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Analysis of Traps Incidents of Metro Train Door by Human Factors

Tae Young Pak + Hyun Soo Oh” -+ Seong Rok Chang’

Department of Safety Engineering, Pukyong National University
"Korea Port Training Institute, Busan
(Received September 12, 2018 / Revised October 30, 2018 / Accepted December 4, 2018)

Abstract : This study aimed to reduce of traps incident of metro train door by suggesting preventive actions throughout analyzing why
railway drivers and passengers commit unsafe behaviors which are human factors making occurrence of the incidents. The incident cases
were analyzed and Incident Tree was structured by brainstorming with safety experts. In addition, the questionnaire survey was conducted for
comparison with the analysis results. As the result, this study suggested driver’s factors, passenger’s factors, and public relation plan for safe
use of metro in order to reduce the frequency of the incidents. For driver’s factors, implementing job-rotation systems between railway and
non-railway drivers, installing Object Detection Sensors between the metro doors and PSD, and flexible operation of dwell time were
suggested. For passenger’s factors, placing a platform safety person, installing a safety fence in front of the stairs and the elevators, and
country wide public relations through mass media were suggested.

Key Words : metro train, door traps incidents, human factors, incident tree, questionnaire survey
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Table 1. Accident records by the PSD of the Seoul subway

Day Station Result
2013.01.19. Seongsu Death
2014.09.25. Chongshin Univ. Death
2015.08.29. Gangnam Death
2016.02.03. Seoul Station Death
2016.05.28. Guui Death
2016.10.19. Gimpo Intl. Airport Death

1= =Ke)

it v, 2 5

2 AR Fofl ot Ikl ghastal glo Ty
TR 5 sk B S g2 AR SO
Aol S F = s T SR VYR QIR AR
ARILE] SRS B4 WAE o] Qo] =AEES ok
gol B 851 k. E3t EUE 719ARIE W

2 et Ao Basel thre
B AT 2R /YA BAe) <
52¢)

N

1 EYR 7IYAR Al 2
LA EEAA 20112015871 SHZE B
U 719 AL A9]) 3800] Thste] 7]
A8 59 B4Rclom TEste] BAskr.
57 %, 18] 29

iy

E
Z|HAE S8R SR 5
glo] zpol7} e TAE Fo2 A4S s
AT 719 e TAFH L 2 5
71, ST HApe] E7]Y SR

79, % %
;A A st

ARl EE

BAME A H 0] 7)38AF AFLRAL 9 X @R} 5

86

r

>

=
gor e A2t A2 BrainstormingS: 55+
SUE 7IYARdo] HAsks e ARadH
HHeglog BRaigc A¥aslogs 7|k}
sS40 S¢IE FE 5 8o silen, b
HoYOR CCTVS A o= Aot & <
TFollAe e sk, =Ed dFacl

© & Incident TreeS
2.3 7| AL £249| QIX Q2 slolS st MEXAL
718AkeE S e 910 AAARE AIXE fiste] A
7} A'e+9] Brainstorming 275 HIF O = At 2
Aottt Al 718AF QR0 2 QP S A3
5, 484, 98 271 A 574 24,
= AL 719 2L A SAT A A, QP
2= A, AR S
714 1A AR, gl

ok, BAZLE, LEHAAE
o) 5 87} o shedch 71Tk 29 Liker
53 HEz shgom, $Aa0e A9 BT
ol Tiet 7Bt Al SlHae tEdEoR
Bahe ST AR BAEARE 7))
w45l A| vhEstel 4085 8145 lSstaik BAR
He 71ThL 801S TREA 35E(1EA, 254, 35
Mo, 254 5554 ol 6-10d, 11-154,
16204, 219 o] )02 o] EALA(ANOVA)S
k. Hel o] mE HAS SPSS 20,0 ol g3hon,

EAA Gol4EL 0.052 kTt

2.4 EAUE 71X cHst AR H[QF

SEAEE EYUE 7| AARA ] A4, Incident Tree
2 AR Aitof| whet 7]3A 1Y 4891 Z7f
of tigt HARQES AAEATE

