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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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Introd

uction

Railway is a superior transport mode in terms of safety and transport capacity and has a very low
environmental impact as compared to other modes. Owing to their highly public nature, railway
systems can contribute to sustainable economic development in the world with the sound consideration
of environment, by means of shortening and leading to predictable travelling time, reducing traffic
congestion, developing distribution network, fostering tourism industry, etc.

With these merits of railways, the market of railway has been expanding worldwide, and some countries

and regio

s have experiences of conducting railwav nroiects. In fact a wide variety of railwavs are
r [=] v J 4 J "4

planned 4§
traffic or
between
railway sy
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However,
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Thereford
alack of s

This docujment provides guidance for a successful planning processyajimed at helping those engaged

railway p
projects b

— possil
— lacko
— rewol
— extra

While ISO

any speciflic aspects in a project field, this’document assists planners or decision makers involved in {
railway project planning process byincorporating specific characteristics of railway projects.

The goal
benefits t
such as p

already have experiences of railway projects, this standard provide benefits where they can strength

cross the world, such as urban transit systems for enhancing smoothness of intra*g
mproving connectivity with other transportation modes, high speed railways intergpera
different countries/lines or operated on a dedicated line with simple assets, and- frei
stems to transport bulk freight by heavy-haul trains or to reduce environmentaklimpacts 1
ion.

tis difficult to gain outcomes as expected due to the complexity of railway.systems, as sho
ecially for organizations without accumulated experiences of railway projects.

reviewing and organizing every factor smoothly and efficiently have been challenging due
fandards for appropriate railway project planning.

roject by identifying key points to be considered. It alsé/h€lps those experienced in railw
y avoiding:

ble pitfalls in the planning process such as short-sightedness;
f balanced consideration;
king due to overlooking important factors;

time and cost.

bf this document is te~achieve desirable planning of various railway projects which prov
h society by underlininig key points of the planning process of railway projects to all play¢
anners, consultants, suppliers, governments, clients, capital investors, etc. For players w

technical
open/cle

document can also be beneficial to players without an experience of railway projects as it provig

knowled
projects.

validities,«plausibility, accountability, unintentional/balanced/harmonized fairness a
/logical/persuasive (transparency) of their proposal, commercial products etc. T

te{compensate for this lack of experience and thus promote an efficient planning of railw
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s7a result of these, deliverables based on this document will also give indirect benefits

other stakeholders including end users (passengers, consignors).
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Railway applications — Railway project planning process
— Guidance on railway project planning

Thlis document explores the key points of railway project planning, based upon the, principles of
IS 21500, by incorporating characteristics specific to railway projects.

Thjis document covers:

—| the characteristics of railway projects;

—| stakeholders and their needs/interests;

—| conditions;

—| the definition of each process in a railway project;

—| key points of planning process;

—| correlation and causality among principal factors ta'be considered.

Thlis document can be used by any type of organization, including public, private or cpmmunity
organizations, and be applied to any type ofrailway project, irrespective of its complgxity, size,
dufation, etc.

However, this document provides neither detailed requirements nor specific processes for:
—| certification;

—| deriving a unique solution (specification for particular systems/products);

—| decision making itself,

T

=)

bics pertaining to géneral projects are addressed only within the context of railway projects.

2 | Normative-references

Thie following documents are referred to in the text in such a way that some or all of thejir content
constitutes requirements of this document. For dated references, only the edition cited applies. For
unfdated references, the latest edition of the referenced document (including any amendment§) applies.

[SO 21500:2012, Guidance on project management

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 21500 and the following apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

© ISO 2018 - All rights reserved 1
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administrative authority

person or organization that supervises, plans, funds or approves railway projects (3.18) in the
planning process

3.2
condition
premise or constraint that stakeholders (3.22) involved in the project can find difficult to adjust or change

3.3

consigno
shipper, s¢nder, party which, by contract with a carrier, consigns or sends goods with the carrier, ¢ lLas
them conveyed by the carrier

[SOURCE:|ISO 26683-1:2013, 3.11, modified — “him has been replaced by “the carrier”.]

3.4
construction
erection df railway related facilities, rolling stock not included

3.5
construction contractor
person o1 organization that undertakes works as part of a construction' (3.4) project by virtue of a
contract with a client, such as the owner of infrastructure

3.6
decision making
adoption and authorization of a project plan

3.7
feasibility study

study to iflentify and analyse a problem and its potential solutions in order to determine their viabil
costs, and| benefits

(54

V4

[SOURCE:|ISO/IEC 2382:2015, 2122680, modified — notes to entry have been removed.]

3.8
hazard
potential ource of harm

[SOURCE:|ISO/IEC Guide 51:2014, 3.2]

3.9
infrastructure manager
person or organization that is responsible in particular for establishing, managing and maintainjng
railway infrastriicture

3.10

infrastructureoperator
person or organization that operates infrastructure required for the functioning of the railway services

3.11
inputs
deliverables of planning work as candidates for decision making (3.6)

3.12

life cycle

consecutive and interlinked stages of a product system, from raw material acquisition or generation
from natural resources to final disposal

[SOURCE: ISO 14025:2006, 3.20]

2 © ISO 2018 - All rights reserved
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3.13

manager of rolling stock

keeper of rolling stock

person or organization that is responsible in particular for managing and maintaining rolling stock

3.14
manufacturing
production of railway vehicles and railway related products

3.15
need
preérequisite identified as necessary to achieve an intended outcome, implied or stated

3.16
passenger
pefson on board a train not belonging to the crew

[SOURCE: I1SO 20283-5:2016, 3.1.2, modified —"ship" has been replaced by "train".]

