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ABSTRACT

The purpose of this study is to attempt a systems approach to press injuries using Fault
Tree Analysis. Three major techniques were used: Industrial Accident Dynamics (IAD) by
which accident analysis can be made, Fault Tree Analysis (FTA) by which quantification
of accident ' analysis can be made, Computerized Algorithm by which minimal cut set to

accident can be identified.

A survey has been made of ninety two cases of press injuries from seven industrial firms.
All cases of the accident are analyzed using the three techniques. According to the analysis,
lack of safety knowledge and improper scaffold seem to be the primal cause of accident.
Comparisions of the accident causes to actual accident reports (National Institute of Labor
Science) demonstrates that the FTA is a powerful tool for industrial accident prevention.

On the basis of this result, some countermeasures are discussed.

[. etdAle| HE

2 WA 5T iFez Qstd v
AlAdw], 23 v 5ol g TR =g
o} old wel Al e xFE Y XFg o] Vel
A Hhz FAd vsaE Aty 245 Fo
B 4ate] aukEgieh. o] ¥ vl gw abei=te] A
J =7t Fohgdl welb Al ze 4y 94 F
A3 Fohet glel AbdabdAlmed sl x|
o] AFs] 4T E AAd o8l
19791 9] A AbedAls]z <l Ay £4
£o] 5404, AAFAFTY YL L7}
Fabd 2700 o Aol 2l ¢lTi3). olsk
L BAERE AdAARAREYY 88
2P AdFF 84 o4y FAdE 83tE Al
o=k A" xbelvh. webA AdA A

*ATAER

H

—_—

Z

=

28y &g wA R G gel,
84 ol 4 FdE 43R o+ AuF A48,
Aojgor Fqe HA guov AL N2E
23t Aol A4 AR mH oy
A kel £4& v L3 BAAYQ A2
2 ne s A 4l AslAq 2 A s
213093,

o]zt A Aoz gAY FY
3 QL3 EHAz BE wRgAe] g
asteh ey g3 99 A
o vlulz YATHEA} ANsHoR 7 o
#H-¢ Aot o7 e }&o dd4
Aztg 4 gtk 1980 E A AP R
&+ A"EPAYFE 3,578 M4F P o]
al sl Abed o] 1,069 M2 30% o) o] B
Adri4). olF BPEEY A4 A 39
T AANLAF obdAdn $AHA =z g



2

@ AN L L] A5 Fsn 9eg vk
o),

[

§ AR RFL e e AE
Faz giek(12).
sAl Al E4 o] A E4oloA
A Al Aelsl 2dsbd
# o AnR A A b ul sk A EA =2}
A 9 Ao Y
A= kR m-g § Fale gt FAEEsE
Aol o] FeA3] ¢rol AWk E

d A9A GARe FFe] 234

o

of ol

sa
e

o

bs
=

et

% Tt
dls] stz a2zt JEAL A4
o2 Al A -gA ¥ R
Hol] w3t durAo] A=
o] 42 EAAHFo] A4 dle ukete] Fr1A <l
ke Al Al E 3t AR And QY 7
o] 7t F4F ATdd o WFsc
2 7Y EBAL okiAzddy AAA
A sl gio "iA Abny WA,
AA, 7k 8¢ 58 E43sta(Industrial Accr-
dent Dynamics), ¢] & £ & Fault Tree Analy-
sis & #3ld Atnfuady deaFEEAS
JElY = cut set 3 minimal cut set & Tl
2%y # 4y (computer algorithm)-& 24314
v} o] &y (algorithm)#] $-&-E}lz4 & 5 78}
+ ¥y o® A AT gl M w2
=z 2o g AT E e s £
Z3e] @4 (algorithm)el &3 A Q1-EH =k H 3
g Amsi 44 vz 3 hehd o '

dAAZE Aty EAE dF E=E 7
AA EelA A4 Ysld dador A
Joz %ulxo]E(Domino Theory)o 2 2 A
BH5010). 5§, © #7443 JE, @ FdH4
A, @ st LgT T4 EekA A,
@ Bod=e] EetAT FF, @ Axny Az
Qdaie]  4d (Injury) =t © MAAS =&
(Property Damage)5-o] odzts]|=2 2 kAl Al 9]
AL Qg WY AT 8] adEF FLT
89 g A E AASE Aol T 5 ATk

