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Abstract

There has been a significant decline in the number of rail accidents in Korea since system safety
management activities were introduced. Nonetheless, analyzing and preventing human error-—related
accidents is still an important issue in railway industry. As a railway system is increasingly automated and
intelligent, the mechanism and process of an accident occurrence are more and more complicated. It is now
essential to consider a variety of factors and their intricate interactions in the analysis of rail accidents.
However, it has proved that traditional accident models and methods based on a linear cause—effect
relationship are inadequate to analyze and to assess accidents in complex systems such as railway
systems. In order to supplement the limitations of traditional safety methods, recently some systemic
safety models and methods have been developed. Of those, FRAM (Functional Resonance Analysis Method)
has been recognized as one of the most useful methods for analyzing accidents in complex systems. It
reflects the concepts of performance adjustment and performance variability in a system, which are
fundamental to understanding the processes of an accident in complex systems. This study aims to apply
FRAM to the analysis of a rail accident involving human errors, which occurred recently in South Korea.
Through the application of FRAM, we found that it can be a useful alternative to traditional methods in the
analysis and assessment of accidents in complex systems. In addition, it was also found that FRAM can
help analysts understand the interactions between functional elements of a system in a systematic manner.
Keywords : FRAM(Functonal Resonance Analysis Method), Rail Accident, Systemic Model, Complex System
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<Table 1> Six aspects characterizing a function

Aspect Description
Inputs (I) Things that a function processes or transforms or that start a function.
Outputs (O) Results of a function, which are either an entity or a state of change.
Preconditions (P) Conditions that must be satisfied before a function can be a carried out.
Resources(R) Things that a function needs when it is carried out or consumes to produce Outputs
Time (T) Temporal aspects influencing the performance of a function.
Controls (C) Aspects concerning with how function is supervised or controlled.
<Table 2> Potential output variability with regard to time and precision
Technological Human Organizational
Too early Unlikely POSSiT;;Eg?;;? Swer, Unlikely
On time Normal, Expected Possible, should be typical Likely
Time Unlikely, but possible if software is| Possible, more likely than too .
Too late involved carly Possible
Not at all Verl;ﬂgig 15:221; dl(r)lwcna)se of Possible, to a lesser degree Possible
Precise Normal, expected Possible, but unlikely Unlikely
Precision Acceptable Unlikely Typical Possible
Imprecise Unlikely Possible, likely Likely
Sl 2ol 7]\kel oje] FANA Alare] 7VsAS 7FESH TZ3l7] S8l ASA 294 (HTA: Hierarchical
32 S A5 B 5 QUth o]2]d koA Task Analysis) 7= o]-&3l AF-EA= AT
gl 919 7] A= H}ELE T AEES A olF Foll =FY =S SHs A8k
713 B 7 Sl 71, dE], 244 ks vk 7} 715 X RS getsltity RdR e F2 759
Fige o] ofsfish=t] H st vl A #4o] ¥= wiA7 s
IME E3E 2270 7sS EESIGITE EH Vees
6714 Sug olgal SYststn MBS Ths S B
3. Al Ak 4 ik o] HgelN 71eEg 71, A4, 247 s
o R 7} s AR Aehwel] et ga
B AT 20179 08 1220 S Asjeioggyey T WEUE W) ST, Table 3 of A
ZrlA WA A 7882 N BLADD O] FEAbm = FOIET
2 FRAMS 883 54 o]_o:h;]_ A TEAS o5 o sk EE% 7552 FMV(FRAM Model Visualiser Pro)

7 AEE G AEALEAR 3] FEARL AR
I (HaA] S ARAIB/R 2019-1) &} & F7AS &
ElR2ke ol

3.1 FRAM 7|4t AJAHE] 1A

Jol s A12:810] W9l
Z=2]o] Tt AT}

E
]'—L—\_ Zj% ]'_l

=278 O m T
}\]g% @% E]z‘sg }\]/\Eﬂo] @31—5] )\]HH 741 }\]/\Eﬂ_\/}
ARE Tk 913k Al2wlo] AgHElo] MR Afarolck,

wue o Al2Ee] 7S ()& A eR

9.3 [Figure 117 2o] Raga19it}. 2 7)1 552
o1 oI 91 1] Rl ni AE 1T 71

A AR A V)5 sao R BEsElh
2 AL AH 9o PEd V&S A
1t 7 o} 3 f 7t 715 6714 2
sk 1 %“]5] ‘41 S o] g3 FMV7} AFs2 0%
Aue)E o7 olojEr) ool FRAMS]
Joll A 1A st uf 3t 752 E3S
i v 7150 EEoRE Yea
JEeliTh ol A 7159 o] “Hr AN B 7]
A o] F Ve Y-