3.17

pre-feasibility study
stydy that is to be conducted before a feasibility study (3.7) to identify the suitable scenarfo(s) from
myltiple alternatives

3.18

rajlway project
unjique set of processes consisting of coordinated activities with start and end dates, performed to
create or change a unique railway product, system, pperation or service (3.21)

[SOURCE: ISO 21500:2012, 3.2, modified — clarified for railways.]

3.19

rajlway undertaking
pefson or organization that is authorizedto transport passengers or goods by railway and runs train or
that only runs train

3.20
safety
frdedom from unacceptable risk of harm

[SQURCE: IEC 62278:2002, 3.35]
3.21

service

regult of acfivities between a supplier (3.23) and a customer, and the internal activities carrjed out by
the supplier to meet the requirements of the customer

[SOURCE: ISO/IEC Guide 14:2003, 2.2, modified —"client" was replaced by "customer".]

3.22

stakeholder

individual or organization having a right, share, claim or interest in a system or in its possession of
characteristics that meet their needs and expectations

[SOURCE: ISO/IEC 27032:2012, 4.45]

3.23
supplier
party that produces, provides, or furnishes an item or service (3.21)

[SOURCE: ISO 28219:2017, 3.11]

© ISO 2018 - All rights reserved 3
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4 Specificities of railway projects

4.1 General
Railway projects should be considered with particular care due to their inherent specificities (Figure 1).
/ g EIII GIIE SIIE SEEE SEEE GEEE SEEE SIS G I S G S G G G S G S S S a—-— — \
/ 1 - ", \
¢ Stakeholders’ needs/interests Conditions  \
® Safety ® Weather
® Quality ® Geology
® Cost — etc.
Total coordination
etc.
Material deliverables Non-material deliverables

(tangible system) (intangible establishment)

* Safety promotion
scheme

* Rolling stock Multi-disciplinarily

— o E— E— e e EE EE o o E—

. related + Education
Infrastructure Trans-disciplinarily « Maint
related all‘} enance
* Serviee
s Operation manageme
\
N\
S e e e e e e e N e - -

Figure 1 — Aspects of railway project

Among tlLem, the following should be(underlined: high capital investment, a large number
rs involved with many interfaces, long life cycle, high system integration and complexity.

stakehold

1
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I
I
I
I
I
I
I
/
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Due to th¢ above mentioned specificities of the railway project and the factors (stakeholders’ needs/
interests and conditions), different-solutions can be necessary to optimize the project outcome.

For the sgme reason, last minute change or inadequate balancing of factors can negatively impact {

project schedule, cost orresult (failure risk or maintainability requirements can increase).

4.2 Capital aspect of railway projects

Like manyf othérimportant infrastructure projects, railway projects rely on high capital investment |

he

put
of

also on lcilng term capital immobilization. Very often, funding is entirely or significantly composed

public subsidies:

This specificity has to be considered when planning a project as it can have an impact on:

— project schedule and deadlines (potentially impacted by election, reduction of available public

money, etc.);
— technical decisions (e.g. considering life cycle cost instead of investment cost);

— design choice (e.g. choosing a solution to be upgraded later).

Project funding aspects are not standard and depend on local context. Therefore, they should be

considered on a case by case basis.
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A railway system involves many stakeholders inside and outside of the project as an organic
combination. It can impact its users, people living along the wayside or other transit systems in the
area. Project stakeholders that should be considered in the planning process are presented in Figure 2.

Va

Ea
is

co
ha

Project governance

7 Project steering committee or board ~
e
AN
/ Project _
/ Regulatory sponsor Business
bodies partners \
/ Customers Oth
/ Users Employees er
Project operators
| management Proi
t
office rojec Other
manager transport

Special Project t companies

\ interest rojec Tanagemen
eam

roups
\ g

\ 4

/
N N Project team /

Projectorganization

Figure 2 — Stakeholders of railway projects

Fious stakeholders are involved throughout life of railway.

h key activity whenCinitiating a railway project. Therefore, the factors listed in Clause 8
1sidered in planting railway projects with the aim to define an optimally balanced solutio
e an impact/on:

techni¢aldecisions (e.g. choosing a transportation system, number of seats);

operation (e.g. maximum operational speed);

Ch stakeholder has different goals and expectations. Identification of stakeholders and their needs

should be
h as it can

i | L oL L 1L 1 )
LS AU TTVUIIUT (T. 5. dIITUUIIL UT TdI'T Pdaly, TIIT T yLIT LUS),

public acceptance (e.g. impact on wayside, sustainability).

Project funding aspects can differ depending on local context. Therefore, they should be considered on
a case by case basis.

4.4 Long life cycle of railway projects

A railway system is built and operated for a long time. Both the railway project itself and the subsequent
operational phase last long. Therefore, a long-term perspective is always necessary when carrying out
a railway project.

© ISO 2018 - All rights reserved
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This specificity has an impact on:

— life cycle costs as well as initial costs from multilateral points of view;

— future traffic and therefore capacity;

— territ

orial organization/development;

— technical aspects (e.g. obsolescence management, integration of innovative solution).

Therefore, it is important to consider factors (stakeholder’s needs/interests and conditions) on a

. 3 PR 2 DR PN T c 3 .
reasonablb LIIIIESCdIC LO aVOIU/THIHL/TdCITILALE TULUT € dUdPLdUOILL

4.5 High technical integration and complexity of railway systems

451 G

The railway system is to be understood as a complex aggregation of each part, component
subsysterf, including their interfaces, which is necessary for a safe and sustainable (environm

protectin

subsystems is given.

This desc

into accoynt are intended to serve only as an example of appropriate/planning since the classification
subsystems differs across countries and organizations.

