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Abstract : The domestic construction industry is becoming larger, high-rise and
specialized. However, safety consciousness is still staying in low levels and falling
accidents are apt to rise compared to other industries. So, the new way of safety
management is required for reducing of the construction falling accidents. In this paper,

we evaluate appropriateness of safety management on construction sites utilizing USN
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using smart safery equipment. Thus, we calculate loss costs of falling accidents
considering accident rates and costs of the USN using smart safery equipment
installation then compare both calculated costs. This research aims to propose the

method for reduction of construction accidents in addition to conventional safety
control methods by analyzing the propriety of applying USN using smart safery
equipment on construction sites.
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Table 1. Preceding research analysis

Author (Year)

Content

JHLee.
(2006)

Proposal to use advanced RFID/USN technology to
identify the seriousness of construction disasters and
reduce construction accidents that occur during
large-scale construction in urban areas

S.W.Kwon.
(2006)

Proposed wireless sensor network technology as a
major technology that can be used for on-site
material, personnel, and safety management

JHKim.
(2007)

Apply the prototype of the existing safety management
equipment to prevent fall accidents on the actual site
to understand the applicability and propose the optimal
sensor for falling accident prevention through
experiments

K. T.Kim.
(2009)

Analyzes the factors for the occurrence of construction
accidents, and proposes on-site application plans of
USN technology through review of the possibility of
grafting existing safety management methods and USN
technology

Y.B.Sa.
(2011)

Through the analysis of the cost of fall accidents in
the domestic construction industry, the cost and
effect of the fall disaster prevention measures are
expressed in monetary values, focusing on how
much the newly introduced preventive measures can
be reduced.

T.Y.Lee.
(2011)

In the event of a disaster, the cost of loss is
quantitatively calculated in advance and compared
with the cost of safety investment to reduce the loss,
and the proposed method is used as basic data for
decision-making of safety investment.

Y.ILJeon.
(2018)

Proposes the criteria for calculating the cost of
disaster loss due to a major accident, and proposes
a method for estimating the cost of disaster loss by
reviewing the validity of these items.

Huang and Hinze
(2003)

Proposed measures for effective safety management
and reducing falling accidents through analysis of
major factors that cause falling accidents

Abderraghim
(2005)

Dveloping a system to manage access to dangerous
areas by regularly checking the location and ID of
each worker by attaching RFID tags and speakers to
the helmet
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* Zigbee : As one of the IEEE 802.15.4 standards supporting short-range
communication, it is used for short-range communication of about 10 to
30m, and is a technology for realizing low speed, low price, and low
power consumption based on a low data rate.
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Table 2. Procedure for analyzing the adequacy of the cost of the fall disaster and the cost of building the USN

STEP Contensts

STEPI - Average construction accident loss cost per person
= Direct loss cost + Indirect loss cost --(1)
* Number of regular workers by site
= (Estimated construction performance amount for the year x Labor ratio for the year)
/ (Monthly average wage for the construction industry in the year x Number of operating months) ---(2)

. * Estimated construction performance for the year :
Fall accident loss cost STEP2

considering accident rate

: Estimated construction performance for the year by site
* Labor ratio, Monthly average wage for the construction industry : Notification by the Ministry of
Employment and Labor(MOEL) every year
* Number of operating months : Number of operating months per site

- Falling accident loss cost considering accident rate
STEP3 = Average construction accident loss cost per person x Accident rate x Number of regular workers by site x
Ratio of falling accidents among construction accidents ---(3)

