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ABSTRACT

Despite continuous safety management, the death rate of construction workers is not decreasing every year. Accordingly, various
studies are in progress to prevent construction site accidents. In this paper, we developed an Al-based priority inspection target selection
model that preferentially selects sites are expected to cause construction accidents among construction sites with construction costs of
less than 5 billion won (KRW). In particular, Random Forest (90.48 % of accident prediction AUC-ROC) showed the best performance
among applied Al algorithms (Classification analysis). The main factors causing construction accidents were construction costs, total
number of construction days and the number of construction performance evaluations. In this study an ROI (return of investment) of
about 917.7 % can be predicted over 8 years as a result of better efficiency of manual inspections human resource and a preemptive
response to construction accidents.

Key words : Construction site inspection, Random forest, Al, Classification analysis, Prediction

| $h= AT ool wheh ARG ALE PR 918 ke A7t
AN AT Ao 2 dEs B e $07 02 Adsh Al

w A AYA 2 Beg ey S, = 5 BRI 71 Fold (ko] & AUC-ROC 90.48 %) &
B9l R ToAES wl sjue] Za-3hg0 0], AAAILE SuERs 703k 8910 2= BAM], $BANIS BAAZT o] BelElck
2 A7 5 47 £83he 1Al ael] Uig A4 thee] A2 8133k ok 917.7 % ROICEALG018)E 7]efet 4= 1k,

20| 1 AU, W FAAE, QBA S, B, o=

LME

A2 1063E A7) AP APARE 7asshs FA0IEL S A4l kel iAol Bsha v Fen s, B,
sk S0.2 Qlgk 1Y Z2A AP S o184 @ JITKMOEL, 2021). 53] 714 RajAlars st ohe} gk
Shv1e) AP S1ge] S A B AR A, B oI YU B Slele A e R 8] Bl S8t

* FEokATE|Y tREgAFIE Blyo|ej e, kst SAska XA (KALIS - Pusan National University - unohwang@kalis.or.kr)
w289 - A& istal A4S 38 1l (Seoul National University - shchi@snu.ac.kr)
wkx Hakstal S8k sHA} (Pusan National University - shine96@kakao.com)
AR ZABY - aIAA SRR HRAEE S vlvleleer] |7, 28HAL (Corresponding Author - KALIS - hyunjun jung@kalis.or.kr)
Received May 6, 2022/ revised August 18, 2022/ accepted October 12, 2022

Copyright © 2022 by the Korean Society of Civil Engineers
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.




HElolEl S 837k Al 7]et

E3), ZAe A aE (A3 Y 2022. 1. 27)(Korean Law Infor-
mation Center, 2022)0] AJ3j<lo] wlz} Apga7} 1 o) ubas}
7t FdE AR o7k ofd Xs7F Bagh FRpL 27 ot
Ry, e U8k 38R0 R §5S T Ul HHoE Hohe
2194 A¥AE 1 ol 39 o) HATS A, FHlA3)

A 5ol B3 0 E A6 ek A B HAIR 5ol
1 oPge] o = 1004 ofsle] WS W Sk web,

7199] YFAINE AAAALE AAF o= oishkE Aol 7Y
gl Ao QoM AART TS Fa3 ARjle] H3Urk

FEHRITEY A= A AU-BF gl sl =]
5k AAo|ck Table 13}
VIFAR= 5246771027k
12,804710. 2 HA|2] 244

BE Qlgdo] ezl

¢
i
‘

ol
rlo

r
Sy
fm
®

)
>
)
N=)
S
nd
onl
o

ofy
&

A
v
R
)
m>~
(e
%
A
o,
. X

o Y
mTz; e

v}
o
=
i
‘I
1%
QL
£
>,
1
g
i)
i
£
o
il

¢

il
g
0 0 I
)
5y
&
Al
0
by
Y
ik
ro,
o

__cg‘
Y
i
o
k5
fu)
o
o
o}
¥

!
2

o

jﬂ:
i
I

g

< YAE ARl R Wish} 7hEstheal
Hdloe] 7o) WAt ulel 3@ AFG oI5
AR PPt 7hsEixier AT @ AR M=
tlefelE 7|Rko 2 & 8] Sjabae] Fasitt FERY
2l Wi A5 wERiele] QIEHT At @A AL ARl
gk Ardst 22J0] mgsi 71 Alelel] theh A= o]ele] e
ARl EAET= A2t Fagh o] SR wEhA,
Hdjo|e] Bl AI7[Rke] Al oSS Thksto] 923
R i = s T I B A e e R e i g R R
B3 HEHoR AL A A5 2R g A AR 5
AEIE 71E = Stk