In principlle, railway subsystems can be classified as technical\(for tangible assets) and functional (|
intangibld assets).

4.5.2 Technical subsystems

4.5.2.1

Wayside fpcilities are understood to consist'of the infrastructure, the energy power supply system
the train dnd the signalling system.

Infrastrulcture is understood as_Consisting of the track, engineering structures (bridges, tunng
etc.), assqciated station infrastructure (platforms, zones of access, including the needs of persq
with redyced mobility, etc.),.safety and protective equipment. In order to ensure the safety of {
rstem, it is essential-to prevent hazards (e.g. from instability, fire, undesirable intrusions ifnto
installatigns, trains passingthrough stations).

railway sy

Energy p
lines and

operation

supply subsystem and the environment beyond specified limits).

bneral

p) operation of trains on a dedicated network. In this document, 4 brief description of {

Fiption and the related requirements formulated in consideration of the factors to be tak

Wayside facilities

jower supplyis understood as consisting of the electrification system including overhe
on-board parts of the electric consumptions measuring equipment (if installed). The s
of the energy supply system is to be ensured (e.g. by avoiding interference between enef

or
bnt
he

en
of

for

for

bls,
ns
he

ad
hfe

gy

Signalling equipment is understood as consisting of all the equipment necessary to command and
control movements of trains authorized to travel on the network. The control, command and signalling

system is

4.5.2.2

to ensure a safe operation (e.g. even under specified degraded conditions).

Rolling stock

Rolling stock is understood as consisting mainly of the car body, on-board command and control
system, current-collection devices, traction and energy conversion units, braking system, coupling
system, running gear (bogies, axles, etc.) and suspension, doors, man/machine interfaces (driver, on-
board staff and passengers).

Additiona

1 considerations may be necessary when they are assembled into a rolling stock.
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4.5.3 Non-material deliverables

4.5.3.1 General

No

n-material deliverables of a railway system include:
traffic operation and management;
maintenance;

staff education

Th

4.5

T
en
op
Re

—

4.5

A}

Sy
mg

ey generally comprise scheme, rules, programs, procedures, education/training, etc.

.3.2 Traffic operation and management

\ffic operation and management is to be understood as the proceduresyand related ¢
hbling a coherent operation of the different structural subsystems, during’both normal and|
eration, including in particular training and train driving, traffi¢"planning and maj
commendations which are specific to traffic operation and managenient are as follows:

alignment of the network operating rules and the qualificatiohs of drivers and on-board
of the staff in the control centres should be such as to ensure’safe operation, bearing in
different requirements of cross-border and domestic ser¥ices (if relevant);

the maintenance operations and intervals, the traininng and qualifications of the mainte

control and maintenance centres should be such.@s to ensure a high level of safety.

.3.3 Maintenance

intenance is to be understood as the) procedures, associated equipment, logistics c¢

ensure the required performanee of the railway system. Recommendations which are §
intenance are as follows:

the technical installations;and the procedures used in the centres should ensure the safe
of the subsystem and shotuld not constitute a danger to health and safety;

the technical installations and the procedures used in the maintenance centres should 1
the permissibléelevels of nuisance with regard to the surrounding environment.

3.4 Staffeducation

ailwayssystem involves ground personnel and crew members. Accordingly, to ensure th
temsWwork safely and as planned, all personnel directly or indirectly involved in system ope

quipment
degraded
hagement.

staff and
mind the

hance and

control centre staff and the quality assurance system set up by the operators concernped in the

bntres for

intenance work and reserves, allowing the mandatory corrective and preventive malintenance

pecific to

operation

ot exceed

ht railway
ration and

ihrtenance should be educated and trained. Such education and training should provide Kk

nowledge

and sKills to a level corresponding to that required tor the job which the personnel 1s assigned to.

5

Overview of each process within a railway project

Like any other project, a railway project consists of controlled activities with start and end dates. For
example, a new line project should start from a concept planning, then move to pre-FS (feasibility study),
initiating FS, planning process, implementing process of detail designs, constructions, manufacturing,
control process and closing process to output deliverables or final reports (Figures 3 and 4).

©lI

SO 2018 - All rights reserved


https://standardsiso.com/api/?name=9127206a82755539adada049764ec16f

ISO/TR 21245:2018(E)

Opportunity [«= Organizational strategy [«= Benefits
e e e e e = o
. Railway project
Controlling |
g .
E: ......................... ;[ ........... .
:| Initiating Planning >: Closing Deliverables Operations
E ] of project
.’"\_’ Implementing Y= I
I:--::....T. . ....‘1..:.._....'.T...'.._....'.._....::...'.T...'.._.....:....j
Stakeholders
] (needs/interests) ;
i B Planning Decision > E
: Initjating work Inputs making E
] = Planning
Conditions

Each railw
strategy,
pursues a

Figure 3 — Overview:ofa railway project

ray projectisinitiated, planned, executed and completed in accordance with the organizatiopal
depending on diverse opportunitiés, under organizational/project environment. And,
continuous operation in order to.obtain expected benefits utilizing the deliverables of projgct

(Figure 4).

it

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=9127206a82755539adada049764ec16f

ISO/TR 21245:2018(E)

Achievement of strategy is |__
the goal of whole project |

I_Organization /Projectenvironment

Organizational Strategy

|
|
|
- . . . | 4

I | Blaneflts (for organization 8Ienv1ronment) >|
| | 1 |
|| Opportunities | Opportunities | | Opportunities | |
I Project organizat:on Project organizati:n I
I Project Project |
|

[ Productprocesses ] [ Productprocesses ] I
I |
I . ; '\(b I
| Obiective of a project L Deliverables | Deliverables -
I j proj ———==I

ent

Once the operation has begun, the estapli
of a new alternative projectis neces

Project organization correct the course of the operatiofi.

