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Risk Management for Preventing Workers’ Deaths in Construction
Machinery Work

Seungsoo Yang® - Shinwon Paik™'

'Corresponding Author Abstract : The use of construction machinery has been increasing every year due to the
Shinwon Paik large scale, high-rise and lack of workers in construction work. On the other hand, deaths
Tel : +82-31-670-5281 are on the rise every year due to inadequate risk management for construction machinery
E-mail : paiksw@hknu.ac.kr work. In addition, the number of deaths caused by the lack of signals or insufficient

signals during construction machinery work is increasing rapidly, and it is deemed

Received : March 12, 2020 necessary to analyze the actual conditions and take countermeasures. Therefore this

Revised : April 8, 2020 study has developed the Strength Risk Index (SRI) based on the Frequency Risk Index

Accepted : June 1, 2020 (FRI) and the 5W1H by analyzing in-depth deaths caused by construction machinery over

the past five years. The risk index (RI) was assessed using the frequency and strength risk
index derived to determine whether it is acceptable (acceptable risk < 0.25 =
unacceptable risk) and the risk assessment method for reducing risk was proposed by
applying 3E (Engineering, Education, Enforcement) measures for each level of risk for
unacceptable risk. It also proposed measures to improve the system, such as
requirements for signal numbers, mandatory placement standards, and mandatory
installation of side and rear monitoring cameras, as measures for accidents caused by
failure to deploy signals or insufficient signals, which account for the highest proportion
of deaths among construction machinery operators and workers.
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Table 1. Accident analysis of construction equipment types

Constructlon'*—— vear Total | 2018 | 2017 | 2016 | 2015 | 2014
machinery
Total 403 85 9 8| 72| 62
Bulldozer 3 2 1 0 0 0
Excavator 119] 220 28/ 24/ 24 21
Loader 2 1 0 1 0 0
Forklift 24 6 4 9 5 0
Dump truck 30 12 5 6 6 1
Movable crane 104 15 25 24 19/ 21
Motorgrade 1 0 0 0 0 1
Roller 19 4 5 4 3 3
Concrete mixer truck 9 1 1 4 2 1
Concrete pump car 24 7 5 1 5 6
Crushed stone machine 2 1 0 0 0 1
Air compressor 1 0 0 0 1 0
Boring machine 6 0 1 4 0 1
Driving and triggering machine 15 5 7 2 1 0
Special construction machine 1 0 1 0 0 0
Tower crane 43 9 13 9 6 6
Table 2. Accident analysis by accident cause
Cose Year | roral | 2018 | 2017 | 2016 | 2015 | 2014
Total 403 85 96 88 72 82
Bad installgtion and 49 3 13 2 3 3
mounting
Bad material used 54 5 17 16 7 9
Bad work method 88 17 21 18 21 11
Bad operation 49 14 10 8 9 8
Poor signal and no signers | 122 35 24 28 18 17
Poor stop, repair and 18 3 6 1 6 5
safety measures
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Table 3. Registration status of construction machinery

Constration..__ Y| o1s | 2017 | 2016 | 2015 | 2014 | Mem
machinery )
Total 501,646 487,318 465,296 445,722 430,004| 464,551
Bulldozer 3667 3727 3769 3880 3972 3,803
Excavator 150,573 | 145,500 139,562 136,244 133,388 | 141,055
Loader 25,775 24350 22979 21979 20,624 23,143
Forklift 189,593 181,677 172,284 164,983 156,612 173,030
Dump truck 59998 60,696 58798 55023 54395 57,782
Movable crane | 10,657 10,663 10,162 9758 9410, 10,130
Motorgrade 69 718 736 73 768 727
Roller 6,650 6499 6437 6417 6397 6480
Concrete mixer truck | 26,737 26492 25442 23,785 23,179 25,127
Concrete pump car | 6970 6974 6676 6370 5816 6,561
Crushed stone machine 399 409 413 421 426 414
Air compressor 4485 4531 449 4546 4433 4498
Boring machine 5081 5785 5133 5013 4820 5346
Driving and triggering | o761 g49'  g70 808 770, 875
machine
Special construction | 951 g330 @0 592 636
machine
Tower crane 6283 6,162 5432 3673 3,171 4944
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Table 59| HIX=(%)= AQ7|AE T APdRE Table 6. Strength risk index of construction machinery

