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Abstract : Governments and companies are trving to reduce occupational accidents in the construction industry; however,
the number of disasters are not decreasing significantly. This study aims to identify the correlation between factors affecting
construction disasters quantitatively. To this end, 1,197 cases of serious disasters provided by Korea Occupational Safety and
Health Administration (KOSHA) were analyzed using affinity analysis, one of the data mining techniques. The data from KOSHA
were preprocessed and analyzed with variables of accident type, project type, activity type, original cause materials, sensory
temperature, time of the accident, and fall height, and the association rules were derived for fall accidents and the others. For
fall accidents, 64 association rules with lift ratios of 1.38 or greater were derived, and for the other accidents, 59 association
rules with lift ratios of 1.54 or greater were derived. After analyzing the derived association rules focusing on the relationship
among accident factors, this study presented the significance of applying the affinity analysis to address the study’s limitations.
The significance of this study can be found in that the correlation among factors affecting construction accidents is presented

quantitatively.
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Table 1. Studies using supervised learning techniques

Authors Summary

The performance of each algorithm was evaluated in order to
select an analysis model optimized for the construction industry
Leemetal. | using industrial accident data. Performance evaluation of CHAID,

(2005) CART, C4.5, and QUEST, which are representative algorithms of
decision trees, was conducted to select an algorithm optimized
for the construction industry.

In this study, the accident type was set as a target variable based
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Table 2. Studies using affinity analysis technique

C(hz%%?l' on the case data of construction accidents, and the relationship Authors Contents
with the factors influencing it was established as a tree-model.
] ] ] — Using KOSHA data, the association was analyzed by dividing the
] Using construction safety accident cases, an artificial neural fatality into the dead and the critically ill by setting the process
Kimetal. | network model with the a_cc!dent type as a target variable was shinetal | Tt construction size, information on the injured, the type of
(2017) | constructed, and the prediction accuracy of the model was (2012) | occurrence, the cause of the accident, the size of the personnel,
compared by comparing it with discriminant analysis. the type of job, age, service period, the day of injuries, and the
; ) ] time of disaster. As a result, the result was that the tendency of
_ C_ases of occupatlo_nal diseases that occurred at construction the fatal and critically ill accidents was similar.
Minetal. | siteswere used. This study found a model that can predict
(2018) possible occupational diseases in the construction industry using ) o )
case-based reasoning(CBR) and discriminant analysis. Using data on deaths from construction in seven major
cities in Korea, a rule of association for each climate factor
A tree model was built by applying Ada Boost, one of the CART Lee (2016) (temperature, humidity, wind speed, precipitation) was derived.
Choiand | models, to predict deaths and injuries by using data from fall They conducted research on the'type of occurrence, cause, job
Ryu (2019) | accidents among the data of injured persons approved for type, process rate, and construction scale (manpower) in fatal
industrial accident compensation insurance. accidents.
Among KOSHA data, the accident caused by falling objects in
- B B the construction site was used to divide into two groups: death
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_ - — _ Lee (2020) | a correlation rule analysis with age, disaster time, causes,
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Table 3. Variable Description

Variable Category

Falling, Electric Shock, Pressed/overturned, Caught in between, Slip down, Hit, Collapse, Struck by, Exposure to hazardous material,
Amputation/cutting/ stabbing, Fire/explosion/burst, Others

*'Others’ include oxygen deficiency, exposure to abnormal atmospheric pressure, exposure to abnormal temperatures, and contact.
*Variable names: acci01~acci12

Accident type (12)

Metal joiner's roof assembling construction, Mechanical construction, Painting masonry waterproof stone construction,
Scaffold demolition construction, Water and sewage facility construction, Elevator ropeway construction, Maintenance
management, Interior construction, Electric construction, Foundation pavement construction, Iron and steel structure construction,
Project type (13) Steel reinforcement concrete construction, Others construction

*Others’ include gas facility construction, heating construction, industrial environment equipment construction, landscape planting
facility installation construction, railroad track construction, and dredging construction.

*Variable names: proj01~proj13

Welding flame cutting, Structure connection/ assembling/installation, Excavating, Installation/dismantling/maintenance of
equipment, machinery, other construction work, Tamping, Painting, Laying, Plastering Rub finishing, Waterproof caulking,

Activity type (25) Plumbing wiring, Repair, Installing stone, Signal, Transportation, loading- lifting-unloading, Driving/ operation, moving, arrangement
cleaning, Masonry, Piercing, Placing of concrete, Leveling, Pavement, Dismantling- demolishing, Checking-examination

*Variable names: act01~act25

Hypothetical structure, Form - floor post, construction and mining machinery, main structural parts and components, stairs and
ladder, Transportation, Other structures, Other equipment and machinery, End and opening, Scaffold walk plate, Slope and
Original cause materials (18) bedrock, Equipment and machinery parts and accessories, Transportation/ lifting of equipment and machinery, Hazardous and
dangerous material, Working environment and natural environment, Electrical equipment and component, Portable machinery
*Variable names: fact01~fact18

