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Abstract As the size of a construction site increases, the use of large construction machines increases.
In particular, a tower crane is a representative construction machine used to build high-rise buildings.
However, tower cranes have various risk factors associated with their use due to their size and weight.
For example, a tower crane accident in 2021 caused serious damage, and several workers died in it.
However, previously, only universal and qualitative analyses of tower crane accidents were conducted by
researchers. So, this study aimed to evaluate the importance of each factor in this accident by analyzing
the accidents qualitatively and quantitatively using the AHP technique. So, for the AHP class analysis
model of the accidents, the factors were derived using data on South Korean and foreign tower crane
accidents and existing literature. Subsequently, the AHP technique was used to analyze the model after
a dual comparison questionnaire between the factors. As a result, installation, dismantling, and rising of
tower cranes (0.3082) were the factors of the highest importance, indicating that the careful operation
of the cranes was the most important aspect of their usage. In addition, the lack of skill of the respective
workers was the most important factor affecting the installation, dismantling, and ascending of the tower
cranes negatively. In effect, this study is expected to be used as a basis for tower crane safety
management to contribute to the reduction of tower crane-related accidents in the construction industry.
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Fig. 1. Construction Industry Disaster Situation
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Table 1. Current Status of Tower Crane Safety
Accidents in Korea

Area Accident summary Extent of
damage
Gyeonggi- Mast dropped while inserting 3-stage 2 dead
mast during tower crane personnel .
do X 1 injury
operation
Gyeonai- Dropped object due to broken sling
v dogg belt of tower material during the 1 dead
tower crane assembly operation
Safety belt engaged to disengage
Jeollabuk- | .. the l?racing du{—ing tower crane
dismantling operation and tower crane| 1 dead
do . R K
bracing connection pin fell off
while moving
After installing the tower crane
head, loosen the sling belt
Incheon connected to the crane and slide 1 dead
down the inclined ladder from the
lower end and fall
Fixed hoisting block falls off after
Busan . ires 1 dead
completion of rebar lifting work
Operator crashed while preparing
to climb small tower ordered to
Incheon . . 1 dead
stop selling and take corrective
action
. Tower crane upper conduction
Gyeonggi- . .
o during tower crane telescoping 1 dead
operation
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Forming a hierarchy by analyzingthe
relationship between decision problems and
decision factors

A pairwise comparison matrix is obtained for
each layerthrough pairwise comparison of
decision elements within each layer

Calculatingthe relative importance of decision
elements within each hierarchyfrom a pairwise
comparison matrix

Prioritize the relativeimportance of the
elements obtained for each tier

4stage

Fig. 2. AHP Analysis Process
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< g3 B Adat AR} sgd Aot Table 3. Factors of tower crane safety accident
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Agsiglon, AubEel QHiAiel thet 81e At _
Top factor Sub Factor
T oA u]535} AAo H
(ﬂ — ]—"WI—X] ]‘=‘ cd- o ]E]- E}&}ﬂ’ “ (ﬂ — E}‘ A-1 Design and construction errors
L39|019] AuFAQl kALY Q1S E=&5al oo Mechanical A-2 Defects in parts
= = Bl sF echanicaly y 3 Mechanical malfunction
2 29T 5 BASI1A}F g} factor —— — -
@ A-4 Insufficient electrical insulation
A-5 Aging of equipment
. A-6 O . ti
Table 2. A Study on the Safety Accident of Tower Crane verseas parts procurement 1ssues
B-1 Insufficient task management
Autor Reasearch summary B2 Insufficient safety management of
equipment and personnel
Investigate driver's working environment and analyze Management B-3 Tmproper Risk Assessment
Park anxiety factors through surveys and interviews on factor Al and - !
(2012) |general matters, safety education, job stress, etc. of (B) —4 |'mp ropeF personnel and equipment placement
tower crane drivers B-5 |Unidentified maintenance history of equipment
Analysis of serious accident cases of tower cranes B-6 Poor subcontracting technology
management by process
Lee and survey of workers related to tower cranes at - -
(2014) | construction sites to identify problems and present C-1 [lgnore manufacturer instructions and work order
improvement measures C-2 Ignore safety rules when working
After analyzing the hazards of the tower crane, the h.istallati.on, Cc-3 Insufﬁ(:len; knowli(.ige of risk factors
Kwon top 10 risk items applied with FMEA techniques are dismantling, when working ascent
015) derived as major hazards and presented as basic data and' C-4 Lack of manpower for installation and
to minimize safety accident problems by intensively escalation dismantling and aging
managing them faz:tc))rs C-5 A lack of skill in workers
C X
To prevent power transmission system accidents Stealing the status of workers wh‘o have
during tower crane accidents, investigate the current C-6 I'mt corr?pleted e'ducatlo'n during
Lee and structure of tower crane, analyze broken reducer installation or dismantling work
2016) shaft fracture surface, analyze shaft static analysis D-1| Poor rope hanging method during salvage
considering the driving environment of the reducer, D2 Carelessness of workers in lifting and
analyze the cause of shaft fracture, and suggest unloading operations
safety measures Opfereltlonal D-3 Poor signal exchange between driver and
actors - T
Technological, institutional, and educational D) traffic light
measures to reduce tower crane safety accidents are D-4 Driver's vision is not secured
Choi proposed by analyzing risks by type of operation D-5 | Operation of crane arbitrarily by the operator
(2017) |process, cause of disaster, and type of operation of D-6 | Violation of driving instructions and standards
high accident installation, dismantling, and climbing
work
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Table 4. Survey overview

