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Abstract

Construction industry is one of the most dangerous industry. As the construction accidents occur due to the repeated
factors found in each accidents, there is a limitation in analyzing all types of occupational accidents by the existing
descriptive analysis and statistical test. In this study, we classified safety accidents caused by falling objects among
the accident types occurring at construction sites into fatal and nonfatal accidents and deduced the factors. In addition,
we deduced the association rules among the safety accidents factors caused by falling objects through the association
rule analysis method among the machine learning techniques. Therefore, considering the association rules for fatal and
nonfatal accidents proposed in this study, it would be possible to prevent accidents by searching for countermeasures

against safety accidents caused by falling objects.
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Table 1. Data outline
Variable Definition Factors
names
Occupational  Fatality due to falling Nonfatal and Fatal
injury objects
Career Career periods of the Under 1 month, Over 20
periods accident worker years, 10 - 20 years, 1 — 2
months, 5 — 10 years
Personal Protective equipment  Not wearing, Safety helmet,
protective worn by accident Safety shoes, Safety goggles,
equipment worker Safety gloves
Diagnosis Diagnosis caused by  Injury of bone, nerve, spinal
names falling objects cord, Open wound,
Intracranial injury traumatic,
Damage of muscles, tendons,
ligaments, joints, Superficial
wound or bruise
Work The work that the Form assembly and
contents worker was doing at disassembly work, product
the time of the processing and handling
accident work, Loading/unloading work,
Manpower transportation
work, Mechanical equipment
installation and maintenance
work
Criginal The material that Materials, Form or support,
cause directly affected the Equipment and machinery
materials accident parts or accessories,
Nonmetallic products,
Portable power tools
Assailing  The object that directly Form, Steel(steel beam, etc.),
materials injured the worker Brick, block, and tile, Sail,
sand, etc., Other metal
materials
Unsafe Unsafe acts caused by Inappropriate procedure of
states human error (human assembly or disassembly,
factor) Risk of handiing water,
Defective support or fasten,
Defective fasten of cargo,
Other improper work
procedures
Unsafe Inadequate Improper assembly or
behaviors environmental disassembly procedure,

conditions, defects in
machinery, equipment,
defects in protective
equipment (physical

Mistake of handling products,
Not wearing or poor wearing
protective equipment,
Improper transporting

factors) process, Other mistakes
during work
3.2 E1I0IE1 pabol|
= =57 A HolHE 7P A= ©9lel B2

(token)—i L7] sl AAe] TS A
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| id, | [ ‘Not wearing’, ‘Open wound’, ‘Under 1 month’, ‘Steel beam’, ...] |
| id, | [ ‘Safety harness’, ‘Nonfatal’, ‘Superficial wound or bruise’,...] |
| ids | [ ‘Safety helmet’, ‘Injury of bone, nerve, spinal cord’, ...] |
| id, | [ ‘Not wearing’, ‘Improper assembly or ...°,...] |
| id, | [ Inappropriate ...°, ‘Open wound’, ‘Under 1 month’, ...] |
-
0
id, 1 1 0 1
id, 0 0 1 0
id; 0 0 0 0
id, 1 0 0 0
id, 0 1 0 1
Figure 2. Data representation for the model
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Not wearing
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Under 1 month

Materials

Form assembly and disassembly work
Open wound
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Safety helmet
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Figure 4. Scatter plot for association rules
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Table 2. Result of association rules based on fatal

