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The Quantification of the Safety Accident of Foreign Workers in the Construction Sites

Kim, Ji-Myong®

Associate Professor, Department of Architectural Engineering, Mokpo National University

Abstract : The purpose of this study is to propose a model development framework to predict the risk of safety
accidents for foreign workers based on a deep learning algorithm for systematic safety management of foreign
workers in the construction industry. Many past studies have shown that foreign workers working at construction
sites are relatively more vulnerable to safety accidents than non-foreign workers, but quantitative research on the
risk of safety accidents among foreign workers working at construction sites is lacking. Furthermore, due to a lack
of predictive research on safety accidents, realistic and systematic safety management for foreign workers is not
possible. Therefore, in order to complement this, this study proposes a deep learning algorithm-based model that
collects, analyzes, and predicts safety accident data occurring at construction sites for systematic safety management
of foreign workers at construction sites. The results and framework of this study can be used to analyze and predict
various safety accident risks that occur at construction sites, and ultimately can serve as an important guideline for
safety management of foreign workers at construction sites.
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Table 1. Variable escriptions

Variables Description
Dependent Variable Treatrent day Total_ num.ber of days of trgatment including total number of days of administration listed on
medical bill (Numerical variable)
Safety Accident Occurrence Time Time of day when the accident occurred (Categorical variable)
Construction scale Scale of accident site (Categorical variable)
nd g Week Day of the week where the safety accident occurred (Categorical variable)
ndependent - - - - -
Variables Employment type Employment type of the party involved in the safety accident (Categorical variable)
Construction progress Construction progress rate at the time of safety accident (Numerical variable)
. L Occupational classification of safety accident parties according to the Korean Standard Statistical
Occupational classification A . )
Classification (Categorical variable)

Table 2. Descriptive statistics

Variables N Mean STD Min Max
Treatment day 2,103 89.18 33.21 1.00 99.00
gfiﬁtr{eﬁccce"mz 2103 | 347 | 058 | 100 | 400
Construction scale 2,103 1.71 0.81 0 1.00
Week 2,103 4.00 2.06 1.00 7.00
Employment type 2,103 0.94 0.23 - 1.00
Construction progress | 2,103 50.62 27.05 1.00 | 100.00
flzcsgl‘f’gggi' 2103 | 385 | 100 | 200 | 500

02

ZAY, AFFERAL A HUEXA 248 BGRIE 5 1&
A SARAE Sdll d2 AYFHE 7 -dAlehl, |
A 2ol f1geole AR mit S4stetal fAF AR
of theh SeHAQl del AIFe AMsshe Zle 55oz o
Ch SAARS it Hlarksde etsty] fls <Al
57179 SRFEAUERE AFsto] 45 AREH
of thel SUEAIE IAH O Hul-&gato] AEALZA}
9] fldgriol A&sitt. IS Aderdyt 2
H IElES LERHY] sl W5, @Y, AFIARYS AEisH
L}, AT 2R Addge) Aerdol mut AEER
Lol =EE 0] ALt A SAR= AT Qo) it K&
AOZ A Y81 Bt Halsk= Z10] SEOIT. et
AR} 7Fe ol Wlish= ARNE QA S 1letsh= 210
AFaL ofdhol] T=20] ErHCho et al, 2012). 018 E01, 714
OFdANLE @743 01 220 HEXCRE HEH= &Y
A0 AT meta] Aol B2 Al71ol At s
O] =Tl & 4= AAR 7IRHE A1 Holeol| ihe 9H4E
O] AOIE LIERE = QITE WA & AFolAE ARITIE
A719] BRURA, @7, A4, AH)= 26t QL 7
W ARSI 18dHe A HigwA oz U
FRALL Ql=¢] leSAkE HIQI=Q msALo] Higl Fta] 1l
E7|oF0] A7) w20 HTHA Q& QFIANL T F|oFsIth A
Y ZEALC] ©F 89.5%7 671E NI HIE 4] ZZAIA

L EY] 5S4 2RI 8015 ofof oi, Fejit
© IHT SAIEE T QoA d2tchs 480l 3
LS AP0 ®eE R 0150] oKL o
o] A=0] OFellAH HIg- AL Z=ANY] ePdARAL}
E7t5h= 2102 LIERITHKwon et al, 2019). Tt 118
TEE OFF ALl 91319 £t A%t 2 4= Atk =8 ¥
ot B W40 AHE (Table 1), 71& Sz (Table 2)
oF k.