Spec. Respondents | Percentage(%)
Male 22 95.7
Gender
Female 1 4.3
~29 0 0
30~39 4 17.4
Age
40~49 15 65.2
50~ 4 17.4
Tower crane
installation and 5 21.7
dismantling engineer
Job Tower crane operator 6 26.1
Safety manager 7 30.4
Field manager 5 21.7
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Table 5. Analysis of the Importance of Top Factors of
Tower Crane Safety Accident

Sort Top factor Importance | Rank
Mechanical factor 0.1165 3
Tower Crane Management factor 0.0926 4
Installation/
Dismantling Installation, filsmantlmg, 03082 1
Engineer and escalation factors
Operational Factors 0.1593 2
Mechanical factor 0.1079 4
Management factor 0.1149 3
Tower crane
driver Installation, filsmantlmg, 03207 2
and escalation factors
Operational Factors 0.3489 1
Mechanical factor 0.0424 4
Management factor 0.2275 2
Safety manager Installation, dismantling,
. 0.2754 1
and escalation factors
Operational Factors 0.1906 3
Mechanical factor 0.0648 4
Management factor 0.2203 3
Field manager Installation, dismantling,
X 0.2436 2
and escalation factors
Operational Factors 0.2735 1
Mechanical factor 0.0767 4
Management factor 0.1520 3
Overall Installation, dismantling,
. 0.2853 1
and escalation factors
Operational Factors 0.2320 2
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Table 6. Analysis of the Importance of Tower Crane
Safety Accident Mechanical Factors

Table 7. Analysis of the Importance of Tower Crane
Safety Accident Management Factors

Sort Mechanical factor | Importance | Rank Sort Management factor | Importance| Rank
A-1 0.2131 1 B-1 0.1782 3
Tower Crane A-2 0.0908 5 B-2 0.2682 1
Installation/ A3 0.0877 6 Tower Crane B-3 0.0477 6
Dismantling A-4 0.1542 2 . Insta}lllanon/‘ B-4 0.1960 2
Engineer Dismantling Engineer
A-5 0.1051 3 B-5 0.0598 5
A-6 0.0922 4 B-6 0.0916 4
A-1 0.0484 6 B-1 0.1659 3
A-2 0.1152 3 B-2 0.1416 4
A-3 0.0897 4 B-3 0.0471 6
Tower crane driver - Tower crane driver
A-4 0.0886 5 B-4 0.1970 1
A-5 0.2703 2 B-5 0.1404 5
A-6 0.2706 1 B-6 0.1756 2
A-1 0.0324 6 B-1 0.0225 6
A-2 0.1180 3 B-2 0.1355 3
Safety manager AS 0.0811 4 Safety manager B3 0.1093 >
A-4 0.0796 5 B-4 0.2119 1
A-5 0.2916 1 B-5 0.2047 2
A-6 0.2380 2 B-6 0.1330 4
A-1 0.1633 2 B-1 0.1171 4
A-2 0.0752 6 B-2 0.0692 6
Field manager A3 0.1675 ! Field manager B3 0.0772 >
A-4 0.1602 4 B-4 0.1328 3
A-5 0.1607 3 B-5 0.2001 2
A-6 0.1115 5 B-6 0.3549 1
A-1 0.0860 6 B-1 0.0940 5
A-2 0.0981 5 B-2 0.1374 3
Overall A-3 0.1017 4 Overall B-3 0.0660 6
A-4 0.1149 3 B-4 0.1816 1
A-5 0.1910 1 B-5 0.1362 4
A-6 0.1604 2 B-6 0.1660 2
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Table 8. Analysis of the Importance of Tower Crane

