levels 
surrounding the road, as formulated in Equation 2. 

𝐶 = 𝐶଴ × 𝐹𝐶ௐ × 𝐹𝐶ௌ௉ × 𝐹𝐶ௌி 

Where C0 is the basic capacity of the road under ideal conditions. 
This value is subsequently adjusted using various correction 
factors derived from field observations, including lane width 
(FCW), directional split (FCSP), side friction and shoulder width 
(FCSF), and the city size factor (FCCS), which is applied 
exclusively to urban roads. 

1.2.3. Side Friction 

Side friction is an external factor that significantly degrades road 
performance. Recent studies in the Mojokerto area demonstrate 
that side friction caused by on-street parking and commercial 
activities (e.g., shops and street vendors) has a greater impact on 
capacity reduction than geometric factors 10]. 

The Side Friction Class (SFC) is determined by summing the 
products of the occurrence frequency of each side friction type 
and its respective weight factor. According to the 2023 
Indonesian Highway Capacity Manual (PKJI) guidelines 
(Directorate General of Highways, 2023), the frequency of side 
friction events is calculated based on one-hour field observations 
conducted during peak periods along the observed road 
segment[18]. 

1.2.4. Degree of Saturation 

The Degree of Saturation (DS) is the primary parameter used to 
evaluate road performance and determine the Level of Service 
(LoS). The DS value is obtained from the ratio of the factual 
traffic volume (Q) to the effective road capacity (C), as expressed 
in Equation 3. 

𝐷𝑆 =
𝑄

𝐶
 

1.2.5. Level of Service 

Level of Service (LoS) serves as a qualitative indicator reflecting 
driver perception of traffic operational quality, encompassing 
factors such as speed, maneuverability, and comfort [19]. 
Quantitatively, as stipulated by the Indonesian Ministry of 
Transportation (Regulation No. KM 14/2006), LoS is defined by 
a road’s capacity to accommodate traffic flow, which is primarily 
evaluated through the Volume to Capacity (V/C) ratio[11]. 

1.2.6. One-Way ANOVA Statistical Analysis 

To test the hypothesis regarding the varying traffic impacts 
generated by operational activities across five factory locations, a 
One-Way Analysis of Variance (ANOVA) was employed. This 
parametric technique evaluates mean differences among 
independent groups. Its application in transportation engineering 
is validated by the successful use of ANOVA to assess significant 
vehicle volume fluctuations during peak hours [20]. In this study, 
the variable being compared is the Degree of Saturation (DS) on 
the access roads of the respective factories. Ultimately, this 
statistical test aims to determine whether the distinct operational 
characteristics of these five factories impose significantly 
different traffic loads on the Mojokerto road network. 

Table 1 V/C ratio threshold 

V/C ratio 
threshold 

Traffic Flow Characteristics 

0.00 - 0.19 
Free-flow: low volume, high speed, and complete 
maneuverability 

0.20 - 0.44 
Stable flow: slight speed restriction and 
reasonable manoeuvrability. 

0.45 - 0.69 
Stable flow: speed and maneuverability are 
noticeably restricted by traffic volume 

0.70 - 0.84 
Approaching unstable flow: significant speed 
reduction and severely limited maneuverability 

0.85 - 1.00 
Unstable flow: volume approaches capacity, 
resulting in low speeds and frequent stops 

> 1.00 
Forced flow (gridlock): traffic volume exceeds 
capacity (oversaturated) 

Source : Peraturan Menteri Perhubungan No. KM 14 Tahun 2006 

1.2.7. Spatial Analysis and GIS Mapping 

Spatial analysis translates numerical data into maps, thereby 
facilitating a more intuitive interpretation of regional conditions. 
This approach aligns with previous studies that used Geographic 
Information Systems (GIS) to map traffic performance on arterial 
networks, allowing for measurable, visual identification of 
congestion bottlenecks and traffic load distributions 21]. 
Furthermore, digital mapping using QGIS software has been 
shown to provide an efficient, informative, and highly accurate 
visualision of road infrastructure conditions [22]. 

1.3. Research Objective 

This study aims to evaluate road performance resulting from the 
operations of five main factories in Mojokerto, statistically test 
for differences among them, and map congestion spatially as a 
strategic foundation for regional transportation mitigation. 