222y Heinrich(10J8] Erxo] £ A& ¢
27lE BT @Eel v A E =AY & 4
2l Y9l Eo] wri(11). vy Atm Flele &
o] (Factor)e] v} # 3l (Cause), +-s4l1(Subcause)
o] 9o, ol3¥ aglEe] Y Atng ¥
AAFAFE 99 Fuz g A Tn
(14). Thygerson(13)& Azt A2 YA 3
g3l 9450 E¥E dojur AnE w
%3] A g, FZ 49 (Immediate, Last Factor)
1} 953 43 (Emergency Situation) . 2w3F ¥
ARTe FAA o m A st gl B4
A9 odsizln B Ao Hasinz Aqkdtn
ol ol AslE Fgstd, Az AL
od27tx] 89lEe] A7k Azt =t Bis
o] sl Y-S AH o] Fof Atz £
s

1) Mgxs SH2M 8 (Industrial  Accident

Dynamics)

o hge] EAT AnaQEANHE A o
2 osl et AR A wE ARFAE &
sAdoe EAY 4 g AdAs LAY
(Industrial Accident Dynamics : o] 3} IAD
E7))0] M= glni(6]). IAD &= A d A&
debdE 9mAY Pas 4P 29EE
JehilE 4049 F5oz TAE 344
Agsted A (2E-1 FE).

2, Yad AfwdRAE AT 2 0

L
.

o o

@ 712} 4.4 (Background factors)
@ 71x) 891 @ 4] 84l (Background-Ini-
tiating factors)
@ 4] 8.4l (Initiating factors)
@ S7+38.9 (Intermediate factors)
® A 8¢l (Immediate factors)
® % A+3(Near accident)
@ Abx (Accident)
o) Amargd el 7zbAlst 2 Az Az o
gedos FRaAY. FHAe A4nsdY
frubel A4S vER ol ol
@ 714, Az 2 =)o) A4E(Machine,
Material and Object of Work)
@ 29§ =H(Human)



3

Inter- | Imme- | Near Measu-{ Coun-
mediate| diate Acci- | Accident | rable |termea-
factors| factors | dent results | sures

Backgro- | Background | Initia-
4 .
und Initiating | tiN8
factors factors factors
Machine
Material &

Objzct of work

Human

| Environment

Others 1

Management !
( Supervison )
& Education

ag-1.
® 3}7] (Environment)
@ 71eb(ie], A5 % 2&FAF : Mana-
gement, Supervision, Education, etc)
4 47412 FEIEH e Ay ddE
AL ay—13 o] T4HH PR AL E
¢ 279 e AYFo A BARL A
Adoz o392 4 g

2) AlnEaMuree| 84 (Fault Tree Analysis)

ool 4 2 IAD ] &3 Az Q4L WA
T e Aol A 2UEY FHLLE D
b 24 E 4 Qo 8 Azt g
4 Jd+ 2E 8959 AT 802 (Combi-
nation) 3} wbA H 1 AAnfEaid & Jebd ot
gt o] & JER A $]8te Fault Tree(o]st
FTzt 27)9 Al o4 E£A4o] dgstet
(5,171.

Fault Tree Analysis(e] 3t FTAg} 7)) 9
3 Ak 42 AFag4l(Basic event)ol
olw RAE AH 2¢ 3, 484 (Top event)
9 4 uk-go] dof v 7HE B4 el 2
olc}h, AlE FidtE 7l 2AQ A4 43E st
<+l $)Etd cut set =+ minimal cut sst 7} Ak
25]olok §rd. FTA & 2@—2¢ Vel &
% AX AP =07

ol 4] siAel & =4l FT & Axdd
o g A E4o] sheshd 7l £ A (basic

Industrial Accident Dynamics

event)$] Ex}rt gotxl L Abad o A L &
At X1 = cut set »} minimal cut set & T3}
A7t wRAse). oldl wet FFE g A
7t Aoz 4asir},

