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Abstract

Background  Recently, attention to industrial accidents has been heightened after a series of high-
profile disasters, causing the Government of South Korea to pass the Serious Accident Punishment Act.
This study aims to establish effective strategies for practical safety diagnosis and disaster prevention at
industrial sites by using a user-centered approach. To this end, we analyze cases of problems in industrial
complexes from a service design perspective and derived safety service design strategies for industrial
sites.

Methods This study analyzed the contents of self-report through worker participation, the resulting
safety threats, and the improvement measures applied to the actual site for the eight corporates that
participated in the 2022 Safety Service Design Project of the Korea Institute of Design Promotion. By
categorizing the improvements applied in the field into the same group, we inductively derived safety
service design strategies for industrial sites and derived case-based goals and definitions for each strategy.

Results Four items were derived as safety service design strategies for industrial sites: space
improvement, route improvement, safety education, and safety signage. Space improvement is the
creation of a working environment where workers are forced to recognize safety through environmental
design with the aim of improving the awareness of workers who have become insensitive to safety. Route
improvement is the separation of routes to prevent collisions between people and machines and the clear
communication of information about the separated routes. Safety education is defined as the delivery of
basic safety rules in an intuitive design on frequently traveled routes so that workers can be reminded of
safety rules during work, and safety signage refers to increasing disaster response visibility so that workers
can immediately respond to dangerous situations when they occur.

Conclusions  The safety service design strategy has the characteristics of service design in that it
encourages the active participation of users in the elicitation process, focuses on co-design, and offers a
new approach to solving complex problems. Social value can be realized through design approaches and
strategies for policies and public services aimed at disaster prevention.
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Table 1 Definition of Safety

Source Definition
Webster Dictionary It refers to freedom from injury, loss, deterioration, harm or exposure to danger, and
(Merriam- such freedom includes storage, protection or protective devices and locks, skills and
Webster, 2022) knowledge necessary to prevent disease, etc.
First, there is no condition that causes loss or damage to human life or materials
Korean Industrial (reliability refers to functional failures for mission performance, but safety refers to
Standards(KS) dangerous conditions that cause loss or damage to people and materials) ). Second, the
(Korean Standards degree to which consideration is given to avoid damaging workers and machines under

Association, 2021) everyday working conditions when operating a machine tool, and third, not to cause
injury to people or harm people's health.
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Table 2 Definition of Safety Design

Source Definition
2Kt = 7totE 2] Creative and scientific efforts to increase the level of safety in facilities or spaces that
7|12A = include safety as a primary or secondary function, or to ultimately improve the level of
(SHHOME 2023) safety across society through integration with other functions.
=3| QHMCIXIQl 22 A design that applies design concepts to objects, spaces, and activities that require
(23], 2009) safety to ensure that it is safe, easy to use, convenient to use, and looks and feels good.
When designing workplace facilities and spaces, the overall life cycle is considered to
OIHEZASH increase the safety achievement of the main function, and the design simultaneously
(2010) considers safety, ease of use, and user characteristics through synergistic linkage or

integration with other functions.

S OIMOXRI XIEA  When designing workplace facilities and spaces, the overall life cycle is considered to
(ASCC(Austrailian Safety increase the safety achievement of the main function, and the design simultaneously
and Compensation considers safety, ease of use, and user characteristics through synergistic linkage or
Council, 2006) integration with other functions.

New Zealand Integrating hazard identification and risk assessment methods early in the design
Govenment(Work Safe  process, including processes, facilities, hardware, layout and configuration, to eliminate
New Zealand, 2018) or minimize the risk of injury throughout the life of the product in production.
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Table 3 Design Diagnostic Tool for Solving Safety Issues in Industrial Complexes

Index Safety Service Design Topics
Is the space arranged for safety in the work process?

Space Is there a horizontal plan that takes into account forklift/equipment and worker/
pedestrian safety?

Floor Is the floor of the production line in good condition?

What are the safety and health precautions for handling hazardous materials?

. What are the safety and health precautions against noise?
Environmental

attributes What are the safety/health precautions against dust/gases (air quality)?

What are the safety/health precautions against other harmful environments (high heat/
radiation, etc.)?

