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Abstract :

Safety certification and inspection of dangerous machines and equipments used in industries are to save lives of workers and

properties involved. Cause analysis of industrial accidents is essential to prove the effectiveness of such certification and inspection. This
study focuses on suggesting systematic method for cause analysis of industrial accidents associated with dangerous machines and
devices. Incorporating transition from the current user-oriented indirect regulations to more manufacturer and user balanced direct
regulations, suggested method coupled with safety certification, safety inspection, safety management and safety education will

guarantee more effective prevention of industrial accidents.
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Fig. 1. Questions in check list structure for investigation of
industrial accidents.
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Fig. 2. Questions in tree structure for investigation of
industrial accidents.
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Fig. 3. Flow chart for cause analysis of industrial accidents
associated with the dangerous machines and devices,
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Table 1, Classification of causes of deaths in industrial accidents

Direct causes

Managerial causes

Unsafe state Unsafe act

Defective materials ~ Access to danger area (1) Technical causes

Defective protective Removal of protective  Defective structures,

devices functions facilities or machines
Defective PPEs or Misuse of PPEs or  Inappropriate structure
clothes clothes materials
Inappropriate
arrangement of Misuse of machines or Inappropriate

materials and work devices

place

manufacturing methods

Maintenance without

Defective work power-off while

Inappropriate inspection

environment S . or maintenance
machine is operating
Defective . .
: Unsafe manipulation
manufacturing Others
of speed
processes

Defective sign of
boundary

Unsafe handling of

hazardous materials (2) Educational causes

Negligence of unsafe

stato Lack of safety knowledge

Misunderstanding of

Unsafe posture act safety rules

Insufficient supervision
and communication

Poor training or
experiences

Insufficient education for
operations methods

Insufficient education for
hazardous or dangerous
operations

Others

(3) Operations managerial
causes

Inappropriate safety
organization

Lack of operation
manuals

Insufficient preparation
for operations

Inappropriate allocation
of workers

Inappropriate operation
orders

(4) Others
(5) Non-classifiable

Others Others

Non-classifiable Non-classifiable

Source: Ministry of Employment and Labor, Korea
Shaded causes represent the ones in manufacturing stage.
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Table 2, Classification of causes of industrial accidents by
manufacturers

Classification level Code
High Middle Low
Technical ~ Defective machines, Mechanical causes 111
causes devices or PPEs .
Electrical causes 112
No installment of 113
protective devices
Defective structure 114
Defective structure 115
materials
Defective sign of boundary 116
Defective PPEs or clothes 117
Others 119
Defective protective 120
devices (including
malfunctioning)
Others 190

Z 71

0lok

Table 3. Classification of causes of industrial accidents by
users (employers and workers*) — managerial causes

Classification level Code
High Middle Low
Managerial ~ Unsafe act Non-compliance of operation 210
causes procedures
Access to danger area 211
Misuse of PPEs or clothes 212
Misuse of machines or devices 213
Maintenance without power-off 214
while machine is operating
Unsafe manipulation of speed 215
Unsafe handling of hazardous 216
materials
Unsafe posture acts 217
Simple misconduct during 218
operation
Others 219
Unsafe state Removal, shut off or alteration 220
of protective devices after
installation
Inappropriate arrangement of 221
materials and work place
Defective work environment 222
Other negligence of unsafe state 229
Technical Inappropriate manufacturing 230
causes methods
Inappropriate inspection or 231
maintenance
Others 239
Operations  Inappropriate safety organization 240
managerial Lack of operation manuals 241
causes
Insufficient preparation for 242
operations
Inappropriate allocation of 243
workers
Inappropriate operation orders 244
Insufficient supervision and 245
communication
Others 249

*. Workers include both employees and the self-employed.

