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Abstract Design practices in regard to passenger hazard

exposure in mass transit stations that are directly open to

the atmosphere, so-called open stations, are the focus of

this study. The benchmarking exercise intends to provide a

comprehensive review regarding the application of existing

international and national design codes, standards, and

guidelines in terms of their ability to mitigate hazards at

key points of contact (POC) between passengers and sta-

tion, such as walking surfaces, stairs, lifts, escalators, and

wayfinding, during normal and emergency conditions. By

adopting the safety-related risk assessment model, the

benchmarking exercise uses national Thai station design

practices as a baseline in order to identify applicable

national codes, standards, and guidelines, and to conduct a

parallel comparative analysis with respect to their inter-

national counterparts in order to identify, rank, and eval-

uate the potential impacts of missing regulations and

practices. The analysis shows that a number of station

environment-related risks appear along the different paths

of egress and at different POC that must be addressed. With

the application of Thai national codes, standards, and

guidelines alone, the designer is still susceptible to design

decisions that do not reduce risk levels. It was also found

that more than half of the risks in paths of egress remain

undesirable or intolerable after the design, and thus pose a

threat of injury to passengers and create growing concerns

for operators. Based on the findings of the study, a rec-

ommendation can be made for the use of a design hand-

book for stations by ranking different existing standards in

accordance with their importance to the design endeavor,

with legal support from involved parties.

Keywords Station design standards � Passenger hazards in
station � Station design practice � Station safety � Passenger
safety � Risk analysis

1 Introduction

Following political turmoil from 1998 to 2003, the Thai

public was concerned that private-sector entities such as

large-scale real estate developers might be able to obtain

commercial rights over public land. Thus, the government

passed successive resolutions to ensure that the public may

enter into an agreement with a private party only if the sole

rights to the property remain with the government. The

selected approach was similar to that outlined in the

International Federation of Consulting Engineers Red Book

[1], which calls for construction in accordance with an

‘‘owner’s design’’ scheme for civil and building engineer-

ing works.

Under this scheme, all permanent structures are

designed by a design consultant in accordance with codes

and design experiences based on regular public buildings,

whereas no specific codes for the design of mass transit

stations are appropriately enforced. The structures con-

structed under this scheme are carried over as-is to the
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railway systems project implementation or concessions,

which are managed by the respective authorities under the

jurisdiction of the Office of Transport and Traffic Policy

and Planning (OTP). This is demonstrated by the diagram

in Fig. 1.

In the best international practice, the System Engineer-

ing Handbook [2] has typically outlined a model with

identification of requirements, which is then successively

implemented in design-build projects that should be con-

sidered as the traditional way to build systems.

Focusing on the processes prior to the design practice, it

is imperative that all requirements, including codes, stan-

dards, and guidelines, be correctly and completely

identified before commencing the design. Where such

suitable prerequisites do not exist, international and other

national requirements shall be applied. Where there are

requirements in place that negatively affect system safety,

these requirements shall be worked out before or even

during design execution.

This is an issue for Thai designers, as the common

perception of the hierarchy of requirements includes pro-

ject directives given by the government agency steering

committee, applicable laws and regulations consistent with

the Thai building code for public buildings [3], and the

designer’s organizational policies and procedures, which

are influenced by the capacity to deliver the design project

Fig. 1 Owner’s design scheme for civil and building engineering works demonstrating no relationship between the mass transit station

construction design and railway systems implementation by an O&M concessionaire
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on time and within a consultancy budget. The last con-

sideration is usually the industry standard, which is not

legally enforced in Thailand.

Thus, without independent review by railway system

suppliers, certification consultants, or railway operators

that have not yet been engaged, issues remain open for

resolution at the time of station construction. One partic-

ular issue is the lack of sufficient legal requirements for

identifying, mitigating, and documenting the reduction of

risk to an acceptable level in accordance with the Inter-

national Electrotechnical Commission’s (IEC) standard for

railway applications specification and demonstration of

reliability, availability, maintainability, and safety

(RAMS), or IEC 62278 [4]. Legal requirements are simi-

larly lacking for applying evacuation calculations in

accordance with National Fire Protection Agency (NFPA)

standards for fixed guideway transit and rail passenger

services or NFPA 130 [5], station design criteria in

accordance with the Life Safety Code or NFPA 101 [6], or

other comparable standards. This causes higher than nor-

mal passenger exposure to hazards in the fixed structures

and minor but sometimes also major accidents if no sub-

stantial investment is made to reduce these risks.

Thus, in order to clearly show that following regular

Thai building design practices is not sufficient to control

risks to passengers, this study is to expose the deficiency in

Thai building standards when applied to the design of a

mass transit station.

2 Methodology

In order to provide a systematic approach and to avoid

comparing prescriptive design codes or standards that fol-

low different philosophies from those of Thai codes or

guidelines as mentioned above, a more precise approach is

needed. While numerous studies have used safety-related

risk assessment models for railway systems to evaluate the

consequences of accidents by considering the influence of

component defects such as tracks [7], rolling stocks [8],

road-rail level crossings, [9] and train control systems [10],

none has reported the application of such an approach to

achieve risk reduction for mass transit station facilities that

would directly impact passengers.

The approach proposed in this study is enabled by

applying a risk-based analysis in accordance with IEC

62278 [4] and recording Thai design practices as risk

mitigation processes. Basically, conventional risk assess-

ment methods require extensive efforts to carefully walk

through all of the station standards until the risks were

revealed. Instead, a bottom-up approach is proposed in this

work by first evaluating the risks based on their worst-case

outcome for passengers until the causes in design are

exposed. In parallel, the study will compare the content and

extent of the Thai standards with a control sample of

internationally recognized codes, standards, or guidelines

to provide a benchmark against industry best practice. The

aim of the study is therefore to highlight differences and

conflicts between standards, shortcomings in terms of

hazards which are not addressed through the application of

either national or even international standards, and poten-

tial consequences in terms of passenger exposure to haz-

ards and subsequent risks. The study also provides initial

evidence that general attempts to comply with a variety of

codes or standards can potentially create confusion and

ultimately result in reduced passenger safety in the design.

The results will identify the gaps and relevant need for

changes in processes to incorporate railway application

requirements into the design practices of the owner’s

design and subsequent construction of the stations to

reduce or eliminate hazards.

2.1 Focus and Framework of Study

In sequence, passengers using the services of the system

would typically (1) enter a station at the landing, (2) use the

stairs, escalator, or elevator to gain access to the concourse

unpaid area, (3) purchase a ticket at either the ticket

vending machine or the ticket counter, (4) validate the

ticket at the gate line, (5) proceed to the platform level via

stairs, (6) gather at the platform, and (7) successively board

the train. After reaching their destination, passengers

would then de-board the train and successively undergo the

same steps in reverse order except for the ticket purchase.

This comparative study focuses on the different design

and engineering requirements for points of contact (POC)

between passengers and stations that may be considered

hazards, including walking surfaces, stairs, lifts, escalators,

and wayfinding required during normal and emergency

conditions, as shown in Fig. 2. As the train is already

designed and constructed strictly in accordance with

international standards, it is presumed to not contribute to

this study, and is thus excluded.