Do workers have a consensus on the need for safety management, such as following

Engagement safety rules and wearing protective equipment?

Information and

communication Is there information transfer and communication from the worker's perspective?
methods

Emergency response Is safety education and training conducted at the organizational level?
Human/physical/ Is safety on the job considered according to perception?

cultural characteristics  Are workers in special situations (e.g., elderly/foreigners, etc.) considered?

Mechanical factors Is worker safety considered when operating production facilities?
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Table 4 Overview by Enterprise
Index

Corporate D Corporate F Corporate G Corporate |
Founding Date 2009.10. 1995.12. 2009.1. 1981.7.
Number of employees 2 68 60 290
Electro-Galvanizing Bolt and Nut Bolt and Nut Smartphone, tablet

Business Area and Surface

Manufacturing

Manufacturing

Treatment manufacturing
Industrial Complex Busan Ansan Ansan Gumi
Index Corporate M Corporate P Corporate S Corporate T
Founding Date 2001.3. 2003.2. 1998.9. 1986.2.
Number of employees 145 68 100 100
Optical fiber and Cosmetics Surfactant Automotive parts

Business Area .
other manufacturing

manufacturing

manufacturing

manufacturing

Industrial Complex Gwangju

Incheon

Yeosu

Changwon
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Table 5 Details of Each Step
Steps Calendar Actions

[Purpose] To identify and categorize the company status and consulting type,
and to set the consulting direction.

Diagnosing

X May~ Enterprise self-diagnostics: Deploy online self-diagnostic checklists to help
1 enterprise S . . K . .
type Jun organizations diagnose issues in the field on their own.
Setting consulting direction: Setting the direction of consulting guide based on
the basic data of the company and self-diagnosis results
[Purpose] To explore the actual site and identify safety issues for each
manufacturing process.
On-site 4M Consulting In-depth diagnosis: Diagnose the site based on 4M (Man,
research Machine, Media, Maintenance)
5 i Service Safari: Identify safety issues at each stage of the manufacturing
process and review consulting scope.
[Purpose: To understand the perspectives of field workers and managers and to
In-depth identify Safety hazards in the field.
interview Needs analysis: Identify each need (requirement) based on in-depth interviews
with employees.
[Purpose] To identify problem prioritization and scope for demonstration from
the perspective of key stakeholders.
Safety Mobile ethnography: Distribute online surveys to field workers to identify on—
Hazards the-job hazards
3 and Jul~ Personas: Categorize the types of users on site and set characteristics for each
Consumer Aug type.
b Nfge'ctj's Process-specific user experience journey maps: a step—by-step breakdown of
efinition process—specific risks felt by key users.
Risk assessment: Identified safety issues are prioritized for improvement based
on their severity and frequency of occurrence.
[Purpose] To generate ideas for solving the problem and establish a roadmap
for building a step-by-step safety infrastructure.
Propose Co-creative workshop: employees of the company and design demonstration
a design companies come together to propose improvement ideas and set the scope of
4 proof Aug demonstration.
concept Roadmap for building safety infrastructure: presents items for building safety
infrastructure in the short, medium, and long term.
Organizing the final results of consulting and design demonstrations.
Organize Sep~ . . . . .
5 the results Nov Organizing the final results of consulting and design demonstrations.
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Table 6 Factors contributing to risk

Index
Space =
Facility Factors
Floor
Environmental attributes Environmental factors
Engagement
Information and communication methods Administrative factors

Emergency response

Human/physical/cultural characteristics Human Factors

Mechanical factors Mechanical factors

Table 7 Risk factor analysis

Avrg Diagram Avrg Diagram
Factors

Corporate D Corporate F
® Facility 3.3 1.6
(® Environmental 3.25 2.5
© Administrative 4.0 23
(® Human 3.5 4.0 /)
(® Mechanical 4.0 4.0 .9 : @
Factors Corporate G Corporate |
® Facility 3.6 3.0
(® Environmental 4.0 5.0
© Administrative 2.3 3.6
(® Human 2.0 / 3.0
(® Mechanical 3.0 @gc@ 5.0
Factors Corporate M Corporate P
® Facility 3.0 3.6
® Environmental 2.75 4.0
© Administrative 4.3 3.6
© Human 2.5 A\ 4.0 \ ’
® Mechanical 3.0 @ﬁ(@ 4.0 @ ©
Factors Corporate S Corporate T
® Facility 3.0 ¢ 2.3
(® Environmental 2.75 3.0
© Administrative 43 23
® Human 2.5 2.8
(® Mechanical 3.0 ® © 3.0
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Table 8 Safety hazards and Results of Corporate D

Process Safety hazards

Safety hazards due to a mix of incoming parts storage, post-job

il SiENES waste storage, and forklifts transporting heavy parts.

