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Association Rule Mining Approach to Extracting Relationships of Accident

Factors in Construction Sites

Ga yeon Lee

Department of Safety Engineering, Graduate School
Pukyong National University

Abstract

The purpose of safety management is to identify and control risk factors to
prevent accidents. It is very important to analyze the causes of accidents
based on past accident cases. The current state of construction accident
analysis is often classified simply based on accident statistics. In addition,
Analysis of accidents using simple statistics focuses on high frequency factors.
However, since accidents are caused by a combination of factors, the
relationships of accident factors must be considered. In this study, the
association rule mining(ARM) is applied to extracting relationships of accident
factors in construction sites. ARM of data mining techniques is suitable for
scientific and probabilistic analysis of the associations between various items.
This study collects construction accident data from 2010 to 2014 and extracts
relationships of construction accident factors that occur simultaneously,
regardless of frequency, based on probability. The purpose of this study is to
identify the relationships of factors causing construction accidents according to
the accident type, construction size, and process rate. It is expected to reduce
the selection time of variable in the processing of information for accident

analysis and be helpful for the decision making or the analyst.
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Table 1. Unprocessed Construction Accident Data

Definition

Data Example

Process Rate Progree of the construction

“After completion of construction” “907100%” “80790%5”
“70780% - - -

Construction Scale Amount of construction

“More than 100 hillion Won” “50 billion to 100 billion
Won” “30 billion to 50 billion Won”---

Accident Form o
mjury

Form of an accident that caused the

“Fall” “Injuries from falling object” “Slip and fall; Trip

and fall” “Traffic accident”- -

Original Cause Material Cause of an accident

“Edge” “Scaffolding” “Ladder” “Portable tool”---

“Skill workers involved in construction finishing”

Occupation Occupation of a casualty J ]
“Welder” “Electrical engineer”- -
Age Age of a casualty “37 “82” “81” “807---
Medical Treatment | Period of medical treatment from an | “The dead” “More than a year’ “6 months to 1 year”
Period injury “91 to 180 days”:--

Working Year Working year of a casualty

” o«

“More than 20 years” “10 to 20 years” “0 to 10 years”

“4 t0 5 years”:--

Accident Time Time of an accident

“OO” “23” “22” “21”.“

Facility Construction structure

“Apartment” “Detached house” “Road transport facility”
“Water supply facility”---

_14_
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Table 2. Pre-processed Construction Accident Data

Unprocessed data Pre-processed data
“After completion of construction” “907100%” “After completion of construction” “807100%”
PrOCeSS Rate “ ~ ” “ ~ ” “ ~ ”
80790%" “70780%" - -+ 60780% " -
Construction | “More than 100 billion Won” “50 billion to 100 “More than 12 billion Won” “5 billion™12 billion
Scale billion Won” “30 billion to 50 billion Won”--- Won” “300 million™5 billion Won”---
) “Fall” “Injuries from falling object” “Slip and “Fall” “Injuries from falling object” “Slip and fall;
Accident Form . » o« 5 : » ; _— . . »
fall;, Trip and fall” “Traffic accident”:-- Trip and fall” “Traffic accident™:--
Origi nal Cause “ ” “ . ” “ 9 “ ” “ ” “ . ” “ ” “ ”
Material Edge” “Scaffolding” “Ladder” “Portable tool”: - Edge” “Scaffolding” “Ladder” “Portable tool”:--
ateral
Occupation “Skill workers involved in  construction : “Skill workers involved in construction finishing”
finishing” “Welder” “Electrical engineer”: - “Welder” “Electrical engineer”---
Age “83” “82” “81” “80” k. MSOS” “7OS” “6OS” “5OS” -
Medical Treatm | “The dead” “More than a year’ “6 months to 1 “The dead” “More than a year’ “6 months™ 1
ent Period year’ “91 to 180 days”-:- year’ “917180 days”::-
) “More than 20 years” “10 to 20 years” “5 to 10 “More than 20 years” “10720 years” “5710 years”
Working Year .« Y b Y
years ‘4 to 5 years’--- 475 years’ -
Accident Time “00” “23” “22” “217--- “22706”7 “07709” “107127---
=i “Apartment” “Detached house” “Road transport “Apartment” “Detached house” “Road transport
y facility” “Water supply facility”:-- facility” “Water supply facility”: -