2.2 Risk Management

As discussed above, analyzing the passenger POC and

possible associated risks would thus result in a compre-

hensive risk matrix for normal operations. For emergency

operations, a similar approach could be used, with the

exception that all steps would be in reverse order, i.e., as

passengers are escaping, and including considerations of

crowd dynamics and fire.

Urban Rail Transit (2020) 6(1):15–27 17
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a. Identification of Risks

The identified passenger contact points can be consid-

ered the hazards to which the passenger is exposed during

boarding and alighting. An analysis of the passenger’s

exposure to the station’s POC must be conducted against

risks that could be found in any infrastructure as indicated

in Table 1 [11]. These predefined risks can be allocated to

the passenger POC-related hazards with a relevant

description to understand their context in regard to risk

occurrence based on the nature of the passenger’s exposure

to situations in normal and emergency operations.

b. Identification of Worst-Case Result

When this is established, the next task is to identify the

possible worst-case result of this risk to the passen-

ger(s) and rank it in accordance with the severity of the

result, from highest to lowest, as follows: (1) multiple

fatalities, (2) single fatality, (3) multiple severe injuries, (4)

minor injuries, and to (5) simple injuries (cuts and bruises).

c. Identification of Risk Level

Standard IEC 62278 [4] categorizes risk in accordance

with a predefined risk level on the basis of frequency

determinants and levels of consequences, as laid out in

Table 2. These risk levels are established based on the

combined severity and frequency of the risk, as shown in

the risk matrix in Table 3. Once the overall ranking or

relevance of the risk is established, the importance of

ranked risks can be categorized and will impact the oper-

ational expenses as first aid where the treatments will cause

operational effort and preparedness.

d. Mitigation through Design Practice

The mitigation measures relevant to station engineering

design practice in Thailand can be categorized based on the

Fig. 2 Framework of study

focusing the points of contact

between passengers and stations

open to the atmosphere,

including walking surfaces,

stairs, lifts, escalators, and

wayfinding required during

normal and emergency

conditions

Table 1 Relevant risk exposures in this study

Risk Description

Panic Panic is the occurrence of uncontrollable fear or anxiety in passengers, possibly causing wildly unthinking behavior

Stampede Stampede is the sudden rapid movement or reaction of a mass of people in response to a particular circumstance or stimulus

Asphyxiation Asphyxiation is the state or process of being deprived of oxygen, which can result in unconsciousness or death by suffocation

Entrapment Entrapment is the state of being caught in a room or location without a self-determined ability to escape

Electrocution Electrocution is injury or fatality by electric shock

Slip Slip is the loss of footing resulting in a fall, usually backwards, due to insufficient friction with the walking surface

Trip Trip is the of loss of footing due to an object impeding the foot’s movement, resulting in a fall, usually forward

Fall Fall is the loss of footing due to an unexpected level change

Impact Impact is the impact of an object with a person or the person’s impact on the object

Pinching Pinching is the action of getting caught in moving elements of a machine or object

18 Urban Rail Transit (2020) 6(1):15–27
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requirements imposed by the designs, which include pro-

ject directives, terms of requirements given by the gov-

ernment agency, the steering committee, applicable laws

and regulations generally consistent with the Thai struc-

tural and building codes or guidelines, and the designer’s

organizational policies and procedures, which are influ-

enced by the capacity to deliver the design project on time

and within budget.

In this study, a comparison between Thai and interna-

tional design practice, in accordance with requirements

outlined in codes, standards, and guidelines such as IEC,

EN, and NFPA or directives by relevant national safety

agencies, is also demonstrated in the form of a second

column populated with applicable mitigation practices in

international practice.

Assuming that the risk mitigation processes in the rel-

evant Thai design requirements (directives, codes, stan-

dards, and guidelines) are fully implemented, the risk is to

be reevaluated in terms of reduced risk frequency and

severity, resulting in a (new) subsequent risk level. From

this we can identify whether the risk has been reduced to an

acceptable level by applying the Thai design requirements

alone. We can then also draw parallels to international

design requirements listed against the same risks and dis-

cuss the difference in effectiveness.

e. Flow of Study

The flow of study relevant to the items as discussed

above can be explained by the diagram in Fig. 3. The

process starts with identifying the worst-case outcome to

passengers. After the selection of operational conditions

and the paths of egress, i.e., traveling between station

levels, on concourse, and on platform, the POC are deter-

mined, including the selection of possible related risks, for

discussion. Finally, the deficiency of building standards for

a mass transit station design is revealed following the

benchmarking between Thai and international

requirements.

3 Results, Analysis, and Discussion

In this paper, risk assessment was conducted for the case

study of the application of design standards to mass transit

station design in Thailand. Using the risk severity, fre-

quency, and resulting risk level as defined in IEC 62278

[4], a comprehensive study and evaluation of passenger

risk exposure was performed. The individual national and

international design practices were allocated as mitigation

strategies in the design, and the study produced many

interesting results. Tables 4, 5, and 6 detail findings

regarding slip, trip, and fall risks to passengers in the paths

of egress in contact with landing and intermediate landing,

stairs, and pathways.

From the assessment results as listed, both national and

international design practices have requirements that

means of egress, specifically stairs, ‘‘shall be continuously

maintained free of all obstructions or impediments to full

instant use in the case of fire or other emergency’’ (NFPA

101, p. 101–54) to highlight the importance of free egress.

Table 2 Risk level defined in accordance with EN 50126/IEC 52278

Risk level Hazard reduction/control

Intolerable Not acceptable. Hazard shall be eliminated

Undesirable Shall only be accepted when risk reduction is impracticable and with the agreement of the operator/owner

Tolerable Acceptable with adequate and approved control measures

Negligible Can be accepted without any further action

Table 3 Risk matrix

Urban Rail Transit (2020) 6(1):15–27 19
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The NFPA Life Safety Code, otherwise known as NFPA

101 [6], and the Thai building codes [3] and other norms all

require slip-resistant surfaces for fire escape stairs, with

certain stair riser and tread depths which are different

across Thai codes and guidelines. Furthermore, Thai codes

and guidelines lack requirements for stair nose dimensions

and requirements in regard to slip resistance of floor

material on the POC with the station along the concourse,

platform, and stairs. In addition, there are no known codes,

standards, and guidelines in Thailand that provide quanti-

tative measures or material test procedures to assess slip

resistance for floor materials. The international best prac-

tice control sample, given in the form of NFPA 101, pro-

vides specific details implying that the designer is to

consider ‘‘foreseeable slip conditions are those that are

likely to be present at the location of the walking surface

during the use of the building or area’’ (NFPA 101,

p. 101–408) and further indicating required compliance

with material standards in accordance with the American

Society for Testing and Materials standard (ASTM F1673)

concerning the practice for safe walking surfaces [12].

Thai design codes, guides, and standards are silent

concerning requirements to measure material slip resis-

tance for both indoor and outdoor, and Thai designers

openly apply materials such as polished granite for the

flooring of walking surfaces and means of egress in the

stations. This is largely justified with the argument that

materials such as polished granite have superior esthetics

and ability to be cleaned. As a further comparison to the

UK Health and Safety Executive’s study of the slip char-

acteristics of natural and man-made stone flooring materi-

als [13], it specifically identifies polished granite as a

material with high slip potential, apparently to dissuade

designers from using it in public areas.