iz
o

o

2 od O

2.2 i ¢mals o

2 Ao Ex5e gy gaglEs 7utes Add
o] oFALN o SREE Jidal= ZI0Ith JHdE e
£ 241 Sk Mean Absolute Error (MAE) 2! Root Mean
Square Error (RMSE)E 7|HtC = HIIE[UTE MAER}
RMSEE= QIZAIAWE 0]8381d] oS54t AAlgke Bl
Sl RFE H#Tl6k= F 7HA BVHKIRO|TE MAEE ol&
aat ARIGEE] AJO1E AUFtO 2 510 Hotg Wl 2108,
MAEZ}O] 00fl 7V7kerS @A} Aot Bl e o] 9
Chal g = QUCE $H8, RMSE= HEO] oS4t AR 84
oflA] FHeHel #to) XIolE Alelotr] Qo RO E ALEY]
= Z|L0|t}. RMSEE= THRFE ofHe] 8302 ghdoke
dl ARZEICE RMSE #40] 00l 7Phea& @A &th= 9
njo)7] = oo HEo] dWeo] == Zig g4 T &
oAl HE i ?1al Python 388 Akl 1S
M Keras & Scikit-Learn 20| HH2|E AFESHACT

AV AL Dstgto] whet 2 daglE9 E3o=2
71 7Y ASH 07 S7Yetal AUt AldEe gHeld &
12E & olUR, A8 A88e HEst 2i1E|50
Z EEoH HEE & ASE AKE5Ho] BRIE §
Zoith TS UHlEES &
ol AFSEILE 2 AolAl= Q4] H o & FotofA] g At
gt "Jald 7IHe ARESltt "Hed
OF QFAIAWI} 3= LA 5] #o]of7} 270 O]

Hl
1ol
=)
R
>
1o
M
=]
w2
re
>

SRAMBR[Y 2T N5 M55 2024398 2

it



A} QITH= A-0] Q1o Thkst H|ojEofl Ag8gt 4= ATt H
g4 7IAEs 71 & ofiE 99 HolHE 8 £F
L} 3lFote @ e Woitt guE oz Hede oy A
2 FHE AEEE 7R A o TSt R E Tt
ATt H 2Y op[EA = 418Y oF|EX et FAlSH
Al 3749] Zojo], w4, &dst g H 7ERE FEE L
FH2 A9 AZ1 69 ASOE FJE guts oz
Hd oFIHEA = BF A 9 CHSt oS 2otof] A&
g & AFUCE B3 O U2 s Qo gdE med
2 Sofl 25 "Heide Al dA]o] wet Deep Neural
Network (DNN), Convolutional Neural Network (CNN),
Generative Adversarial Network (GAN), Auto Encoder
(AE), Recurrent Neural Network (RNN) £ L}l HEIS
Z8l5Hl AUt Deep Neural Network (DNN) QbR O
2 2071 = 3F AFgEoItt Y gojojet 1 o]
o] AtoJofli= AT #lo]017F e AT B0]019] 420
et 21g8o] Zlo)7F ZEEITh A1880] DeepO 2 HiFot
= TAIEQ] FRl= YlOL LHEE O Credit Assignment
Path depth7} 28 ' OH DeepO & JHF3ITE

DNN2 536 HIAE #AE REdeheS shaglitt. o
2 AB9 2zt ASB0] B 7lse Adst s AAEI
T 20]CHSchmidhuber et al, 2015). DNN2 QA1 0]
SAIAE T Zo] Thkst gEfo] HElFo] 7hssh FH0] Ql
Ch 22k Ego] F etk BA R EXfsitt 28 o
2 CHSH HoofA] o] & B #i7o] YUR o2 eZH T
Convolutional Neural Network2 T2 H 2d F%0f H]
off HICIQ B QU]Q HofoiA] @45t ds5g HOlth= &
Fo] AT AAkEFo] Brh= BAE QU WA 4914
I} 27 GAO1A]of] ARZEITE Recurrent Neural Network
2 TIHHAE &4 BAIZ Qs ifE gkg0] E7Fsg =
UCH= BHO0] AR AT RO HEZE g8 &
AUCH= ZF0] QIFUILE YR o2 g7] Ql4]of AR EITH
Auto Encodere Y8 H4=0] B0} TRl H4=0] HE3L AO]
of] AA 7} QItk= T 0] AT mh7iH=71 & 7] mhiiZ
of A& o]al ok €al, 2Fsh] ¢t HIg4 Ed
AE A W =8 Lol Eo] ARIZ ARSEITE Generative
Adversarial Networke 8}50] EQFE6ITh= THE0] QIA]
I 245t Aot wE E8e de o+ A= ZE0 At o
A OIHIR] B & AR T ARSI B Etof| AR EICE &2 oI tof]
Ae oY HolH gAlt 29 g4, tist gy 7hsd
& 1/Hoto] DNNE &85t AdAZ9] oFdAtal o &
& NS