_16_



Table 3. Research Data

Process | Construction | Accident | Original Cause . Medical Treatment | Working | Accident i
i Occupation Age ) ) Facility
Rate Scale Form Material Period Year Time
N 5  hillion"12 R o o f ,|Service 2 - 3 Apartme
20740% o Fall 40s | The dead 16-18
billion Won Crossbeam worker months nt
e~ Skill k R d
. 300 million™5 : . i 9~ 3 o
60780% o Fall Scaffolding involved in | 60s | The dead 10-12 transport
billion Won ) months -
construction facility
e~ Skill k Religi
N 300 million™5 . - 6months™ et
60780% o Fall Edge involved in | 50s | The dead 16-18 S
billion Won _ 1 year -
construction facility
.~ | Sl d Skill k
N 300 million™s | T " . . | Less than Sales
40760% . fall; Trip | Floor, Aisle involved in | 60s | The dead 07-09 .
billion Won ) a month facility
and fall construction
e~ Sli d Skill ki
. 5  billion~12 | > " . . L Less than Living
0720% o fall; Trip | Floor, Aisle involved in | 60s | The dead 10-12 .
billion Won . a month facility
and fall construction
N 5  hillion"12 ) 3 7 4 Education
40760% . Fall Scaffolding Welder 40s | The dead 16-18 -
billion Won months al facility

_17_
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Table 4. Association Rules in terms of Construction Scales with Minimum Support 0.01

rules(Less than 300 million Won, min.Support=0.01, min.Confidence=0.25) support | confidence lift count
{AF-3,0-1,WY-1} => {OCM-2} 0.010435 | 0.280754 9.978725 | 283
{AF-3,0-1} => {OCM-2} 0.012648 | 0.273743 9.729537 | 343
{AF-3MTP-2,WY-1} => {OCM-2} 0.010288 | 0.260504 9.258995 | 279
{PR-1,AF-1,WY-1} => {OCM-3} 0.013717 | 0.54386 7.415249 | 372
{PR-1,AF-1} => {OCM-3} 0.016372 | 0.53949 7.355666 | 444
rules(300 million™5 billion Won, min.Support=0.01, min.Confidence=0.25) support | confidence lift count
{OCM-2,WY-1} => {AF-3} 0.013977 | 0.881838 10.05017 | 403
{OCM-2,0-1} => {AF-3} 0.010612 | 0.859551 9.796158 | 306
{OCM-7TMTP-2WY-1} => {AF-3} 0.01356 | 0.729478 8.313738 | 391
{OCM-7F-2} => {AF-3} 0.010647 | 0.729216 8.310758 | 307
{OCM-7MTP-2} => {AF-3} 0.01963 | 0.723785 8.248862 | 566
rules(5 billion~12 billion Won, min.Support=0.01, min.Confidence=0.25) support | confidence lift count
{OCM-7,AT-1} => {AF-3} 0.010218 | 0.730159 12.0852 | 46
{OCM-7,0-1} => {AF-3} 0.015104 | 0.723404 119734 | 68
{OCM-7,A-1} => {AF-3} 0.012661 | 0.662791 10.97016 | 57
{AF-3 AT-1} => {OCM-7} 0.010218 | 0.516854 10.67374 | 46
{AF-3,A-1} => {OCM-7)} 0.012661 | 0.495652 10.2359 | 57
rules(More than 12 billion Won, min.Support=0.01, min.Confidence=0.25) support | confidence lift count
{AF-3,A-1} => {OCM-7)} 0.010864 | 0.517241 13.8006 | 60
{AF-3MTP-2} => {OCM-7} 0.011769 | 0.503876 13.444 65
{OCM-7,A-1} => {AF-3} 0.010864 | 0.606061 13.12656 | 60
{OCM-7MTP-2} => {AF-3} 0.011769 | 0.570175 12.34933 | 65
{AF-1MTP-2WY-1} => {OCM-3} 0.018468 | 0.563536 7.105956 | 102
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Table 5. Association Rules in terms of Construction Scales with Minimum Support 0.04