rlo rt: mim
o J* m
rlo
z T

N
olr
1o
I

j::
it
Ol

l‘

o
1o

a4
A2} 4HA



J. Korea Saf. Manag. Sci. Vol. 22 No. 1 March 2020

ISSN 1229-6783 (Print)

http://dx.doi.org/10.12812/ksms.2020.22.1.023 ISSN 2288—1484 (Online) 27
<Table 3> Functions and possible output variability of the accident
No. Function Actor Possible Output Variability Ect.
Devel lati f f lificati L Background
1 evelop regulations of performance qualification Organization g -
of system function
. Ti — Too lat
2 Develop AF track circuit Human 1.m.e 00 1a e.
Precision — Imprecise
Time - Not at all
li f H ..
3 Validate performance uman Precision — Acceptable
e L Time — Too late
4 Introduce facilities Organization . .
Precision — Imprecise
Time — Too late
5 Test facilities according to working type Human .
€ & yp Precision — Acceptable
. Time — On time
D t H .
6 ecide test targe uman Precision — Acceptable
Time — Too late
imi before th hensive test H .
7 | Inspect preliminary before the comprehensive tes uman Precision — Acceptable
. . . Time — Too late
8 Establish comprehensive test operation plan Human 1. . .
Precision — Imprecise
. . . Time — Too late
9 Notice comprehensive test operation plan Human ..
Precision — Acceptable
. . Ti — Too lat
10 | Determine implementation of safety management Human 1.m.e 00 1a e.
Precision — Imprecise
. . . Time — On time
11 | Train on general details of comprehensive test Human ..
Precision — Acceptable
. . . . Time — On time
12 | Entry into the test section of the preceding train Human ..
Precision — Acceptable
. . Time — On time
13 | Determine the occupancy status of a track circuit Technology . .
Precision — Precise
. Time — On time
14 Change status of operation control system Technology . .
Precision — Precise
Time — On time
15 Stop thi ding trai Huma ..
op the precedmg tram Hman Precision — Acceptable
. . .. Time — On time
16 | Notice the train statement that train is at the stop Human 1 . ! .
Precision — Imprecise
. . . Time — On time
17 Give the starting signal Technology .. .
Precision — Precise
. . . Ti — On ti
18 | Entry into the test section of the follow—up train Human .“?“e 1 tme
Precision — Acceptable
. . Time — On time
19 Determine operation of ATP system Technology .. .
Precision — Precise
. Background
20 Brake the follow—up train Technology g .
function
. . . Background
21 Develop regulations of comprehensive test Organization & .
function
. . . .. Back d
22 List the information on existing facilities Human ac grpun
function
Wolx] SAd¥ck FRAM R ol 7+ 7)5-8 4218 9] 38 (wave) “180] Q= 7% 197 ¢k 7)%0] 9)
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[Figure 1] FRAM model of trial running train
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<Table 4> List of functions and their variability related to the accident

Function Output Variability Description Order
Developing AF track circuit not satisfying the 9

Develop AF track circuit Precision — Imprecise .
performance quality
Validate performance Time — Not at all Not implementing the performance validation 3
Test facilities according to .. . Reviewing the document instead of actual
. Precision — Imprecise . . . 5
working type facilities test according to working type
Inspect preliminary before the Deciding to run the comprehensive test even 7

Precision — Acceptable though it shouldn't be

. . Not determining the role of the comprehensive
Establish comprehensive test .. . . .
. Precision — Imprecise test team and the maximum speed of trial 8
operation plan . .
running train

comprehensive test

Notice comprehensive test
operation plan

Determine implementation of .. . Not determining boarding location and the
Precision — Imprecise . 10
number of people that board on train

Time — Too late Notifying plan later than the specified time 9

safety management

Train on general details of . Not making a list of safety training attendance
Precision — Acceptable 11

comprehensive test register
Notice the train statement that . . Failing to communicate properly using KT
.. Precision — Imprecise . . 16
train is at the stop powertel instead of radio telephone

[Figure 2] Instantiation of the FRAM model for the accident
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<Table 5> Response strategy for managing variability based on FRAM

Kol Strategies

for Safety
— Supplementing the regulation of preliminary inspection before the comprehensive test
— Supplementing the regulation of establishing comprehensive test operation plan

Elimination - Clarifying the rggulation_of facility test in relation to working type o
— Establishing an internal interface to check the occupancy status of a track circuit
— Developing a way to check the status of preceding train while train is running
— Improving the quality of radio telephone

o — Enforcing interim check on a development

Monitoring I .

— Verifying comprehensive test enforcement

[Figure 3] FRAM model including response strategy
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