Less than 5, 5C - 15T, 15T - 25T, Over 25T, Non classified

Sensory temperature (5) *\ariable names: temp1~temp5

00~03, 03~06, 06~09, 09~12, 12~15, 15~18, 18~21, 21~24, Non classified

Time (9) *Variable names: time1~time9

Less than 2m, 2-3m, 3-5m, 5-10m, 10-20m, Over 20m, Non classified

Fall height (7) *\/ariable names: height1~height7
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Table 8. Sensory temperature

Tecn:t)eegrztrl;re Frequency (%) Tegg:grztrt;re Frequency (%)
Less than 5C 342 (28.6%) Over 25C 158 (13.2%)
5C-15C 317 (26.5%) Non classified 6 (0.5%)

15C-25C 374 (31.2%)
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Table 9. Time by 3 hours

Time category Frequency (%) Time category Frequency (%)
00-03 7(0.6%) 15-18 297 (24.8%)
03-06 2(0.2%) 18-21 23(1.9%)
06-09 148 (12.4%) 21-24 9(0.8%)
09-12 421 (35.2%) Non classified 12 (1.0%)
12-15 278 (24.8%)
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Table 10. Fall height

Height category | Frequency(%) | Heightcategory | Frequency (%)
Less than 2m 32 (4.8%) 10m-20m 167 (25%)
2m-3m 30 (4.5%) QOver 20m 112 (16.8%)
3m-5m 98 (14.7%) Non classified 44 (6.6%)
5m-10m 185 (27.7%)
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Table 11. Association rules of fall accident

No Lift Support | Confidence Rules

1 8.62 0.0227 0.652 proj12, height6 — fact2
2 734 0.0227 0.556 proj12, act24 — fact2

3 6.61 0.0318 0.500 proj12, temp3 — fact2

4 6.48 0.0303 0.588 act24, fact10 — proj4

5 5.70 0.0227 1.000 act24, fact2 — proj12

6 5.70 0.0227 1.000 fact2, height6 — proj12
7 5.70 0.0318 1.000 fact2, temp3 — proj12

8 536 0.0242 0.941 fact2, time5 — proj12

9 531 0.0212 0.667 act2, fact7, time4 — proj11
10 524 0.0696 0.720 fact2 — proj12

11 499 0.0212 0.875 fact2, temp1 — proj12
12 482 0.0393 0.605 act2, fact7 — proj11

13 479 0.0227 0.833 act7, fact10— proj3

14 467 0.0393 0.813 act9 — proj3

15 467 0.0393 0.813 act7 — proj3

16 462 0.0272 0.581 fact7, height5 — proj11
17 455 0.0242 0.571 fact7, time6 — proj11
18 432 0.0212 0.778 proj1, temp3, height4 — fact7
19 4.09 0.0212 0.737 proj11, act2, time4 — fact7
20 3.70 0.0393 0.667 proj11, act2 — fact7

21 364 0.0212 0.667 fact7, temp3, height4 — proj1
22 3.55 0.0242 0.640 proj11, time6 — fact7
23 345 0.0272 0.621 proj11, height5 — fact7
24 3.37 0.0303 0.606 proj11, time4 — fact7
25 3.28 0.0348 0.590 proj1, height4 — fact7
26 3.19 0.0212 0.583 fact7, time5 — proj1

27 3.08 0.0696 0.554 proj11 — fact7

28 3.06 0.0242 0.552 proj11, height4 — fact7
29 273 0.0303 0.500 fact7, temp3 — proj1
30 271 0.0287 0.792 proj4, act2 — fact10

31 2.65 0.0257 0.773 proj4, height5 — fact10
32 261 0.0212 0.700 proj11, fact7, time4 — act2
33 2.57 0.0272 0.750 proj4, time4 — fact10
34 251 0.0212 0.700 proj1, fact7, temp3 — height4
35 245 0.0303 0.714 proj4, act24 — fact10
36 240 0.0635 0.700 proj4 — fact10
37 2.18 0.0212 0.583 temp4, height5 — act2
38 2.18 0.0212 0.583 time4, temp1, height4 — act2
39 2.16 0.0227 0.600 fact1 — height4
40 2.15 0.0408 0.628 proj3, time4 — fact10
41 2.15 0.0287 0.576 proj11, time4 — act2
42 2.1 0.0393 0.565 proj11, fact7 — act2
43 2.09 0.0212 0.560 proj1, time6 — act2
44 1.98 0.0227 0.577 proj3, act7 — fact10
45 1.93 0.0227 0.517 proj11, height5 — act2
46 1.93 0.0272 0.563 act7 —fact10
47 1.92 0.0212 0.560 proj3, temp1 — fact10
48 1.92 0.0212 0.609 proj1, fact7, height4 — temp3
49 1.89 0.0318 0.525 fact7, temp3 — height4
50 1.83 0.0227 0.536 proj3, height5 — fact10
51 1.83 0.0393 0.510 fact7, time4 — height4
52 1.78 0.0272 0.500 time5, height4 — temp1
53 1.76 0.0257 0.515 proj3, temp2 — fact10
54 1.76 0.0893 0.513 proj3 — fact10