%1_@7] 7"" = EH‘}I\‘E "]’ll_‘J—’— 100 ’3?@1’ Q‘E“%OL}—'—, SWIH I\Lwnﬂ];)f Iiﬁ}i)" Strength | SRI
O Q0n0 i WHQO AXNy|A WEY 2T e e
\:ITFE( (0)): H E‘ =] ;?-. 1__ = ]7:" —11‘% ¢ fcj] Who/total 403 100 10
ek ves ofnjgtth =3k AR E(Freq) = Hw& Bulldozer 30 074 007 05
2 1022 U SRS oujsict Excavator 119 2953 295 1
Table 62] 7} $]® A]4(Strength risk index, SRI)&= Loader 2 050 005 05
= Forklift 24 5.96 0.60 0.5
F7F AL otAl, ofdE S, ofl, o|BA skt
L o 5191 .00 (0, Dump truck 30 744 0.74 0.5
E}E} %QO]’EE “:'Fo]"E_ —|(5WH_D DZ]—FL]— U‘ITE( A’)-‘J‘ Movable crane 104 2581 2.58 1
S = (Strength) & =Z3H3IT Motorgrade 1 025 003 05
o] 7] A, Table 59] SAMIES} Table 62] AP EE Roller 19 471 047| 05
:LVHE. Z;]_g_fg, 76]“?“ %;S_Aé oﬂ H]’SH /,5:-]_%—*5]0] Ego-]X]E‘_ Concrete mixer truck 9 2.23 0.22 0.5
- - _ Concrete pump car 24 5.96 0.60 0.5
Ol |2~ 7}2kSkslal ALl AL =0 o135
= 9" ]TE (reFsbshal 284 %0171 715) Table Crushed stone machine 2 0.50 005| 05
49]‘ s O] %ﬂ'ﬁ]‘{l\‘ﬂ 1077}‘X]94 1\;}3—1‘?‘]% &%‘s}ﬂ] HH'LH'?BH Air compressor 1 0.25 0.03 0.5
A I8 3, SHE 2, AYE 12 sk 7P 2 7 Boring machine 6 149 015 05
El] 76]—?‘ 052 —5—]_0:1 2~ go 7]"—6‘ ‘?‘];ﬂjg 6]‘9,3\1‘4‘, Driving and triggering machine 15 372 0.37 0.5
Special construction machine 1 0.25 0.03 0.5
o o Tower crane 43 10.67 1.07 1
Table 4. Risk index criteria When/total 403 100 10
Frequency and strength Risk index Risk level 06:00~09:00 105 26.1 2.61 1
0.00~1.00 05 09:00~12:00 104 25.8 2.58 1
1L01~333 | Low risk 12:00~15:00 92 28| 228 1
15:00~18:00 91 22.6 2.26 1
3.34~6.66 2 Mddle risk
- - 18:00~06:00 0.77 2.7 0.27 0.5
6.67~10.0 3 High risk Where/total 10 100 10
Less than 2 billion 6.12 41.2 4.12 2
Table 5. Frequency risk index of construction machinery 2 to 12 billion 35| 20| 230 1
< B ; 12 billion to 50 billion 2.04 104 1.04 1
Construction Reg. | - | FEeent! patio 50 billion to 100 billion 127 77 077 05
hin P of age o Freq. | FRI
machinery S | geaths | (%) | 0 More than 100 billion 257 157 157 1
Total 464551 403 546 100 10 e ol iy L0
nloadi i k 2 . 4 2
Bulldozer 3803 3 008 144 014 05 Uandmg and ‘;Orge}”ng wor 00| 645| 645
xcavation and Compaction
Excavator 141055 119 008 155 015 05 Operations 56 1391 139 1
Loader 23,143 2 0.01| 0.16, 0.02| 0.5 Installation and Dismantling Tasks 2.12 11.2 1.12 1
Forklift 173030 24| 001 025 003 05 Drilling and driving work 0.97 47, 047] 05
truck 57782 20 005 095 010 05 Concrete pouring work 1.07 5.7 0.57 0.5
‘Why/total 10 100 10
Movable crane 10,130 104|103 1880 1.88| 1 Single purpose operation o1 6| 226 .
Motorgrade 727 1 0.14 252 025 0S5 Multipurpose work 192 476 476 2
Roller 6,480 19 029 537 054| 05 Off-site work 3.04 20.4 2.04 1
Concrete mixer truck | 25127 9| 004 066 007| 05 Emergency repair, inspection 3 82, 082 05
Concrete pump car | 6561 24| 037 670 067| 05 Bad construction machinery > 12| 012] 05
hed " 14 5 p How/total 10 100 10
Crusl stone machine 048 | 885 088| 0.5 Machine work 39 200 290 1
Air compressor 4,498 1 0.02| 041 004| 05 Direct simultaneous work
, : by o 1 03 003 05
Boring machine 5,346 6/ 011 206 021 05 (Machine + machine)
. . . Indirect concurrent work
Dﬂvmgmaanc‘}imﬁggeﬂng 875 15 171|3140| 3.14| 1 (Machine + machine) 4 10 010} 05
Direct simultaneous work
i i . 23. 2. 1
Special construction 636 1| 016 28 029 05 (Machine + person) % 33 35
machine Indir t k
ect concurrent worl
Tower crane 4944 43| 087 1593| 159 1 (Machine + person) 186 462 | 462 2
SHROFAEHS|R|, H|352 A|35, 20204 19
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Table 7. Risk index assessment (How to multiply)