Safety Accident Installation, Demolition,
and Rise Factors
Installation,
Sort Demolition, Importance| Rank
and Rise factor
C-1 0.1173 4
Tower Crane c2 0.1237 z
Installation/ C-3 0.1135 5
Dismantling C-4 0.2344 1
Engineer [ 01182 | 3
C-6 0.0903 6
C-1 0.0697 6
C-2 0.0724 5
C-3 0.1774 3
Tower crane driver —
C-4 0.2015 2
C-5 0.2592 1
C-6 0.1267 4
C-1 0.0696 4
C-2 0.2326 2
Safety manager €3 0.2891 !
C-4 0.0452 6
C-5 0.1622 3
C-6 0.0516 5
C-1 0.0269 6
C-2 0.0597 5
Field manager €3 0.0951 4
C-4 0.1389 3
C-5 0.2493 2
C-6 0.3331 1
C-1 0.0625 6
C-2 0.1056 5
Overall €3 01534 2
C-4 0.1312 3
C-5 0.1866 1
C-6 0.1184 4
45 2 20 52 M
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Table 9. Analysis of the Importance of Tower Crane
Safety Accident Operational Factors

Sort Operational factor | Importance | Rank

D-1 0.0450 6

D-2 0.0989 5

Tower Crane D-3 0.1963 2

Installation/

Dismantling Engineer D-4 03163 1
D-5 0.1177 4

D-6 0.1184 3

D-1 0.0539 6

D-2 0.0939 5

D-3 0.1426 3

Tower crane driver

D-4 0.1280 4

D-5 0.2516 1

D-6 0.2004 2

D-1 0.1496 2

D-2 0.0986 3

Safety manager b3 0.0954 4
D-4 0.0564 5

D-5 0.0556 6

D-6 0.2733 1

D-1 0.0296 6

D-2 0.0463 5

Field manager D=3 0.1025 4
D-4 0.1589 3

D-5 0.2659 2

D-6 0.3618 1

D-1 0.0573 6

D-2 0.0807 5

D-3 0.1286 4

Overall

D-4 0.1380 3

D-5 0.1447 2

D-6 0.2201 1
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Fig. 49 22 7142 53] 94912 m2aigint 14
%% 24 23} Table 103} Zo] Uehton], Zax
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Corresponding
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Overall
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Fig. 4. Overall Criticality Analysis Process
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Table 10. Overall Importance and Priority of Tower
Crane Safety Accident Factors

Sub factor Importance Rank
C-5 0.0532 1
D-6 0.0511 2
C-3 0.0438 3
C-4 0.0374 4
C-6 0.0338 5
D-5 0.0336 6
D-4 0.0320 7
C-2 0.0301 8
D-3 0.0298 9
B-4 0.0276 10
B-6 0.0252 11
B-2 0.0209 12
B-5 0.0207 13
D-2 0.0187 14
C-1 0.0178 15
A-5 0.0146 16
B-1 0.0143 17
D-1 0.0133 18
A-6 0.0123 19
B-3 0.0100 20
A-4 0.0088 21
A-3 0.0078 22
A-2 0.0075 23
A-1 0.0066 24
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FZ Bl gt A7t FPgle] TAskaL
Iz I8 Atz AZEIL o] AR AR o
FrobEar Qlot. ofet Bl Afare] Hish of= o
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80 FREE =&t AR H 2 32 7
A7kl dis) EAshks A7 Basit

