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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
electrotechnical standardization.

The proce
described
different t}

lures used to develop this document and those intended for its further maintenanee
n the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fof
rpes of ISO document should be noted. This document was drafted in accordance ‘with

editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws

attention to the possibility that the implementation of this document mayvinvolve the

are
the
the

use

of (a) patemt(s). ISO takes no position concerning the evidence, validity or applicability of any claimed

patent rig}
notice of (3
cautioned

ts in respect thereof. As of the date of publication of this document, ISO had not recei
) patent(s) which may be required to implement this document. However, implementers
fhat this may not represent the latest information, which may be‘obtained from the pa

database
such pate

Any trade
constitute

For an ex]
expression
the World
WWW.iS0.0

o

ailable at www.iso.org/patents. ISO shall not be held responsible for identifying any o
rights.

hame used in this document is information given for the‘convenience of users and does
hn endorsement.

planation of the voluntary nature of standard$,*the meaning of ISO specific terms
s related to conformity assessment, as well as information about ISO's adherence
Trade Organization (WTO) principles incthe Technical Barriers to Trade (TBT),
g /iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 254, Safety of amusement rides

amusemen

This secon
revised.

The main d
— theno
the ter

alignm

devices.

 edition cancels and replaces:ithe first edition (ISO 17842-1:2015), which has been technid

hanges are as follows:
'mative references\iave been updated;
ms and definitions have been revised;

ent with"\EN 13814 series from 2019;

the ge

A list of all

ved
are
fent
- all

not

and
to
see

and

ally

Ieral risk assessment has been supplemented by the operator-side risk assessment;

the safe y distances of passenger units nave been rundamentally revised;

new Annex [ contains the acceleration effects on passengers to align with ASTM F2291-21.

parts in the ISO 17842 series can be found on the ISO website.

the requirements for personal restraint systems have been supplemented by additional monitoring;

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.

Vi
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INTERNATIONAL STANDARD

ISO 17842-1:2023(E)

Safety of amusement rides and amusement devices —

Part 1:
Design and manufacture

1
Thi

Scope

5 document specifies the minimum requirements necessary to ensure the safe design,

manufacture and installation of mobile, temporary or permanently installed -amuse

ma
ride
coa
inst
fair

Thi
agr

hinery and structures, which are intended for use by persons as a leisure activity. The 3
Kters, chutes, booths, side shows and structures for artistic aerial displays. They are inte

orounds and amusement parks or any other locations.

5 document is not applicable to grandstands, construction site dnstallations, scaffolding,

children, and recreational devices like waterslides or sumnrertoboggan runs, playground

rop
NOT

Ney

e courses, climbing wall, inflatable, trampolines, swimining pool equipment, etc.
E For all the equipment not covered by the requirements of ISO 17842-1, the relevant standi

ertheless, this document can be used in the design of any similar structural or passeng

amiisement device not explicitly mentioned her€in.

2

Thd
con
und

ISO
and

ISO
ISO

ISO
hig]

Normative references

following documents are referred to in the text in such a way that some or all of th
Stitutes requirements of this.document. For dated references, only the edition cited 4
ated references, the latestedition of the referenced document (including any amendmen

898-1, Mechanical properties of fasteners made of carbon steel and alloy steel — Part 1: B
studs with specified-property classes — Coarse thread and fine pitch thread

1141, Fibre ropes— Polyester — 3-, 4-, 8- and 12-strand ropes
1181, Fibredopes — Manila and sisal — 3-, 4- and 8-strand ropes

1346;.Fibre ropes — Polypropylene split film, monofilament and multifilament (PP2) and po
-ténacity multifilament (PP3) — 3-, 4-, 8- and 12-strand ropes

alculation,
ment ride
musement

s and amusement devices include for example, roundabouts, swings, beats, Ferris wheels, roller

nded to be

alled both repeatedly without degradation or loss of integrity, and temporarily or permanently in

removable

cultural structures, simple coin operated children’s amusement devices, carrying up to three

pquipment,

irds apply.

b carrying

Pir content
pplies. For
[s) applies.

bIts, screws

lypropylene

ISO

2307, Fibre ropes — Determination of certain physical and mechanical properties

[SO 3834-2, Quality requirements for fusion welding of metallic materials — Part 2: Comprehensive quality
requirements

[SO 3834-3, Quality requirements for fusion welding of metallic materials — Part 3: Standard quality
requirements

ISO 3834-4, Quality requirements for fusion welding of metallic materials — Part 4: Elementary quality
requirements