3. A
3.1 FUZAIEE SRIZ 7¥YAR &
3.1.1 ESAUE 7|2UAHA
FAFEAA oA 51ETH2011~2015)
I 7)YAEA-S 3804 (A m e EH
Uebsith 344 AR Table 294 2t} 2011
657104 2014 91 0 & vijid F7schrL, 2015 o
75E0R 247 sk $AGE 1007 A

.l
~

I kel

J. Korean Soc. Saf., Vol. 33, No. 6, 2018



M RQI0f Qg =AEE

Table 2. Door traps incident by Line

. Year| 2011 | 2012 | 2013 | 2014 | 2015 | Total | Mean
Line
Case 63 | 66 | 8 | 91 | 75 | 380 | 76
Total
Per million | 0.210 | 0.214 | 0.268 | 0.280 | 0.231 0.241
Case 36 | 33| 40 | 59 | 32 | 200 | 40
1 Line
Per million | 0.228 | 0.209 | 0.250 | 0361 | 0.198 0.249
Case 20 | 27 | 28| 23| 32 | 130 26
2 Line
Per million | 0.191 | 0.247 | 0.245 | 0.196 | 0.271 0.230
Case 7 6 | 17| 9 | 11 |50 | 10
3 Line
Per million | 0.230 | 0.186 | 0.521 | 0.269 | 0.329 0307

Table 3. Door traps incident by location

Total door traps Side door pocket traps
of

Subtotal | Get on | Get off | Indoor | Unknown | Subtotal | Indoor | Platform | Unknown
380 | 333 | 247 80 1 5 47 28 17 2

% | 87.6 | 742 | 240 | 03 1.5 124 | 59.6 | 362 42

5 HOI 0.3077, 134 0.2497, 234 0.2304
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Table 4. Door traps incident by age
Age| Jopa |Under| 11~| 20~ 30~| 40~/ 50~| 60~| 70~| 80~| Over

Division 10 | 19] 29| 39| 49| 59| 69| 79| 89| 90

Total 334 | 16 | 7| 13| 31| 20| 50| 65| 100 29| 3

Subtotal | 290 | 4 | 4| 13| 31| 20| 48| 61| 86| 23| 0
door | ion | 217 | 2 | 3| 11] 26| 19] 33| 50| 60| 13] 0
traps

GetOff | 73 | 2 | 1| 2| 5| 1| 15| 11| 26| 10| 0
Side |Subtotal | 44 | 12 | 3| 0| 0| 0| 2| 4| 14| 6] 3
door | ydoor | 28 | 10 | 30| 0| o] 1| 3]5]|3]3
pocket
traps | plagform | 16 | 2 | 0| 0l o0l o| 1| 1|9|3|0
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Fig. 1. Working years of railway driver,

sk

= Safety education

= Announcement for door safety

= Pointing and calling

= Negligence by repeated work

= Responsibility to passenger safety

= Limitation of human faculty

+ 3~9 confirmation facility, simultaneous|
confirmation difficulty

Safety -
consciousness

- Railway
driver

= Check platform

[| = Door closing time

= Door closing mode

= Decreased work concentration
+ unconscious behavior

Work

Human attitude

factors of
door traps
incident

= Hasty get on/get off
= Put an object in the doors
= Elderly person, Slow moving speed
[| = Intentional fitting for reward
= Play at the door
= Drunken person
= Reduced attention

Civic

1 Passenger [ .
consciousness

Fig. 2. Incident tree of door traps by human factors,
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Table 5. Characteristics of respondents

Divisi Total Less than | 6~10 | 11~15 | 16~20 | More than
vision o
%| 5 years | years | years years | 21 years
Total |..408 94 79 84 88 63
e U 100 23.0 194 | 20.6 21.6 154
Line 1 | 147  36.0 56 23 19 28 21
Line2 | 185 i 454 30 47 37 39 32
Line3 | 76 i 18.6 8 9 28 21 10
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Table 6. Operators' factor by line and working years