Association rules

Rule 1D fi Lif

ue Antecedent Consequent Support Confidence i
1 (Under 1 month, Safety helmet) (Intracranial injury traumatic) 0.115226 0.965517 1.818765
2 (Multiple damage or addiction) (Not wearing) 0111111 0.931034 1.63943
3 (Safety helmet) (Intracranial injury traumatic) 0.341564 0.864583 1.628634
4 mﬁﬁ;a”'a' injury traumatic, Under 1 g ot heimen) 0.115226 0.777778 1.96875
5 (Other traumatic injuries or addiction)  (Not wearing) 0.226337 0.820896 1.44549
6 (Construction and mining machinery) (Not wearing) 0.139918 0.790698 1.392315
7 (Intracranial injury traumatic) (Safety helmet) 0.341564 0.643411 1.628634
8 (10 - 20 years) (Not wearing) 0.127572 0.72093 1.269464
9 (Loading/unloading work) (Equipment ‘and machinery parts or 0111111 0519231 1.971454

accessories)
10 (Transportation or lifting equipment) (Not wearing) 0.106996 0.702703 1.237368
1 (Equipment and machinery parts or .y nioading work) 0111111 0.421875 1.971454
accessories)

12 (Under 1 month) (Intracranial injury traumatic) 0.148148 0.654545 1.232981
13 (Under 1 month) ggltrrr?ectr)amal injury traumatic, Safety 0115226 0509091 1 490471
14 (Power transmission work) (Not wearing) 0.148148 0.666667 1.173913
15 (Under 1 month) (Safety helmet) 0.119342 0.527273 1.334659
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Table 3. Result of association rules based on nonfatal

Association rules

Rule ID Antecedent Consequent Support Confidence Lift

1 (Not wearing, Ina_pproprlate procedure (Improper procedure of assembly and 0.12009 0.96951 654915
of assembly or disassembly) disassembly)

5 (Improper procedure of assembly and (Inapproprlate procedure of assembly 0.12009 0.96363 6.41132
disassembly) or disassembly)

3 (Improper procedure of assembly and (Inapproprlate procedure of assembly 0.14199 095918 6.38170
disassembly) or disassembly)

4 (Inapproprlate procedure of assembly (Improper procedure of assembly and 0.14199 0.94472 6.38170
or disassembly) disassembly)

5 (Form) (Form or support) 0.12537 0.93785 5.10994

6 (Risk of handling water, Not wearing)  (Mistake of handling objects) 0.10423 0.89032 5.64013

7 (Mistake of handling products, NOU iy ot handiing water) 0.10423 0.87898 556828
wearing)

8 (Mistake of handling products) (Risk of handling water) 0.13671 0.86602 5.48623

9 (Risk of handling water) (Mistake of handling products) 0.13671 0.86602 5.48623

10 (Improper procedure of assembly and (Not wearing, Ina_pproprlate procedure 0.12009 081122 654915
disassembly) of assembly or disassembly)

11 (Inapproprlate procedure of assembly (Not wearing, Improper procedure of 0.12009 079899 6.41132
or disassembly) assembly and disassembly)

12 (Form or suppor) &fgrrkr;‘ assembly - and - disassembly 0.14804 0.80658 354789

13 (Form) (Form assembly and  disassembly 0.10121 0.75706 3.33006

work)
14 (Form or support) (Form) 0.12538 0.68312 5.10994
15 (Mistake of handling products) (Risk of handling water, Not wearing) 0.10423 0.66028 5.64013
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Fatal

Original-cause materials-Portable power tools

Work contents-product processing and handling work

Diagnosis names-Open wound

Original-cause materials-Hand tools

Career periods-Over 20 years

Personal protective equipment-Safety shoes

Work contents-Manpower transportation work

Original-cause materials-Materials

Assailing materials-Steel(steel beam, etc.)

Diagnosis names-Damage of muscles, tendons, ligaments, joints, etc.