ISO
ISO

©IS

4014, Fasteners — Hexagon head bolts — Product grades A and B

4016, Fasteners — Hexagon head bolts — Product grade C

02023 - All rights reserved
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ISO 4017, Fasteners — Hexagon head screws — Product grades A and B

ISO 4018, Fasteners — Hexagon head screws — Product grade C

ISO 4032, Fasteners — Hexagon regular nuts (style 1)

ISO 4413, Hydraulic fluid power — General rules and safety requirements for systems and their components
ISO 4414, Pneumatic fluid power — General rules and safety requirements for systems and their components

ISO 5817, Welding — Fusion-welded joints in steel, nickel, titanium and their alloys (beam welding excluded)
— Quality levels for imperfections

ISO 9554, Kibre ropes — General specifications
IS0 9606-1|, Qualification testing of welders — Fusion welding — Part 1: Steels
[SO 9606-2, Qualification test of welders — Fusion welding — Part 2: Aluminium and aluminium alloys

ISO 9692-1} Welding and allied processes — Types of joint preparation — Part 1: Manual metal arc welding,
gas-shieldefl metal arc welding, gas welding, TIG welding and beam welding of steels

[SO 9692-2, Welding and allied processes — jJoint preparation — Part 2: Submerged arc welding of sted|s

ISO 9692-3, Welding and allied processes — Types of joint preparation~=% Part 3: Metal inert gas weldling
and tungsten inert gas welding of aluminium and its alloys

ISO 10042 | Welding — Arc-welded joints in aluminium and its alleys'— Quality levels for imperfections

[SO 10325 Fibre ropes — High modulus polyethylene — 8-strand braided ropes, 12-strand braided rgpes
and coveregl ropes

[SO 10474:p013, Steel and steel products — Inspection-documents
[SO 10547, |Polyester fibre ropes — Double braid-construction

ISO 10554,|Polyamide fibre ropes — Double ‘braid construction
ISO 10556,|Fibre ropes of polyester/polyolefin dual fibres

ISO 10572,|Mixed polyolefin fibreropes

[SO 12100:R010, Safety of mashinery — General principles for design — Risk assessment and risk reducfion
ISO 1385412017, Safety of machinery — Minimum gaps to avoid crushing of parts of the human body

ISO 1384911, Safety of'machinery — Safety-related parts of control systems — Part 1: General principles
for design

[SO 1384912 Safety of machinery — Safety-related parts of control systems — Part 2: Validation

ISO 13857, Safety of machinery — Safety distances to prevent hazard zones being reached by upper and
lower limbs

[SO 14118, Safety of machinery — Prevention of unexpected start-up

ISO 14119, Safety of machinery — Interlocking devices associated with guards — Principles for design and
selection

[SO 14120, Safety of machinery — Guards — General requirements for the design and construction of fixed
and movable guards

[SO 14731, Welding coordination — Tasks and responsibilities
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[SO 14732, Welding personnel — Qualification testing of welding operators and weld setters for mechanized

and

ISO

automatic welding of metallic materials

17635:2016, Non-destructive testing of welds — General rules for metallic materials

[SO 17842-2:2022, Safety of amusement rides and amusement devices — Part 2: Operation and use

[SO 17842-3, Safety of amusement rides and amusement devices — Part 3: Requirements for inspection

duri

ng design, manufacture, operation and use

IEC 60204-1:2005, Safety of machinery — Electrical equipment of machines — Part 1: General requirements

IEC|60204-32, Safety of machinery — Electrical equipment of machines — Part 32: Reqti
hoigting machines

IEC|60364-4-41, Low-voltage electrical installations — Part 4-41: Protection for Safety —
agdijnst electric shock

IEC| 60364-5-54, Electrical Installation of buildings — Part 5-54: Selection\and erection g
equfpment — Earthing arrangements, protective conductors and protective-bonding conductor§
IEC|60364-7-740, Electrical Installation of buildings — Part 7-740: Requirements for special i
or {ocations — Temporary electrical installations for structures{amusement devices and
fairgrounds, amusement parks and circuses

IEC|61558-1, Safety of power transformers, power supplies, redétors and similar products — Par
reqliirements and tests

IEC| 61800-5-2, Adjustable speed electrical power drive systems — Part 5-2: Safety requi
Funictional

IEC| 62061, Safety of machinery — Functiohal safety of safety-related electrical, eled
programmable electronic control systems

IEC
EN
EN

EN
steg

EN
aluf

EN
for

62305 (all parts), Protection againstlightning
B18 (all parts), Short link chain for lifting purposes — Safety
1069-1+A1, Water slides =~ Part 1: Safety requirements and test methods

1090-2, Execution of'steel structures and aluminium structures — Part 2: Technical requi
[ structures