Project
Project processes || mappy
Product processes
Support processes

Delivoerables Operations

% "Deliverables” indirectly
contribute to gaining "Benefits"
throughout "Operations".

Timeline s\\%

Figure 4 — Overview of railway projects and ope\ngns concept and their relationships
QO
<
6 | Guidance for initiating process and planning process

Inﬂtiating process and planning process arQ&portant for, and have impact on, the performance of
rajlway projects. Once a railway project moves to the implementation process, it becomes fharder to
mqdify the plan. The more advanced tklg oject is, the more difficult it is to implement modjifications.
Suth planning failure can bring neg \(Ze impact for the operation phase because the railway system has
specific characteristics such as bei{g)composed by many various subsystems, each being extensive, and
the¢ operation phase is signific@ly long.

Fajlure of planning can oc@Qf critical factors are overlooked and if correlation and causaljty among
fadtors are overlooked.o A

wdnts, to under that there are correlation and causality among all factors and to recognize that
the¢re are vari ays to solve the problems. The scope of this document is from listing infitial basic
fadtors in Vhitiating process (Clause 7) to arranging planned basic factors for deriving inputs in

It |s essential tosév%eﬂlto account the important general needs/interests, to specify what|the client

the plan work (Figure 5). Inputs information delivered by a rational planning process|such as a
proje cept/project scope/basic plan, technical alternatives, performance/functional reqpiirements
fadilitates proper decision making. The basic factors are listed in Clause 8 and Clause 9.

The planning work consists of consideration of correlation and causality of factors (Clause 10),
prioritization and weighting factors (Clause 11) and seeking solution for coordinating/balancing
factors (Clause 12). Listing factors, considering correlation and causality, prioritizing and weighting,
and seeking solution can be carried out in a flexible manner, i.e. not necessarily in a sequential order
but for example proceeding back and forth many times or thinking things together or separately.

© ISO 2018 - All rights reserved 9
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Plans are the outcome of planning
work and will contain relevant
Stakeholders' requi .

quirements such as:
needs/interests Scope Of the TR planned schedules,
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*planned specifications, etc.

correlation & causality decision making
(Clause 10)
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(Clause 7)

Listingfactors-to-be \
£
tdkeninto account J

Initiaking process

Figure 5 — Overview of initiating process and planning process

7 Listipg factors to be taken into account

For initiatfing process of a railway project, it is important to identify and optimize the needs/interestg of
all stakehplders who are developing, operating railway (such as railway operator stakeholders diredtly
involved in the railway projects), orwho are affected by the railway projects (such as passengers|or
people living around the railway invelved in the project indirectly).

The first ghing to do in initiating’process is to think about what factors to take into account.

Factors affe categorizedcas-basic factors and specific factors. The basic factors consist of the purposes
of project themselves/and of universal factors. Specific factors include unique project-by-project
viewpoints, whicharé not listed in Clause 8 and Clause 9. An example of specific factors is given|in
Annex C.

8 Railway project stakeholders needs and interests |

8.1 General

Identification of stakeholders and their respective responsibility in the project is a key element to
succeed in listing all needs/interests.

The following list of stakeholders and the related needs/interests cannot be treated as exhaustive.
Further effort is necessary to adopt the list according to each project context.

Stakeholder’s needs/interests in railway projects should also carefully be collected, analyzed and
taken into account in the planning process of the project. This clause specifies typical needs/interests
classified by stakeholder category.
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Among these needs/interests, safety cannot be ignored. Therefore, safety analyses are carried out to
minimize the risk of harm. These can be complemented by, for instance, safety evaluations by railway
authorities or others (e.g. Reference [16], local regulations/rules).

Collection of stakeholder’s needs/interests, which enables efficient adjustment and implementation of
countermeasures against risks from earlier processes of the project, may be achieved by setting up a
council of experts, public hearings, carrying out assessments, or any appropriate communication.

8.2 Administrative authorities

A
thi
re

Inistrative authorities nave a legislative Tesponsibility/TIgnt to INIIUENce the Tailwa
ough their actions such as issuing orders or permissions, providing guidancen~dn
ommendations.

Thie classification of administrative authorities depends on each region and country. Ty

Eu

Ty

8.}
Pa

rope, they may be classified into the following two types:

the authorities in charge of checking compliance (safety, security, health, environment,
give opinions or authorizations, with no or very limited financial intérest in the project;

the authority (or authorities) in charge of providing funds, loans;¥oting taxes, etc. and w
interested in project fallout (growth, tax incomes, etc.).

bically, administrative authorities’ needs/interests include:

safety compliance (e.g. safety related applicable laws;legal requirements and regulations
a potential restriction for the project;

security compliance, which is a potential restriction for the project;
health protection, which is a potential restfiction for the project;

development and economic growth at-different scales (national/regional/local), which
from the required transport;

availability of financial resourees (e.g. funds, subsidies, tax reductions, loans), which g
affects the planning of the project;

protection of environment, including assessment of environmental impact, which is any
the environment, whether adverse or beneficial, wholly or partially resulting from an org3
environmental agpects;

connectivity‘with other transport modes.

3 Passengers

Esengeérs’ needs/interests can vary largely depending on purpose of travel, distance of t

ly project
1 making

pically, in

etc.), who

ho can be

, which is

ran result

otentially

change to
nization's

ravel, age,

ph

ysical characteristics, budget, etc.