3) FTA 2| BFE &Y (Computer Algorithm)

Cut set 3} minimal cut set & T3+ FHFH
ZeafdL q87ka] gye] Aoy & AT
A 2833 AL HE AX AU

L. Algorithmo| ®EA W7} : A}
Bl =t

Algorithm o] HEAE 77 A4 A&7}
7t Aol A 4T Astel wlastd di4q
FAE P 3 glejok ghe}l. =kl computer A
Abzt AEHY 249 vmA s d@yelzd
algorithm ¢} A -8o| UARE4G-& zlof ] Aol
ol Atzel] W EHdlE HEE 47 U
Aol o]’ E-8AE ety $5He press
ol &gt kA A A TE st Abld
TE Yot AAdFGAGelA 9279 press e
A kAT W g A, EASgH. A#
2 A= pressell T Ante Anudgy A
2o QMY FEA YAAA FoA AT Eo
o (2) =% 857 dAgA s HAst 54
¢ ¥olx g}, 53, pressol] &g Az



( deid Fel o FTa4 9 FTA )
HAY Sbrdel e Asie 4%
le
W
AR Agssk e JA, AR, AAAAE, AAH B,
Aeksl Agae 9 8, Aol el 2
|
)
FT ¢ =2+ A
Cut set, minimal eut set& T},
FTel 448, 44 Hejol o8 743
o AT ATdEe] wAHEE ZAAEC 9
P

A3pan FTell #4

]

HLA! 3;‘1.

A4 e Ao

( 15ole g4 )
. ag|—2. FTA 2| Hx}
4L T =FTATA T4 QTR (27} 9 (i)
o & =89 74§ HoAsten Fabdo) gl S 3| A}
Press b1 48] IAD & =H4gsled un o
3k Ak vhgol pressebdbas] £4¢ & 2
AT ge " A AnrnES A4t
gt

F1AA AN Fol vw)Elgm

9z Qldl, FdU4: 120041,
TaAEF  FEY WL I,

1 7hell 2bed @ oF 200 o &)

zte =
S AAdnto 2 wFstn Hulw




{ Start ]

FT2| gatecl]l Yei¥l % basic evento] =X o

!

Gate 9} basic event Z Data I} A

!

l'/ Read data

o

-<’\ And Gate, OR Gate, Basic event ?

l

Or gate2] 3] And Gate2] g

[

2

Basic eventd] g

|

( Cut. set-3 nwtEr},

|

yes

Minimal cut set -2

u]-_E_

L5A

End

Print cut set, minimal cut set : l

a2]—3. FTA  Computer Program Flow Chart

47} qd ALzl Az
oz EAlsA Lelol sl 3h7
dz g TN, ATl 34
o ded e 2YaA
B A8aA ho AAA L $3
A

E]Oq /o\lz] ?—%——17—1 Xéﬂ], ia\d"’ <o—/;7— .

L¥oz Qe AFo] AoYE
ZY Aol 2 Alelsl 2P wEF
5 ALt 7o) & A EL wlo]
Wet7h F8alolz o] Eol 7l
Hel, "l B A sk
2elo| =9} FY Aolol £o]7 o




