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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-governm
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al Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.
ask of technical committees is to prepare International Standards. Draft International Standards
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bquires approval by at least 75 % of the member bodies casting a vote.

cumstances, particularly when there is an urgent market requirementfor such documents, a {
may decide to publish other types of normative document:
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798 was prepared by Technical Committee ISO/TC 178, Lifts (elevators), escalators and pd

nent is being issued-in the Technical Specification series of publications as a “prospective star
application” inthe field of risk analysis for lifts (elevators), escalators and passenger conveyors
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A review of this Technical Specification will be carried out no later than three years after its publication with the
options of extension for another three years, conversion into an International Standard or withdrawal.

Annexes A, B, C and D form a normative part of this Technical Specification. Annex E is for information only.
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Introduction

This Technical Specification has been prepared in response to ISO/TC 178 Resolution 104/1994, in which the
Technical Committee requested that WG 4 undertake a method of analysis to review the fundamentals of safety
requirements, based upon ISO/IEC Guide 51. Furthermore, in its Resolution 131/1996, the Technical Committee
requested WG 4 to “develop and formulate a report on risk analysis methodology as applicable to lifts and similar
devices].

Adherence to this Technical Specification will provide an orderly means to identify hazards, assess' the risks, and
recommlend appropriate risk reduction measures.

Any amepndments and additions to this Technical Specification will be handled by ISO/TG 178/WG 4 through the
use of aldatabase maintained by the Working Group.

© 1SO 2000 — Al rights reserved \
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TECHNICAL SPECIFICATION ISO/TS 14798:2000(E)

Lifts (elevators), escalators and passenger conveyors — Risk
analysis methodology

1 Scppe

This Tdchnical Specification establishes requirements and procedures for carrying out risk ‘analygis for lifts
(elevatofs), escalators and passenger conveyors.

It is intepded for use by experts, trained in this methodology, to determine equipment,safety and performance or to
develop|codes and standards.

2 Nofrmative reference

The follpwing normative document contains provisions which, throughjreference in this text, constitute prpvisions of
this Tedhnical Specification. For dated references, subsequent améendments to, or revisions of, this publication
does n¢t apply. However, parties to agreements based on .this Technical Specification are encquraged to
investigate the possibility of applying the most recent edition of the normative document indicated pelow. For
undated references, the latest edition of the normative document referred to applies. Members of ISQ and IEC
maintain registers of currently valid International Standards.

ISO/IE]Q Guide 51:1999, Safety aspects — Guidelines:for their inclusion in standards.

3 Tefms and definitions
For the purposes of this Technical Specification, the following terms and definitions apply.

3.1
cause
trigger mechanism to the hazard, which will cause the incident or effect

3.2
frequenlcy
probabiljty of occutrence of an incident

3.3
harm
physical injury or damage to the health of people, or damage to property or the environment

[ISO/IEC Guide 51:1999, definition 3.3]
3.4

hazard

potential source of harm

NOTE The term hazard can be qualified in order to define its origin or the nature of the expected harm (e.g. electric shock
hazard, crushing hazard, cutting hazard, toxic hazard, fire hazard, drowning hazard).

[ISO/IEC Guide 51:1999, definition 3.5]

© I1SO 2000 — All rights reserved 1
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35
harmful event
occurrence in which a hazardous situation results in harm

[ISO/IEC Guide 51:1999,definition 3.4]

3.6
hazardous situation
circumstance in which people, property or the environment are exposed to one or more hazards

[ISO/IEC Guide 51:1999, definition 3.6]

3.7
incident (gffect)

unforeseen event or occurrence which can, but does not necessarily result in harm, i.e. death, injury, prd

damage to|the environment

3.8
major damage
harm that ¢annot be reversed without repair or replacement of a major system component

3.9
minor damage
harm that ¢an be reversed with repair or replacement of a non-major system component

3.10
minor injury
impairment that can be reversed

3.11
minor illngss
disease that can be reversed

3.12
severe injury
impairmenf that cannot be reversed

3.13
severe illrless
disease that cannot be reversed

3.14
severity

gualitative /measure of thetworst possible incident (effect) that could be caused by a specific hazard

3.15
risk
combinatidn of.the-probability of occurrence of harm and the severity of that harm

[ISO/IEC Guide’51:1999, definition 3.2]

3.16
residual risk
risk remaining after protective measures have been taken

[ISO/IEC Guide 51:1999, definition 3.9]

3.17
tolerable risk
risk which is accepted in a given context based on the current values of society

[ISO/IEC Guide 51:1999, definition 3.7]

perty or
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risk analysis
systematic use of available information to identify hazards and to estimate the risk