Typically, passengers' needs/interests include:

©lI

safety as one of the most important needs/interests;

security (e.g. avoid crimes and mitigate their consequences);

health protection (e.g. vibration, noise, pollution or exposure to other harmful emissions);

comfort (e.g. cleanliness, thermal conditions, ergonomics, smell, noise, brightness, available services

and amenities);

accessibility (e.g. adapted information, obstacle free route, connectivity);

SO 2018 - All rights reserved
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— service performance (reliability, availability, punctuality, frequency, cancellation, staff presence,
information accuracy and timeliness, etc.);

— affordability of fare or the state in which fare is reasonably set;

— total time to destination (including timetable/headway and time spent waiting for a train or to
change from one line to another at a station);

— vehicle design (e.g. exterior and interior designs, preference based on cultural or religious
background);

— supplpmental in-station/on-board services, which correspond to usage of railway (e.g. in-statjon
shopping, information, luggage storage, restrooms, baby changers).

8.4 Cornsignors

Consignotfs are generally interested in cheap and resilient transport capacities, whieh ¢an correspgnd
to the goods they intend to load/consign/fill.

Typically,|consignors' needs/interests include:

— systen capacity (e.g. maximum payload; maximum size; maximum weight; custom requiremept)
and features (e.g. special equipment such as ventilation, refrigeration, heating) including safety;
when|transporting dangerous goods;

— safety to avoid damage to goods upon loading, transportatien and unloading;

— transport service performance (reliability, availability, punctuality, frequency, cancellatipn,
informpation accuracy and timeliness and delivery accuracy for destination, etc.);

— logistlics service performance (information availability and accuracy, connectivity, ease|of
dispafching and receiving goods, ease of clearing customs);

— affordability of fare or coordination among-eperators including other transport modes;
— total fime to destination;

— added values (IT, loading serviceetc.).

8.5 Owpers of rolling stock

The ownelr of a rolling stoCkis not necessarily a railway company. Investors (e.g. banks) can also hgve
this role.

Typical owners of rolling stock usually focus on the return on investment (profit), which is gained by a
good balahce of payments or funding (for example by a government).

8.6 Owpers of infrastructure

Owners of infrastructure, being state owned or privately owned (private networks, railways located on
industrial production sites, etc.), usually focus on the return on investment (profit/service achieved).

8.7 Managers (keepers) of rolling stock

Regardless of whether they also own rolling stock or operate the railway for their own purposes, the
managers (keepers) of rolling stock have the responsibility of managing assets (including leasing) and
planning maintenance activity (retrieving vehicles from services) as well as its execution.

NOTE1 Maintenance can be carried out in-house or outsourced. It is carried out either on a preventive

basis (preventive maintenance) or upon occurrence of failure (corrective maintenance), upon consideration of
reliability and criticality of a system or product. Inspection and monitoring can be necessary for maintenance.

12 © ISO 2018 - All rights reserved
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The needs/interests of managers (keepers) of rolling stock generally include:

Ty

In

8.

safety, reliability, availability and maintainability, which covers aspects of product/system and
maintenance processes;

profit improvement, which is affected by life-cycle cost and revenue;

life-cycle cost, which is the cost of an asset or its parts throughout its life cycle (operation of railway
project deliverables), while fulfilling its performance requirements;

NOTE 2  Life-cycle cost consists of initial costs (e.g. cost of rolling stock, cost of public relations, tender

preparation costs), running costs (e.g. cost ol maintenance, which is necessary to maintain the required

performance of facilities, taxes and other public charges) and decommissioning costs. It is_important to

allocate resources properly in order to reduce total life-cycle cost.
pical factors affecting life-cycle cost include:

revenue (e.g. charges/rents paid by users of the rolling stock);

project funding (including subsidy);

quality, including product quality (see ISO 9001), such as the degr€e of workmanship and the degree
to which a set of inherent characteristics fulfils requirements (except reliability, availdbility and
maintainability);

compliance with existing applicable laws and regulations;
time to place in service (delay);

network connectivity between and within railways, such as railway ferries, piggybacks|and park-
and-rides;

vehicle/network compatibility in order te.expand the area of use of the rolling stock.
maintenance, the following factors can be taken into account:

capacity of maintenance facilities;

technical capability (training) of workers for maintenance;

supply of replacement:

Infrastructure managers

Infrastructure<mdnager roles include managing infrastructures so as to develop the traffic on the

nefwork, optimize maintenance costs, etc.

NOTE 1 {>-Maintenance can be carried out in-house or outsourced. It is carried out either on a preventive basis
(pyeyvéntive maintenance) or upon occurrence of failure (corrective maintenance), in consideration of reliability

andgl criticality of a system or product. Inspection and monitoring can be necessary for maintenance.

The needs/interests of infrastructure managers generally include:

safety, reliability, availability and maintainability, which covers aspects of product/system and
maintenance processes;

profit improvement, which is affected by life-cycle cost and revenue;

life-cycle cost, which is the cost of an asset or its parts throughout its life cycle (operation of railway
project deliverables), while fulfilling its performance requirements.
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NOTE

2 Life-cycle cost consists of initial cost (e.g. cost of construction, purchasing relevant products/
systems, cost for public relations, preparation cost), running cost (e.g. cost of maintenance, which is
necessary for maintaining the required performance of the facilities) and decommissioning cost. It is
important to allocate resources properly in order to reduce total life-cycle cost.

