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risk assessment; This study aimed to identify and assess safety risks in children’s playgrounds in urban parks in
safety; Arak using the Failure Mode and Effects Analysis (FMEA) technique. The research follows a
FMEA technique; descriptive-analytical and survey-based approach, with data collected from library resources,
children playground; safety standards, and field studies, including site visits, observations, and on-site inspections.
urban park. FMEA was applied for data analysis, and Excel was used for statistical calculations. To examine

common playground hazards, an FMEA worksheet was completed for each park, assessing 21
criteria across five categories: lighting equipment, shading structures, protective surfaces,
playground equipment, and the playground surroundings. The assessment revealed that 10% of
the studied parks contained high-risk (critical) playgrounds, while 80% exhibited moderate-risk
(semi-critical) conditions. The absence of shading structures and lack of age-based equipment
segregation were identified as major critical hazards, affecting all examined parks. The findings
indicate that the safety conditions of children’s playgrounds in Arak’s urban parks are inadequate.
Thus, urban managers should assess and improve playground safety, prioritizing corrective actions
for critical-risk parks to prevent accidents and enhance children’s safety.

Extended Abstract

1. Introduction

public safety. As cities grow, the risk of accidents and hazards increases, making the safety of public spaces a critical

concern. Among the most vulnerable groups are children, who spend significant time in playgrounds and are especially
susceptible to environmental risks. Playgrounds should offer safe, healthy, and developmentally appropriate environments.
Poor design or maintenance can lead to serious injuries. Beyond recreation, playgrounds support children's physical, emotional,
social, and cognitive development. They help children regulate emotions, build relationships, and learn social norms. Therefore,
playground equipment must meet safety standards to prevent harm.

Global statistics underscore the urgency of this issue. In 2012, Canada reported 29,000 playground-related injuries,
primarily from falls [10]. Thailand recorded a mortality rate of 22 per 100,000 among children aged 1-14 due to playground
accidents [11]. In the U.S., school-age children suffer the highest rates of head and neck injuries, especially from swings, play
structures, and monkey bars [12]. A 2022 study by Sansakorn et al. identified common equipment defects in Thailand, including
poor material selection and unsafe structural dimensions, compounded by children's lack of safety awareness [14].

To prevent such incidents, it is essential to proactively assess and improve playground safety. Doing so enhances public
health, quality of life, and community trust. In Arak, where no formal safety assessments have been conducted and playgrounds

l l rban expansion and rapid population growth present serious challenges to city infrastructure, particularly in ensuring
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are widely used by children and adolescents, this study applies the Failure Modes and Effects Analysis (FMEA) technique to
evaluate safety risks in urban park playgrounds.

2. Methodology

This study employs a mixed-methods approach, integrating both quantitative and qualitative research techniques for data
collection and analysis. The research is categorized as applied, as it seeks to address real-world problems using insights derived
from fundamental research. In terms of data collection, the study follows a descriptive-analytical and survey-based
methodology. Initially, a literature review was conducted using books, national and international research articles, theses, and
other academic sources to gather necessary background information. Subsequently, safety standards for playground equipment
and children’s play areas were reviewed to extract key safety considerations. Field assessments were then performed through
on-site visits, observations, inspections, and safety audits in selected urban parks. The compliance of playgrounds with
established safety standards was evaluated, identifying deficiencies, hazards, and unsafe conditions.

The safety standards considered in this study include United States Consumer Product Safety Commission (CPSC), Institute
of Standards and Industrial Research of Iran (ISIRI) Standard No. 1-6436, ISIRI Standard No. 2-6436, ISIRI Standard No. 3-
6436, ISIRI Standard No. 6-6436, ISIRI Standard No. 7-6436, ISIRI Standard No. 10-6436.

The FMEA method was applied as a risk assessment tool, combining both quantitative and qualitative analyses. This
method systematically identifies potential risks, their causes, and associated effects, ranking them by severity [28]. This method
is one of the effective approaches for identifying, prioritizing, analyzing errors, and assessing the associated risks and hazards.
By focusing on the root causes of errors, it helps prevent their occurrence and contributes to risk reduction. In fact, the goal of
FMEA is to enhance safety and prevent problems and failures before they happen (20). The Risk Priority Number (RPN) was
calculated using Equation (1) (28):

Equation (1): RPN=SxOxD

Where:

S = Severity (impact of the potential risk on individuals)

O = Occurrence (likelihood of the risk occurring)

D = Detection (ability to identify the risk before its occurrence)

Each factor is scored on a 1 to 10 scale, and the RPN ranges from 1 to 1000. Risks were prioritized based on their RPN
values, with high-risk items requiring immediate review and resource allocation (28). After ranking risks, corrective actions
were proposed to reduce or eliminate hazards, aiming to lower the severity, occurrence, and detection scores.