A8 AT-E Choi et al.(2021)2 AT ] FAL AR RS
83 APAE] o 2 A s K188kl e, Yoon et
al.(2020)2 AP el WY EHAES o]ge A s

P

3

[e]
T

AR e

S 7} A AN HolHE o83 ARl S
2 7S skdek: Cho et al(2017)2 Sppa s 7Rk,
2 2VdAtaL deles Bl IAALGEE Rkt sl
A valEhde 88 AN 7 2 ) ARE
(Tixier et al, 2016).

Ju 71E Ao S T2 ALY /3 oSk
AT7F o)FolA] FdataLe] MAS: dlEshs e ofelzol I3l
I, AL AH2] B dIEShe V1] el el
Aartare] WAlE Q17 AFAQl sjdAs AAeHA el A
43l Slopr] AR A aLe] ool dAE vk Al
AFes gt 2 AdgAle] S3e aeshA] sk wie
o AEARL &l JlojA Fagler dEE WgE BT
FeEttkae 2 4 §ick

uEbd, 2 A= 54 @70 e aE ANE A #T
A AR AlrF AERE Eshs s TREsiitk
o et Bk vpko 2 HALaLe] F8%1E d5%t 13
4 ZRapls Fgskal, AVe] sl e Adgel
H 2 elx] Ao g VdraLE dpelkat] S5s3Ik
53l dlofEel] 7k AeRAQl AR oV APde flsl Hot
gksle AR AR(FAM], SARLSE, A, Al s
3ol A% SRS Tdele] AN S G
g8ds FPA7IAL STk IR dlolele mEekdded
VA Q] SREERCS]) AL dlefd, A
2P HAIZBYKISCON) - vloe], thekddds]e] 2021
e A seg7e) diolels 3tk 3714 dleleE §34
e G & A= odsie A S AEGAEA

gL So= = pudcing |
£ Whgeh wEg el AUCROCHS Al 1ele) A
< itk TEY mES v R Ak SFesE 5

3 HeH o s A WS eI 2ol Ak
U5 oF iR F vk tloHAl 4ol ARl
Egrl dag)Ee) @y Xg2~E(Random Forest), XGBoost
(eXtreme Gradient Boosting), LightGBM (Light Gradient Boosting
Machine), 2JAFEA U Decision Tree) 5 & 47 dare)&y}
olFE R tiEA] Lare}Eel SVM (Support Vector
Machine), Logistic Regression, K-NN (K-Nearest Neighbor)

s F VN daElEs A8tk

Table 1. Private Construction Sites between ‘18 and ‘20 with a Construction Cost Under 5 Billion KRW (KALIS, 2021a)

Total Number of on-Site (EA) | 0~0.1 billion (EA) | 0.1~1 billion (EA) | 1~5 billion (EA)
Overall average (*18~"20) 52,467 ) 41,545 10,922
— - Unreported subject
Average of building and infrastructure (’18~"20) 27,790 21,364 6,426
Inspection plan (°21) 12,804 - 4,377 8,427
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Fig. 1. Ratio of Construction Accidents in Building and Infrastructure
Sectors (left) and Accidents in Construction Sites Under 5
Billion KRW (right) (KALIS, 2021b)
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Fig. 2. Research Process for Model Development
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Table 2. Features Considered in This Study
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Features type Feature description
Output Accidence int ‘Whether an accident occurred (0,1)
Construction site chr Construction site
Construction company chr Construction company
Date int Construction start date
Month int Derived feature of ‘Date’
Day of week chr Derived feature of ‘Date’
Season chr Derived feature of ‘Date’[Spring, Summer, Fall, Winter]
Construction type chr Building, Infrastructure
Owner chr Public, Private
Construction company location chr Construction company location
Successful bid rate int Successful bid rate
Number of construction days int Construction end date — Construction start date + 1
input Construction cost int Construction cost
Construction capability evaluation (building and infrastructure) int Construction capability evaluation data
Construction performance evaluation float Construction capability evaluation data
Management evaluation float Construction capability evaluation data
Technical competency evaluation float Construction capability evaluation data
Credit evaluation float Construction capability evaluation data
Construction capability evaluation (Infrastructure) float Construction capability evaluation data
Construction capability evaluation (Building) float Construction capability evaluation data
Construction work performance (building and infrastructure) float Construction capability evaluation data
Construction work performance (infrastructure) float Construction capability evaluation data
Construction work performance (building) float Construction capability evaluation data
Number of technicians int Construction capability evaluation data
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Table 3. Confusion Matrics