Typical factors affecting life-cycle cost include:

— taxes

and other public charges incurred;

— revenue (e.g. charges/rents paid by the users of the infrastructure);

— projeet

— qualit
to wh
maint

— comp

— timet

— railw
park-

— vehic
In mainte

— capad

— technfical capability (training) of workers for maintenance;

— suppl

8.9 Railway undertakings

Railway u
destinatid

The needs

— operdtional safety, which.cemprises not only passengers’ safety but also related employees’ saf

and s

— Secur

— operdtion/operation cost (e.g. energy cost, labour cost, lease fee, track access charge);

— budge

£ i L3 i - 1 ).
1uuu1us klllbluullls ouuoxu_y},
ich a set of inherent characteristics fulfils requirements (except reliability, availabijlity 4
ainability);

iance with existing applicable regulations;
o place in service (delay);

hy network connectivity between and within railways, such as railwayferries, piggybacks 4
hnd-rides;

e/network compatibility.
hance, the following factors can be taken into account:

ity of maintenance facilities;

y of replacement.

ndertakings' main responsibility’is to transport passengers or goods from an origin t
n in safe conditions.

/interests of railway undertakings generally include:

hfety related to third parties;

ity, which préevents acts of vandalism against railway operation;

t fox investment (e.g. for upgrading or retrofitting);

y, including product quality (see ISO 9001), such as the degree of workmanship, and the:degr

ee
nd

nd

bty

— revenue (e.g. subsidies; r1are, which collection 1s to be carried out securely by preventing steal rid

— vehicle/network compatibility, including energy (e.g. type, quality and stable supply of energy);

— reliability of rolling stock and infrastructure;

— availability of rolling stock and infrastructure;

— transport system capacity offer and demand to deliver appropriate operation service.

NOTE

14

e);

Transport system capacity consists of train capacity and frequency. Evaluation of transport demands
is the basis for railway undertakings to ensure that transport system capacity fits the transport demand.
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Continuous evaluation of transport demand is necessary in order to adapt capacities, such as size and

nu

mbers of trains operated and tonnage.

8.10 Infrastructure operators

Infrastructure operators' main responsibility is to plan the allocation of network capacities, traffic
management (including in degraded conditions) and timetabling to ensure daily smooth operation.

Th

e needs/interests of infrastructure operators generally include:

NO
ba

Co
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8.

Co
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and safety related to third parties;

security, which is to prevent acts of vandalism against railway operation;
reliability of rolling stock and infrastructure;

availability of rolling stock and infrastructure;

transport system capacity to deliver appropriate operation service:

TE Transport capacity consists of train capacity and frequency. Evaluation of transport dem

htinuous evaluation of transport demand is necessary inorder to adapt capacities, such a
mbers of trains operated and tonnage.

|1 Construction contractors/suppliers

nagement but also on investment and devélepment of appropriate resources including mai
ferent contracts can be distinguished as-follows:
construction contract (e.g. civilehgineering and architectural contract);

manufacturing contract (e.g. design, engineering, manufacturing, managing to deliver ro
and components).

e needs/interests of gonstruction contractors/suppliers generally include:
quality;

cost;

contragt conditions (e.g. schedule/price/specification);

market demand;

is for infrastructure operators to ensure that transport system capacity fits the transport demand.

es’ safety

hnds is the

s size and

hstruction contractors and suppliers usually.focus on planning activities as for project of contract

power.

ling stock

LElldCI PI ULUdul [SH
selection and qualification of subcontractors;
compliance;

vehicle/network compatibility.

8.12 Persons/organizations engaged in related transport modes

Related transport modes designate modes connected to or competing with the objective railway line,
such as other railway lines, buses, taxis, private cars, motorcycles, bicycles, trucks, ships, etc.

©lI
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They sometimes need to plan activities related to the development of a railway project to either adjust
their transport services to compete with the railway corresponding to the project or to connect to the
project and benefit from improved intermodality.

The needs/interests of persons/organizations engaged in related transport modes generally include:
— changes in transport demand induced by the project;

— compatibility/interface management.

8.13 Others

Other impjacted people or business include:

— stakeholders with economic interests;

— landowners;

— develppers who engage in development according to urban planning;

— any bfisiness that already exists along the railway corresponding to the project;

— managers of infrastructure or facilities that will be affected by the project (roads, rivers, electric
lines, [gas/water pipes, etc.);

— stakeholders with social interests;
— wayslde residents;
— road Qisers.

They can pe interested in project planning in order toinfluence the project.

Their relafed needs/interests generally include;
— safety and security (e.g. crossings, cripie€prevention, privacy protection);

— qualify of life, which can be improved by preventing adverse impact of railways [e.g. noise, vibratipn,
pollution (air, water, land), electremagnetic fields, smell, landscape degradation, shadowing effecfs];

— eventpality of forced removal due to interference/proximity of planned route/site with/to existing
propdgrty/right.

9 Conditions

9.1 General

While stdKeholders’ needs and interests are often subjective, either organizational or personal,
conditions are usually Indigenous and diificult to alter/change. The following ISt of conditions cannot
be treated as exhaustive. Further effort is necessary to enrich the list.

9.2 Natural conditions

9.2.1 Geology/topography

Geology/topography to be taken into account while planning the project includes, but is not limited to,
the following:

— gradient;

— elevation;
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vertical difference;

proximity to sea;

proximity to volcano;

seismic risk;

width of river, lake, strait, canyon, hole, crater;

depth of river, lake, strait, canyon, hole, crater;

Fo

9.2

We
thg

9.2

Ot
to,

proximity to river, lake or pond;
pedological difference;

nature of soil;

soil stability;

soil fraction.

- example information of specific conditions, see IEC 62498 series:

.2 Weather and climate

ather and climate to be taken into account while planning the project include, but are not
e following:

temperature;
humidity;
precipitation;
snow/ice/blizzard;
fog;

wind;

sand (or dust) storm,;

typhoons, hurficanes and other natural disasters.

.3 Otheinatural conditions

her natural conditions to be taken into account while planning the project include, but are 1
thefollowing:

©lI

presence of vermin (animals and insects);
presence of trees near the tracks;
protected natural area/national park;

protected species (animals and plants).