- Identifying the location and number of sensor installations by site

) ) STEP4 (Balcony railing, Elevator openings, etc. Excluding small openings such as kitchens and dressing rooms)
Cost required when applying — -
USN site - USN building cost per site
STEPS = Sensor cost + Monitoring system development cost
+ Field facility, network installation cost + Relocation and installation cost --—(4)
Judging the feasibility of STEP6 Determining the appropriateness of the USN application using smart safety equipment by comparing the cost
installation of a falling accident and the cost of building the USN considering the accident rate of the year
AAE SHeE A AA] §1A] vtet 9 s 24 upetsty] fisf 3 304 Ei= Hiel o] “Fu-FAF
stk STEP Sel Az STEP 42 njghos @i USN  2pba ol ket A)207e] wet 3000 o]4kel %
TE A WA g BT Fe 5 FFTA AYS ARG FE o7f @
SpAERo.E, STEP 604 SlEdE Ashes 1l A2 AAske] AntE QhagulS BET UNS 48
o el AR NG AnkE QbAAIE B Wtha sbgskint ERt 7R ATRE FHow
89 USN @4 72 4] 285 0o 0as B3 A0lE QbAAH|S 283 USNS AXske A0 7
AnbE QHIGUIE BEE USN 289 Bgye Be sk
Stk Asfes Lt FAse EdEe v s
919} e WA AH, B Ak QPAAHE F 5] SISAE Table 2004 AAE Hhe} o] STEPI-3

231 USNS 83} obdsle]2 283t 74340l A
FepslE SATE wEY Anke QhagH|E Be
3 USN &% 75 A 285 1§ FAH ey
2 BN U 2§ 4 9k

= 1=

o] WAL E3|| Table 49} 72 7FS AL=3E <= Qith
AARE 93] AL 20199 % 3 o FoF AL E A

E At B AaEchs 71 sl oA @l
A g-3hech

W], STEP 19| 1919 Bd AMA s 2Auee
3.2 xfslf2S medst FEsH &AH|IE LS 20199 %= 1919 AL APgAIs = S %= A-7F
WA 2R R olet £AH| LT} AntE oFHA] Aulg o2 ZALEAH|E 264,129,197, 7HEEAN S
2 223 USN 8% Ag A] 225 o4l njgs 398,800,000 .2 mofsiitt. s M-8 bR
Table 3. Selection of example sites
Item sl A site B site C site D site E site F site G site H site 1 site
Cor;setlflpocfilon 23 months 21 months 26 months 26 months 38 months 37 months 31 months 33 months 31 months
Cost O.f 458 Billion | 470 Billion | 478 Billion | 541 Billion | 850 Billion | 969 Billion | 1,179 Billion | 1,215 Billion | 13,43 Billion
construction
Number of 862 99 280 331 752 900 651 971 961
households households households households households households households households households households
Bz of 4 EA 1 EA 1 EA 4 EA 1 EA 1 EA 4 EA 4 EA 6 EA
building
Shane "o« "o« n Type 3EA g e nps Type 2EA nps
P Type 4EA Type 1EA Type 1EA "L Type 1EA Type 1EA Type 4EA e Type 6EA
Type 1EA Type 2EA
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Table 4. Calculation of the loss cost of a fall accident
considering the accident rate

S Contents
1 Item
E A B C D E F G H I
P site | site | site | site | site | site | site | site | site
Average
S | constructi | Average construction accident loss cost per person(Criteria for
T on fatal accidents)
E | accident = Direct loss cost+Indirect loss cost
P | loss cost = 264,129,197 won+ 398,800,000 won
1 per % 66,292 Ten thousand won
person
Number of regular workers by site
S | Number |= (Estimated construction performance amount for the year x
T of Labor ratio for the year)
E | regular / (Monthly average wage for the construction industry in the
P | workers year X Number of operating months)
2 by site | 138 | 155 | 127 | 144 | 155 | 181 | 263 | 254 | 300
People | People | People | People | People | People | People | People | People
Falling Accident loss cost considering accident rate
Fall = Average construction accident loss cost per person x
S | Accident Accident rate x Number of regular workers by site x Ratio of
T |loss cost falling accidents among construction accidents
E | consideri 17,297 19,428 15,919 | 18,049 | 19,428 | 22,687 32,966 31,838 | 37,603
P ng Ten | Ten | Ten | Ten | Ten | Ten | Ten | Ten | Ten
3| accident | thous | thous | thous | thous | thous | thous | thous | thous | thous
rate and | and | and  and | and | and  and | and | and
won | won | won | won | won | won | won | won | won
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HIE A&

2utE QPAAH|E S8 USN &% 115 A] &8
R =t A 1—5— Table 204 AAE
uiel Zro] STEP 4~59] 14 F3l 4&3 4= ik
HA|, STEP49] 74 4843} Qa4+, Fig. 2004
Hi= upe} o] AR @A =2 Aallgo] =

ey gl E/V7H%L%"§— FHOE FERHo] = &

Fe)e 249) A AFY 22 9 9 ARk Ak WY
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SA) ol AMgTH AIAE H2J41 777](PB-108) 2
B ATolA Bast 715e A 82 Sl
A= AAHR RKol7] wjio] Aejw ik, Fig. 2

Wireless

Infrared Detector

PB-10S \ :Detection when approaching
N <., within a specified distance ~/

[aa

* PB-10S: High reliability and countermeasure against external light,
minimizes misinformation, has a wide adjustment range of up to +90°, and
a boundary distance of up to 20M.