Table 4. Classification of causes of industrial accidents by
users (employers and workers*) — educational causes

Classification level

- Code
High Low

Lack of safety knowledge 301
Misunderstanding of safety rules 302
Edneational Poor training or experience 303

ucationa . . .
causes Insufficient education for operation methods 304
Insufficient education for hazardous or dangerous 305

operations

Others 309

*: Workers include both employees and the self-employed.
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Table 5. Cause of industrial accidents by types of occurrence®

Classification Level Code
High Low
Contact with materials/machines Nip, winding 01
and devices

Fall, flying 02

Collision 03

Contact with materials and 04

machines
Electric shock by contact 05

Exposure/contact with hazardous Exposure/contact with hazardous 21
materials/environment materials/environment

Unusual temperature 22

Hazardous light 23

Vibration and noise 24

Accident Fall 31
Trip, overturn 32

Collapse 33

Compression 34

Fire 35

Others 99

*; Shaded causes represent the ones associated with dangerous machines
and devices used.
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Table 6. Causes of industrial accidents associated with
dangerous machines and devices in 2009?

Classification level No. of cases
High Middle Low (%)
Technical Defective machines, Mechanical causes 9845
causes devices and PPEs (34.62)
Electrical causes 334
(1.20)
No installment of 351
protective devices as (1.23)
required
Others 6299
(22.14)
Malfunction of 139
protective devices after (0.48)
installation
Others 4909
(17.26)
Sub-total 21877
(76.92)
Managerial ~ Non-compliance of 544
causes operation procedure (1.91)
Removal, shut- off or 57
alteration of protective (0.20)
devices after
installation
Maintenance while Maintenance or 545
machine is operating cleaning without (1.92)
power-off while
machine is operating
Others 450
(1.58)
Simple misconduct 3346
during operation (11.77)
Others 1038
(3.64)
Sub total 5980
(21.03)
Educational 126
causes (0.44)
Not 458
classified (1.61)
Total 28441
(100)
W] AR 71A 9 715 s vleat
F5HF ZF vle- 53.79/60.33=0.890]™ H|ThAt 7]A|
gl 7]510] -9 4621/39.67=1.160|C}. 2008 o= ] B]&
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H|AL 7] A & 7]52] A 39.52/39.67=1.002 thAlT}
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W] Aol w2 Afsfjofke] Aado] RlElo] 4
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Table 7. Number of industrial accidents and number of safety
devices installed cases associated with 12 machines and
devices subject to safety inspection in 2009

Number of installed

Machines and devices
cases (%)*

1. Press 629(43.98)
2. Shearing machine 306(36.25)
3. Tower crane 30(41.09)
Crane and hoist 398(61.04)
4. Lift for construction sites 9(47.36)
Lift for general use 51(30.17)
5. Pressure vessel 1(100)
6. Gondola 2(14.28)
7. Local ventilation equipment** 0(0)
8. Centrifuge 0(0)
9. Chemical equipment with supplements 18(69.23)
10. Drying equipment with supplements 5(21.73)
11. Roller for Rubber/synthetic resins 15(23.07)
Roller for general use 55(50.45)
12. Injection molding machine 123(58.57)

* “Number of installed cases” implies the number industrial accidents
associated with dangerous machines and devices where protective devices
were installed properly as required by the applicable regulations. The ratio
(%) represents the relative portion of cases with protective devices properly
installed among all industrial accidents associated with dangerous
machines and devices.

**: All machines and devices above are subject to installation of protective
devices by the applicable regulations except the local ventilation
equipment.
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Table 8. Comparison of the strength of accidents (number of
deaths/number of accidents) associated with the fixed and
movable machines and devices in the past 4 years”

Accident Ratio Number of deaths
(%) (Ratio, %) A'/A BB

Year %) %)

Fixed, A Movable, B Fixed, A' Movable, B'

2008 52.46 47.54 70(21.73)  263(78.27) 41.42 194.64

2009  44.30 55.70 67(25.09) 200(74.91) 56.64 134.49

2010 52.59 47.41 75(23.89)  239(76.11)  45.43 160.54

2011 49.79 50.21 85(28.05)  218(71.95) 56.34 143.30
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