Strengh

Frequency s ! 2 .
0.5 0.25 0.5 1 1.5
1 0.5 1 2 3
2 1 2 4
3 1.5 3 6
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Table 8, Safety management for excavation work
Division SRI | PRI | R | Safety measures | ppy
index
Excavator 1 .
07:00~12:00 1 @ Technical
measures
2 to 12 billion 1 @ Administrative
Excavation and measures 0.17
Compaction Operations 0.5 | 0.67 @ Educational  |(Acceptble
Multipurpose work 2 5 measures ed Risk)
Indirect concurrent work ures appi
(Machine + person) 0.67/2x2)
Average SRI 1.33
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Table 9. Safety management of lifting work

Division SRI | FRI | Ri | Safety measures | ppp
index
Movable crane 1 .
13:00~15:00 1 @ Technical
— measures
More than 100 billion 1 @ Administrative
Unloading and conveying 2 measures 0.19
work 1 1.5 |® Educational  |(Acceptble
Multipurpose work 2 measures Risk)
Indirect concurrent work| 3 measures applied
(Machine + person) 1.5/(2x2x2)
Average SRI 1.5
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Table 10. Safety management of concrete installation work

Division SRI | FRI | Ry | Safety measures | opp
index
Concrete pump car 0.5 (D Technical
18:00~06:00 0.5 measures
50 billion to 100 billion| 0.5 @ Administrative
Concrete pouring work | 0.5 mmeasures 021
: pourng wo = | 05 | 042 |® Educational  |(Acceptble
Single purpose operation| 1 measures Risk)
Direct simultaneous work 2 0 measures applied
(Machine + person)
Average SRI 0.83 0422

5 EIIE Bz | BEE HIFLE Agalel BAo] 70001 7
AN 0F 184578 0AH] T2E el BIeE NS
A9 el

5 Sl : 36 5 1) o A

@ 7K o : maeE B AR

8 A, FEA, 2
2 9HE B/HE AAstL o
Av 2 Aeld F7skew
=7} #pEstelel Heysis
dejd oz werE gl

O

4.5%g o

AA AR HGARS TPgstel 2 ge) 2 A
3, RE PEBsL S Y SEEE
(16, BEA, Beld) ZHe) AT 285
of SIFES 0250|RLO R o] NS HuT 5
919ick

ARIQPH BN AHR] QP RA7) o
3 A AROR(PARA D AYAAY B )
R T (CREE LIRSER
Y - AR 2, A ARIAE Ak A,
FRY AT Y Bl AL ARRAE B
AYAAG Astel FAASM ulet Hde 5t

BNOowE

BHROIBHE|R|, H|353 |35, 2020

kd

olo] sl 2 et o) g
W g4z uet QA 4o
sheth ohn SEC1SE, B84,
g0l glol shdnjael 454
se welhe] ojafel whet by
Ao) ¥R, Ao kol
Bl b0 SIHES WA
o7} g,

U

r
AL
> &
<2
R
-
o flo rE i

a

o
it
N 2

> e
X2
lo
Hoox
[y
i
N

-
N
ol

_,4
)

.

o
o

7 =
LN

Z] =

2~ 0]
= T

AN

_{

S. UMIA S BHAD ofjY

5.1 Al

Az szt
Table 2] A]
EolE BAIR 25}
A AA AFGARSE 40378 % 122791 30.3%E AA-5)
7P =2 HlSS RISk Qi

A7 A 2= Table 113} Zro| =417], |2, 715
7], &8, AAAL £02 WAYselt

AdFAE 2 5ol AA7A} =2 AT A
2 o WA= Akale Fig 33t o] AA7AZE 5
oy szdAejoll A A2 83%7F WA skt o=
A7 Aol HFo Aok ARl $1A]
et FRAE A HA] e dAsks Aom Hd Al

>
yu|
O
X
=
N
N
A
e
N

Table 11. Accident status by construction machine due to
signal problem

~_ Year
Construction Total | 2018 | 2017 | 2016 | 2015 | 2014
machinery
Total 122 35 24 28 18 17
Bulldozer 2 2 0 0 0 0
Excavator 45 11 9 9 7 9
Loader 1 1 0 0 0 0
Forklift 9 2 2 4 1 0
Dump truck 21 8 4 5 3 1
Movable crane 17 3 6 5 1 2
Motorgrade 1 0 0 0 0 1
Roller 12 3 3 1 3 2
Concrete mixer truck 4 0 0 3 1 0
Concrete pump car 3 0 0 0 2 1
Crushed stone machine 1 0 0 0 0 1
Air compressor 2 1 0 1 0
Boring machine 4 4 0 0 0
21
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Fig. 3. Operational status of construction machinery.
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Fig. 4. Construction machinery work situation,

Fig. 5. Signal status when an accident occurs,
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