rules(Less than 300 million Won, min.Support=0.04, min.Confidence=0.25) support | confidence lift count
{AF-1,WY-1} => {OCM-3} 0.052251 | 0.500176 6.819651 | 1417
{OCM-3,WY-1} => {AF-1} 0.052251 | 0.940903 6.7953 1417
{OCM-7WY~-1} => {AF-3} 0.052436 | 0.715292 5.792176 | 1422
{AF-3WY-1} => {OCM-7} 0.052436 | 0.54441 5.689351 | 1422
{AF-2 MTP-2} => {OCM-5} 0.044839 | 0.320506 2.80743 | 1216
rules(300 million™5 billion Won, min.Support=0.04, min.Confidence=0.25) support | confidence lift count
{OCM-3WY-1} => {AF-1} 0.055317 | 0.946588 554191 | 1595
{AF-1,WY-1} => {OCM-3} 0.055317 | 0.466374 5470885 | 1595
{OCM-4,WY~-1} => {AF-2} 0.046057 | 0.805337 2.573543 | 1328
{OCM-6,WY~-1} => {AF-2} 0.045398 | 0.785714 2.510837 | 1309
{WY-1F-2} => {PR-1} 0.04134 | 0.279944 1.899716 | 1192
rules(5 billion~12 billion Won, 'min.Support=0.04, min.Confidence=0.25) support | confidence lift count
{AF-1,WY-1} => {OCM-3} 0.043758 | 0.488834 6.147289 | 197
{OCM-3WY-1} => {AF-1} 0.043758 | 0.965686 5.996579 | 197
{OCM-4WY-1} => {AF-2} 0.04287 | 0.835498 2.492652 | 193
{O-1MTP-3} => {AF-2} 0.044203 | 0.518229 1.546102 | 199
{AF-2,A-1} => {MTP-3} 0.047757 | 0.339652 1.477406 | 215
rules(More than 12 billion Won, min.Support=0.04, min.Confidence=0.25) support | confidence lift count
{AF-1,WY-1} => {OCM-3} 0.040014 | 0.52 6.556986 | 221
{OCM-3WY-1} => {AF-1} 0.040014 | 0.96087 6.325247 | 221
{MTP-3,AT-2} => {AF-2} 0.043998 | 0.456767 1.344735 | 243
{MTP-3WY-1} => {AF-2} 0.06989 | 0.442153 1.301713 | 386
{AF-2 A-1} => {MTP-3} 0.061742 | 0.425718 1.300464 | 341
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Table 6. Selected Minimum Support and Confidence

Minimum support

Minimum Confidence

Mining in terms of accident forms

0.01

0.25

Mining in terms of construction

scales

0.04

0.25

Mining in terms of process rates

0.05

0.25
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Table 7. Association Rules in terms of Accident Forms

rules(Slip and fall; Trip and fall, min.Support=0.01, min.Confidence=0.25) | support | confidence lift count
1[{CS-3,0-1} => {F-1} 0.010543 | 0.349515 2.66005 108
2 | {OCM-3,0-1,WY-1F-2} => {PR-1} 0.015814 | 0.421875 2.643234 | 162
3| {PR-1,CS-1,0-1,WY-1} => {F-2} 0.015717 | 0.612167 2.559609 | 161
4 | {PR-1,CS-1,0-1} => {F-2} 0.017376 | 0.609589 2.548829 | 178
5| {CS-3,A-1} => {F-1} 0.011909 | 0.330623 2.516274 | 122
6 | {CS-3WY-1} => {F-1} 0.013178 | 0.317647 2417516 | 135

rules(Fall, min.Support=0.01, min.Confidence=0.25) support | confidence lift count
7 | {IMTP-3F-1} => {CS-3} 0.010869 | 0.317694 3.692774 | 237
8| {CS-3,0-1} => {F-1} 0.010089 | 0.3207 2.977087 | 220
9| {O-1F-1} => {CS-3} 0.010089 | 0.250569 2.912536 | 220
10 {CS-3MTP-3} => {F-1} 0.010869 | 0.311842 2.894861 | 237
11} {CS-3,A-1} => {F-1} 0.010731 | 0.292135 2.711917 | 234
12 {CS-3,WY-1} => {F-1} 0.012749 | 0.286303 2657777 | 278