Applying

Parking lot blocking

Accidents often occur when hands get stuck in the grooves when
holding the barrel with one hand to prevent the barrel from swinging.

Accidents can occur because the eyes are drawn to the switch that

Receiving parts controls the hoist and the other hand is not visible.

Qil drips from bins and vehicles carrying parts onto the steel plate
floor and mixes with water, causing slippage, especially in rainy
weather,

Separating vehicle
and worker traffic

Risk of falling from handrails while shaking containers to get all parts

PUEITE I (RS in barrels or on pallets.

While no falls have occurred while inspecting settling tanks, the

SEling il e hazard is present.

Protective Equipment
Safety Training

When refilling hazardous solutions (such as hydrochloric acid), the
level of hazard to the solution is unknown.

No instructions are given on how to use the hazardous solution,
so the solution can come into contact with the eyes and skin, and
inexperienced people have a vague fear of this.

Solution
replenishment

Difficulty and inconvenience in wearing protective equipment when
refilling dangerous solutions.

Etc Safety hazards

The motor attached to the top of the carrier poses a fall hazard due
to the lack of a ladder to reach the top for troubleshooting and no top
railing or support.

Carrier Ladder

The hoist supporting the zinc bin is fixed and cannot be repositioned,

el Stppert creating a catastrophic fall hazard for workers cleaning the lower

Chemical Solution
Safety Signs

Applying

Protective Equipment
Safety Training

Hoes reservoir if the bin falls.
Lack of guidance for workers' unified work behavior due to the lack of
. S . Floor Walkway
Bottom line division of work space and separation of safety zone from dangerous

goods handling area.

Maintenance

Table 9 Safety hazards and Results of Corporate F

2 75 AYIS AR F 19
8 297 BA% 2
& eIsta AF43HA Table 99t

2%

Etc Safety hazards Applying
Multifunctionality/Crowding in Entrance Areas Vehicle and
Undifferentiated areas for trucks, forklifts, and pedestrians pedestrian circulation
Entrances and Obstructed view of pedestrian doors due to outside loads Improvements
exits . -
Lack of training on forklift-related hazards Forklift Chaf‘o’!”g and
Storage Training
Difficulty warning and notifying in case of collision hazards
Floor hazards in all employee travel areas Difficult to communicate
real-time information Developing Safety
Work Guides and Utilizing

: Failure to wear personal protective equipment
environments

Lack of in-house developed content

Lack of retention of training content by trainees

Training

®G71d
AEAS 59 £AE MAsHE o€ AstA717] 98 td e=d& Edstol g
Al &d ol A-gAIA T AF 23E A 2stal Al5-4dshH Table 107 2.
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Table 10 Safety hazards and Results of Corporate G

Process Safety hazards Applying
Receivi Mixed travel paths of forklifts, pedestrians, and vehicles Enhance forklift blind
eceivin o
3 Lack of safety due to familiarity spot caution signs

Unsecured storage areas for hazardous materials

Personal safety equipment without safety signs Apply safety sign
Accident hazard notices without instructions on what to do in case of design
In Process an emergency
Improve fire
High temperatures inside the workplace extinguisher and fire
hydrant safety signage
Risk of pinching and crushing accidents due to the use of heavy Apply safety sign
Sorting/Packing ~ equipment design
Risk of collision with forklifts when moving through doorways Enhance forklift blind
Storage Multiple blind spots in forklift travel lanes spot caution signs
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Table 11 Safety hazards and Results of Corporate |