55 161 0.0212 0.583 act2, temp1, height4 — time4
56 1.57 0.0257 0.567 act24, height4 — time4
57 1.49 0.0212 0.538 proj11, act2, fact7 — time4
58 1.49 0.0439 0.537 act2, height4 — time4
59 143 0.0439 0.518 temp3, height4 — time4
60 143 0.0227 0.517 proj11, height4 — time4
61 141 0.0333 0.512 proj2 — time4

62 141 0.0393 0.510 fact7, height4 — time4
63 138 0.0212 0.500 act24, temp3 — time4
64 1.38 0.0439 0.500 act2, temp1 — time4
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Table 12. Association rules of non-fall accident

No Lift Support | Confidence Rules

1 13.87 0.0205 0.647 fact14 — accill

2 13.74 0.0317 1.000 acci2, temp3 — fact17
3 13.74 0.0224 1.000 acci2, time4 — fact17
4 13.68 0.0317 0.944 fact17, temp3 — acci2
5 13.00 0.0653 0.946 acci2 — fact17

6 13.00 0.0653 0.897 fact17 — acci2

7 12.42 0.0224 0.857 fact17, time4 — acci2
8 11.79 0.0205 0.550 fact18 —acci1l

9 8.61 0.0205 1.000 acci7, projs — fact11
10 8.42 0.0205 0.550 fact18 — act1

11 7.19 0.0205 0.550 proj12, act2 — fact2
12 7.09 0.0373 0.833 acci7, proj10 — fact11
13 6.54 0.0354 0.500 acci7, proj12 — fact2
14 532 0.0243 0.765 proj4 — act24

15 482 0.0205 0.647 act4 — proj13

16 479 0.0205 1.000 proj5, fact11 — acci7
17 440 0.0224 0.632 acci7, factd — act24
18 436 0.0243 0.813 fact12, temp2 — acci6
19 422 0.0280 0.882 fact11, time4 — acci7
20 409 0.0485 1.000 act21 —proj12

21 4.09 0.0765 1.000 fact2 — proj12

22 409 0.0280 1.000 acci7, act21 — proj12
23 409 0.0205 1.000 act21, time5 — proj12
24 4.09 0.0224 1.000 act21, temp1 — proj12
25 409 0.0205 1.000 act2, fact2 — proj12
26 4.09 0.0205 1.000 acci3, fact2 — proj12
27 409 0.0354 1.000 acci7, fact2 — proj12
28 409 0.0261 1.000 fact2, time5 — proj12
29 4.09 0.0242 1.000 fact2, time6 — proj12
30 409 0.0280 1.000 fact2, temp1 — proj12
31 409 0.0205 1.000 fact2, temp3 — proj12
32 392 0.0336 0.818 fact11, temp3 — acci7
33 3.83 0.0373 0.800 proj10, fact11 — acci7
34 3383 0.0224 0.800 fact11, time6 — acci7
35 355 0.0243 0.722 acci8, proj10 — fact3
36 349 0.0858 0.730 fact11 — acci7

37 342 0.0230 0.696 acci3, proj10 — fact3
38 332 0.0205 0.786 proj12, fact13 —act15
39 3.19 0.0224 0.667 fact11, temp1 —acci7
40 3.10 0.0205 0.647 fact11, temp2 — acci7
41 291 0.0354 0.543 fact12 — accié
42 291 0.0243 0.591 acci8, temp1 — fact3
43 2.88 0.0243 0.500 acci8, fact3 — proj10
44 2.88 0.0205 0.500 fact11, temp3 — proj10
45 281 0.0261 0.667 accib, temp3 —act15
46 276 0.0280 0.577 act21 —acc7
47 276 0.0280 0.577 proj12, act21 — acci’7
48 2.66 0.0243 0.542 proj10, time6 — fact3
49 261 0.0224 0.545 act24, fact4 — acci7
50 2.58 0.0243 0.684 accib, fact12 — temp2
51 2.56 0.0243 0.520 proj10, temp2 — fact3
52 237 0.0336 0.563 acci6, proj12 —act15
53 2.19 0.0280 0.536 acci7, time5 — proj12
54 214 0.0205 0.534 act24, time5 — proj12
55 1.89 0.0205 0.550 fact3, time5 — temp1
56 1.72 0.0243 0.500 acci7, fact3 — temp1
57 1.68 0.0373 0.571 act! —timed

58 1.65 0.0261 0.560 proj10, temp2 — time4
59 1.54 0.0224 0.522 act24, temp2 — time4
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