Apazd whdl, S 23 ArhEof
Al 10 78 AsE g

9le] B2E Eu]l2 pressgAAxnd IAD &
A4 38l7] st 8979 A AE A9

IAD ZHy 2 A8 29—4ash ).
s1e] Abxe WSS YAy adez & ot dARAE Ee 2y -5 &2 IAD
Fite thgst ek 7t &A= et
[ A, A, | FY2NES, FIYLEF 22
| ARG E T2y, A6, ZHAxF,F FTA 2| L4
j Wy ey, Az & o]4te] IAD & 7122 2d—63 & FT Y
B Wb 240] o] £ AP, 15, 16, 18).
Agr(Egah | AdAE EFRETAE, e 2¥—69¢ FTelA 3% ukel o] pressd
AR, GRS, T4 g gug adeEst B e AL A
ol £l Bl 2 stm Al FYAolel Eolt Fof A
Aeb(@el, | AAAEE, FYAALE, F o] Wat £9g A&zt FYslgeh. Aelel
%, Z%%) 3L A4 gate = 2074 (And gate 47, Or gate
e EE Y )\
ey 2 Apolo)
( 2934%% )7(;4]35_0]77}0& \
TG Aolel
( %%}éﬂ'%%k ) ] /({:o /:jo{} 7131
Yeky = \ Fg Alele -
(15%%%)—»(?; g) (2o g 0 _
\. 2eho] = s} S%24
( Vel ) (%%‘*Moﬂ)—»( s )
(3@ ) (2 1) £o] 714 410
/ olAg /TN A AR _
(Zs¥3¥%) . -
¥
( A7 Ew )\
(A7 »v) )
(74 A = U?-)/(:LEJX].‘L?-)\—::(,\:,J;;;L) (f‘_jo]l] 0_}};“
(A ¥ 2.4-0]v])

%4,

16 71), basic event &= 213 4171¢1givh
29—64 FTE computer 2 X e)35l7 9
3l top event 24-¢ tlA|2 o2 gated] o
WEE £9°o9(G0ARE G19), 3Ewte
basic event = 4 8.0EFY 2 HHEE 4t
(28 —6 #=). vh-gd o] & computer(FACOM

z 20 2|E AlT Relzie] HBEH (o))

230—28S, Memory 48KB)d] gJ&AlA cut set
£ Fslgeh. cut setel] €& = basic event 7t
Aafdel e ¥FE AAAdn AP
o Apzfrsbg (cut set)ol] vepds W (fre-
quency) & Tt oH(E—~1 #FF).



SI )
HUIDWUOIIAUT]
a [~ o fole o :o_.‘;,xﬂ fefh ‘t ﬁu HCO i
...H.D.:?,JJ\ P AR P T L e 2P )
_.W,T.Tm Y Tu‘_m/\ )
LR . :
a4 uewnyy
bzt sk 3 A.
B¢ ‘ i )
jI0M Jo
L /—: ol i lqQ »
— [eLIIR N
ol O -
TN RE aunoepy
laf ‘
i ..
Salnseaul s}]nsod juapiioe 10308} S1010R) 1010w 810308 $1030%]
WAPLIDY, Fuirenuy
~ Jajuno)) djq-ansesy JRIN RN | QIRIPAWLISIU] Junenug + punnagdyoeq punoadyoeq

SOIWRUAQ 1UapPIdOY |eisnpuj

gl 2|8 Atm(o)

ey

O8l—5.




[

Blok fole bbek bok2 lodp

b fE ki
r$io Fiv "Th

el bolotr B2

1 @ , e
% Lo : , é

Fault Tree{Press 0 2|8t AtT1)

% —86.



E-1 cut set & basic event £#SI 4§l HIT
¥ oRERd e | ¥R = ¥ % ¥ = 24 | 2olzag
- <+ A &
] 000 Zzbo) 28l 408 d %
1. 714, A= 126 58 2L 48 4
A AHE 127 sete] =z 9] 4 8 1
129 8 A48 48 4
141 BET 84 32 3
142 2xT 2% 32 3
174 =8 A4z 34 51 5
175 FY A A2 B 51 5
176 3 A= v 51 5
A 321 30
2. 2 = 204 A 3 7st EE s} 8
213 474 23 32 3
218 $F, Fa4 107 10
223 W = # 64 6
224 A4 A4 107 10
225 g &3 79 7
256 £ 4 £ 32 3
274 =Y A xR AA 51 5
) | 482 44
3. % 7 315 P ALY 96 8
319 sk, 9t 3A -2y 104 10
A | 200 18
4. Aek(Re AF 2 435 2o % A% st ' 2 3-
55 4312 el F Qi H A} 2a 51 5
A \ 83 | 8