Area Safety hazards Applying
Missing walkways Setting up commute walking routes
Factory 1 Pedestrian and forklift collisions Delineating pedestrian travel lanes
Unclear truck driving boundaries Separate Vehicle and Forklift Traffic
Factory 2 Missing walkways Setting up commute walking routes
Forklift and pedestrian collision Separate Vehicle and Forklift Traffic
&M 7Y
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Table 12 Safety hazards and Results of Corporate M
Process Safety hazards Applying

Improving entrapment
Risk of injury from rotating objects and collision risk
Safety restraints

Capstan Belts,
Winding Machines

Causes the most accidents, and it is estimated that preventing them

Blade Use from occurring alone could reduce about 90% of all accidents Installing a blade
collection box

Blades are often left propped up anywhere

Risk of collision due to overlapping pavement and forklift travel lanes

Forklift traffic Tight clearance when moving steel bobbins with forklifts Risk of
safety accidents

Separating forklift and
pedestrian traffic

Poor ventilation in the inner line of the factory building makes it very
Temperature, hot and humid (32°C, 85~90% humidity) Improving temperature

Humidity Workers often suffer from heat exhaustion to the point of needing to ~ and humidity conditions
take medication

Lack of separate worker break areas and use of conference rooms as

et break rooms

New worker break areas
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Table 13 Safety hazards and Results of Corporate P

Process Safety hazards Applying
Dangerous handling due to lack of signage on contents and handling
Raw material methods of dangerous goods
storage Risk of falling due to lack of safety doors on the large lift for receiving
raw materials on the first floor Improving awareness
Workers wear slippery disposable vinyl gloves when weighing, which ~ With safety slogans
Weighing can cause raw materials to contact their eyes, arms, and other parts
of the body
Mixing Workers can be exposed to chemical vapors from the mixer

Workers are exposed to hazards due to the lack of protective safety Installing lift safety
doors on sealing machines doors

Manufacturing - -
Rooms Workers are unable to communicate with operators who can stop the

sealer when faced with a dangerous situation, making it difficult to
respond immediately

Installing safety
systems
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Table 14 Safety hazards and Results of Corporate S
Process Safety hazards Applying

Lack of safety precautions to account for high heat, such as steam Create fire response areas

Hoses and piping  Risk of inadvertent burns due to steam, nitrogen, etc.

Safety hazards Provide fire escape routes

Etc Safety hazards Applying

Pedestrian and Pedestrian walkways are white and hard to see Provide clear pathways for

Forklift Traffic Narrow aisles, blind spots when turning left or right vehicles and pedestrians

. . Difficulty distinguishing which pipes are made of which materials  |mproving the Plumbing
Piping Congestion — - — .
Pipes are low and cluttered, causing many tripping hazards Environment

Prot.ectlve Protective clothing, boots, and gloves are required, but rarely Install safety supply lockers

Equipment worn
®T7Y
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Table 15 Safety hazards and Results of Corporate T
Area Safety hazards Applying

Violation of control management guidelines and laws and Separate entrances to
regulations substation rooms

Collisions between forklifts and pedestrians (reducing the
efficiency of forklift operations)

Substation Room

Raw Material

Receiving/Goods - - — -

Shipping Area Overturning of forklift operators and tripping and falling of
pedestrians

Improve worker circulation

Separate entrances to

Tool room Inefficiencies in tool use and management R
substation rooms

Scrap processing  Slips and falls of dedicated operators and pedestrians

R - - Designate disposal areas
(disposal) area Need to restrict access to non-dedicated operators
Forklift charging ~ Unsuitability of forklift use, charging and storage Forklift charging and
and storage Separate forklift charging and storage areas storage design

4, LHABT QPHMMH|ALIXFQ! H2E

AA@AY] PR AT AR AEks &5} flste] & 870 71 Yol 483t Table 160 gt 33719
MAeES A 48] T OR MRSt F 471419 HAA | ATAR ek TS5 of 4714
FEE FWNA, FANA, RIS, SHHAL] O R Figure 37} 2k,

Space Improvement Safety Training

Traffic Improvement vi‘v Safety Sign

Figure 3 Safety service design strategy for industrial sites

Ol

FAA AT Al Aeke] WS AL Table 163 2t AJAFNA AN ATIAAS 53571
SIsHME Figure 3] 47H §Bol /12 Aol B 4 glow], FF Al APBFe] HAYAAS AP
A9 o8 B AR 4GS AL AW AL $YT 5 Unt.
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Table 16 Categorizing empirical results
Corporate Proposed improvements Grouping
Protective Equipment Safety Training

