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Abstract : As the quality of life has been improving, people are getting higher interest and higher expectation for safety.
However, the accident rate at the construction site is still high. Therefore, it is urgent to secure the safety at the construction
work. Due to the nature of the construction industry, construction sites are directly exposed to the external environment.
The possibility of accident occurrence is increased due to various factors such as the always variable processes, the diversity
of manpower input, the increase in vulnerable class, and the danger of construction equipment.Particularly, the disasters
occurring at the small- or medium-sized construction sites (budget < 12 billion KRW) account for 88.9% of the total disasters
at construction sites (734% for casualty). It was due to the lack of management caused by the absence of supervisors and
insufficient safety measures. Moreover, it is difficult for the small- or medium-sized construction sites to apply basic safety
measures such as safety education and safety facility installation by themselves in order to prevent disasters because they don't
have sufficient safety organizations. It is because they have relatively less safety personnel and poorer technology system than
large-sized construction sites. Therefore, in order to reduce accidents in construction, it is necessary to prevent accidents at the
small- and medium-sized construction sites. From this point of view, the objectives of this study were to identify the key risk
items causing accidents frequently by analyzing the accidents at construction sites and identifying problems associated with
safety management, and to secure the safety at the small- and medium-sized construction sites.
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Table 1. Accident status by construction amount

. 2017.12 2016.12 Increase/Decrease rate(%)

o Disaster Dead Disaster Dead Disaster Dead
sum 24,113 506 25,114 449 -39 14

less than 300 million 9,274 176 9,914 159 -6.5 10.7
less than 300 to 2billion 7,126 109 7,860 119 -9.3 -84
less than 2billion to 12billion 4402 99 4,478 101 -1.7 2.0
more than 12billion 2,904 m 2,316 107 254 37

inability to classify 427 1" 546 13 218 -15.4
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H 5091 TR AFREFO] AFRY AbaL AFEA} 4271 FAQ] 2%
E xIXIEHL Urk O HAZT] AR & AEY ZAE
o RYshSIE BA2 (Table 1)1k &TH.
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Table 2. Construction accident status and accident death rate

Div 2014 | 2015 | 2016 | 2017
disaster rate (%) 053 0.50 049 0.43

All Industries
accident death rate (%)| 0.58 0.53 0.53 0.52
disaster rate (%) 0.73 0.75 0.82 0.81

Construction
accident death rate (%)| 1.34 13 1.58 1.66
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Table 3. Accident status of construction by section of construction amount

Div less than 300 million less tha‘n‘ 300to less ﬂwan'Z.biIIion to | less than‘FfbiIIion to | lessthan .SI.JiIIion to more than 12billion

2billion Sbillion 8billion 12billion
Number of establishment 241,172 (75.1%) 54,098 (16.8%) 12,008 (3.7%) 3,968 (1.2%) 2,490 (0.8%) 7,480 2.3%)
Number of workers 446,945 (14.3%) 516,020 (16.5%) 285,917 (9.1%) 148,885 (4.8%) 126,510 (4.0%) | 1,600,505 (51.2%)
Number of disaster victims 10,363 (39.9%) 8,198 (31.6%) 2,749 (10.6%) 1,248 (4.8%) 761 (2.9%) 2,648 (10.2%)
Number of deaths 159 (31.3%) 131 (25.8%) (10.6%) 29 (5.7%) 28(5.5%) 107 21.1%)
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Fig. 1. Hierarchical model of AHP

5) Rasis Likert (1973). “New ways of managing conflict”
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Table 4. A Pre-emptive study on safety management items

Researchers Study Title Sources

Safety Management Priority The Korean Society of

song, Classified by Participants in Planning | Safety, Vol.25 No.1, pp.