rules(Injuries from falling object, min.Support=0.01, min.Confidence=0.25) | support | confidence lift count
13 {PR-1,CS-1,0CM-1,WY-1} => {F-2} 0.011214 | 0.774436 3.000082 | 103
14 {PR-1,CS-1,0CM-1} => {F-2} 0.012085 | 0.770833 2.986126 | 111
159 {CS-3,0-1} => {F-1} 0.011323 | 0.351351 2.782036 | 104
16 {PR-2,CS-1,0CM-1} => {F-2} 0.013936 | 0.677249 2.623589 | 128
17 {PR-2,CS-1,0-1MTP-1} => {F-2} 0.010343 | 0.673759 2.61007 95
18 {CS-1,0CM-1,0-1} => {F-2} 0.021834 | 0.667774 2.586885 | 201
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Table 8. Association Rules in terms of Construction Scales

rules(Less than 300 million Won, min.Support=0.04,

_ _ support | confidence lift count
min.Confidence=0.25)
19| {AF-1,WY-1} => {OCM-3} 0.052251 | 0.500176 6.819651 | 1417
20| {OCM-3,WY-1} => {AF-1} 0.052251 | 0.940903 6.7953 1417
21| {OCM-7,WY-1} => {AF-3} 0.052436 | 0.715292 5792176 | 1422
22| {AF-3WY-1} => {OCM-7} 0.052436 | 0.54441 5.689351 | 1422
rules(300 million™5 billion Won, min.Support=0.04, min.Confidence=0.25) | support | confidence lift count
23| {OCM-3,WY-1} => {AF-1} 0.055317 | 0.946588 554191 1595
24| {AF-1,WY-1} => {OCM-3} 0.055317 | 0.466374 5470885 | 1595
25| {OCM-4,WY-1} => {AF-2} 0.046057 | 0.805337 2573543 | 1328
26| {OCM-6,WY-1} => {AF-2} 0.045398 | 0.785714 2510837 | 1309
rules(5 billion~12 billion Won, min.Support=0.04, min.Confidence=0.25) support | confidence lift count
27| {AF-1,WY-1} => {OCM-3} 0.043758 | 0.488834 6.147289 | 197
28| {OCM-3,WY-1} => {AF-1} 0.043758 | 0.965686 5.996579 | 197
29| {OCM-4,WY-1} => {AF-2} 0.04287 0.835498 2.492652 | 193
30| {O-1,MTP-3} => {AF-2} 0.044203 | 0.518229 1546102 | 199
rules(More than 12 billion Won, min.Support=0.04, min.Confidence=0.25) | support | confidence lift count
31| {AF-1,WY-1} => {OCM-3} 0.040014 | 0.52 6.556986 | 221
32| {OCM-3,WY-1} => {AF-1} 0.040014 | 0.96087 6.325247 | 221
33| {IMTP-3,AT-2} => {AF-2} 0.043998 | 0.456767 1.344735 | 243
34| (IMTP-3,WY-1} => {AF-2} 0.06989 0.442153 1.301713 | 386
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Table 9. Association Rules in terms of Process Rates

rules(Process rate 0720%, min.Support=0.05, min.Confidence=0.25) support | confidence lift count
35| {AF-1,WY-1} => {OCM-3} 0.066472 0.554734 6.644438 | 750
36| {OCM-3WY-1} => {AF-1} 0.066472 0.954198 6.584845 | 750
37| {CS-1,AF-2} => {OCM-5} 0.058141 0.292988 3.795388 | 656
38| {CS-1,0CM-5} => {AF-2} 0.058141 0.945245 3.042853 | 656
rules(Process rate 20740%, min.Support=0.05, min.Confidence=0.25) support | confidence lift count
39| {AF-1,WY-1} => {OCM-3} 0.054812 0.50162 6.095851 | 774
40| {OCM-3WY-1} => {AF-1} 0.054812 0.93253 6.059944 | 774
41| {CS-1,0-1} => {F-2} 0.080518 0.524689 1.960605 | 1137
42| {CS-1,0-1,WY-1} => {F-2} 0.059061 0.48715 1.820333 | 834
rules(Process rate 40760%, min.Support=0.05, min.Confidence=0.25) support | confidence lift count
43| (MTP-3,WY-1} => {AF-2} 0.064111 0.523407 1.589992 | 928
44| {WY-1F-2} => {CS-1} 0.081658 0.575182 1.589493 | 1182
45| {CS-1,WY-1} => {F-2} 0.081658 0.306615 1.544813 | 1182
46| {AF-2,WY-1} => {MTP-3} 0.064111 0.288827 1.475738 | 928
rules(Process rate 60780%, min.Support=0.05, min.Confidence=0.25) support | confidence lift count
47| {CS-1,WY-1} => {F-2} 0.072353 0.303076 1.743894 | 995
48| {(WY-1F-2} => {CS-1} 0.072353 0.575145 1.724305 | 995
49| {(MTP-3,WY-1} => {AF-2} 0.063554 0.520858 1.497249 | 874
50| {AF-2WY-1} => {MTP-3} 0.063554 0.27467 1.37355 874
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Table 9. Association Rules in terms of Process Rates(Cont’d)