2 AT BFA, B4H 845 Bl LEfstEA
GAEE S WE & %= AHP 78S AHESIT AS
A 2l e A3 =ul-9f Bl AL A
g€ &8sto] 27t "Ee 5 2471419 8]0e =
S =% 8R0S 49 104 ol Ake
< ez A vl A2 AAISHL AHP 7IHe &
3 FR=E FASIAH I A3, eraFRl bdARa
o] A9 89 5 AA-SAFS A 221(0.3082), 7
A 890 B4 Bvl9] k=52K0.1910)7F 7FE 58
gk 821l A= yetgtth E3, 2] 29l BAA=
FAERE Q1 9 A HiR](0.1816), A SHA- s 2
A A9 891 F8% BAAE Z2AY S8k 75
(0.1866)°] 7% Fa3%t 9107 Ueth 28 89
o F8%= BAAE 4 AF 9 7IE $4¥H0.2201)
o] 7V F8% 8900 % eyl Et, A B2
Al RPIARLL 8R19] TR EE EAR A3 AR SiAl-A
< A Al Z2A] S-E §5(0.0532)0] 7MY T8
g 8Q1Ql Aoz BAEc

wEbA, BRIl o8she EdF HollMe ot
AL o2 Sl 2ol ¥t s 22T 9 B
AR 23S AlFS Aolsto] Hoh o s¥" 2]
A2 Fdsfor gt E3h AR A 9 V&S o
I AEaRlE sAEoF dtrt. ARolAE =eotE B
A2 QA AREAIRE, TS oo AL A
ol 37t & Aoz e gt
A2 QA PARLERE

NzAmz 888 Ao Amdd

References

[1] Y. R. Cho, Importance Evaluation of the Satety Accident
Factors of Tower Crane using Analytic Hierarchy
Process, Master’s thesis, Kyonggi University, pp.1-4.



AHP

EER

Ho

2484 Y2 AL 29 Fa=o] B3 A+

(2]

(3]

(41

(5]

9

(71

8l

9]

(10]

(11]

(12]

(13]

Ministry of Employment and Labor, Statistics on the
deaths of industrial accidents in 2020, Ministry of
Employment and Labor, Korea, pp.7-26.

I. S. Yeun, A Study on the Safety Inspection Model of
the Tower Crane a Construction Site in Korea, Ph.D
dissertation, Myeongji University, pp.13-15.

Ministry of Land, Infrastructure and Transport,
Statistics of Construction Machinery, Ministry of Land,
Infrastructure and Transport(2018~2021), Korea.

C. H. Choi, A Study on the Risk Analysis and Measures
of Reduction through Tower Crane Accidents Cases,
Master's thesis, Hanyang University, pp.10-19.

Cabinet Office/Secretary of the Prime Minister, 6,074
tower cranes, restrictions on the use of old equipment
for more than 20 years, 2017.

Ministry of Land, Infrastructure and Transport, Construction
Safety Management Integrated Information, Accident
case, Ministry of Land, Infrastructure and Transport,
Korea.

G. N. Yang, G. H. Kim, “Collapse Accident Factors of
Pangyo vents by Analyzing AHP", Journal of the
Korean Society of Hazard Mitigation, Vol.15 No.6,

pp.1-8, 2015.
DOL: https://doi.org/10.9798/KOSHAM.2015.15.6.1
K. T. Jo, Y. G. Jo, H. S. Kang, Hierarchical

decision-making by leading leaders, pp 312,
Donghyun Publishing House, 2003, pp.vii~ 3.

G. N. Yang, Analysis of construction satety management
Factors using AHP method, Master’s thesis, Kyonggi
University, pp.11-13.

T. W. Yoo, ‘The 'real cause' of the tower crane
accident”, KOSCAJ, 2017.
http://www.koscaj.com/news/articleView. html?idxno=99728

K. B. Lee, The Analysis of Cost and AHP for Selecting
Retrofit Method of RC Beam in Office Building,
Master's thesis, Hanyang University, pp.12-13.

S. S. Han, Conflict type Classification and Priority in
Urban  Regeneration Projects, Master's thesis,
International School of Urban Sciences University of
Seoul, pp.46-55.

31

Z 0l 2(Yerim Cho) [Halgl]
+ 20164 29 A7Idigk
s BdEAZ T (FohAD
20189 2¢¥ : A7|Hstn ARty
S A=A (B
20189 3¢ ~ @A : A7|dgw
FaEl @ofol el o]
SAARL FEAUER A

.

Z 4 ¥(Sungwon Kang) SR

- 20214 29 : A7|det FojE
Sfst AZTN @D

+ 20214 3¥9 ~ @A : A7 st
stefobel A=Folat 44474y

Al & M(Yoonseok Shin) (X352
+ 20059 29 : nEYgEw AEF

St (FAAD
- 20104 2¢ : TEfEtE AET

sk} (FEEkah

20114 39 ~ 20124 2¢ :
AdystriEdista AYGA
20129 3¥ ~ @4 : 7w

AEFINY B

=4