[ISO/EC

NOTE

3.19
risk eva

Guide 51:1999, definition 3.10]

This method aims at systematically identifying and assessing hazards, evaluating risks and recommending risk
reduction measures.

luation

procedu
[ISO/IEC]
3.20

risk ass
overall

[ISO/IEC

3.21

risk prdfile

decision

3.22
protect

means Uised to reduce risk

NOTE
equipme

[ISO/IEC

3.23

system
machin
combinag

task or function within a specific environment

g

J

4 Ri

41 B

re based on the risk analysis to determine whether the tolerable risk has been achieved

Guide 51:1999, definition 3.11]

essment
rocess comprising a risk analysis and a risk evaluation

Guide 51:1999, definition 3.12]

tool consisting of an x-y matrix used to visualize the assessed-hazards

Ve measure

Protective measures include risk reduction by _inherently safe design, protective devices, persong
nt, information for use and installation, and training

Guide 51:1999, definition 3.8]

a)

tion of people, procedures| facilities and/or equipment that are integrated to perform a specific

k analysis

Asic concept

Risk an

and effgctsy In this Technical Specification, risk analysis is applied to lifts (elevators), escalators and

lysis is a series of logical steps that enable a systematic study of hazards and their correspond

| protective

bperational

ng causes
passenger

conveyaors.

The identification of hazards, when followed by an assessment of their severity and frequence (probability of
occurrence), yields a measure of the risk associated with the individual hazards. Through the use of an iterative
process, each hazard and effect is evaluated and either eliminated or, if necessary, controlled by means of
appropriate protective measures that reduce the corresponding risk to a tolerable level.

The step-by-step procedure shown in Figure 1 is based largely on the definitions, requirements and processes
described in ISO/IEC Guide 51 and the documents listed in the bibliography.
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l
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Figure 1 — Overview of risk analysis

4.2 Risk analysis process

4.2.1 Step 1: Define the reasons for risk analysis

This risk analysis process is intended to be used for the following purposes:

a) the writing of safety requirements/standards;

b) review and assessment of the efficiency of safety requirements/standards;

c) the design of safety-related components in instances where safety standards do not exist or are not applicable;

d) verification that the risk associated with some equipment and/or an installation is tolerable.

4 © 1SO 2000 — Al rights reserved
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4.2.2 Step 2: Form arisk analysis team
Select the members of the analysis team and choose a team leader/moderator.

The members of the team and the team leader/moderator should, as a minimum, have a working knowledge of the
product or process being analysed.

4.2.3 Step 3: Define the products, processes and applications to be analysed

The following should be considered:

a) proflucts/processes

1) | codes and standards,

2) | electrical, hydraulic, and mechanical equipment,

3) | hardware and software,

4) | operating procedures,

5) | performance parameters, e.g. duty cycle, load limits, environment;
b) aspects

1) | design,

2) | manufacturing,

3) | transport,

4) |installation,

5) | type of use,

6) | maintenance,

7) | dismantling and disposal;

8) | modernization,

9) | training,

10)| documentation;

c) applications

1) transport of passengers,

2) transport of goods (freight).

4.2.4 Step 4: Identify hazards
4.2.4.1 Identify the hazardous situation by defining the hazard, cause and effect.

4.2.4.2 A systematic approach to the identification of hazardous situations (hazards, causes and effects)
should yield the complete list necessary for risk analysis, assessment, and identification of risk reduction measures.

© I1SO 2000 — All rights reserved 5
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In order to assist in this process, a form for tabulating the results is contained in annex A, and a generic list of
“thought-provoking key words” for potentially hazardous conditions is provided in annex B.

4.2.4.3

The general technique for identifying hazardous situations (hazards, causes and effects), intended for
use by a risk analysis team, is described hereafter.

a) Peruse the list of “thought-provoking key words” (annex B) to allow the identification of every type of hazard

that m

ay arise or be present throughout the life cycle of a product, system or process.

b) Adjust the list to correspond to the specific scope of the risk analysis.

c) Enter
hazar

4244

a) Hazar
syster
powe

b) Hazar
failure
neede

and effect criticality analysis, fault tree analysis, event tree analysis,etc.

c) Hazar
enviro|
wind,

d) Hazar
and n
the er

e) Hazar
eleme

425 Ste
4251
severity off
Figure 2 is
425.2
of frequen
4253

the information on the identified hazardous situations (hazards, causes, and the associated e
lous events) in the appropriate column of the “Document specimen” form (annex A).