rules(Process rate 807100% , min.Support=0.05, min.Confidence=0.25) support | confidence lift count
51| {OCM-5WY-1} => {AF-2} 0.058354 0.942222 2.658369 | 636
52| {AF-2,WY-1} => {OCM-5} 0.058354 0.25573 2.468733 | 636
53| {CS-1,WY-1} => {F-2} 0.05918 0.258621 1.768323 | 645
54| {WY-1F-2} => {CS-1} 0.05918 0.565294 1.697282 | 645

rules(After completion of construction, min.Support=0.05, , ,
support | confidence lift count
min.Confidence=0.25)

55| {CS-1,AF-3} => {OCM-7} 0.052486 0.589147 6.181777 | 76
56| {CS-1,0CM-7} => {AF-3} 0.052486 0.690909 6.100222 | 76
57| {CS-1,AF-2,AT-2} => {OCM-5} 0.054558 0.572464 2.939459 | 79
58| {AF-2MTP-3} => {OCM-5} 0.062155 0.552147 2.835139 | 90
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Table 10. Main Rules in terms of Accident Forms

rules(Slip and fall; Trip and fall, min.Support=0.01, min.Confidence=0.25) | support | confidence lift count
1[{CS-3,0-1} => {F-1} 0.010543 | 0.349515 2.66005 | 108
3| {PR-1,CS-1,0-1,WY-1} => {F-2} 0.015717 | 0.612167 2.559609 | 161
4 | {PR-1,CS-1,0-1} => {F-2} 0.017376 | 0.609589 2.548829 | 178
5| {CS-3,A-1} => {F-1} 0.011909 | 0.330623 2516274 | 122
6 | {CS-3WY-1} => {F-1} 0.013178 | 0.317647 2417516 | 135

rules(Fall, min.Support=0.01, min.Confidence=0.25) support | confidence lift count
7| {IMTP-3F-1} => {CS-3} 0.010869 | 0.317694 3.692774 | 237
8| {CS-3,0-1} => {F-1} 0.010089 | 0.3207 2.977087 | 220
9| {O-1F-1} => {CS-3} 0.010089 | 0.250569 2.912536 | 220
10 {CS-3MTP-3} => {F-1} 0.010869 | 0.311842 2.894861 | 237
11} {CS-3,A-1} => {F-1} 0.010731 | 0.292135 2.711917 | 234
12 {CS-3,WY-1} => {F-1} 0.012749 | 0.286303 2657777 | 278

rules(Injuries from falling object, min.Support=0.01, min.Confidence=0.25) | support | confidence lift count
13 {PR-1,CS-1,0CM-1,WY-1} => {F-2} 0.011214 | 0.774436 3.000082 | 103
14 {PR-1,CS-1,0CM-1} => {F-2} 0.012085 | 0.770833 2.986126 | 111
14 {PR-2,CS-1,0CM-1} => {F-2} 0.013936 | 0.677249 2.623589 | 128
17 {PR-2,CS-1,0-1MTP-1} => {F-2} 0.010343 | 0.673759 261007 |95
18 {CS-1,0CM-1,0-1} => {F-2} 0.021834 | 0.667774 2.586885 | 201
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Table 11. Main Rules in terms of Construction Scales