In addition to slip resistance, the in-depth study of Thai

design requirements revealed that the ministerial regulation

for the arrangement and facilitation in building or vehicles

and logistics for handicapped lacked clarity in terms of

which stairs would be required to be stairs for persons with

reduced mobility [14]. Thus, it is possible to misinterpret

that stair dimensions for persons with reduced mobility

apply to all stairs of the station, resulting in lower stair

Fig. 3 Risk assessment and

benchmarking methodology for

passenger hazard exposure in

open mass transit stations

20 Urban Rail Transit (2020) 6(1):15–27

123



T
a
b
le

4
F
in
d
in
g
s
fo
ll
o
w
in
g
ri
sk

le
v
el

as
se
ss
m
en
t
as

a
fu
n
ct
io
n
o
f
p
o
in
t
o
f
co
n
ta
ct

an
d
ri
sk

ex
p
o
su
re
:
la
n
d
in
g
an
d
in
te
rm

ed
ia
te

la
n
d
in
g

H
az
ar
d
/r
is
k
al
lo
ca
ti
o
n

U
n
m
it
ig
at
ed

ri
sk

ev
al
u
at
io
n

A
p
p
li
ca
b
le

d
es
ig
n
re
q
u
ir
em

en
ts

M
it
ig
at
ed

b
y
u
si
n
g
T
h
ai

d
es
ig
n

re
q
u
ir
em

en
t
o
n
ly

H
az
ar
d
o
r

p
o
in
t
o
f

co
n
ta
ct

R
is
k

S
ev
er
it
y

P
ro
b
ab
il
it
y

o
f

o
cc
u
rr
en
ce

R
is
k

ra
ti
n
g

T
h
ai

d
es
ig
n
re
q
u
ir
em

en
t

C
o
n
tr
o
l
sa
m
p
le

in
te
rn
at
io
n
al

d
es
ig
n
re
q
u
ir
em

en
t

S
ev
er
it
y

P
ro
b
ab
il
it
y

o
f

o
cc
u
rr
en
ce

R
is
k

ra
ti
n
g

L
an
d
in
g
an
d

in
te
rm

ed
ia
te

la
n
d
in
g

S
li
p
o
n
m
at
er
ia
l

(d
ry
/w
et
)

C
ri
ti
ca
l

F
re
q
u
en
t

In
to
le
ra
b
le

O
n
ly

fi
re

es
ca
p
e
st
ai
rs

ar
e
co
v
er
ed

in
M
in
is
te
ri
al

R
eg
u
la
ti
o
n
‘R
eq
u
ir
em

en
t
o
r
A
rr
an
g
em

en
t

F
ac
il
it
at
io
n
in

B
u
il
d
in
g
o
r
V
eh
ic
le
s
an
d
L
o
g
is
ti
cs

fo
r

H
an
d
ic
ap
p
ed
’,
E
q
u
ip
m
en
t
li
st
F
ac
il
it
ie
s
o
r
se
rv
ic
es

in

ra
il
w
ay

st
at
io
n
s
an
d
M
R
T
S
ta
ti
o
n
s,
ar
ti
cl
e
1
4
,

p
ar
ag
ra
p
h
2
,
it
em

4
,
‘S
ta
ir
ca
se
s’

&
M
in
is
te
ri
al

R
eg
u
la
ti
o
n
N
o
.
5
5
,
is
su
ed

u
n
d
er

th
e

B
u
il
d
in
g
C
o
n
tr
o
l
A
ct

1
9
7
9
,
P
ar
t
3
‘B
u
il
d
in
g
st
ai
rs
’,

ar
ti
cl
e
2
4

N
F
P
A

1
0
1
:2
0
1
2
,

7
.1
.6
.4

S
li
p
re
si
st
an
ce

-
w
al
k
in
g
su
rf
ac
es

7
.2
.2
.2
.1
.1

(a
)
&

(b
)
P
er
m
is
si
b
le

st
ai
r

d
im

en
si
o
n
s

7
.2
.2
.3
.5

R
is
er

h
ei
g
h
t
an
d
tr
ea
d
d
ep
th
,

sl
o
p
e,

&
n
o
si
n
g
s

7
.2
.8
.4
.2

S
li
p
re
si
st
an
ce
—
st
ai
r
tr
ea
d
s
an
d

la
n
d
in
g
s

C
ri
ti
ca
l

F
re
q
u
en
t

In
to
le
ra
b
le

S
li
p
o
n
g
ra
d
ie
n
t

(d
ry
/w
et
)

C
ri
ti
ca
l

P
ro
b
ab
le

In
to
le
ra
b
le

M
in
is
te
ri
al
R
eg
u
la
ti
o
n
N
o
.
5
5
,
is
su
ed

u
n
d
er

th
e
B
u
il
d
in
g

C
o
n
tr
o
l
A
ct

1
9
7
9
,
P
ar
t
3
‘B
u
il
d
in
g
st
ai
rs
’,
ar
ti
cl
e
2
4

sp
ec
ifi
es

‘a
t
le
v
el
’

N
F
P
A

1
0
1
:2
0
1
2
,

7
.1
.6
.4

S
li
p
re
si
st
an
ce
—
w
al
k
in
g
su
rf
ac
es

7
.2
.2
.2
.1
.1

(a
)
&

(b
)
P
er
m
is
si
b
le

st
ai
r

d
im

en
si
o
n
s

7
.2
.2
.3
.5

R
is
er

h
ei
g
h
t
an
d
tr
ea
d
d
ep
th
,

sl
o
p
e,

&
n
o
si
n
g
s

7
.2
.8
.4
.2

S
li
p
re
si
st
an
ce
—
st
ai
r
tr
ea
d
s
an
d

la
n
d
in
g
s

C
ri
ti
ca
l

P
ro
b
ab
le

In
to
le
ra
b
le

T
ri
p
o
n
le
v
el

ch
an
g
e

M
ar
g
in
al

F
re
q
u
en
t

In
to
le
ra
b
le

D
if
fe
re
n
t
re
q
u
ir
em

en
ts

b
et
w
ee
n
M
in
is
te
ri
al

R
eg
u
la
ti
o
n

‘R
eq
u
ir
em

en
t
o
r
A
rr
an
g
em

en
t
F
ac
il
it
at
io
n
in

B
u
il
d
in
g
o
r
V
eh
ic
le
s
an
d
L
o
g
is
ti
cs

fo
r
H
an
d
ic
ap
p
ed
’,

E
q
u
ip
m
en
t
li
st

F
ac
il
it
ie
s
o
r
se
rv
ic
es

in
ra
il
w
ay

st
at
io
n
s
an
d
M
R
T
S
ta
ti
o
n
s,
ar
ti
cl
e
1
4
,
p
ar
ag
ra
p
h
2
,

it
em

4
,
‘S
ta
ir
ca
se
s’

an
d
M
in
is
te
ri
al

R
eg
u
la
ti
o
n
N
o
.