FE—1]4 Bi=us} o] ‘Azle] =7} 8}
T o] pressol] &3k kA4l AjFaE F
A e FFY5L T4 (10%), A
AR (10%), w3k $4 - £3(10%), A
A EEF9%), Y& ZAdF3B%) T2 o
So] AAATY SHUNETFT 47%F HIx Y
th 2 A AR A A (FH AA 9],
B, Bz, AlA, AeFdA4Ax4)L AaAl
Aneq 2FNEY 25%F Belx b =3¢
basic event 7} && % 345 47kx9 gud
Q sy e FEaE zolate A34U4%), 7
Al Az A AEY 23(30%), FZFY AT
(18%), 71eHEe], 725, LK5)Y A T(8%)
o folth(Zm—1 F2).

o]zt g Azte] A Lol AFPAE ot
37 Sldtd € dRgANAY AR A E EA 7

Askshe] wlmrt W asis

Algorithm 0 O[5t AFDRIQUEAM DL & EfO] A}
TCIEM o) Him

£—19 Astel FTI=EAGFATLY An
AArm2)t vzt A7 2404

HE—2 AMIYUHEAM v|mo| i 5 WY

rez ag-6 ¥z =L g cutsetel] &} 8 £4

ALz

1978 1 ¥ 5] 1979
5% Akels] Adl, 44,
A A 9 Z23} 1, 000
o o] 4 Al A & Abac)
ubol A 23 &l 4 34
o] A4 ac%kg L=
=z~ A8 176 A

FaA Auel o
¢ Aze Fad
A& iz, ¥
A Bl 9% 4
2E Fa490¢
CEERRE

b sy dple




10

rouge 529 2o,
E—30 Vet £ ATASY 2 PG T

& Astele] wime FTAZ YWY 4eidie
3 7bke F& 7%l 6l

E-3 AFDES! B4 F3 Hl@ (=24 : %)
! ¥ # | 2e2 | x3saTa
1| AR 49 2@, ¥4, £3, 2RAA, 2605, A0 |, 5
)
2| diAAY ARSI F9, AIA4EY A, @A A, A, B | g 12

2y ¥ FLEF, vz D)

e, )

3 | 23 ¥ xate AT B PGP, AQR T, ¥ | ,
A, g, BETER 2, $UAT £48)

¢ ] MgREEY, B4R, ¥ mE 2R, AdeldH) 16 | 19

5| RART A3, AAQIIL /A, A, g ¥F me 3, | o 2

6 ‘ A4 A BE 012 A% FAD AI@ADY 2, AP 4 | g "
$ FO AL, FdTHE, 2FC AA) |

7 | FawA@EA 3= BB | | 0

8 | A | o | 2

A | 100 | 100

F—3o] Vel ¥ n8 FAsE sofEhd v
3} 2o

1) AR Age Le=id 25%, =F
St T4 32% 2 AR ¥z £X2 e}
oo A7 A% & uFE A vk

(2) iAAY AT XEE 9%, =TT
T4 12% 2 Az u£T 222 by

(3) %R LEE 16%, xEF3ddTa
19%2 A= vl&d £33 Jelged 47 &
¥ FS Astn gtk

(4) 2R g 94 A= L= 18%, =F
s T4 23%2 A2 usyt Exe JEb
on ZFr7 2 6% Ak Yt

() dRALAS B o] 2 A FeIFF Ay
L REF 16%, =FATdTE 10%2 ¥5T
+x=2 vebyten

6) 29FAL LR 7%, =FAFd T4
0%2 xE3ed T4 E4stAdAAE FHE
A AgestE 03 sk

o)Azt ZL vime Az gzt L AEE
& 4 ok, EEE} =53 dT48 4
Azt @Al wl&EHA Jebgte. F,

¢ 4 A+
V. Eo| & 9]

AR QEA A w g b X oujs}
o] X=¥2¢] Algorithmel] 93t AlmlE4 A
ot 43l glomz ol F o] B3l wpAd
Al aEH oz RIS Ut

Ane BAstn dA4q A E B3d @
AgetE Aol bl FAol v o]y EH
oA g} Bagk AL ohlzte Aol =W
sqel. «lE E¢] minimal cut sete] JERG
Az A ut-g Folv FrhRY Agedle] A¥
Fo2HAE Any dold 4 Uik

FTA 46l A Atzup=e)A 8] 45 &3t
e Ho) me =ik ghrl.