2. MATERIALS AND METHODS 

The research was carried out in January 2026 in Mojokerto 
Regency. Determining the research location was carried out 
purposively, given that Mojokerto Regency is a regency that has 
developed into a strategic industrial hub within the 
Gerbangkertosusila metropolitan region. The region is 
characterised by rapid growth in large-scale manufacturing 
plants, which act as major trip generators and consequently 
trigger significant traffic issues on the surrounding road network. 
The method used in this research is the traffic survey method.  
Primary data collection in this study included traffic volume, side 
friction, and road geometry measurements. The field surveys 
were carried out on typical weekdays, specifically Monday and 
Friday. To accurately capture traffic flow fluctuations during 
peak hours, particularly during factory shift changes, the 
observations were divided into two time periods: the morning 
session (06:00–10:00) and the afternoon session (15:00–19:00)  
The data analysis method involves calculating road performance 
based on the Degree of Saturation (DS) in accordance with the 
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2023 Indonesian Highway Capacity Manual (PKJI). To examine 
the significance of traffic-impact differences across the various 
factory locations, a One-Way ANOVA was performed in SPSS. 
Subsequently, the results were spatially visualised in QGIS to 
map the distribution of the Level of Service (LoS) within the 
study area. 

3. RESULT AND DISCUSSION 

3.1. Traffic Performance and Degree of Saturation 

To evaluate the current traffic performance around the factory 
locations, field surveys were conducted to determine the Peak 
Hour Volume (PHV). Subsequently, the road capacity and 
Degree of Saturation (DS) for each road segment were calculated 
in accordance with the Indonesian Highway Capacity Manual 
guidelines. A comprehensive summary of these traffic 
performance indicators is presented in Tables 2–4. 

Table 2: Peak Hur Volume 

Location Road type Direction Peak Hour 
Q 

(PCU/ 
hour) 

PT Sunrise 
Steel 

4/2D 
Interurban 

Surabaya 7:00-8:00 2945 

Jombang 
15:50-
16:50 

2782.4 

PT 
Intidragon 

4/2D 
Urban 

Surabaya 6:45-7:45 1168.7 

Jombang 
15:55-
16:55 

895.95 

PT Mertex 
Indonesia 

4/2 UD 
Interurban 

Surabaya 6:45-7:45 3688.2 

Jombang 
15:55-
16:55 

3165.7 

PT 
Ajinomoto 
Indonesia 

2/2 UD 
Interurban 

  6:10-7:10 3802.9 

PT Mago 
Pasifik 
Abadi 

4/2 UD 
Interurban 

Surabaya 6:30-7:30 3548.9 

Jombang 
15:50-
16:50 

2807.1 

Source : Result of Research (2026) 
 

Table 3 Road Capacity 

Location Road type Direction 
Road 

Capacity 
PT Sunrise 

Steel 
4/2D 

(Interurban) 
Surabaya 3872 
Jombang 3872 

PT Intidragon 
Suryatama 

4/2D 
(Urban) 

Surabaya 2589.98 
Jombang 2702.6 

PT Mertex 
Indonesia 

4/2 UD 
(Interurban) 

Surabaya 3215.94 
Jombang 3043.04 

PT Ajinomoto  
Indonesia 

2/2 UD 
(Interurban) 

  3458 

PT Mago  
Pasifik Abadi 

4/2 UD 
(Interurban) 

Surabaya 3215.94 
Jombang 3043.04 

 

 

 

 

Table 4 Degree of Saturation 

Location Road type Direction 
Degree of  
Saturation 

PT Sunrise 
Steel 

4/2D 
(Interurban) 

Surabaya 0.76 

Jombang 0.72 

PT 
Intidragon 
Suryatama 

4/2D 
(Urban) 

Surabaya 0.45 

Jombang 0.33 

PT Mertex 
Indonesia 

4/2 UD 
(Interurban) 

Surabaya 1.15 

Jombang 1.04 

PT 
Ajinomoto  
Indonesia 

2/2 UD 
(Interurban) 

  1.10 

PT Mago  
Pasifik 
Abadi 

4/2 UD 
(Interurban) 

Surabaya 1.10 

Jombang 0.92 

Source : Result of Research (2026) 
 
Based on the calculations presented in the Tables above, it is 
evident that traffic performance varies significantly across the 
five factory locations during their respective peak hours. These 
peak periods clearly align with factory shift changes, occurring 
predominantly between 06:10–08:00 for morning traffic and 
15:50–16:55 for the afternoon traffic. PT Intidragon Suryatama 
exhibits the most stable traffic conditions, with a Degree of 
Saturation (DS) well below 0.50 for both directions during its 
morning (06:45–07:45) and afternoon (15:55–16:55) peak hours. 
Conversely, critical traffic conditions are observed adjacent to PT 
Mertex Indonesia, PT Ajinomoto Indonesia, and PT Mago Pasifik 
Abadi. At these locations, peak-hour traffic volumes (Q), 
particularly during the morning rush between 06:10 and 07:45, 
have exceeded available road capacity (C), resulting in DS values 
greater than 1.0. This indicates an oversaturated state 
characterized by forced flow and severe congestion. These 
descriptive findings strongly suggest that the distinct operational 
activities of the factories, especially the timing of their shift 
changes and their locations, generate disparate traffic impacts. 
 