5
5
,
is
su
ed

u
n
d
er

th
e
B
u
il
d
in
g
C
o
n
tr
o
l
A
ct

1
9
7
9
,
p
ar
t
3
‘B
u
il
d
in
g
st
ai
rs
’,
ar
ti
cl
e
2
4
ca
u
se

in
tr
o
d
u
ct
io
n
o
f
n
ew

tr
ip
/f
al
l
h
az
ar
d

N
F
P
A

1
0
1
:2
0
1
2
,

7
.1
.6
.4

S
li
p
re
si
st
an
ce
—
w
al
k
in
g
su
rf
ac
es

7
.2
.2
.2
.1
.1

(a
)
&

(b
)
P
er
m
is
si
b
le

st
ai
r

d
im

en
si
o
n
s

7
.2
.2
.3
.5

R
is
er

h
ei
g
h
t
an
d
tr
ea
d
d
ep
th
,

sl
o
p
e,

&
n
o
si
n
g
s

7
.2
.8
.4
.2

S
li
p
re
si
st
an
ce
—
st
ai
r
tr
ea
d
s
an
d

la
n
d
in
g
s

M
ar
g
in
al

F
re
q
u
en
t

In
to
le
ra
b
le

T
ri
p
o
n
u
n
ev
en

w
o
rk
m
an
sh
ip

M
ar
g
in
al

F
re
q
u
en
t

In
to
le
ra
b
le

N
o
t
sp
ec
ifi
ed

N
F
P
A

1
0
1
:2
0
1
2
,

7
.1
.6
.2

C
h
an
g
es

in
el
ev
at
io
n

7
.1
.6
.3

L
ev
el

M
ar
g
in
al

F
re
q
u
en
t

In
to
le
ra
b
le

F
al
l
o
n
st
ai
rs

co
n
n
ec
te
d

w
it
h
v
er
ti
ca
l

d
is
ta
n
ce

b
et
w
ee
n

la
n
d
in
g
s
to
o

fa
r

C
at
as
tr
o
p
h
ic

O
cc
as
io
n
al

In
to
le
ra
b
le

M
in
is
te
ri
al
R
eg
u
la
ti
o
n
N
o
.
5
5
,
is
su
ed

u
n
d
er

th
e
B
u
il
d
in
g

C
o
n
tr
o
l
A
ct

1
9
7
9
,
p
ar
t
3
‘B
u
il
d
in
g
st
ai
rs
’,
ar
ti
cl
e
2
4

N
F
P
A

1
0
1
:2
0
1
2
,

7
.2
.2
.2
.1
.1

(a
)
&

(b
)
P
er
m
is
si
b
le

st
ai
r

d
im

en
si
o
n
s

M
ar
g
in
al

F
re
q
u
en
t

In
to
le
ra
b
le

S
li
p
,
tr
ip
,
o
r
fa
ll

d
u
e
to

v
is
ib
il
it
y

C
ri
ti
ca
l

F
re
q
u
en
t

In
to
le
ra
b
le

M
in
is
te
ri
al
R
eg
u
la
ti
o
n
N
o
.
5
5
,
is
su
ed

u
n
d
er

th
e
B
u
il
d
in
g

C
o
n
tr
o
l
A
ct

1
9
7
9
,
p
ar
t
3
‘B
u
il
d
in
g
st
ai
rs
’,
it
em

3
0

N
F
P
A

1
0
1
:2
0
1
2
,

7
.8

Il
lu
m
in
at
io
n
o
f
m
ea
n
s
o
f
eg
re
ss

C
ri
ti
ca
l

F
re
q
u
en
t

In
to
le
ra
b
le

Urban Rail Transit (2020) 6(1):15–27 21

123



T
a
b
le

5
F
in
d
in
g
s
fo
ll
o
w
in
g
ri
sk

le
v
el

as
se
ss
m
en
t
as

fu
n
ct
io
n
s
o
f
p
o
in
t
o
f
co
n
ta
ct

an
d
ri
sk

ex
p
o
su
re
:
st
ai
r

H
az
ar
d
/r
is
k
al
lo
ca
ti
o
n

U
n
m
it
ig
at
ed

ri
sk

ev
al
u
at
io
n

A
p
p
li
ca
b
le

d
es
ig
n
re
q
u
ir
em

en
ts

M
it
ig
at
ed

b
y
u
si
n
g
T
h
ai

d
es
ig
n

re
q
u
ir
em

en
t
o
n
ly

H
az
ar
d

o
r
p
o
in
t

o
f

co
n
ta
ct

R
is
k

S
ev
er
it
y

P
ro
b
ab
il
it
y

o
f

o
cc
u
rr
en
ce

R
is
k

ra
ti
n
g

T
h
ai

d
es
ig
n
re
q
u
ir
em

en
t

C
o
n
tr
o
l
sa
m
p
le

in
te
rn
at
io
n
al

d
es
ig
n
re
q
u
ir
em

en
t

S
ev
er
it
y

P
ro
b
ab
il
it
y

o
f

o
cc
u
rr
en
ce

R
is
k

ra
ti
n
g

S
ta
ir

S
li
p
o
n

m
at
er
ia
l

(d
ry
/w
et
)

C
ri
ti
ca
l

F
re
q
u
en
t

In
to
le
ra
b
le

M
in
is
te
ri
al

R
eg
u
la
ti
o
n
‘R
eq
u
ir
em

en
t
o
r

A
rr
an
g
em

en
t
F
ac
il
it
at
io
n
in

B
u
il
d
in
g
o
r

V
eh
ic
le
s
an
d
L
o
g
is
ti
cs

fo
r
H
an
d
ic
ap
p
ed
’,

E
q
u
ip
m
en
t
li
st

F
ac
il
it
ie
s
o
r
se
rv
ic
es

in

ra
il
w
ay

st
at
io
n
s
an
d
M
R
T
S
ta
ti
o
n
s,
ar
ti
cl
e

1
4
,
p
ar
ag
ra
p
h
2
,
it
em

4
,
‘S
ta
ir
ca
se
s’

an
d

M
in
is
te
ri
al

R
eg
u
la
ti
o
n
N
o
.
5
5
,
is
su
ed

u
n
d
er

th
e
B
u
il
d
in
g
C
o
n
tr
o
l
A
ct

1
9
7
9
,
P
ar
t

3
‘B
u
il
d
in
g
st
ai
rs
’,
ar
ti
cl
e
2
4

N
F
P
A

1
0
1
:2
0
1
2
,

7
.1
.6
.4

S
li
p
re
si
st
an
ce
—
w
al
k
in
g
su
rf
ac
es

7
.2
.2
.2
.1
.1

(a
)
&

(b
)
P
er
m
is
si
b
le

st
ai
r
d
im

en
si
o
n
s

7
.2
.2
.3
.5

R
is
er

h
ei
g
h
t
an
d
tr
ea
d
d
ep
th
,
sl
o
p
e,
&

n
o
si
n
g
s

7
.2
.8
.4
.2

S
li
p
re
si
st
an
ce
—
st
ai
r
tr
ea
d
s
an
d
la
n
d
in
g
s

M
ar
g
in
al

F
re
q
u
en
t

In
to
le
ra
b
le

S
li
p
o
n
tr
ea
d

g
ra
d
ie
n
t

(d
ry
/w
et
)

C
ri
ti
ca
l

P
ro
b
ab
le

In
to
le
ra
b
le

M
in
is
te
ri
al

R
eg
u
la
ti
o
n
N
o
.
5
5
,
is
su
ed

u
n
d
er

th
e
B
u
il
d
in
g
C
o
n
tr
o
l
A
ct

1
9
7
9
,
p
ar
t
3

‘B
u
il
d
in
g
st
ai
rs
’,
ar
ti
cl
e
2
4
sp
ec
ifi
es

‘a
t

le
v
el
’