Predict Predict
Accident (1) | No Accident (0)
Real True False Recall
Accident (1) Positive (TP) | Negative (FN) | (=Sensitivity)
Real False True Specifici
No Accident (0)| Positive (FP) | Negative (TN) P vy
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2 FHE B3 s SHAFHTE LightGBMol|A slo]w s}
2hE] sl 2y darelse] ded 88.68 %R 7E A
85.09 % tiH] 3.59 %p Z7}131tk XGBoostol A= so]s s}
wjE] 223} Ay darelEe] e 8574 %= 7B AT 83.79
% thH] 1.95 %p Z7IsICH, WY TP EXME solH e}
nje] X3} b daElEe] s 8832 %= 7IE A% 83.19
% i8] 5.13 %p Z7Fsksich

3.3 AMH|A REIo| Ms Ty}

Table 57} 720 B2E Hlojele Saato] ] 714 hele]
5SS Frkekactk Ade AUC-ROC, 18]al Fl-score
e vk Ay, g TYAEeT) 24 80.95 %, 90.48 %,
8047 % W ATl T kel Wel $49 BRAdES
Hojok guglE £53)F(Confusion matrix)-S Tables 6~83}
ek wEp, £ Holke 3 XelE duelss 3 Bde
sk

Table 4. Comparison of Algorithm Performance (AUC-ROC)

Algorithm AUC-ROC Posterior AUC-ROC
(Optimization)
LightGBM 0.8509 0.8868
XGBoost 0.8379 0.8574
Random Forest 0.8319 0.8832
Table 5. Performances of Algorithm (%)
Algorithm Recall AUC-ROC Fl-score
LightGBM 47.6190 74.8095 64.5161
XGBoost 76.1905 88.0952 86.4865
Random Forest | 80.9524 90.4762° 89.4737°

*The highest predictive performance of each Algorithm

Table 6. Confusion Matrix of LightGBM

Predict (0) Predict (1)
Real (0) 1,012 0
Real (1) 11 10
Table 7. Confusion Matrix of XGBoost
Predict (0) Predict (1)
Real (0) 1,012 0
Real (1) 5 16
Table 8. Confusion Matrix of Random Forest
Predict (0) Predict (1)
Real (0) 1,012 0
Real (1) 4 17
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Table 9. Feature Importances of Random Forest and LightGBM

Rank of Importances

Features R]?:)li(:tn LightGBM
Construction cost 1 1
Number of construction days 2 3
Construction performance evaluation 3 5
Constmction work performance (building and 4 10
infrastructure)
Technical competency evaluation 5 7
Credit evaluation 6 4
Management evaluation 7 -
Construction capability evaluation (building 3 B
and infrastructure)
Construction work performance (building) 9 7
Construction capability evaluation (Infrastructure) 10 2
Construction capability evaluation (Building) - 6
Construction work performance (infrastructure) 9

34 AMAMDT FROI =5
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Table 10. Construction Site Accident Prediction Result

P
of>
o,
P
AN

Construction site Constrl?ct.ion cost Number of construction | Con structif)n per1.°01.'mance Real Prediction
(million) days (day) evaluation (million)

1 2,978 527 2,675 accident accident

2 4,497 540 7,200 accident accident

3 2,917 799 2,675 accident accident

4 2,741 1057 50,103 accident accident

5 4,598 547 17,026 accident accident

6 4,148 1079 10,216 accident accident

7 1,507 352 2,850 accident accident

8 2,084 1154 9,445 accident accident

9 1,335 772 4,942 accident accident
10 3,165 547 17,538 accident accident

11 4,372 1444 12,166 accident accident
12 2,431 1111 4,993 accident accident

13 756 730 52,613 accident accident
14 1,453 1096 4,732 accident accident

15 2,612 481 84,224 accident accident
16 2,491 527 13,622 accident accident
17 3,329 1201 5,146 accident accident

18 2,268 891 43,131 accident Non-accident
19 3,241 607 6,142 accident Non-accident
20 4,929 539 4,649 accident Non-accident
21 1,730 1173 7,888 accident Non-accident
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