3.2. One-way ANOVA 

To statistically validate the descriptive findings regarding traffic 
performance variations, a One-Way Analysis of Variance 
(ANOVA) was conducted. The primary objective of this test is to 
ascertain whether the observed differences in the Degree of 
Saturation (DS) across the five factory access roads are 
statistically significant. In this context, the null hypothesis (H0) 
postulates that the operational activities of the five factories do 
not generate significantly different traffic impacts on the road 
network. Conversely, the alternative hypothesis (H1) asserts that 
at least one factory location imposes a significantly distinct traffic 
load. The statistical analysis was executed using IBM SPSS 
Statistics software with a predefined significance level of 0.05 
(95% confidence interval). The summary of the One-Way 
ANOVA results is presented in Table 5. 
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Table 5 One-Way ANOVA Results for Degree of Saturation 
Across Factory Locations 

ANOVA 

Degree of Saturation   

 

Sum of 

Squares df 

Mean 

Square F Sig. 

Between 

Groups 

1.254 4 .313 11.021 .00001 

Within 

Groups 

.882 31 .028 
  

Total 2.136 35    

Source : Data processing output via IBM SPSS Version 26 (2026) 
 
As presented in Table 4, the One-Way ANOVA reveals a 
statistically significant difference in the Degree of Saturation 
across the five factory locations, F(4, 31) = 11.021, p < 0.001. 
Because the P-value is well below the 0.05 significance level, the 
null hypothesis (H0) is rejected, and the alternative hypothesis 
(H1) is accepted. This statistical evidence confirms that distinct 
industries and their operational activities generate significantly 
different levels of traffic congestion on their respective access 
roads. The substantial F-value further indicates that the variance 
in traffic impact between the different factory locations is 
significantly greater than the variance within the individual 
locations 

3.3. Spatial Analysis 

While the statistical results from the One-Way ANOVA confirm 
that traffic impacts differ significantly across the factory 
locations, they do not show the geographical extent of this 
congestion. Therefore, a spatial analysis was conducted to map 
the distribution of the traffic loads across the road network. Using 
a Geographic Information System (GIS), the varying Degrees of 
Saturation (DS) were visualised to identify specific bottleneck 
locations and to understand how traffic generated by each factory 
propagates through the surrounding arterial roads. The spatial 
distribution of these traffic impacts is illustrated in Figure 1 

 
Fig. 1.Spatial Distribution of Road Performance Induced by 

Factory Operations in Mojokerto Region 

As depicted in Figure 1, the spatial distribution map clearly 
visualizes the critical traffic bottlenecks within the Mojokerto 
road network induced by industrial activities. The darkest green 
segments, representing a Degree of Saturation (DS) exceeding 

1.0, are prominently concentrated along the national and 
provincial roads adjacent to PT Mertex Indonesia and PT Mago 
Pasifik Abadi. This visual evidence corroborates the previous 
statistical findings, demonstrating that these industrial corridors 
experience severe localised congestion. Conversely, road 
segments adjacent to other facilities, such as PT Sunrise Steel, 
display lighter shades, indicating a more stable and uncongested 
traffic flow. Ultimately, this spatial mapping shows that the 
factories' traffic impact is highly localised rather than evenly 
distributed. 

4. CONCLUSION 

Based on the comprehensive evaluation, statistical testing, and 
spatial mapping of the road networks surrounding five major 
industrial facilities in the Mojokerto region, several key 
conclusions can be drawn. First, the factories' operational 
activities impose a substantial yet highly variable burden on 
existing traffic performance. The calculation using the 2023 
Indonesian Highway Capacity Manual (PKJI) indicates that 
access roads adjacent to PT Mertex Indonesia, PT Ajinomoto 
Indonesia, and PT Mago Pasifik Abadi are severely 
oversaturated, with Degree of Saturation (DS) exceeding 1.0. In 
contrast, PT Intidragon Suryatama maintains a stable traffic flow 
with a DS below 0.50. Second, the One-Way ANOVA test 
statistically validates these descriptive variations (p < 0.001). 
This confirms that the distinct operational characteristics, 
industry types, and factory locations generate significantly 
different magnitudes of traffic impact on the road network. 
Finally, the GIS-based spatial analysis visually confirms that the 
extreme congestion bottlenecks are highly localized specifically 
within the northern and central industrial corridors. 
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