Protective Equipment Signs

Corporate D Chemical Solution Safety Signs

Parking lot blocking

Separating vehicle and worker traffic

Developing Safety Guides and Utilizing Training

Corporate F Forklift Charging and Storage Training

Vehicle and pedestrian circulation improvements

Improve fire extinguisher and fire hydrant safety signage

Corporate G Apply Safety sign design

Enhance forklift blind spot caution signs

Pedestrian travel lanes

Corporate | Separate vehicle forklift traffic

Setting up a commute walkway

Improving entrapment and collision risk

Safety restraints

Installing a blade collection box

Corporate M . -~ .
Improving temperature and humidity conditions

New worker break areas

Separating forklift and pedestrian traffic

Improving awareness with safety slogans

Corporate P Installing lift safety doors

Installing safety systems

Improving the Plumbing Environment

Install safety supply lockers

Corporate S Create fire response areas

Provide clear pathways for vehicles and pedestrians

Provide fire escape routes

Designate disposal areas

Separate tool storage rooms

Corporate T Separate entrances to substation rooms

Forklift charging and storage design

Improve worker circulation
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Table 17 Space improvement Objectives and definitions

Index Before After Objectives and contents

Proactively prevent risks
through access control based on
clear demarcation of spaces

Corporate P

Ensure workers have a clear

Corporate 5 understanding of your facility

Prevent accidents by installing
buffers in areas where accidents
can occur, such as pinch points
or falls

Corporate M

Identify scrap disposal areas
and separate hazardous and
general areas

Corporate T

Design separate charging zones
to safely charge and manage
forklifts and prevent pedestrian
collisions

(2) AR
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Table 18 Traffic improvement Objectives and definitions

Index Before After Objectives and contents

Keep pedestrian paths safe and
clearly communicate information
about them

Corporate |

Prevent collisions by separating
forklifts from pedestrians,
separating loading areas, etc. to
free up space for forklifts

Corporate M
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Table 19 Safety Training Objectives and definitions
Index Before After Objectives and contents

Place safety signs in workers'
favorite routes to encourage
them to pay attention

Corporate G

Post pictogram signs for safety
tips so workers can see and
learn them repeatedly

Corporate S

(4) eFAARS]
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Table 20 Safety Sign Objectives and definitions
Index Before After Objectives and contents

Place safety signs in workers'
favorite routes to encourage
them to pay attention

Corporate G

Index Objectives and contents

Post pictogram signs for safety
tips so workers can see and
# learn them repeatedly

Corporate S
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Table 21 Safety service design strategies for industrial sites
Strategy Objectives and definitions

Reconstructing a work environment where workers are forced to recognize safety through
Space improvement  environmental design, with the goal of improving the awareness of workers who have
become desensitized to safety

Separate pathways to prevent collisions between people and machines, and clearly

Traffic improvement communicate information about the separated pathways

Using intuitive design to communicate basic safety rules on frequently traveled pathways so

Safety Training that workers can be reminded of them during work

Increase the visibility of relevant facilities so that workers can respond immediately in the

Safety Sign event of a hazardous situation

A%po A g5t fAeHS 7|Htoe g AHY
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Table 22 Action items based on the safety service strategies
Strategy Objectives and definitions
Proactively prevent risks through access control based on clear demarcation of spaces

Ensure workers have a clear understanding of your facility

Prevent accidents by installing buffers in areas where accidents can occur, such as pinch
Space improvement  points or falls

Identify scrap disposal areas and separate hazardous and general areas

Design separate charging zones to safely charge and manage forklifts and prevent
pedestrian collisions

Keep pedestrian paths safe and clearly communicate information about them

Traffic improvement  prevent collisions by separating forklifts from pedestrians, separating loading areas, etc. to
free up space for forklifts

Place safety signs in workers' favorite routes to encourage them to pay attention

Safety Training - - -
Post pictogram signs for safety tips so workers can see and learn them repeatedly

Improve visibility of hard-to-see critical facilities

Safety Sign - -
Pictograms for each purpose, so everyone can see what they're for
5.88
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