Do Heumn & Design Stages (2010) 50-56
Measurement of Severity of Hazar
Lee rds and Investment in Occupation The Korean Society of
Jon éin al Safety & Health According to Safety, Vol.27 No.1, pp.
9 Ship Types Using Analytic Hierar chy | 105-110
Process (2012)
A Study on the Effect of Safety The Korean Society of
Woo, Education to Prevent the Disaster Safety Vol.24 No.3
Heung Sik | and Accidents in Construction Field 32-35? ’ 3 PP.
(2009)
Lee A Study on the Efficient Technical The Korean Society of
Gi Tale Assistance for Small-sized Safety, Vol.21 No.5, pp.

Construction Sites (2006) 72-76

The Improvement of the Effective

Park, ness of the Safety Management
Dae Seong | System for Construction Calamity
Prevention (2005)

Improving Self-control Safety
&Management Ability of the do
mestic Construction sites (2000)

Korean Society of Civil
Engineers, Vol.25 No. 4,
pp. 565-571

Korean Society of Civil
Engineers, Vol.20 No. 4,
pp. 295-298
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Table 5. Status of death by type of accident
Div sum fall down, cover | bump, collision hit caught | collapse |hazardous chemicals touch | Fire-explosion | electric shock
Apt 30 15 3 3 2 2 2 3
Residene. 40 32 2 2 1 2 1
business-Public 49 38 1 1 5 1 1 - 2
Hospital.,School Welfare 15 12 2 1
Factory 56 47 1 3 2 1 1 1
etc 18 3 2 1 1
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Table 6. Status of death by accident type (person)

Div sum Fall collapse down impacted/cover hit bump fire/explosion electric shock etc
2017 464 284 13 10 50 48 17 8 10 24
2016 504 302 24 18 49 32 30 18 18 13
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Table 7. Deaths by day of the week

div sum | sun | mon | tue | wed | thu fri sat
2017.12 464 34 68 70 62 68 90 72
share(%) 100 73 147 | 151 134 | 147 | 194 | 155
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Table 8. Current status of safety management items for small and
medium-sized building construction

Div managed item | technical item
Interview Survey of Experienced Persons 7 18
associated prior study analysis 8 62
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Table 9. Safety management items building construction

Management Field Management ltem
1. Designation of safety managers, etc.
Health & Safety Mana o y 9
gement Organization | 2. Provide safety and health education
and Trainin ) ;
o 3. Preservation of Education Results

. . Appropriate calculation of safety management costs
Industrial Safety

Health Management
Expenses

Proper execution of safety management expenses

Wi~

Execute appropriate rates by item

. Payment of personal protection

payment of . Wearing personal protective gear

2

personal protection | 3 Closed-Communist Songgi and Dust Mask Wear
4
1

. Purchasing the Protective Equipment

. Submit and carry out a hazardous and risk prevention
plan

Establishing risk management measures

Other safety measures Establishing fire prevention measures

Install signs such as danger, caution, warning, etc.

vl s |w

. Cleaning up materials in the workshop and securing
safe passage
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Table 10. Composition of the survey

Survey

332234 9l Mz ZHE
NBEFAIS E5t B715H2d RiH . 21 210 QoA
S AS5sH] Y6t0] AHP AE 2 1301 Expert Choice
Ecll ModelE E&835}10] HAES AAGIHCT HE|A =9
A HEZ = (Table 1)+ 2T