N
F
P
A

1
0
1
:2
0
1
2
,

7
.1
.6
.4

S
li
p
re
si
st
an
ce
—
w
al
k
in
g
su
rf
ac
es

7
.2
.2
.2
.1
.1

(a
)
&

(b
)
P
er
m
is
si
b
le

st
ai
r
d
im

en
si
o
n
s

7
.2
.2
.3
.5

R
is
er

h
ei
g
h
t
an
d
tr
ea
d
d
ep
th
,
sl
o
p
e,
&

n
o
si
n
g
s

7
.2
.8
.4
.2

S
li
p
re
si
st
an
ce
—
st
ai
r
tr
ea
d
s
an
d
la
n
d
in
g
s

M
ar
g
in
al

F
re
q
u
en
t

In
to
le
ra
b
le

S
li
p
d
u
e
to

in
su
ffi
ci
en
t

tr
ea
d
d
ep
th

C
ri
ti
ca
l

P
ro
b
ab
le

In
to
le
ra
b
le

M
in
is
te
ri
al

R
eg
u
la
ti
o
n
‘R
eq
u
ir
em

en
t
o
r

A
rr
an
g
em

en
t
F
ac
il
it
at
io
n
in

B
u
il
d
in
g
o
r

V
eh
ic
le
s
an
d
L
o
g
is
ti
cs

fo
r
H
an
d
ic
ap
p
ed
’,

E
q
u
ip
m
en
t
li
st

F
ac
il
it
ie
s
o
r
se
rv
ic
es

in

ra
il
w
ay

st
at
io
n
s
an
d
M
R
T
S
ta
ti
o
n
s,
ar
ti
cl
e

1
4
,
p
ar
ag
ra
p
h
2
,
it
em

4
,
‘S
ta
ir
ca
se
s’

an
d

M
in
is
te
ri
al

R
eg
u
la
ti
o
n
N
o
.
5
5
,
is
su
ed

u
n
d
er

th
e
B
u
il
d
in
g
C
o
n
tr
o
l
A
ct

1
9
7
9
,
p
ar
t

3
‘B
u
il
d
in
g
st
ai
rs
’,
ar
ti
cl
e
2
4
sp
ec
if
y
tr
ea
d

d
ep
th
,
b
u
t
d
if
fe
re
n
tl
y

N
F
P
A

1
0
1
:2
0
1
2
,

7
.1
.6
.4

S
li
p
re
si
st
an
ce
—
w
al
k
in
g
su
rf
ac
es

7
.2
.2
.2
.1
.1

(a
)
&

(b
)
P
er
m
is
si
b
le

st
ai
r
d
im

en
si
o
n
s

7
.2
.2
.3
.5

R
is
er

h
ei
g
h
t
an
d
tr
ea
d
d
ep
th
,
sl
o
p
e,
&

n
o
si
n
g
s

7
.2
.8
.4
.2

S
li
p
re
si
st
an
ce
—
st
ai
r
tr
ea
d
s
an
d
la
n
d
in
g
s

M
ar
g
in
al

F
re
q
u
en
t

In
to
le
ra
b
le

T
ri
p
d
u
e
to

ex
ce
ss
iv
e

tr
ea
d
d
ep
th

M
ar
g
in
al

F
re
q
u
en
t

In
to
le
ra
b
le

M
in
is
te
ri
al

R
eg
u
la
ti
o
n
‘R
eq
u
ir
em

en
t
o
r

A
rr
an
g
em

en
t
F
ac
il
it
at
io
n
in

B
u
il
d
in
g
o
r

V
eh
ic
le
s
an
d
L
o
g
is
ti
cs

fo
r
H
an
d
ic
ap
p
ed
’,

E
q
u
ip
m
en
t
li
st

F
ac
il
it
ie
s
o
r
se
rv
ic
es

in

ra
il
w
ay

st
at
io
n
s
an
d
M
R
T
S
ta
ti
o
n
s,
ar
ti
cl
e

1
4
,
p
ar
ag
ra
p
h
2
,
it
em

4
,
‘S
ta
ir
ca
se
s’