According to Arak Municipality data, the city has 127 urban parks, 79 of which include playgrounds. Parks larger than
10,000 m? were selected using purposive sampling, ensuring geographic diversity. A total of 20 parks were chosen across five
municipal regions for risk assessment.

3. Results

The risk assessment of children's playgrounds in the selected urban parks was conducted using a combination of safety
standards, direct observations, researcher expertise, and a comprehensive literature review. FMEA methodology was employed
to systematically identify and evaluate potential hazards. In total, 20 FMEA worksheets were completed, each comprising 21
risk items categorized into five key sections: lighting equipment, shading structures, protective surfaces, playground equipment,
and surrounding areas. This structure ensured a thorough evaluation of common hazards across all assessed parks.

Playgrounds were ranked based on their average RPN scores, reflecting overall safety conditions. The playground in Shahid
Baghi Zadeh Park exhibited the highest risk with an average RPN of 195.57, followed by Madar Park (average RPN: 166.04),
identifying them as high-risk locations. Conversely, the playground in Farvardin Park (average RPN: 104.61) and Shahid
Bahonar Park (average RPN: 93.52) had the lowest average RPN scores, categorizing them as low-risk locations. Parks such
as Azadi, Kalaleh, Hazrat Qaem Al-Mohammad, Kheibar, Shohada-ye Gomnam, Mellat, Amir Kabir, Ghadir (Phase 1),
Golbarg, Ghadir (Phase 2), Tarannom, Velayat, Amir Kabir Ghadim, Moallem, Shahr, and Mosafer exhibited moderate risk
levels.

Further ranking was based on the number of high- and moderate-risk hazards identified. Priority was given to the count of
high-risk hazards, with moderate-risk hazards considered in cases of equal high-risk counts. Shahid Baghi Zadeh Park recorded
eight high-risk hazards, and Madar Park had seven, making them the most hazardous among the studied playgrounds. Parks
such as Hazrat Qaem Al-Mohammad, Kheibar, Azadi, and Shohada-ye Gomnam each had six high-risk hazards, while Kalaleh,
Amir Kabir, Mellat, Ghadir (Phase 2), and Shahr had five. Golbarg, Velayat, Moallem, Amir Kabir Ghadim, Mosafer, and
Tarannom each exhibited four high-risk hazards, and Ghadir (Phase 1) had three. Farvardin and Shahid Bahonar Parks, with
only two high-risk hazards each, were deemed the least hazardous.

Two critical hazards—absence of shade structures over certain playground equipment and lack of age-appropriate
segregation of play areas—were the most frequently observed high-risk issues, present in all studied parks.

Among the identified high-risk hazards, those with the highest individual RPN scores included:

e  Unsuitable lighting pole doors and exposed electrical cables (RPN: 360) in Shohada-ye Gomnam Park
e  Unrestricted access for motorcycles and bicycles (RPN: 336) in Madar Park
e Proximity to streets or seasonal rivers (RPN: 350) in Shahid Baghi Zadeh Park

e Worn-out and broken playground equipment (RPN: 350) in Azadi Park
Additionally, hazards with the highest average RPN scores across all parks were:

Motorcycle and bicycle access (average RPN: 274.4)

Lack of age-based segregation (average RPN: 245)

Absence of shade structures (average RPN: 240)

Presence of long screws and sharp edges at lighting pole bases (average RPN: 228)
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4. Conclusion

This study employed FMEA technique to evaluate safety risks associated with children's playgrounds in urban parks across
Arak. The findings reveal the presence of significant hazards and critical deficiencies, underscoring the urgent need for targeted
interventions to address high-risk conditions.

The results indicate that playgrounds in Shahid Baghi Zadeh Park and Madar Park recorded the highest average RPN scores
and the greatest number of high-risk hazards, classifying them as high-risk (critical) locations. In contrast, Farvardin Park and
Shahid Bahonar Park exhibited the lowest average RPN scores and the fewest high-risk hazards, identifying them as low-risk
(safe) playgrounds. The remaining parks demonstrated moderate-risk (semi-critical) conditions.

While this study offers valuable insights, it is not without limitations. The analysis focused primarily on common
playground equipment and shared hazards across multiple parks to enable comparative evaluation. However, given the
variability in equipment types and associated risks, further research is warranted to capture a broader spectrum of safety
concerns.

Despite these constraints, the study presents several key contributions. It represents the first systematic safety assessment
of urban playgrounds in Arak using a structured risk evaluation framework and established safety standards. Moreover, it
introduces two distinct ranking methodologies to classify playground safety levels, enhancing the robustness of the findings.

This research lays a foundation for future investigations into playground safety and the development of safer recreational
environments for children in urban settings. Given the critical importance of child safety, urban planners and public officials
must adopt proactive strategies to ensure the design and maintenance of secure, well-regulated play spaces.
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