Table 11. Administrative item consistency review results

Categories Consistency Consn§tency
Index Review

Health and Safety Mana_ggment Organization and 015 trust
Training

Industrial Safety and Health Management Expenses 0.13 trust

payment of personal protection 0.18 trust

Other safety measures 0.1 trust

Average 0.14 trust

He)A gEo) QWL FEF 23 R Helx

Div 4 e
Categories
- g A Y 0§ 015, AFFOPREATEH] 013, HAES T A
asics -
= E} OFAITHAY Z¥Zo] Qb HIES LIE
Health and Safety Management 3 e 0.18, 7] ]- ‘—EH_‘ 011= 2429 ] E]- ] } }LH
Organization and Training O} X%;;ﬂ?ﬂ o7 Al §]1 EE‘ _/;_ }OVI_L:— %13":]-/\04 ]_,_—g 3 Eé‘]&:— 7/j
Industrial Safety Health Management =
Managed i 3 O HMEUC) 7EH S50 ATH AEAIE (Table
ems
payment of personal protection 4 12>9]‘ 1751' E}.
Other safety measures 5
earth work 8 Table 12. Technical item consistency review results
Pairwise foundation work o . Consistency | Consistency
- - Div i
Contrast reinforced concrete construction 8 Index Review
: Ibyt' beautification work 8 Earth work 0.13 trust
valuation
window work 7 i
[tem Technical _ . _ Foundation work 0.12 trust
Items Electrical and Mechanical Facility 7 Reinforced concrete construction 0.17 trust
Corporation Masonry work
Masonry work 7 Masonry work 0.16 trust
watertight construction 10 Beautification work 0.19 trust
painting work 8 Watertight construction 0.14 trust
external finishing work 8 Window work 0.13 frust
Subtotal 95 Painting work 0.15 trust
Sum o8 Electrical and Mechanical Equipment Corporation 0.17 trust
External finishing work 0.18 trust
MEZTA gH=e 7)EARSO) 37FA] gH=0] EEHE R, Average 0.15 trust

A gm0l OFRHA FeIERE W K Hof 371K], Al
OF HATREH] 3711, AOPE HATRH] 371K, 7HQ1R
S AlF 37HA], 71EF OFEIThA 371KI9F 7R 59 B
ZAF 87K, 712 EAE 97HK], AL EABIEZAL 871K, BIE}
ZAL87HA], AE A T7HR], & 7] - 7| AVSHI AL T71K], 24
ZAF T71R], B=ZAE 1071K], =&SAL 87HK], QIRnidtE:
A 87FRI7} EEE O] £ 98710 A =EOR T QI

71E g5 dide AR 23 BE3A 013, 71E
BAL0.12, ATTIREZA} 017, RESAL 016, HIZZAL
0.19, B<rZAL 0.14, BEZAL 0.13, TAZAL 0.15, &7]-7]

A AHISAL 017, QIFURISAT 0.18% 21219] A Hie

11) L&Y K= 00l 7WHe4E 7FE £2 #lolH 0.10]610H =4 418
g 4= Lo, 0201617} EIH 71E S TherS HlwE o g3y g
O] ZA BAILIA 2o, 028 FitolH darde Algd 4= gl= Z1e
= TSI Saaty. T.L. Multicriteria Decision making: The Analytic
Hierachy Process, 1990, pp 17~21.
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S Lo} drEoR A=e 4 Qi 9ud R4S &
HEl= AoR BAN) MERA Ao AHME &

Hob7] ot AE|E HEE= gk SPSS 12.0K for Windows
£ Atgolon FAg=ol theh Aot 2 oA &
5E0] thet AF| 2 FHEoto] AAISIITE AF E &0l
Cronbach YUAGYE BASH AT} THS (Table 13)3F 2
Ch QPR RA A2 9 s 0.985, Al eb H AR H]
0.805, ZHOIH S R 0.865, 7|E} OPATHA 09512 HA]
HAT, DA Tk AE =7 09002 BA%| 0] =2
AEEE Zh= 202 ASHULL 7= &0 thet Al
T A& 1K= TS (Table 149k 2T