Line Working years
Std. ” v
Mean | Devia S| oo | 11~ | 16~ [VOF€
ton| 1 | 2| 3 [than 101 15| 20 than
5 21
Completion of
safety 454 | 902 |452(4.72|4.16|4.69 | 4.58|4.35|4.49| 4.60
education(Month)
The need for 1 3141 944 (307(325|299(320(3.10|3.01 | 322]3.14
safety education
Platfor Safety | 465 | .508 [4.65 470 | 4.54| 471 459 | 467 | 470 | 452
Closing time o | 541 | 939 |3.46|3.35 347|330 {332 {3.60 {334 |3.54
Reopening when
door ape is found| 405 | 820 | 4111416 3,67 4,03 409 412405 |3.95
Risk announcement
after door reopening| 3.72 | 1.040 | 3.83 | 3.70 | 3.57 | 4.00 | 4.05 | 3.60 | 3.55 | 3.30
and closing
Doors safety | 3 15| 47 1320]3.15|3.05(3.24|324(3.17|3.14 [ 292
announcement
A”é“’”mmem i 436 | 741 | 4.17]455| 426|456 | 447 | 435|423 | 411
oor closure
Decrease in
concentration | 2.32 | .857 | 2.27(230|2.47| 235|230 | 233 | 2.22 | 2.43
during operation
Unconscious door| 3 g1 58| 3.06 [ 3.09(3.09 | 3.17| 2.95 | 3.26 | 2.94|3.05
operation
Recognition time | 3 13-\ 1 0031331 |3.47|3.55(3.62(334[3.54|3.38(3.17
of door traps
I;"’Fiﬁ“aﬁ",“ of 1433 | 632 |435|438] 418|453 423|439 (420|427
acility failure

Table 7. Operation status of Busan Transportation Corporation
(2016)

Division Total Line 1 Line 2 Line 3
Operation route(km) 95.8 325 452 18.1
Station(ea.) 94 34 43 17
Operation time(min) 180 62 84 34
Passenger(day, %o) 873 447 332 94
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Table 8, Post hoc multiple comparison of operator factor(Line)

M 95% Confidence
can interval
Depenl;ilen t Line | Difference Std Sig.
variable ) Error Lower | Upper
bound | bound
' 2| -202 | .09 | 107 | -43 03
30 359" | 143 | .039 | .01 71
Completion of
safety 5 1 202 096 | 107 | -03 43
education 3 s61" | 130 | 000 | 25 88
(Month) "
5 1| -359 143 | 039 | -71 -01
2| -561" | .130 | .000 | -.88 25
' 2| -053 089 | 834 | -27 16
3] 438 | 113 | .001 .16 o)
Reopening 1 053 089 | 834 | -16 27
when door 2 o
traps is found 3 491 109 | 000 | 22 76
3 1| -438 | .113 | 001 | -72 -16
2| -491" | 109 | 000 | -76 -22
1 2| -376" | .080 | 000 | -57 -18
3] -093 102 | 660 | -34 16
Amouncement | 1| 376 | 080 | .000 | .18 57
in door closure 3 283 | 098 | 017 | .04 52
5 1 093 102 | 660 | -16 34
2| -283° | 098 | 017 | -32 -04

*, The mean difference is significant at the 0.05 level.
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Table 9. Post hoc hultiple comparison of operator factor
(Working years)

95%

Mean Confidence

D\Z:ggﬁ: nt Working years | Difference Esrtr(ir Sig. interval
(1] Lower | Upper
bound | bound

6~10 051 |.148]1.000 ] -47 | 37

f}f;f 1115 405 145|057 | o1 | 8

5 16~20 455" [L1s1] 030 | .03 | .88

More than 21| .698 168 | .001 22 | 1.18

Less than 5 | .051 |.148]1.000 ] -37 | 47

6-10 11~15 .455: 152] 032 | .02 | .89

16~20 505" 158 017 | .06 | .95

Risk More than 21| 749" |.174| .000 | 25 | 1.24
announcem Less than 5 | -405 |.145] .057 | -82 | .01
ent after | |\ (| 6~10 455" 1521 .032 | -89 | -.02
door 16~20 050 |.156|1.000| -39 | .49
reopening More than 21| 294 [.172] 609 | -20 | .78
and closing Less than 5 | -455 [.151] .030 | -.88 | -.03
6~10 -505" |.158] .017 | -.95 | -.06