The identification process should include the following hazards.
ds inherent to the system/process (see B.1): these are hazards that are inherent’characteristig

N or process being analysed, and include those hazards associated with use(f, the system/prog
and propulsion means, the materials used, etc.

or malfunction of safety-related systems, subsystems, components and processes. Additi
d, these hazards can be checked through the use of failure maedes and effects analysis, failurg

ds resulting from outside influences (see B.3): these are fiazards that typically result from the o
nment. They include the safety-related effects of temperature, fire, climatic conditions, lightni
snow, earthquakes, electromagnetic compatibility (EMC), conditions of the building and its use, e
ds resulting from operating procedures and use (see B.4): these are hazards associated with

jonomics and the potential for misuse.

(s resulting from the life cycle of the\xequipment (see B.5): these are hazards associated with

p 5: Risk estimation

Assess the cause.and effect of each hazard in terms of probability of occurrence of the hazard
its effect(s). The Combination of severity and frequency quantifies the risk associated with the
a schematic representation of risk assessment.

Annex.E sets out a risk assessment scale that defines the categories of hazard severity and tH
LY.

ffects of

s of the
ess, the

(s resulting from system or equipment malfunctions (see B.2): these are hazards that result from the

nally, if
b modes

perating
ng, rain,
[C.

the use

isuse of the system or process. They includeithe safety-related aspects of the man/machine inferfaces,

the time

ht. They include the safety-related‘aspects of changes in system operation due to equipment/component
ageing, component “wear”, obsolescence of replacement parts, etc.

and the
hazard.

eir level

Where a risk assessment team cannot reach consensus on the severity and frequency (prd

bability)

levels, the hazard, cause and effect should be re-examined (per step 4) for clarity and, if necessary, re-defined.

© 1SO 2000 — All rights reserved
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RISK SEVERITY FREQUENCY (PROBABILITY OF
OCCURRENCE) OF THE INCIDENT

related to the isa of the possible and itself a function of
considered function incidence for the
hazard of the considered hazard — the frequency and duration of the
exposure;

— the frequency of harmful events;

— the possibilty of avoiding or limiting
the harm.

NOTE 1  The severity should be assessed by considering the effect on life, property and the environment.

NOTE 2  The assessment of the frequency of a hazard should take into account:
p) the frequency of harmful events;
p) the frequency and duration of the exposure to the hazard;

) the human and technical possibilities of avoiding or limiting the harm_{e.g. awareness of risks, redug¢ed
speed, emergency, stopping device, enabling device).

Figure 2 — Schematic representation of risk assessment

4.2.6 $tep 6: Risk evaluation

Evaluat¢ the risk assessment results in terms of residual risk and tolerable risk. Table D.1 and Figures 0.1 and D.2

in annex D should be used to make this determination. If the risk is not tolerable, further risk reduction] measures

are reqyired. The following procedure should-be used.

a) Eliminate the hazard, if possible (by design or by substitution).

b) If tihe identified hazard cannot-be eliminated, take the necessary measures to reduce the risk| so that it
bedomes tolerable. These~measures include redesigning equipment, altering procedures, adding| protective
devices guarding the equipment, etc.

c) Infgrm the users af the system/process of the residual risks. These measures include informatiop, training,
adding warning_sSigns personal protection equipment, etc.

Annex B givesan.example of risk analysis.

4.2.7 $tep 7: Tentative assessment

If the risk evaluation still indicates that the remaining risk is not tolerable, repeat the process starting with step 4.

4.2.8 Step 8: Documentation and evaluation

Document the result of the risk analysis process (see form in annex A). The documentation package should
contain, as a minimum:

a) a definition of the system/process that was analysed;

b) the hazardous situations (hazards, causes and effects), risk assessment and risk evaluation;

© I1SO 2000 — All rights reserved 7
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c)

d)

e)

the reference data used and the sources of the data, e.g. codes and standards, historical information,

drawings, design calculations, manufacturers, etc.;
the proposed risk reduction measures and the residual risks;
the risk profiles indicating the risks (see Figures D.1 and D.2)

1) actual: assessment not considering the protective measures,

2) tentative: assessment assuming protective measures are taken.

© 1SO 2000 — All rights reserved
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Annex A
(normative)

Documentation specimen

© I1SO 2000 — All rights reserved 9
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Basic list of “thought-provoking key words”

B.1 Hazardous characteristics

These include the following:
a) kingtics;

b) meg¢hanical,

c) elegtrical;

d) chgmical;

e) explosive mixtures;

f)  flanpmability;

g) toxicity;
h) radfation;
i) prepsure;

i) tenlperature;
k) vibifation and noise;

[) contamination.

B.2 Mplfunctions
These include the following:
a) stryctural;

b) meghanical;

c) electrical source, system, equipment;

d) software;
e) chemical,
f)  biological.