Fig. 2. Sensor installation location and network,
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Table 5. Cost of building a USN site
Unit : Ten thousand won

Scale, A B C D E F G H 1
Ttem site | site | site | site | site | site | site | site | site

Sen | EA | 1,884 | 113 | 328 | 1,372 | 1,712 | 1,020 | 2,685 | 1,027 | 2,995

sor | Cost| 11,304 678 | 1,968 | 8232 10,272 6,120 | 16,110 6,162 | 17,970

Monitoring
system 2200
developme
nt, etc.
site
facilities,
network | 56,520 | 3,390 | 9,840 | 41,160 51,360 | 30,600 80,550 | 30,810 | 89,850
constructio
n cost
16 4 3 24 7 8 28 28 42
Num times | times | times | times | times | times | times | times | times
Trans (Four- | (One- | (One- | (Four- | (One- | (One- | (Four- | (One- | (Six-

for | %" | Buildi | Buildi | Buildi | Buildi | Buildi | Buildi | Buildi | Buildi | Buildi

ng) | ng) | ng) | ng | ng) | ng) | ng | ng | ng

Cost| 640 | 160 | 120 | 960 | 280 | 320 | 1,120 | 1,120 | 1,680

Installation

cout | T0.664) 6428 14,128 52552 64,112 39,240 99980 40,292 111,700

Table 6. Economic feasibility analysis of USN site construction

|2 B3 USN B8 rBI2l0| g0l B3t 17

i)

QL Mg WP 22008 hele] ulgo]
3 A= FAIGL AA G Sur

kT
N Of
)
w0
I
)
I

3.4 F2RslZ AAElE HI8T A0lE TH|S BR3
USN 7% A| 225/ HIB0| | DS S5 S S Bl 24

STEP 62 A3l Q13 8wt w8t Anpe
QIS TEF UN B4 75 A WAsH: Hg
2w/ Aste] Anbe QbAgH|E FETE USNAA)
B3 molshs Bolth Table 6014 M Hho}
ol ellAl WA 97L Ao A7 shebEl AR
2 uhgo R FeRoR SR v g} AukE ok
S e USN B4 7% A Aass v v

2
Hluge 49 AnE PHIE 283 USN &%
T Al 285 Hgo] FHAR ) EAREE
o o @2 Hlgo] s AR TotE gtk

% A 2o H]go] SRR olste] FgolAe
zebale e oldEs A gR o we g
o] Mpshs Aow EAE T
ShAlgE LgwFRO] Aze] up=E AN
Al 1% S-2] AR 12 24 24
Alu|go] su Sz BB, E5 et
ARTL WA A] B, F4, 719 olmX] A
s AR AR HEL 7
AR S B8 AntE LAANIE BeH
o QI AR} PN oo
AAAQ A Ak 3 4 gtk

g; [g O oft P o
zZ 2
P Tlg 2
oX 2
il 4y
e
(]
<
o
=

ne.
o

Unit : Ten thousand won

Site . . . . . . . . .
Loss Cost A site B site C site D site E site F site G site H site I site
Fall accident loss cost considering | 17 )o 19.428 15919 18,049 19.428 22,687 32,966 31,838 37,603
accident rate (a)
Comparison a>b a>b a>b a<b a<b a<b a<b a<b a<b
Cost Required When Applying | 7 4 6,428 14,128 52,552 64,112 39240 99,980 40292 111,700

USN site (b)

Judging the feasibility of installation Feasibility | Feasibility | Feasibility | Consideration| Consideration Consideration Consideration | Consideration Consideration

BHROIBHE|R|, H|357 H|65, 2020
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