SO 2018 - All rights reserved
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9.3 Eco

nomic and social conditions affecting railway projects

9.3.1 General

Economic and social conditions to be taken into account while planning the project are presented in the

following

subclauses.

9.3.2 Urbanism and population

The following factors of urbanism and population can affect traffic demand and project cost, as they

can be crifical in terms of easiness of land acquisition, necessity of underground railway and necess

of noise/v
— const
— prote
— popul
— popul
— popul

Generally,
either the
lead or pr

9.3.3 In
Industrial
— proxi
— proxi
— proxi

— effect]

934 O
Other obs
— archa
— cultu

— religi

ibration and air pollution countermeasures:

Fuction density;

cted monument;

ation distribution;

ation ratio (age, occupation, smokers, disabled people, etc.);
ation prospects.

there are two cases in which a railway construction and atown development are associat
railway starts operation ahead of the town development,/of the town development takes {
bceeds in parallel with the railway construction.

dustrial environment

environment to be taken into account whilesplanning the project includes the following:
mity to classified industrial area;

mity to power plants;

mity to wasteland;

of industrial pollution on(soil, air and water.

ther obstacles

tacles to be taken-into account while planning the project include the following:
eological fitds;

s

D1

ity

bd:
he

— law (custom, localisation, rate of local production in equipment).

9.3.5 Civil works, networks and systems

Civil works, networks and systems to be taken into account while planning the project include the

following:

— energ

y grids and networks;

— communication networks;

— water pipes;

18
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road;

other existing railway;
airport;

seaport;

other networks (gas, sanitation, etc.).

sting railway system facilities to be taken into account while planning the project.in
owing:

train depot;

gauge;

envelope;

platform length/width;
train-set length;
tunnels;

viaducts;

bridges.

Consideration of correlation and-causality of factors

the planning process of a railway\project, correlation and causality among factors

refully considered. Refer to Anneéx A, in which the concept of “causality”, meaning a ca
ationship, and that of “correlation”, meaning the interdependency of two factors, are sh
(strations. A railway system'involves various stakeholders having different needs/intere

doing so, the existence_bf correlation and causality relationships among some of the
uld be recognized and considered. While it might be difficult for those without enough K
1 experience to accurately estimate the extent to which a certain factor influences oth
s still useful and-important to understand the relations among the factors that are in m
mplicatedly intertwined.

isality <is)a cause-result relationship between factors. It exists when one factor i
bther-factor.

2018(E)

clude the

should be
use-result
own with
5ts, which

kes it necessary to prioritize and weight such factors appropriately by considering each of them.

e factors
nowledge
br factors,
any cases

nfluences

[telation is the interdependence between two factors, i.e. the direction (positive or negativ

e) and the

ex

tent to which one factor influences or is influenced by the other. There are three types of correlation:

— positive correlation is a relationship between two factors in which both factors move in tandem.

When one factor decreases, the other factor also decreases and vice versa;
in negative correlation, one factor increases as the other decreases and vice versa;

independent correlation means there is no correlation between two factors.

In statistics, a perfect positive correlation between two variables is represented by the value +1 of
correlation coefficient between two variables, while 0 indicates no correlation and -1 indicates a perfect
negative correlation.

©lI
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11 Prioritization and weighting

In the planning process of a railway project, relevant factors should be prioritized and weighted with
careful consideration.

It is unrealistic to presume that all needs/interests can be satisfied. For example, budget and
comfort, project deadline and availability of resources can conflict with each other. Coordination
and balancing of factors are important in such cases.

Therefore, prioritizing and weighting of requirements and conditions are to be clearly explained

to develo he
desired rgsults.
Experts or organizations who have enough knowledge and experiences in railway projectS§)are aple
to prioritize and weight with a consideration of correlation and causality on factors described in the
following|clause. However, prioritizing and weighting can be carried out without cenSideration| of
correlation and causality since they can be processed individually. Even consultants-or suppliers may
not be awhre of all conditions.
Even wheh only specific factors are clarified, basic factors should also be applied to coordination gnd
evaluatiof in the weighting process for deriving desirable plans or requirenients.
An examplle of an application of this document is to prioritize factors of the railway project as shown in
Table 1. Appropriate deliverables of the railway project may be clarified by covering, checking up and
prioritizing exhaustive factors. Each factor can have a synergistic{consistent, compatible or a trade-off
(incompatible) relationship with other factors. Especially for thefactors having a trade-off relationsHip,
coordinatfjon and compromise are necessary to avoid making'and approving plans for projects wijith
unachievgble goals. Table 2 gives an example of a conditionist.
Table I — Example of a list of stakeholders' needs/interests and classification of priorities
Stakeholders Needs/interests Cla531f_1ca_t 101 | pelationshi D
of priority
Safety A+
Profit A+
Initial cost A+ .
- } conflict
) Running cost A+
Life-cycle east —
Decommissioning cost —
Related tax A+
Managers of Project funding A+
infrastrudture Gharge/rents A+
Quality A-
Compliance A-
Time to place in service A-
Network connections with and within railways A-
Vehicle/network compatibility A-
Reliability, availability and maintainability A+

20
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Table 1 (continued)
Stakeholders Needs/interests Classnf_lca_t lon Relationship
of priority

Operational safety A+

Cost of railway operation/operational cost A+

Budget for investment A-

Fare/subsidy A-

Energy A-
R qHerayrdertak -
inbs 7 Transport capacity A-

I Fare collection B

Security A-

Transport capacity offer

Reliability of rolling stock and infrastructure

Availability of rolling stock and infrastructure

Quality A-
Cdnstruction/ Cost
manufacturing con-
tractors Contract schedule/delay