an
d

M
in
is
te
ri
al

R
eg
u
la
ti
o
n
N
o
.
5
5
,
is
su
ed

u
n
d
er

th
e
B
u
il
d
in
g
C
o
n
tr
o
l
A
ct

1
9
7
9
,
p
ar
t

3
‘B
u
il
d
in
g
st
ai
rs
’,
ar
ti
cl
e
2
4
sp
ec
if
y
tr
ea
d

d
ep
th
,
b
u
t
d
if
fe
re
n
tl
y

N
F
P
A

1
0
1
:2
0
1
2
,

7
.1
.6
.4

S
li
p
re
si
st
an
ce
—
w
al
k
in
g
su
rf
ac
es

7
.2
.2
.2
.1
.1

(a
)
&

(b
)
P
er
m
is
si
b
le

st
ai
r
d
im

en
si
o
n
s

7
.2
.2
.3
.5

R
is
er

h
ei
g
h
t
an
d
tr
ea
d
d
ep
th
,
sl
o
p
e,
&

n
o
si
n
g
s

7
.2
.8
.4
.2

S
li
p
re
si
st
an
ce
—
st
ai
r
tr
ea
d
s
an
d
la
n
d
in
g
s

C
ri
ti
ca
l

P
ro
b
ab
le

In
to
le
ra
b
le

22 Urban Rail Transit (2020) 6(1):15–27

123



T
a
b
le

5
co
n
ti
n
u
ed

H
az
ar
d
/r
is
k
al
lo
ca
ti
o
n

U
n
m
it
ig
at
ed

ri
sk

ev
al
u
at
io
n

A
p
p
li
ca
b
le

d
es
ig
n
re
q
u
ir
em

en
ts

M
it
ig
at
ed

b
y
u
si
n
g
T
h
ai

d
es
ig
n

re
q
u
ir
em

en
t
o
n
ly

H
az
ar
d

o
r
p
o
in
t

o
f

co
n
ta
ct

R
is
k

S
ev
er
it
y

P
ro
b
ab
il
it
y

o
f

o
cc
u
rr
en
ce

R
is
k

ra
ti
n
g

T
h
ai

d
es
ig
n
re
q
u
ir
em

en
t

C
o
n
tr
o
l
sa
m
p
le

in
te
rn
at
io
n
al

d
es
ig
n
re
q
u
ir
em

en
t

S
ev
er
it
y

P
ro
b
ab
il
it
y

o
f

o
cc
u
rr
en
ce

R
is
k

ra
ti
n
g

T
ri
p
o
n
st
ai
r

n
o
se

M
ar
g
in
al

F
re
q
u
en
t

In
to
le
ra
b
le

N
o
sp
ec
ifi
c
in
fo
rm

at
io
n

N
F
P
A

1
0
1
:2
0
1
2
,

7
.1
.6
.4

S
li
p
re
si
st
an
ce
—
w
al
k
in
g
su
rf
ac
es

7
.2
.2
.2
.1
.1

(a
)
&

(b
)
P
er
m
is
si
b
le

st
ai
r
d
im

en
si
o
n
s

7
.2
.2
.3
.5

R
is
er

h
ei
g
h
t
an
d
tr
ea
d
d
ep
th
,
sl
o
p
e,
&

n
o
si
n
g
s

7
.2
.8
.4
.2

S
li
p
re
si
st
an
ce
—
st
ai
r
tr
ea
d
s
an
d
la
n
d
in
g
s

M
ar
g
in
al

F
re
q
u
en
t

In
to
le
ra
b
le

T
ri
p
o
n
st
ai
r

h
ei
g
h
t

M
ar
g
in
al

F
re
q
u
en
t

In
to
le
ra
b
le

D
if
fe
re
n
t
re
q
u
ir
em

en
ts

b
et
w
ee
n
M
in
is
te
ri
al

R
eg
u
la
ti
o
n
‘R
eq
u
ir
em

en
t
o
r
A
rr
an
g
em

en
t

F
ac
il
it
at
io
n
in

B
u
il
d
in
g
o
r
V
eh
ic
le
s
an
d

L
o
g
is
ti
cs

fo
r
H
an
d
ic
ap
p
ed
’,
E
q
u
ip
m
en
t

li
st

F
ac
il
it
ie
s
o
r
se
rv
ic
es

in
ra
il
w
ay

st
at
io
n
s
an
d
M
R
T
S
ta
ti
o
n
s,
ar
ti
cl
e
1
4
,

p
ar
ag
ra
p
h
2
,
it
em

4
,
‘S
ta
ir
ca
se
s’

an
d

M
in
is
te
ri
al

R
eg
u
la
ti
o
n
N
o
.
5
5
,
is
su
ed

u
n
d
er

th
e
B
u
il
d
in
g
C
o
n
tr
o
l
A
ct

1
9
7
9
,
p
ar
t

3
‘B
u
il
d
in
g
st
ai
rs
’,
ar
ti
cl
e
2
4
ca
u
se

in
tr
o
d
u
ct
io
n
o
f
n
ew

tr
ip
/f
al
l
h
az
ar
d

N
F
P
A

1
0
1
:2
0
1
2
,

7
.1
.6
.4

S
li
p
re
si
st
an
ce
—
w
al
k
in
g
su
rf
ac
es

7
.2
.2
.2
.1
.1

(a
)
&

(b
)
P
er
m
is
si
b
le

st
ai
r
d
im

en
si
o
n
s

7
.2
.2
.3
.5

R
is
er

h
ei
g
h
t
an
d
tr
ea
d
d
ep
th
,
sl
o
p
e,
&

n
o
si
n
g
s

7
.2
.8
.4
.2

S
li
p
re
si
st
an
ce
—
st
ai
r
tr
ea
d
s
an
d
la
n
d
in
g
s

M
ar
g
in
al

F
re
q
u
en
t

In
to
le
ra
b
le

Im
p
ac
t,

p
ro
tr
u
si
o
n

o
f
o
b
je
ct
s

M
ar
g
in
al

F
re
q
u
en
t

In
to
le
ra
b
le

N
o
sp
ec
ifi
c
in
fo
rm

at
io
n
.
M
in
is
te
ri
al

R
eg
u
la
ti
o
n
N
o
.
5
5
,
is
su
ed

u
n
d
er

th
e

B
u
il
d
in
g
C
o
n
tr
o
l
A
ct

1
9
7
9
,
p
ar
t
3

‘B
u
il
d
in
g
st
ai
rs
’,
ar
ti
cl
e
2
4
ca
u
se

in
tr
o
d
u
ct
io
n
o
f
n
ew

tr
ip
/f
al
l
h
az
ar
d

N
F
P
A

1
0
1
:2
0
1
2
,

7
.1
.6
.4

S
li
p
re
si
st
an
ce
—
w
al
k
in
g
su
rf
ac
es

7
.2
.2
.2
.1
.1

(a
)
&

(b
)
P
er
m
is
si
b
le

st
ai
r
d
im

en
si
o
n
s

7
.1
.5

H
ea
d
ro
o
m

M
ar
g
in
al

F
re
q
u
en
t

In
to
le
ra
b
le

S
li
p
,
tr
ip
,
o
r

fa
ll
d
u
e
to

v
is
ib
il
it
y

C
ri
ti
ca
l

F
re
q
u
en
t

In
to
le
ra
b
le

M
in
is
te
ri
al

R
eg
u
la
ti
o
n
s

N
o
.
5
5
,
is
su
ed

u
n
d
er

th
e
B
u
il
d
in
g
C
o
n
tr
o
l

A
ct

1
9
7
9
,
p
ar
t
3
‘B
u
il
d
in
g
st
ai
rs
’,
it
em

3
0

N
F
P
A

1
0
1
:2
0
1
2
,

7
.8

Il
lu
m
in
at
io
n
o
f
m
ea
n
s
o
f
eg
re
ss

7
.2
.2
.4

G
u
ar
d
s
an
d
h
an
d
ra
il
s

C
ri
ti
ca
l

O
cc
as
io
n
al

U
n
d
es
ir
ab
le

S
li
p
,
tr
ip

re
su
lt
in
g

in
fa
ll

C
ri
ti
ca
l

F
re
q
u
en
t

In
to
le
ra
b
le

M
in
is
te
ri
al

R
eg
u
la
ti
o
n
‘R
eq
u
ir
em

en
t
o
r

A
rr
an
g
em

en
t
F
ac
il
it
at
io
n
in

B
u
il
d
in
g
o
r

V
eh
ic
le
s
an
d
L
o
g
is
ti
cs

fo
r
H
an
d
ic
ap
p
ed
’