1090-3, Execution of steel structures and aluminium structures — Part 3: Technical requi
ninium structrres

1090-3:2008, Execution of steel structures and aluminium structures — Part 3: Technical re
hluminium structures

ements for

Protection

f electrical

nstallations
booths at

t 1: General

‘ements —

tronic and

rements for

rements for

quirements

o

EN

fa V| L £ 1 - LL
UL, 'Iorc ropces jor yericrut Scrvice — TICITIp

EN 1677 (all parts), Components for slings — Safety

EN 1993-1-1, Eurocode 3: Design of steel structures — Part 1-1: General rules and rules for buildings

EN 1993-1-8, Eurocode 3: Design of steel structures — Part 1-8: Design of joints

EN1

993-1-9:2005, Eurocode 3: Design of steel structures — Part 1-9: Fatigue

EN 1999-1-1, Eurocode 9: Design of aluminium structures — Part 1-1: General structural rules

EN 12195-2, Load restraint assemblies on road vehicles — Safety — Part 2: Web lashing made from man-
made fibres
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EN 12385 (all parts), Steel wire ropes — Safety

EN 13411 (all parts), Terminations for steel wire ropes — Safety

EN 13889+A1, Forged steel shackles for general lifting purposes — Dee shackles and bow shackles — Grade

6 — Safety

EN 14399 (all parts), High-strength structural bolting assemblies for preloading

EN 50172, Emergency escape lighting systems

3 Termis and definitions

For the pui
ISO and [E
ISO On

IEC Ele
3.1

poses of this document, the following terms and definitions apply.

[ maintain terminology databases for use in standardization at the following@ddresses:

line browsing platform: available at https://www.iso.org/obp

ctropedia: available at https://www.electropedia.org/

amusement device

arrangeme
patron (3.2
not covere

Note 1 to e
amusement

3.2

nt of equipment that produces the desired effect of amusément or entertainment when
6) moves through it or on it primarily by his or her own<action, or any other system th
[l by the term amusement ride (3.2)

htry: In this document, the term “amusement deviee®Ss used to refer to an amusement devic
ide (3.2).

amusement ride

device that

is designed to entertain the passengers (3.26) during motion including the consequeng

biomechanijical effect

Note 1 to eq
amusement

try: In this document, the term “amusement device” is used to refer to an amusement device (3.]
ride.

Note 2 to enftry: See ISO/TS 17929 for‘the definition of biomechanical effect.

3.3
attendant
competent
operation

34
barrier
device inte

berson (3.6).appointed to work under the supervision of an operator (3.25), to assist in
fa device available for use by the public

nded to prevent the user from falling and from passing beneath a barrier

the
it is

e or

the

Note 1 to entry: A barrier can also be used as a fence.

3.5

closed restraint
restraint in a position in which the restraint (3.35) is intended to remain during the operation of the
amusement device in order to restrain the passenger (3.26)

3.6

competent person
person who can demonstrate the knowledge and skills acquired through training, qualifications or
experience, or a combination of all, enabling that person to perform a specified task

© IS0 2023 - All rights reserved


https://www.iso.org/obp
https://www.electropedia.org/
https://standardsiso.com/api/?name=5ab0c4691eb1d6b7f98238a2d4621271

ISO 17842-1:2023(E)

3.7
controller
person or organisation having overall control of an amusement device (3.1)

Note 1 to entry: This may be either an individual or corporate body owning an amusement device (3.1) or the
concessionaire or lessee who has been granted control of the amusement device, by the owner, for a specified
period.

3.8

design review
document detailing the review of all the applicable design documents to determine the suitability for
use[of an amusement device (3.1)

bd scope of

s thereof),
ement ride

history of

vation

rail intended to prevent a user from falling

3.16
guest
person who interacts with an amusement device (3.1)

3.17
handrail
rail intended to assist the user to balance

© IS0 2023 - All rights reserved 5
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3.18

initial approval

design and calculation review process, including verification, examinations and tests executed by the
inspecting body before an amusement ride (3.2) is first made available for public use

3.19

latching restraint

restraint (3.35) which is held secure against opening except by intentional action of the passenger (3.26)
or the operator (3.25)

Note 1 to entry: This can include restraints (3.35) (e.g. drop bars) held in place by gravity, detents or other means.