rules(Less than 300 million Won, min.Support=0.04, min.Confidence=0.25) | support | confidence lift count
19| {AF-1,WY-1} => {OCM-3} 0.052251 | 0.500176 6.819651 | 1417
20| {OCM-3,WY-1} => {AF-1} 0.052251 | 0.940903 6.7953 1417
21| {OCM-7,WY-1} => {AF-3} 0.052436 | 0.715292 5.792176 | 1422
22| {AF-3WY-1} => {OCM-7} 0.052436 | 0.54441 5.689351 | 1422
rules(300 million™5 billion Won, min.Support=0.04, min.Confidence=0.25) | support | confidence lift count
23| {OCM-3,WY-1} => {AF-1} 0.055317 | 0.946588 554191 | 1595
24| {AF-1,WY-1} => {OCM-3} 0.055317 | 0.466374 5.470885 | 1595
25| {OCM-4,WY-1} => {AF-2} 0.046057 | 0.805337 2573543 | 1328
26| {OCM-6,WY-1} => {AF-2} 0.045398 | 0.785714 2.510837 | 1309
rules(5 billion~12 billion Won, min.Support=0.04, min.Confidence=0.25) support | confidence lift count
27| {AF-1,WY-1} => {OCM-3} 0.043758 | 0.488834 6.147289 | 197
28| {OCM-3,WY-1} => {AF-1} 0.043758 | 0.965686 5.996579 | 197
29| {OCM-4,WY-1} => {AF-2} 0.04287 0.835498 2.492652 | 193
30| {O-1,MTP-3} => {AF-2} 0.044203 | 0.518229 1.546102 | 199
rules(More than 12 billion Won, min.Support=0.04, min.Confidence=0.25) | support | confidence lift count
31| {AF-1,WY-1} => {OCM-3} 0.040014 | 0.52 6.556986 | 221
32| {OCM-3,WY-1} => {AF-1} 0.040014 | 0.96087 6.325247 | 221
33| {IMTP-3,AT-2} => {AF-2} 0.043998 | 0.456767 1.344735 | 243
34| (IMTP-3,WY-1} => {AF-2} 0.06989 0.442153 1.301713 | 386
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Table 12. Main Rules in terms of Process Rates

rules(Process rate 0720%, min.Support=0.05, min.Confidence=0.25) support | confidence lift count

35| {AF-1,WY-1} => {OCM-3} 0.066472 | 0.554734 6.644438 | 750

36| {OCM-3WY-1} => {AF-1} 0.066472 | 0.954198 6.584845 | 750

37| {CS-1,AF-2} => {OCM-5} 0.058141 | 0.292988 3.795388 | 656

38| {CS-1,0CM-5} => {AF-2} 0.058141 | 0.945245 3.042853 | 656
rules(Process rate 20740%, min.Support=0.05, min.Confidence=0.25) support | confidence lift count

39| {AF-1,WY-1} => {OCM-3} 0.054812 | 0.50162 6.095851 | 774

40| {OCM-3WY-1} => {AF-1} 0.054812 | 0.93253 6.059944 | 774
rules(Process rate 40760%, min.Support=0.05, min.Confidence=0.25) support | confidence lift count

43| (IMTP-3,WY-1} => {AF-2} 0.064111 | 0.523407 1.589992 | 928

46| {AF-2,WY-1} => {MTP-3} 0.064111 | 0.288827 1.475738 | 928
rules(Process rate 60780%, min.Support=0.05, min.Confidence=0.25) support | confidence lift count

49| {(MTP-3,WY-1} => {AF-2} 0.063554 | 0.520858 1.497249 | 874

50| {AF-2,WY-1} => {MTP-3} 0.063554 | 0.27467 1.37355 | 874
rules(Process rate 807100%, min.Support=0.05, min.Confidence=0.25) support | confidence lift count

51| {OCM-5WY-1} => {AF-2} 0.058354 | 0.942222 2.658369 | 636

52| {AF-2,WY-1} => {OCM-5} 0.058354 | 0.25573 2.468733 | 636
rules(After completion of construction, min.Support=0.05, min.Confidence=0.25) | support | confidence lift count

55| {CS-1,AF-3} => {OCM-7} 0.052486 | 0.589147 6.181777 | 76

56| {CS-1,0CM-7} => {AF-3} 0.052486 | 0.690909 6.100222 | 76

57| {CS-1,AF-2,AT-2} => {OCM-5} 0.054558 | 0.572464 2939459 | 79

58| {AF-2MTP-3} => {OCM-5} 0.062155 | 0.552147 2.835139 | 90
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