Table 13. Administrative item reliability review results

AR Ale=o] et A= =7t0.8632.% ZAE
o] 2 ME|LE 2= 2108 Bt

3.4F AR HZF S ot
341X YE FRE 2
AEZAL] ot Atid 1l 23S EOIZ AHP 2418 4l
Algh ATt 4709] AQIFEEER FEE A gE EQ
TE QA TEERE W WS 2o} Ao HATE
H| 2ofe} Hlwato] 8278, HQIH S Rl 0kt H ot
0] 1.23dH, 7|} QPAITthaY H2okot Hlwlako] 1730 SR8 21
OF BAEQ, AP HATE] Hoprl i01R ST K]
3 2ot Hlusto] 2,794, 71E} QPAThA 2ok} Hlwls)
o -3.15H1 ZR3A UERCH, 7101 X5 Hok=

i

2 ¢2 595 W

Div ’::nn:::sr Crocnobeafcﬁ:i:;;:ha i ] ]j' Q_?EH iilﬂ]ﬁé}oqiajﬂ 91 %95% 2= ?QE
Health and Safety Management Organization and l_l} —]‘-E] ME]" < —L:H_E ?j:q—]o—/\} 01_‘]7(:;]' 9_}73"\:1'3]9] HE]E
Training 3 0.985 6&1’% /éh:H H]J_J'_ 7‘?_:]31]'% <F1g. 3>-T'»]' 1751'12]'
Industrial Safety and Health Management Expenses 3 0.805
Payment of personal protection 4 0.864 | L : §
Other safety measures 5 0.951 H oo n
Sum 15 090 5 R

Table 14. Technical item reliability review results

Div Number of Cronbach.AIpha
ltems Coefficient

Earth work 8 0.843
Foundation work 9 0.733
Reinforced concrete construction 8 0.806
Masonry work 7 0.917
Beautification work 8 0.926
Watertight construction 10 0.847
Window work 7 0.815
Painting work 8 0.862
Electrical and Mechanical Equipment Corporation 7 0.969
External finishing work 8 0915
Sum 80 0.863

A E AL Cronbach SilA4E BASH A1}, EZA}
0.843, 71Z3At 0.733, AZZATIESAL 0.806, & A
0917, DIE-ZAE 0926, H<=3AL 0.847, FSZAF 0.815, =&
ZA} 0.862, A7]-71AAHIZAF 0.969, QEOFFZAL 0915

12) Cronbach ulAlSE E&9 WA AR ES HASH 2utoH, A= & &
A1) AB0It A BA Agldnt AA RRE0] dUEA 8-
SIAEAIE ob = HHOITE Cronbach LTkAIGE K1, 0.900]410]
H 71 £ 4IRS ZH=Th 0800]82 AFgofl= F2l7 gl 0.700]
A2 AE0] W6 & Fert ATt 07008 ARgah=t Fel7t B

L srEwsmEse =28 H21H M4 2020 78
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Fig. 3. The results of the twin comparison analysis by
the management item evaluation field
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Fig. 4. Results of relative importance analysis by
managed item category
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Table 15. Results of criticality analysis of field safety management items in small and medium-sized building construction

Div Management ltems Importance Ranking
Designation of safety managers, etc. 5.84 3
Health an_d S‘Tifety Managgment Provide safety and health education 6.63 1
Organization and Training
Preserve records of educational results 5.17 7
Optimal Calculation of Safety Management Expenses 538 6
Industria SafeItE);H:r?IStehsl\/lanagement Proper execution of safety management costs 6.36 2
? Enforcement of the appropriate ratio by item 429 10
payment of personal protection 5.10 9
. Wearing personal protective gear 5.62 4
payment of personal protection
Closed space operator, wear dust proof mask 3.72 15
Purchase of Protective Equipment Eligations 4.09 12
Submit and carry out a hazardous and risk prevention plan 5.45 5
Establishing measures for managing hazardous materials 427 1"
Other safety measures Establishment of fire prevention measures 3.85 13
Install signs such as danger, caution, warning, etc. 5.14 8
Cleaning up materials in the workshop and securing safe passage 3.79 14