(1) Cut set$] BHd &3 AnyA B4
Adll & basic event ] €¥3l4rt B A4 H
FAL Folok A

(2) Minimal cut set ¢} £4d] & Azat=]



4 3 Aldll & basic event 47} & minimal
cut seto] 8% event ¥l FHE Folof ¥
t}, Basic eventrt 72 7Sl 3ot
¢ evento] SF o] wlx FYHHojok §
o}
FT 2] =2 Aledle 28 ddagle] zasd
of &l o]¥A xR FT 2 cut set-g 7%
A TE A a4le] cut setol] EHI Ao
t}. 22 minimal cut set & F&H zHA Fo
o] & AT aq FA E¥SA g RE

<< ¢lvh. Minimal cut set 3334 &l
A7) W etk o] 2 A AR £4l
A g3 Zadle] sk 2y o] Fol

£ 89zt AEgste g 93E A

gdlemz 2qEHAA A= = gt

¥

il

D 2o

ol 4] IAD, FTA ) g Abaslql -4
8 7k, AASE #Hsldod, FTAC 93
g A= 53 Aol k. EeddA e
FTA & $13 FT 9] basic event Z+7te] 25 3

Fo2 AAnfrdell fEdvz sHA (basic
event ®-59 weight & 12 7}13)std . 28
U ARl M e R kerlEl A",
Basic event E¢] WA #8S T¥ 4 (basic event
o] weighting-2 3}«) FTAS = &3}d »n
o F& AE 45 F o A4 of
22 wAY rly e e computer X o] o cut
set 3} minimal cut set & & 4 gl g o F3}
ol A4 2] Yoluk AnedAIE
EA e 2EdE. ATeds 49 o4
A= computer Hele) & Jepd 4 9=
program o] H4kslal o] & dukaql Ewlo]
Ao},

do

<ume>

Lo FTA 2Q.¢ F4 o 3344, 2
2443 ZART §2E AR =39
HU4 22AEE, AR GARARHY &

A g3d, Y4445z computer pro-

T

11
gram A4 o] £%& & o] vy &7 Az
25 =zl v}

HOES
(1) A= ==, 4deta, Vol 6, No.
9, 1979.
(2] BB BRRHRERT, SEHHSHERFRHE,

NILS-RR-80-2, 1580.

(3] =53, EXREHETHAITIEE), 1980.

(4] =54, "T9FE EEKES, 1980.

(5) #h@mdk, RETIEHR, 1980,

(6] FE#, Fault Tree Analysis & 4 Za]~
At AAAHEH, 1950 (Agddzm {4
T =E) '

(7 T4 %A, 74 (EE = add4dsn
4, 1979.

(8 BRESHHARBE,
B34, 1978.6.21.

[9) Hammer, W., Occupational Safety Manage-

FREEEER A0y

ment and Engineering, Prentice-Hall Inc.,
Englewood Cliffs, New Jersey, 1976.

[10) Heinrich, H. W., Industrial Accident Preven-
tion, 3rd ed., McGraw-Hill Book Co., New
York, Toronto, and London, 1950.

(11 Peterson, D., Techniques of Safety Manage-
ment, 2nd ed., McGraw-Hill, Kogakusha, 1979.

{123 Rockwell, T. H., “Safety Performance Mana-
gement,” J. Industrial Engineering, Vol. 10,
No. 1, 1969.

(133 Thygerson, A. L., Safety, Znd ed., Prenti-
ce-Hall Inc.,, Englewocd Cliffs, New Jersey,
1976.

(14] U.S. Army, Unit Safety Management, De-
partment of the Army rhamphlet No. 385-1,

1978.

(15]) WRIIREZEHERE, FTVvAREHIERESH
Fiast, 1973

(16) hRBWIEFILHR, LA RENBLM,
1974.

(17) MEKETRWARF, FTARZTH®, 1979,
(18] 7 v AR, AHFHKARML, 1958