16201775 -050 |.156|1.000 | -49 | 39

More than 21| 244 |.177| 845 | -26 | .75

5939 o3l | -698" [.168] .001 |-1.18 | -22

More 6~10 749" | 174 ] 000 | -1.24 | -25

than : : : : :

51 11~15 -204 1721 609 | -78 | 20

16~20 2244 177 845 | -75 | 26

6~10 095 |.111] 946 | -25 | 44

if;j 11~15 219 [.109] 407 | -12 | .56

p 16~20 337|108 047 | .00 | .67

More than 21| 453" |.118] .006 | .09 | .82

Less than 5 | -095 |.111] 946 | -44 | 25

6-10 11~15 123 114 884 | -23 | 48

1620 241 |.113] 336 | -.11 | .59

More than 21| 357 [.123] .079 | -02 | .74

Less than 5 | -219 |.109] 407 | -56 | .12

Amowneem) | 6m10 o123 |4 ssd | s |3
closure 16~20 118|111 889 | -23 | 46
More than 21| 234 [.121] 446 | -14 | 61

Less than 5 | -337  |.108| .047 | -.67 | .00

6~10 2241 1131 336 | -59 | .11

162017775 118 [.111] 889 | -46 | 23

More than 21| .116 [.120] 919 | -26 | 49

53 olal | -453" |.118 .006 | -.82 | -.09

1;112? 6-10 2357 |23 079 [ 74 | 02

o 11~15 2234|121 446 | -61 | .14

16~20 116 |.120] 919 | -49 | 26

6~10 304" [.095] 038 | .01 | .60

Lﬂf:; 11-15 139 1093|696 | 15 | 43

p 16~20 327 [.002] 015 | .04 | .61

More than 21| 262 |.101] .156 | -.05 | .58

Less than 5 | -304" [.095| .038 | -.60 | -.01

6-10 11~15 -165 |.098| 582 | -47 | .14

16~20 023 |.0961.000] -28 | 32

More than 21| -.042 |.105] 997 | -37 | .28

L Less than 5 | -.139 |.093] .696 | -43 | .15
Nofication) | 6-10 165 098] 582 | 14 | 47
0 fal.'i‘jrlelfy 16-20 188 1095 | 4le | S11] 48
More than 21| .123 |.104| .843 | -20 | 44

Less than 5 | -327° |.092] .015 | -61 | -.04

6~10 -023 |.096]1.000| -32 | 28

16=201 917 188 |.095| 416 | -48 | .11

More than 21| -.065 [.103] .982 | -38 | 25

N sd olat | -262 [.101] .156 | -58 | .05

m‘;nre 6~10 042 [.105] 997 | -28 | 37

o 11~15 -123 |.104| 843 | -44 | 20

16~20 065 [.103] 982 | -25 | 38

*, The mean difference is significant at the 0.05 level.
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Table 10, Passengers'
(Multiple—choice, %)

factors by line and working years

Line Working years

More
than

Less
than

% 16~

20

6~ 11~
10 15

Hasty get

on/ get off 98.86

99.26 | 84.35 [ 100.00 | 98.68 | 98.94 | 100.00 | 100.00 98.41

Elderly person,
Slow moving
speed

86.52 | 77.55 | 85.41 |81.58|87.23 | 83.54 | 86.90 |84.09 | 92.06

Late getting on
because of many
passengers

65.20 | 58.50 | 64.86 |56.58 | 68.09 | 64.56 | 67.86 | 61.36 | 63.49

Use mobile,

Reduced attention 63.64

62.01|55.78 | 57.84 |65.79 | 59.57| 63.29 | 64.29 58.73

Drunken person |46.08 |42.86 | 47.03 | 35.53 | 44.68 | 50.63 | 40.48 | 50.00 |44.44

Play at the door [45.10 |34.69 | 50.27 |34.21|50.00 | 53.16 | 40.48 | 42.05 |38.10

Intentional fitting

for reward 03.64

59.31|51.70 | 65.95 |44.74|48.94 | 58.23 | 55.95 74.60

Transportation

vulnerable 48.86

4149 34.18 | 45.24 39.68
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