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Proposal of a Prediction Framework Based on Deep Learning Algorithm to
Predict Safety Accidents at Small-scale Construction Sites
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This study aims to develop a framework for an accident prediction model leveraging a deep neural
network algorithm, specifically tailored for small-scale construction sites. Notably, the incidence of
E-mail : jimy6180@gmail.com  sccidents in the construction sector is markedly higher compared to other industries, with a significant
contribution from small-scale sites. The challenging nature of construction in urban settings, coupled
with the increasing frequency of adverse weather conditions, is likely to escalate accident risks at these
Received : September 27,2023  sites. Anticipating and mitigating accidents at small-scale construction sites is therefore crucial to
Revised :November 8,2023  decrease the overall industry accident rate. Consequently, this research introduces a Deep Neural
Accepted : November 9, 2023  Network-based model for forecasting accidents at small-scale construction sites. The framework and
findings of this study are poised to serve as a guideline for the safety management of small-scale
construction projects, ultimately aiding in the realization of safer, more sustainable construction
practices at these sites.
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Figure 1. Research framework
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Table 1. Detailed descriptions of variables
Variables Descriptions
Remedy days Total number of remedy days for accident treatment(Output variables)
Number of worker Total number of workers at the construction site where the accident occurred
Occupation types Occupation types according to the Korean Standard Occupational Classification
Time zone Time zone when the accident occurred at the construction site
Employment type Classification according to employment type of construction site accident workers
Accident day Day of the week when accidents occurred at construction sites
Construction progress rate Construction progress rate at the time an accident occurred at a construction site
Nationality of accident victim Classification according to nationality of accident victims
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Table 2. Statistics of descriptive analys

Variables Number Min Max Average STD

Remedy days 2,109 1.00 100.00 10.69 14.16
Number of worker 2,109 2.00 5.00 3.85 1.00
Occupation types 2,109 1.00 4.00 3.47 0.58

Time zone 2,109 0.00 1.00 0.94 0.23
Employment type 2,109 1.00 7.00 4.00 2.06
Accident day 2,109 1.00 100.00 50.62 27.06
Construction progress rate 2,109 0.00 1.00 0.05 0.22
Nationality of accident victim 2,109 2.00 5.00 2.00 5.00
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T Holof|A] g lsHA A8 Y tH23]. ‘31] =9 Recurrent Neural Network(RNN),
Deep Neural Network(DNN), Convolutional Neural Network(CNN) Auto Encoder(AE), Generative Adversarial Network(GAN)
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of B4t v TAE 7H HlolH 9] oS & ol d¥hA o = AR TH25). whebA 2 Aol = AT ARl T

o] 14 W /45 1L2{5to] DNN2 &850 744 ol thE ARl of & RElS 7dshr] Q1R e 25 Alteict.

2 =l 22 9] DNN 2 Hl-& AA517] flof 9utd o &2 Q1AW o5 e 2 W7 F 2 AFH-F|= MAE(Mean
Absolute Error, v Aol 22H2}F RMSE(Root Mean Squared Error, Byt Al H5L 22HE AF&Eoto] H| 1w ol TH26]. MAE
= AAIG A SgEe] Aol S Aigto = Alitsto] M-S WAL, RMSE= TS shute] A &2 fA|RI: wahA MAES}
RMSEZ} 0ol 7P7he-5 e 9] a2l o] olXltt, -3 % H|o|8 &= z-score F112HE Fofl HIo|HE Ataloh= A4
Y& AR z-score H1obhe EEHALR} Bt o851 Hlo]B o] 9IS A otal ©efel o] whE AtolE HA
Shee AMAR AL 9} X2 0] T3S Al efsto] AElstITH27]. Atele HlolEl= st HIolE (70%)2} ElIA~E Hlo]
El(30%)= sHESHA| 2]ttt o] 5 S5 tlol8 9] 30%7t HF HlolE &= AREE L.