3.20
locking restraint
restraint (3.35) which is held secure against opening except by intentional action of the operdtor (3[25)
or other means not accessible by the passenger (3.26)

3.21
machinery component
componen{which forms part of an assembly in which atleast one component moves (excluding vibrag
and defornpation)

—n

on

3.22
major motification
safety-relafed alteration to the hardware or software of an amifsement device (3.1), including|the
introductign of a new safety-related component (3.39) or the substitution of a safety-related component
(3.39), which results in a deviation from the current design specification

3.23
manufactyrer
individual for commercial entity responsible for a product with the view to placing it on the matket
under his/her own name

Note 1 to erftry: Any commercial operator that either places a product on the market under his/her own nante or
trademark ¢r modifies a product in such a way-that conformity with applicable requirements is affected, shpuld
be considergd as the manufacturer and should-assume the obligations of the manufacturer.

3.24
operation|and use risk assessment
OURA
document produced by the“controller (3.7) that details all of the considered risks inherent during all
modes of ajnusement deyice)(3.1) operation and the means taken to mitigate against them

Note 1 to enftry: This term’is explained in detail in 5.1.2.2.

3.25
operator
competentlp
device (3.1) when it is available to the publlc

3.26

passenger

patron

person using an amusement device (3.1)

3.27

passenger containment

components (e.g. seating, foot wells, handrails, passenger restraints) designed to prevent passengers
(3.26) from moving outside a predetermined area on a ride either as a result of biomechanical effects,
the ride forces or the reasonably foreseeable behaviour of the passenger (3.26)

6 © IS0 2023 - All rights reserved
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3.28

passenger reach envelope

reach envelope

physical space around a passenger (3.26) during a ride cycle while properly positioned, as defined by
the ride analysis, in the amusement ride (3.2) or amusement device (3.1) and limited only by the vehicle,
seat geometry and restraint system

3.29
passenger unit
PU

partor parts of an amusement ride (3.2) in or on which the passengers (3.26) are intended to ride

3.3p
permit
authorization to operate an amusement device (3.1) in a particular state granted by the legally
authorized body after successful approval and/or examination

3.31
platform
horjzontal or slightly inclined surface raised above the level of an adjacent area

3.32
reasonably foreseeable misuse
use|of an amusement device (3.1) in a way not intended by theydesigner (3.10), but which can fesult from
reaflily predictable human behaviour

Note 1 to entry: Annex F gives a non-exhaustive list of guestbehaviour.

[SOPURCE: ISO 12100:2010, 3.24, modified — "machine" has been replaced with "amusemg¢nt device",
Note 1 to entry has been added.]

3.38

redundancy
appllication of more than one device\or’system, or part of a device or system, with the dbjective of
ensliring that in the event of one failing to perform its function, another will perform that fupction

3.3
repair

resforation of components,or assemblies to a technically acceptable condition
Note¢ 1 to entry: See alsoSO 17842-2:2022, 4.3.8.3.

3.3p
restraint
sysfem, dewiee, or characteristic that is intended to inhibit or restrict the body movement and/
or maintain the body position to allow the passenger (3.26) to tolerate accelerations while on the
amuysement ride (3.2) or amusement device (3.1)

3.36
safe stop
stop of an amusement ride (3.2) in a safe way and in a final safe stable position

3.37

safety envelope

clearance envelope

area in which passengers (3.26) are prevented from being injured while moving in an amusement ride
(3.2) or amusement device (3.1)

Note 1 to entry: This is the passenger reach envelope (3.28) plus a suitable margin as defined in Annex H.

©1S0 2023 - All rights reserved 7
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3.38

safety-related control system

SRCS

assembly of components that can be electronic, electric, electro-mechanical, hydraulic, pneumatic or
mechanical combined to monitor and control a device so as to reduce risks to guests (3.15)

3.39

safety-related component
component of an amusement device (3.1) on which the safety of the passengers (3.26) is dependent as

identified i

n the design risk assessment (3.9) and/or the operation and use risk assessment (3.24)

3.40
service

replacement or replenishment and check of conditions of components, including fluids (which

designated

3.41
sideshow

booth or similar enclosed structure containing shows, activities or games for the entertainment of]

public, whe

3.42
spectator
person in
device (3.1]

3.43

structural
calculated
designer (3

3.44
sustained

to be replaced or replenished and/or checked at specified intervals

re the guest (3.15) is not transported in any way by the structure

are

the

he vicinity of an amusement device (3.1), either watching.the operation of the amusement

or waiting to access to the use the amusement device (3.1)

component
load bearing part which has not been classified as machinery components (3.21) by
110)

acceleration

accelerati
Note1toe

3.45

temporari
amusemen
exceed mo

3.46
thorough
procedure
device (3.1)

1

with duration greater than or equal to 200 ms

y: See Annex .

ly installed amusenrent device
device (3.1) desigried to be installed and uninstalled and whose installation period does
re than three mdnths

pxamination
b and investigations necessary for the inspection body to decide whether the amuse
can continue to be operated safely or whether it requires defects to be remedied immedi

or within g

specified time

3.47
trial run

proving run of an amusement device (3.1) during which no passengers (3.26) are carried

the

not

feiy
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4.1

4.1.