Contract price

Table 2 — Example of listof conditions
Conditions Objects Detail/relevant information
Park Hakone National Rark Environmental Law
Depth: 10 m
Riper Sakai River
Width: 50 m

12 Seeking solutions
In [the planning process of a tailway project, it is essential for a planner to seek a solution for
coprdinating/balancing factons. Since a railway system is an aggregation of subsystems, changes in a
tinfy factor of a subsystem will potentially affect the whole system. Therefore, planning railway projects
with the understanding of correlation, causality, prioritization and weighting among factorg is a good
practice to optimize\the project outcome. This process is important and the project planrer should
coprdinate each factor properly by discussing with consultants and supplier, or making adjystment to
nepds among various stakeholders, which depends on each project and project manager’s int¢ntion.
Some exaniples are given in Annex A. It is important to recognize that the priority or weight given to
the facters considered can eventually affect solutions, sometimes greatly. There are varioys ways to
coprdinate different factors and to implement the coordination. Persons or organizations with much
knbwledge and experience can have special solutions. It can be preferable to illustrate effects for

factors. If planners know a common method, discussion with them can be smoother and clearer, and the
deliverables can be closer to expectations.

There are some common methods for making adjustments among various factors as shown below:

©lI

changing prioritization or weight of factors: amending specific factors based on the

result of

reviewing changes of need or interest on basic factors without insisting on initial specific factors;

compromise: if two basic factors have a relationship of negative impact, it is essential to balance the
whole system by decreasing prioritization or weight to some extent of either factor or both factors;
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— consensus: when planners coordinate the needs of various stakeholders directly, it can be difficult
to accept both needs. In such cases, planners can choose consensus by showing the profitable
structure of the whole system instead of seeking complete agreement among stakeholders;

— request (proposal) of innovative resolution: it is possible to resolve the relationship with negative
impact by calling innovative solutions from a planner to consultants or suppliers, or by proposing
innovative products or systems from consultants or suppliers to planner. It is desirable to do a final
check at the level of basic factors because this method can cause positive or negative synergy with
other factors;

azith oreg ae O£ nerien & of heingain a oraWalidiaa a a :ts

somefimes have unique solutions as well as common solutions. Therefore, counselling sessiors-dan
flective in order to make better plans and reduce time and cost when a planner is stuek*wijith
some[problems. It is desirable for planners and project managers to do a final check at the‘leve] of
basic [ffactors.

13 Case{study

Annex B |s a case study showing how this document can be used as guidance for railway project
planning.

As descrilbed above, the essential aspects in the planning process of a railway project are:
1) think|about what factors are to be taken into account;

2) considler correlation and causality among factors;

3) considler priority and weight of factors;

4) seek g solution for coordinating/balancing factors:

In Annex f, some simplified examples of applyingthe above key points to project planning are illustrated
to help understand how this document works;
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Example of correlation and causality of factors

A.f—Improvement of HVAC performance .|

Anl example of HVAC for railway vehicle is shown in Figure A.1. This case premises that thg purpose
of this project is the improvement of cabin comfort. Improvement of HVAC performanee is considered
as [the first approach for this purpose. This improvement can surely bring cabin [comfort i terms of
terpperature. Improvement of HVAC performance is the cause, and cabin temperdature is th¢ result in

this causality.
Raised

HVAC
performance

Cabin
temperature

Needsto be
improved

........... Correlation
Positive impact/ Negative impact/
Independent

Causality
(Positiveimpact)

Figure A.1 — Example ofimprovement of cabin comfort by improvement of HVAC performance

Onl the other hand;7t can also increase equipment size, which can lead to a decrease in cgbin space
thfough the adjustment of equipment size as shown in Figure A.2. Planning HVAC performange without
enpugh consideration of these relations, especially the possibly negative correlation between cabin
temperatute/and cabin space resulting from HVAC performance improvement, can jeopardlize cabin

comfortasa result. Thus, it is important to analyze the relation of each factor carefully.
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Raised

A\
performance

Adjusted

Cabin
temperature

Improved

Correlation

Positiveimpact/ Negative impact/
Independent

—Negative impact

Figure A.2 — Example of improvement of cabin }@ort

Decreased

Causality

Positiveimpact

& O
A.2 Deyelopment of new type of bogie \\Q
O
A.2.1 Correlation and causality of factors \(\@s\
Examples| of correlation and causality in the devel \ént of a new type of bogie are shown|in
Figures A me

time, this|can lead to an increase in bogie weigh
energy cohsumption (Figure A.3), track mainte
a result, the correlation relation between sa

factors if the correlation with each factor

@0 + Increased
O
O

Bogie weight

|3 to A.5. Enhancement of bogie r1g1d1ty ‘%Gne option for safety improvement. At the sa
ich can bring unfavourable influence in terms

ce (Figure A.4) and vibration/noise (Figure A.5).
and energy consumption can be negative via varid
Ahot be recognized.

of
As
us

Figure A.3 — Example of safety improvement of bogie (correlation with energy consumption)
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Increased

Bogie weight

wdight mat@

\y
\s
2

Figure A.4 — Example of safety improvement of bogie (correlation

Figure A.5 — Examp@g safety improvement of bogie (correlation with vibration/noise)

A.2.2 Solution @coordinating/balancing factors

RS
Q’\

Track

Improved maintenance

Increased -

3.
U
A

track maintegnance)

Increased O\

Improved Vibration/noise ) Increased

An innovativ%%lution for satisfying both basic factors is to control bogie weight by applying light
1

(Figure A.6).
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Decreased

Bogie weight

Energy consumption, Q
track maintenance work, ) Decreased ’(1/
vibration/noise % .

NZ
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