DNN 2&-2 7} A7 I E O] 7152 & W7ok AAn G e|ES 5ol 22 mdl-s st whebs 225t 2
= FloiA= AR WS Boll A VIERT 5 Alue] 2.0t 0}01 | S 2= o] P2 o] th28]. stol i
7= ot ¥ Alojshe vl = EFohe, Wi 2] 271, ol 24, wEjato] A 9 @A s} ok o] QUEH29]. ¢l E
S0}, EFoR2g9Ed RO A5 AokE 2ok HAE wAIE GHQGP] 913t et s gl o]o}. vl 27]+=DNN
Ldlo] glolg o5 @& AAsk Bdlo] B84 Q1 o5l S n|Zt Epoch= HE 2] Ho|H Sk #HoflA ok
45 #]7gsta, Optlmizer— Lo glofe] g5 £ 5 A ofsto] HHlo] QPA)-S Alofeith. &/} o= A H]8- o
TE sk e A7 R30]. & Aol ARE-E HlofE o] fEAIRL -FAFRE o Aol YIERIT 5 Y Sfolw of
Eullsiss 45}1417] HBH flojo] =328 Aokl EFoRR-2 (0 B 0.2)= A5tk viz] 27]= 52 AA =,
Epoch+= 1,0000.2 4259 tH27-30]. Optimizerv= TEE2 EXo2] RHE o2& 0|83t Adaptive Moment
Estimation(Adam)©|2h= 2|25} &118]E5-8 A6t Adam Method= A4He] B A1} 2-8-9] thofAd 0 2 QI e
Hopol| A AFEEIAL QTH30]. 23S} T2 Sigmoid &5 HFs7] $1all 1191 ReLu(Rectified Linear Unit) 35
ARESFTH31].

l

Journal of The Korea Institute of Building Construction 835



Kim, Ji-Myong

Table 32 HIES 7229} stolwjutatu|e|of w2t sget B3S WERHTE AlU].2 5 MAESTRMSE gho] 2491 A]
Ul s F Rz st dRrE o g EFokro] 0 miEo EFoke] 0.2 A2l o] EA4d=rt o 2
Ao vetylth B L E 7} 5715 MAESF RMSE gto] aF S7ksHhrt le & 4271 500-500-500% @ MAES}
RMSE %ol 7Fg 212 k& UEHRlEt. Table 4= 2t i A R0 H2ohd YEHA 229} sto|wuzti|g g |
ol

Table 3. Outcomes of the learning process

Dropout(0) Dropout(0.2)
Network Structures
RMSE MAE RMSE MAE
50—50—50 0.393 0.323 0.415 0.350
100—100—100 0.384 0.315 0.402 0.335
200—200—200 0.372 0.295 0.395 0.330
300—300—300 0.369 0.293 0.391 0.323
400 —400—400 0.367 0.292 0.383 0.316
500—500—500 0.365 0.290 0.385 0.315
600 —600—600 0.371 0.295 0.393 0.321
700—700— 700 0.370 0.290 0.387 0.316
800 —800— 800 0.371 0.297 0.387 0.316
900 —900—900 0.370 0.296 0.387 0.316
Table 4. Detailed description of optimization model
Construction Descirptions
Network Node 500-500-500
structures Layer 3
Optimizer Adaptive Moment Estimation
. Activation Function Rectified Linear Unit function
Par;/rfl:er Dropout 0
Batch Size 5
Epoch 1000
6.EE
2 Aol A= DNN & e| 55 A-85to] At A0 QPIALAL ol & RES 7S] f1Rt Za| o =25 Algst
Art. AR5 S 5 G R ATE BA@FN BAD AL LAS S35 A Eso} Zemso] A9
5 shsto] 2% 22 mlo] SYSHch, et 2 A4

| —
A ApT o2 RS PO RA ek AR Al
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AN ) 2 2

919 %E%@¢ G1FL, 18 Bl 4512 21983 A1 AL AR Aol 0] S84 B} Siol DNN e
22 289 AL o2 B LSk AL 9IS Fstste] shavelo] 483 4 gk B3, WRAR AL SR
of AP el -2 Fol A A 2 918 S Testo] 917 B8 S5 AHT 4 9lom, o] S NHo R olit e A
Ho= BT gk Eak ATH AL 915 A FAS Fo) ALTE Fo| 1 e 5 92 Holek. ES ABA
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$oto] 2R AIAY AT 7ol = 2ol 2 Bgol THsale], FIH 0= AR AIAYIA AT ABL E
0.2 A47HsF ARG T 7101 4 91 Hlole.
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