an
d

M
in
is
te
ri
al

R
eg
u
la
ti
o
n
N
o
.
5
5
,
is
su
ed

u
n
d
er

th
e
B
u
il
d
in
g
C
o
n
tr
o
l
A
ct

1
9
7
9
,
p
ar
t
3

‘B
u
il
d
in
g
st
ai
rs
’,
ar
ti
cl
e
2
4

N
F
P
A

1
0
1
:2
0
1
2
,

7
.1
.6
.4

S
li
p
re
si
st
an
ce
—
w
al
k
in
g
su
rf
ac
es

7
.2
.2
.2
.1
.1

(a
)
&

(b
)
P
er
m
is
si
b
le

st
ai
r
d
im

en
si
o
n
s

7
.2
.2
.3
.5

R
is
er

h
ei
g
h
t
an
d
tr
ea
d
d
ep
th
,
sl
o
p
e,
&

n
o
si
n
g
s

7
.2
.8
.4
.2

S
li
p
re
si
st
an
ce
—
st
ai
r
tr
ea
d
s
an
d
la
n
d
in
g
s

7
.2
.2
.4

G
u
ar
d
s
an
d
h
an
d
ra
il
s

C
ri
ti
ca
l

O
cc
as
io
n
al

U
n
d
es
ir
ab
le

F
al
l
d
u
e
to

m
is
si
n
g

g
u
ar
d
ra
il

C
ri
ti
ca
l

F
re
q
u
en
t

In
to
le
ra
b
le

M
in
is
te
ri
al

R
eg
u
la
ti
o
n
s

N
o
.
5
5
,
is
su
ed

u
n
d
er

th
e
B
u
il
d
in
g
C
o
n
tr
o
l

A
ct

1
9
7
9
an
d
o
th
er
s

N
F
P
A

1
0
1
:2
0
1
2
,

7
.2
.2
.4

G
u
ar
d
s
an
d
h
an
d
ra
il
s

C
ri
ti
ca
l

Im
p
ro
b
ab
le

T
o
le
ra
b
le

Urban Rail Transit (2020) 6(1):15–27 23

123



T
a
b
le

6
F
in
d
in
g
s
fo
ll
o
w
in
g
ri
sk

le
v
el

as
se
ss
m
en
t
as

a
fu
n
ct
io
n
o
f
p
o
in
t
o
f
co
n
ta
ct

an
d
ri
sk

ex
p
o
su
re
:
p
at
h
w
ay

H
az
ar
d
/r
is
k
al
lo
ca
ti
o
n

U
n
m
it
ig
at
ed

ri
sk

ev
al
u
at
io
n

A
p
p
li
ca
b
le

d
es
ig
n
re
q
u
ir
em

en
ts

M
it
ig
at
ed

b
y
u
si
n
g
T
h
ai

d
es
ig
n

re
q
u
ir
em

en
t
o
n
ly

H
az
ar
d

o
r
p
o
in
t

o
f

co
n
ta
ct

R
is
k

S
ev
er
it
y

P
ro
b
ab
il
it
y

o
f

o
cc
u
rr
en
ce

R
is
k

ra
ti
n
g

T
h
ai

d
es
ig
n
re
q
u
ir
em

en
t

C
o
n
tr
o
l
sa
m
p
le

in
te
rn
at
io
n
al

d
es
ig
n
re
q
u
ir
em

en
t

S
ev
er
it
y

P
ro
b
ab
il
it
y

o
f

o
cc
u
rr
en
ce

R
is
k

ra
ti
n
g

P
at
h
w
ay

S
li
p
o
n
m
at
er
ia
l

(d
ry
/w
et
)

C
ri
ti
ca
l

F
re
q
u
en
t

In
to
le
ra
b
le

N
o
sp
ec
ifi
c
in
fo
rm

at
io
n

N
F
P
A

1
0
1
:2
0
1
2
,

7
.1
.6
.4

S
li
p
re
si
st
an
ce
—

w
al
k
in
g

su
rf
ac
es

7
.2
.2
.2
.1
.1

(a
)
&

(b
)
P
er
m
is
si
b
le

st
ai
r
d
im

en
si
o
n
s

7
.2
.2
.3
.5

R
is
er

h
ei
g
h
t
an
d
tr
ea
d

d
ep
th
,
sl
o
p
e,

&
n
o
si
n
g
s

7
.2
.8
.4
.2

S
li
p
re
si
st
an
ce
—

st
ai
r

tr
ea
d
s
an
d
la
n
d
in
g
s

C
ri
ti
ca
l

F
re
q
u
en
t

In
to
le
ra
b
le

S
li
p
o
n
g
ra
d
ie
n
t

(d
ry
/w
et
)

C
ri
ti
ca
l

P
ro
b
ab
le

In
to
le
ra
b
le

M
in
is
te
ri
al

R
eg
u
la
ti
o
n
‘R
eq
u
ir
em

en
t
o
r

A
rr
an
g
em

en
t
F
ac
il
it
at
io
n
in

B
u
il
d
in
g
o
r

V
eh
ic
le
s
an
d
L
o
g
is
ti
cs

fo
r
H
an
d
ic
ap
p
ed
’,

E
q
u
ip
m
en
t
li
st

F
ac
il
it
ie
s
o
r
se
rv
ic
es

in

ra
il
w
ay

st
at
io
n
s
an
d
M
R
T
S
ta
ti
o
n
s,
ar
ti
cl
e

1
4
,
p
ar
ag
ra
p
h
2
,
it
em

4
,
‘S
ta
ir
ca
se
s’