39| AHP HTHH| 1 E AAISIZCH, 018 Sl =& AR
= EQ % BAA = (Table 15)9} AT

Teta] Bobd £Q% EAANE g of, A &
2 7A W 3 2ol QPR RANS AA] SHE2(6.63), A
OPIRATEH] 2ok obdEaH] A Ad €5(6.36),
MRS K57 2ol /RIS &g S5(5.62), 7|E
OFAITHE] Foko] Ralf- 18 LAAZA AE | o) &5
(5.45)0] thst FEAQ! FEE|7} QEH, FR|AQ B
AZAINE 7|1F0F ORI HA BE|ZTA W 1S Hop] oA
BAWS AA 519 2 EERR & AE g56E
Q) AIePd RATEH] Hopo] obddte|r] AF Hd ©
Szl tish Fxjst we]-gdo] W ZoZ v
Hrt,

3427|128 =E 52 EM
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i)l BAETH= TR (Fig 5% Ath ARgEE 5Q
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PoBa | EIAN | JAZA WIEZICIE ZHIA | UFBA | LIA | FITIA | BRI @IDHEH) 90—
ETA 1 42171633 | 0,8736107 | 1.3360677 | 2.8647163 | 1.613203 | 2, 3522645 | 1.8949164 | 3,9080233 | 35907063
JEEA | 0a3neee | 1 1.1579259 | 0,9693987 | 1.6416996 | 1.228303 | 1.2599937 | 1.4638919 | 0.908121 | 1.7691579
230 E| 1,144412563 | 063613103 1 0.8123151 | 1.9464007 | 2.4161953 | 2,3956219 | 1,9319838 36609478 | 4.2572554
ETA | 0747346358 | 1031867327 ) 1.231049385] 1 4.252504 | 3.117118 | 2.8128928 | 1. 7751148  2.709672 | 2.4896581
=

2
£

DIZEZAL | 0343074712 | 0609124834 | 0,513768831 | 0,235155571 | | 1.6416936 | 0,3213337 | 0,4468489 | 05401417 | 1,297121
BB | 0619647634 | 0814131355 0413873835 | 0,320809162 | 0,609124834 | 1 0,5772333 | 0,5466086 | 0.4644796 | 1.297121
EHEZA | 0425118648 | 0793654791 | 0,417428139 | 0, 355505908 | 3,112029641 | 1, 732401882 | (.983273311 | 1.01500592 | 2, 329652339
SRBAM | 0527727758 | 0,683110572 | 0,517602691 | 056334384 | 2,237892832 | 1,629462745 | 1,010842999| | 1720813464 | 3,33201 7138
3212114 5] 0,265683836 | 1, 101174605 | 0,273153306 | 0, 369046352 | 1,85136588 | 2 152947055 | 0,905215926 | 0,561 120611 1 2 532696561

202 | 0.276496567 | 0,565240678 | 0234093116 0,401661503 | 0770998065 | 0, 770936085 | 0, 429248596 0,300116505| 0,394636067) 1

Fig. 5. Technical topics are pairwise comparison sector analysis.
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Table 16. Results of selection of site-focused safety management items for medium and small-scale construction projects

Div Fields Management ltems Importance
Health and Safety Management Organization and Training Provide safety and health education 6.63
Managed Industrial Safety Health Management Expenses Proper execution of safety management costs 6.36
item Payment of personal protection Wearing personal protective gear 5.62
Other safety measures Submit, carry out the hazardous and risk prevention plan 545
Earth work Risk of soil and rock fall 6.22
Foundation work Control of workers around anti-ball work 6.44
Reinforced concrete construction Task Tread Plate Installation Status 6.36
Masonry work Opening Protection Action 6.62
Technical Beautification work Task Tread Plate Installation Status 6.45
item Wiatertight construction QOpening Protection Action 6.35
Window work Safety status of life rope installation 6.09
Painting work Safety condition of the Dalvisometer support rope 6.42
Electromechanical Equipment Corporation QOperation tread plate safety status 573
External finishing work Self-inspection for six months/more than once for complaint work 6.58

EZA} 2o AReiEdE SQE0IA 71 A LIERS &
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