© 1SO 2000 — All rights reserved
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B.3 Environmental influences
These include the following:

a) temperature [see l)];

b) humidity [see n)];

¢) wind, weather;

d) radiatiorT;

e) contamination [see m)];
f)  mechanical [see K)];

g) electrical;

h) reactiye chemicals;

i) soil;
i) humap;

k) earthquakes;

) fire;
m) smoke;
n) water.

B.4 Useland operation
These inclfide the following:

a) unsaf¢ conditions;

b) untimgly operation;
¢) outside influences;
d) unclear, faulty-arincomplete instructions;

e) foresgeablé misuse;

f)  lack or insufficient warning/cautioning;

g) vendor/buyer performance.

B.5 Life cycle
These include the following:

a) ageing;

12

© 1SO 2000 — All rights reserved


https://standardsiso.com/api/?name=16a2562b468d0bba93b802749343adc4

b)
c)

d)

f)
9)
h)

organization;

design;

procurement;
manufacturing/erection/commissioning;
testing/maintenance/modernization;

marketing/servicing;

ISO/TS 14798:2000(E)

dis;IxosaI.

© 1SO 2000 — All rights reserved
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C.1 The categories of severity given

Annex C
(normative)

Assessment scale

in Table C.1 are defined to provide a quantitative measure of the worst

possible incident resulting from the hazardous situation, e.g. personal error, environmental incidents, design

inadequacles, procedural deficiencies, and system, subsystem, or component failure or malfunction.

Table C.1 — Category of severity

Category of severity Definition

| Catastrophic Death, system loss, or severe environmental damage

Il Critical Severe injury, severe occupational illness,{major system or
environmental damage

Il Marginal Minor injury, minor occupational illness, minor system or
environmental damage

IV Negligible Will not result in injury, oecupational illness, system or
environmental damage

NOTE The definition of categories of severity needs to reflect the generic task being analysed, for

example:

1) use of fire-fighting elevators;

2) use of elevators by persons with physical disabilities.

C.2 Thellevels of frequency given in Table C.2 are defined to provide a quantitative measure of the prpbability

that this hazard will be triggered by the
planned life cycle of the system.

cause.and that the incident with the particular effect will occur dyring the

Table C.2 — Levels of frequency

Level of frequentcy

Definition

A Frequent Likely to occur often

B  Probable Will occur several times in the life cycle of the system

C Occasional Will occur at least once in the life cycle of the system

D Remote Unlikely, but may possibly occur in the life cycle of the system
E {»Improbable So unlikely that it can be assumed occurrence will not be

experienced

F——Impossibte

The tazard ncident cannot _occur Uniess caused by a
deliberate act

14
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Table D.1 — Risk assessment

Annex D

(normative)

Risk profile

ISO/TS 14798:2000(E)

Flequency Severity
| — Catastrophic Il — Critical Il — Marginal IV}~ Negligible
A Frdquent (ib IVA
B  Prgbable HIB IV
C Ocfasional HE lnc A% V¢
D Remote D IID &@\ VD
E Im!)robable IE IE HE IVEE
F Iml)ossible IF IIF HF IVIF

nacceptable — IA, IB, IC, lIA, 1IB, IIA

Corrective action required to eliminate the risks

ndesirable — ID, IIC, IlIB

Corrective action required to mitigate the risks

I

cceptable with review — IE, 11D, IIE, llIC, D, IVA, IVB

Review required to determine whether any action is rjecessary

I

cceptable without review — IF, IIF, IIIE, IlIF, IVC, IVD, INEXIWF

No action required

© 1SO 2000 — All rights reserved
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NOTE
visualize thg

Fréquency/hazard probability

Assessment
actual

1l \

Severity/hazard effect category

Frequency, hazard cause level

Severity, hazard effect category

A: Frequent

D: Remote

B: Probable

C: Occasional

E: Improbable F: Impossible

I: Catastrophic |I: Critical

IlI: Marginal 1V: Negligible

This template is to be used in conjunction with risk evaluation by entering the case number into the releva
original level of safety (without considering corrective action). See 4:2.6 (Step 6).

Figure D.1 — Template of original risk profile

Frequency/hazard probability

Assessment
tentative

1l \

Severity/hazard effect category

Frequency, hazard cause level

Severity, hazard effect category

ht field to

NOTE

Az Frequent

D: Remote

B: Probable

C: Occasional

E: Improbable F: Impossible

[: Catastrophic IT: Critical

IlI: Marginal 1V: Negligible

visualize the tentative level of safety (considering corrective action). See 4.2.6 (Step 6).

16

Figure D.2 — Template of tentative risk profile

This template is to be used in conjunction with risk evaluation by entering the risk number into the relevant field to
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https://standardsiso.com/api/?name=16a2562b468d0bba93b802749343adc4