an
d

M
in
is
te
ri
al

R
eg
u
la
ti
o
n
N
o
.
5
5
,
is
su
ed

u
n
d
er

th
e
B
u
il
d
in
g
C
o
n
tr
o
l
A
ct

1
9
7
9
,
p
ar
t
3

‘B
u
il
d
in
g
st
ai
rs
’,
ar
ti
cl
e
2
4
sp
ec
if
y
tr
ea
d

d
ep
th
,
b
u
t
d
if
fe
re
n
tl
y

N
F
P
A

1
0
1
:2
0
1
2
,

7
.1
.6
.4

S
li
p
re
si
st
an
ce
—

w
al
k
in
g

su
rf
ac
es

7
.2
.2
.2
.1
.1

(a
)
&

(b
)
P
er
m
is
si
b
le

st
ai
r
d
im

en
si
o
n
s

7
.2
.2
.3
.5

R
is
er

h
ei
g
h
t
an
d
tr
ea
d

d
ep
th
,
sl
o
p
e,

&
n
o
si
n
g
s

7
.2
.8
.4
.2

S
li
p
re
si
st
an
ce
—

st
ai
r

tr
ea
d
s
an
d
la
n
d
in
g
s

C
ri
ti
ca
l

P
ro
b
ab
le

In
to
le
ra
b
le

T
ri
p
o
n
le
v
el

ch
an
g
e

M
ar
g
in
al

F
re
q
u
en
t

In
to
le
ra
b
le

N
o
sp
ec
ifi
c
in
fo
rm

at
io
n

N
F
P
A

1
0
1
:2
0
1
2
,

7
.1
.6
.4

S
li
p
re
si
st
an
ce
—

w
al
k
in
g

su
rf
ac
es

7
.2
.2
.2
.1
.1

(a
)
&

(b
)
P
er
m
is
si
b
le

st
ai
r
d
im

en
si
o
n
s

7
.2
.2
.3
.5

R
is
er

h
ei
g
h
t
an
d
tr
ea
d

d
ep
th
,
sl
o
p
e,

&
n
o
si
n
g
s

7
.2
.8
.4
.2

S
li
p
re
si
st
an
ce
—

st
ai
r

tr
ea
d
s
an
d
la
n
d
in
g
s

M
ar
g
in
al

F
re
q
u
en
t

In
to
le
ra
b
le

T
ri
p
o
n
u
n
ev
en

w
o
rk
m
an
sh
ip

M
ar
g
in
al

F
re
q
u
en
t

In
to
le
ra
b
le

N
o
sp
ec
ifi
c
in
fo
rm

at
io
n

N
F
P
A

1
0
1
:2
0
1
2
,

7
.1
.6
.2

C
h
an
g
es

in
el
ev
at
io
n

7
.1
.6
.3

L
ev
el

M
ar
g
in
al

F
re
q
u
en
t

In
to
le
ra
b
le

24 Urban Rail Transit (2020) 6(1):15–27

123



T
a
b
le

6
co
n
ti
n
u
ed

H
az
ar
d
/r
is
k
al
lo
ca
ti
o
n

U
n
m
it
ig
at
ed

ri
sk

ev
al
u
at
io
n

A
p
p
li
ca
b
le

d
es
ig
n
re
q
u
ir
em

en
ts

M
it
ig
at
ed

b
y
u
si
n
g
T
h
ai

d
es
ig
n

re
q
u
ir
em

en
t
o
n
ly

H
az
ar
d

o
r

p
o
in
t

o
f

co
n
ta
ct

R
is
k

S
ev
er
it
y

P
ro
b
ab
il
it
y

o
f

o
cc
u
rr
en
ce

R
is
k

ra
ti
n
g

T
h
ai

d
es
ig
n
re
q
u
ir
em

en
t

C
o
n
tr
o
l
sa
m
p
le

in
te
rn
at
io
n
al

d
es
ig
n
re
q
u
ir
em

en
t

S
ev
er
it
y

P
ro
b
ab
il
it
y

o
f

o
cc
u
rr
en
ce

R
is
k

ra
ti
n
g

S
li
p
,
tr
ip
,
o
r
fa
ll
d
u
e
to

v
is
ib
il
it
y

C
ri
ti
ca
l

F
re
q
u
en
t

In
to
le
ra
b
le

N
o
sp
ec
ifi
c
in
fo
rm

at
io
n

N
F
P
A

1
0
1
:2
0
1
2
,

7
.8

Il
lu
m
in
at
io
n
o
f
m
ea
n
s
o
f
eg
re
ss

C
ri
ti
ca
l

F
re
q
u
en
t

In
to
le
ra
b
le

Im
p
ac
t
d
u
e
to

p
as
se
n
g
er

cr
o
ss
-fl
o
w

In
si
g
n
ifi
ca
n
t

F
re
q
u
en
t

U
n
d
es
ir
ab
le

N
o
sp
ec
ifi
c
in
fo
rm

at
io
n

N
o
n
e,

S
o
m
e
re
q
u
ir
em

en
ts
in

te
rm

s
o
f
se
rv
ic
e

le
v
el

an
d
p
as
se
n
g
er

d
en
si
ty
,
b
u
t
n
o

p
re
sc
ri
p
ti
o
n

In
si
g
n
ifi
ca
n
t

F
re
q
u
en
t

U
n
d
es
ir
ab
le

Im
p
ac
t
d
u
e
to

p
ro
tr
u
si
o
n

o
f
o
b
je
ct
s

M
ar
g
in
al

F
re
q
u
en
t

In
to
le
ra
b
le

N
o
sp
ec
ifi
c
in
fo
rm

at
io
n

N
F
P
A

1
0
1
:2
0
1
2
,

7
.1
.6
.4

S
li
p
re
si
st
an
ce
—

w
al
k
in
g

su
rf
ac
es

7
.2
.2
.2
.1
.1

(a
)
&

(b
)

P
er
m
is
si
b
le

st
ai
r
d
im

en
si
o
n
s

7
.1
.5

H
ea
d
ro
o
m

M
ar
g
in
al

F
re
q
u
en
t

In
to
le
ra
b
le

F
al
l
d
u
e
to

m
is
si
n
g

g
u
ar
d
ra
il

C
ri
ti
ca
l

F
re
q
u
en
t

In
to
le
ra
b
le

M
in
is
te
ri
al

re
g
u
la
ti
o
n
s

N
F
P
A

1
0
1
:2
0
1
2
,

7
.2
.2
.4

G
u
ar
d
s
an
d
h
an
d
ra
il
s

C
ri
ti
ca
l

Im
p
ro
b
ab
le

T
o
le
ra
b
le

Urban Rail Transit (2020) 6(1):15–27 25

123



risers and longer stair steps in these staircases. It shall be

further investigated whether these different stair dimen-

sions result in the creation of an additional fall risk due to

unexpected changes in stepping distance across different

stations of the same system or interchanges between dif-

ferent systems designed in accordance with different codes.

4 Conclusions

In this paper, a risk assessment was conducted for each

POC between passengers and the open mass transit station

for boarding and alighting. The results show that in three

distinct paths of egress through stairs, lifts, and escalators,

as well as walking surfaces on concourse and platform

areas, a total of 190 risks at about 22 POC can occur, some

of which have been selected for discussion here. With the

sole application of Thai national codes, standards, and

guidelines, the designer is highly susceptible to making

decisions based on insufficient requirements, compared

with the more established requirements of the international

standards provided in the international best practice control

sample, as demonstrated in Tables 4, 5, and 6.

As the study already indicated, there are many dis-

crepancies between the standards, resulting in differences

of opinion and different interpretations between the station

designers. Interestingly, this is not a new problem, and

many state operators are aware of these problems in their

infrastructure design. One example to demonstrate misin-

terpretation between standards is the finding from a recent

project where the design requirements envisaged compli-

ance with the design code for the arrangement facilitation

in building or vehicles and logistics for handicapped [14],

but neglected other standards in the design of handrails at

the stair POC, which are used to reduce the likelihood and

severity of falls. This results in having handrails unac-

ceptably higher than normal on two out of four stairs in the

station, as shown in Fig. 4. This was most likely the result

of following only the design code mentioned above that

requires so-called low handrails but fails to detail how

these are measured, i.e., height of handrail from the tread

nosing line or the top of stair riser as fully specified in other

standards. Besides failing to provide appropriate measures

to mitigate passenger fall risk, it would cause an additional

investment for retrofitting of lower handrails.

Since international codes, standards, and guidelines are

not legally enforced in Thailand (though in rare conditions

they are required by the government agency steering com-

mittee), compliance with these requirements is not legally

enforceable. In contrast, Thai national guidelines, applicable

or not, are drafted by the Engineering Institute of Thailand

(EIT) and are binding for the EIT-licensed Thai engineers

and architects. Some guidelines are also later codified as

design codes in the form of ministerial regulations, which

makes them a legal baseline for the design. A good example

would be the legal use of the Ministerial Regulation No. 55

[15], which is a re-issuance of the content first published as

the Bangkok building codes [3]. Thus, these codes become

legally binding in Thailand.

This study has shown that risks in paths of egress remain

undesirable or intolerable when Thai national codes, stan-

dards, and guidelines alone are followed. There is no uni-

fied approach to standards in the construction of civil,

architectural, and building service works that explicitly

mitigates risk to passengers and the public through design.

In addition, the designer’s legal responsibility to provide

evidence that the risks in the design have been kept to a

level as low as reasonably practicable (ALARP) in accor-

dance with IEC 62278 [4] would be expected from all

designs on a railway system.

Thus, the resulting designs lack common design

requirements that harmonize the stations between design-

ers, and result in a worrying prospect concerning risk

exposure among Thai passengers and the public.

Fig. 4 Design and construction of handrails at a height of 1220 mm

with 50-mm tubing due to misinterpretation of design standards,

posing a hazard and increasing risks to children and the elderly
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5 Future Work

Many state operators have resolved these issues by creating

a design handbook for stations, such as the Manual for

Standards and Specification for Railway Stations [16]. This

manual combines the different standards in existence and

ranks them in accordance with their importance to the

design endeavor. It also governs how the different stan-

dards are to be interpreted for the station design works.

Applying this to Thailand in the future, however, will

not be an easy task. Thailand has three major government

agencies overlooking the design of stations, namely the

Bangkok Metropolitan Authority, the Mass Transit

Authority of Thailand, and the State Railway of Thailand.

In addition to these agencies that would have to cooperate

and buy into this idea, the support of the Engineering

Institute of Thailand and the Association of Siamese

Architects would also have to support the idea in order for

their members to legally utilize this design handbook.
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