Career periods-1 - 2 months

L L

Work contents-Loading/unloading work

Diagnosis names-Superficial wound or bruise

Original-cause materials-Equipment and machinery parts or accessories
Unsafe states-Defective support or fasten

Career periods-10 - 20 years

Unsafe behaviors-Other mistakes during work

Original-cause materials-Nonmetallic products

Career periods-5 - 10 years

Unsafe behaviors-Not wearing or poor wearing protective equipment
Personal protective equipment-Safety helmet

Unsafe behaviors-Mistake of handling products

Unsafe states-Risk of handling water

Personal protective equipment-Not wearing

Diagnosis names-Injury of bone, nerve, spinal cord %
Career periods-Under 1 month

Assailing materials-Form
Original-cause materials-Form or support 1_'7_

Work contents-Form assembly and disassembly work

Unsafe behaviors-Improper assembly or disaseembly procedure

Unsafe states-Inappropriate procedure of assembly or disassembly

Work contents-Mechanical equipment installation and maintenance work
Career periods-5 - 10 years

Unsafe states-Insufficient signal system

Career periods-10 - 20 years

Assailing materials-Steel(steel beam, etc.)

] Original-cause materials-Materials
Career periods-Over 20 years
Diagnosis names-Other traumatic injuries or addiction
Personal protective equipment-Not wearing

Work contents-Power transmission work

Original-cause materials-Transportation or lifting equipment

Original-cause materials-Form or support
Unsafe behaviors-Not installed protect facilities

Diagnosis names-Multiple damage or addiction

Unsafe states-Other improper work procedures

Unsafe behaviors-Use of defective equipment, machinery

Unsafe states-Defective support or fasten

Original-cause materials-Construction and mining machinery
Work contents-Construction machinery operation

Unsafe behaviors-Improper usage of facilities or machines
Unsafe behaviors-Improper transporting process

Unsafe states-Defective fasten of cargo

Original-cause materials-Equipment and machinery parts or accessories

Unsafe behaviors-Improper assembly or disaseembly procedure

—

Unsafe states-Inappropriate procedure of assembly or disassembly

Work contents-Loading/unloading work

Career periods-Under 1 month

{
'

Personal protective equipment-Safety helmet

ST AnNnalril

Diagnosis names-Intracranial injury traumatic

o
o

Y
o

Figure 5. A dendrogram example of nonfatal and fatal accidents grouping caused by fall objects
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Table 4. Summary of hierarchical clustering result based on the input variables

Nonfatal

Fatal

1. Portable power tools, 2. Hand tools, 3. Materials, 4.

Original-cause

1. Materials, 2. Transportation or lifting equipment, 3. Form

Equipment and machinery parts or accessories, 5. Form

materials
or support

1. Other mistakes during work, 2. Not wearing or poor 1.

Unsafe behaviors wearing protective equipment,

products, 4. Improper assembly or disassembly procedure

3. Mistake of handling

or support, 4. Construction and mining machinery,

Improper assembly or disassembly procedure, 2. Not
installed protect facilities, 3. Use of defective equipment,
machinery

1. Inappropriate procedure of assembly or disassembly, 2.

1. Defective support or fasten, 2. Risk of handliing water, 3.

Unsafe states

Insufficient  signal system, 3. Other improper work

Inappropriate procedure of assembly or disassembly

1. Product processing and handliing work, 2. Manpower 1.

Work contents
assembly and disassembly work

1. Open wound, 2. Superficial wound or bruise, 3. Injury of

Diagnosis names )
bone, nerve, spinal cord

1. Over 20 years, 2. 1-2 months, 3. 10-20 years, 4. 5-10

Career periods
years, 5. Under 1 month

Personal protective

1. Safety shoes, 2. Safety helmet, 3. Not wearing,

equipment

Assailing materials 1. Steel(steel beam, etc.), 2. Form

transportation work, 3. Loading/unioading work, 4. Form

procedures, 4. Defective support or fasten

Mechanical equipment installation and maintenance
work, 2. Power transmission work, 3. Loading/unloading
work

1. Other traumatic injuries or addiction, 2. Multiple damage
or addiction, 3. Injury traumatic

5-10 years, 2. 10-20 years, 3. Over 20 years, 4.

Under 1 month

1. Not wearing, 2. Safety helmet

1. Steel(steel beam, efc.)
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