- i

28 s2AMDRIse] =28 X25W H5S 20244 9

2.3 DNN ¢12|& 2 Set-up

H o of|lA] $RE AFE & 21037000, Input HE =
AIEAIZE AR, QY, N84, ZHE, AYRER
E ARSSIACE & oA s Bt 3EEAIE 0185101
HoIHE Falsls WHQl z-score Aal HHHE olg
5to] HolHE AALES0] HOHE AARISIITE Hlo]
H FxlEle Hlush] =S vlojEe HOIE RFstal, H
W5H] ol Sl AKA9] H91E A &k bgoltt At
st e g Saofl AAlE Y= tlole= gks, 45 2 HA
EOg FELIQI. 8t HolH = 8 HlolHE 7oz
ey galglE Yol sksoty| 91t HolEoltt sksE
HEO] Js0] FHQIX] S0lstY] Qs &9 Had el
g 755 AS HoHRE 45 g ARICEL 5 dol
He g5 Hloleol 28ERUt. A5E 5 sk Bdo)
EA ol =0l Aot grig €7t QUok ojn HE9] o
= 2kt HAE H0IH 9] A1HE W6t @71} &9
=5 AlNSHl Fr1eHH, o] THAOA AR = BloJE 7} H
AE HIOJEOT. & Aol AFSE H|OIH = 2% HolH
(70%)QF HIAE HIOIE (30%) 2 THEE| Q) Eot 8l H|o]
H9| 30%E 5 HOHZ AFEISUICE E HolH= &
o= AMewirh

DNN REl2 o[t qaigjEs ol 24 A8y =59
7VEAE YUo|ESto] RS 3
Zglet7] liMe 9E &, 2ds =
oF2, &3t g, FEINOIA, Hix], o222 5]
Fato] mdof| thet 259 A8t Z-shor sitt. 2t el
o] Y& o] whet FE O] £F gho] ThEY] miEo Al
8 2 wie Sof XY FH gte TESITE EFok
2 IAEE WRIsh] Qs Aytet HEElolth HaY €l
Z|BoIA EEol e M4t BALL 8l & #Ho]0jeh =Tt
ot ekg Ho| ER6AIH WA slato] Bt 4= Q)
C}. HEge 8 HojE Q] Mest S50 Qla) AlA T
OJEIL} EIAE HIOJH Q] QA7 AA Held HE9] H50]
Koltl e Site Wit o] WAI6H] Qs =Foke S A
88 = AU g4stekees 24 =59 HIESE 3
4ot 7HEXIE Fe IHOIth FENIOIR = shae ¢
A o]l WEA TH== WRHOICE HiX] = it A8 Eo]
oI5t A9 AlLLS Q5 HOIEHE MER 1Esch= 9
1S SITE o 23= "ARES] =& FHoJsirh & ¢7tofA]
1< HoJE 9] 7142 1#5lo] 3719 hidden layer®}
dropout& 0 F== 0.22 23019

Z gt gl & AJLE| Qo) Tish Z4 RMSE 2 MAE
e 7R rdo] 55 Ruz Myt s 2y}
= (Table 31} ZrT} 2459 & 7t S71go] wet

|

of
ol FUIO e

(e



RMSE®} MAEE= FA} E7tek= Aol QloH, L& 7}
150-150-150€ o] RMSEQ} MAEE= & Z| 40 AO= L}
Eluith 218 0% YEY A 73 E dropoutS 09%, -
E 45 150-150-1502% ZEsIRATt. il 5, &gt
St Rectified Linear UnitElsr, SE|OIOJA= Adaptive
Moment Estimation B'#S AFZSICE epoch= 1,000
2 ddsilon, £41510] 4 014 7R A] Z= Al
Al S5E St 43t g2A] ReLu S 71E
Sigmoid 842 TFEQ] Vanishing Gradient =AI1E 12
ot7] ?loll 119 ERHOICE ReLu g4+ Y40l ORI
ZOW 0 286l 0K W Egte Itz Huct
[45;55]. Adaptive Moment B F| &3} AA12|EOE Al
SLRICE O] FENOIR = 19| 801, AlLtel S84,
255t A5 59 AR OZ 0I5 Ho| AFRE = Yarg|Eo]
Cl O] alz|Ee &4 B8] HHE HE e F7tsh
1A} 71€7] &ale|Eoltt.

Table 3. Learning result

Scenario of Network Dropout (0) Dropout (0.2)

Structure RMSE MAE RMSE MAE
5-5-5 36.80 2844 37.66 28.25
10-10-10 36.77 28.28 37.68 28.23
25-25-25 36.76 28.06 37.61 28.09
50-50-50 36.63 28.04 37.44 28.05
100-100-200 36.69 27.95 37.41 28.02
150-150-150 36.42 27.53 37.76 28.16
200-200-300 36.68 27.92 37.80 28.22
250-250-250 36.75 27.94 37.88 28.31
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Table 4. Composition of the final model

Constituent Elements
Dropout 0
Optimizer Adaptive Moment Estimation
Hyper parameter Epoch 1000

Activation Function Rectified Linear Unit function

Batch Size 5

Layer 3
Node 150-150-150

Network structure

Table 5. Comparison of results

Validation Test
Model
RMSE MAE RMSE MAE
MRA - - 43.25 32.24
DNN 37.24 27.42 39.12 29.48
DNN/MRA (%) - - -9.6% -8.5%
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