ISO 17842-1:2023(E)

Requirements for design analysis and examination
Design documents

1 General

The construction documents include all the documents required for the assessment of the stability and
operational safety of the device, including the Design Risk assessment (DRA). They shall be available
for any subsequent approval by the inspection bodies. These documents shall encompass all the design
conditions pertaining to the operation of the amusement devices or structures. A description of the

con
and|

4.1

See

4.1

Thd
in 4

equiipment, including the control system shall be listed. Thé description shall include de

par
det
des

equipment, work cycle and operating sequence and of any restrictions regarding the cirg

whi

4.1

Des
con

amyisement device. The drawings shall feature all the dimensions and cross-section values r

test
alsd

The

Ktruction, operation and operational safety, design drawings and a comprehensive str;
stability analysis as specified in 5.1.4 are required for this purpose.

Design risk assessment

2
5.1.2.1.

3 Description of design and operation of an amusement device

amusement device, in particular its design, modes of operation-and its structure shall b¢
his description. Adequate details of mechanical (hydraulie), pneumatic), electrical and|

ficular features of the device and of any alternative modes of installation which may
gn particulars and materials, motion systems, types of drive, velocities, accelerations

ch may exist, shall be described.

4 Design and manufacturing drawings

ign and manufacturing drawings_are required for all assemblies, subassemblies and
ponents, the fracture or failure¢ of which can endanger the stability or operational sg

ing and approval, including:details of materials, structural components, fasteners, conn
relevant velocities.

drawings shall include as a minimum, as applicable:

general drawing$in plan view, elevation and sections, in a legible scale, depending on thg
device; indieation of the necessary clearance around the moving parts;

detail dtawings showing all the structural subassemblies which are not clearly discern
generaldrawings, as well as detail drawings of connections and individual items of a
mechanical or electrical nature, which can affect the safety of the amusement dev

bss, fatigue

b explained
electronic
fails of the
exist. Also

hils of the main dimension and of motion spaces extending beyond these dimensions, Jimitations,

, electrical
le of users

individual
fety of the
bquired for
bctors, and

size of the

ible on the
structural,
ce and its

operation, shall be drawn to a larger scale. [llustrations of the following items may be ne

cessary for

©IS

this purpose:

— slewing gear, hoisting and swivelling mechanisms, including their support arrangements,

drives and controls, lifting and swivelling ranges;

carriages, gondolas and similar, illustrated in all the required views and cross sec

tions, with

details of the overall dimensions, the internal dimensions of importance to the passengers
(seats, side and back rests, leg and foot room), hand and foot holds and locking and securing

devices;

motion gear with details of load, guide, and upstop wheels, bearings, axles, shafts and their

attachment, freedom of movement in relation to the vehicle, steering and control, anti-rollback

02023 - All rights reserved
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devices, safety devices against derailment and overturning, buffers, trailer devices, protection
devices, drives and brakes and anchoring to the foundation;

— pneumatic and hydraulic circuits, and electrical and electronic wiring diagrams.

4.1.5 Principles of analysis

All calculated load bearing parts can be classified as either structural components or machinery
components.

The designer shall formalize the classification of all calculated load bearing parts before beginning the

analysis.

All design
standard. ]

This classi

Verificatio

a) ultimage limit states analysis;

b) fatigue

c) stabili

d) ifrequlired, verification of deformation limit states;

e) verific

f) dynam

The afore-mentioned verifications shall include at least the following details:

— design|
the cas
loads i
be spe

— main d

relatinfg to the assessment-of-the fatigue strength;

— details

— deternmyination ofithe most unfavourable (maximum/minimum stress and stress range) stre

and dd
calculd
by tes!

calculations for a particular component shall be consistent with a defined design
'he respective manufacturing requirements of design standards shall be taken intd’acco

fication guides the designer towards the appropriate analysis methods which«¢an be use

1 shall comprise the following:

limit states analysis;

'y limit states analysis: i.e. bar buckling, plate, shell and torsional buckling;

htion of safety against overturning, sliding and lifting off;

ic analysis (excluding seismic analysis).

e of moving parts, the velocity or the rotational speed and acceleration shall be stated. Spq
mposed during erection (e.g. parts walked on which are not designed for that purpose) sh
cified and separately listed;

limensions and cross-seetion values of all load bearing structural components and det

of materials and-components;

tails relating to the strength of the load bearing structural components and fastener
tion seems insufficient to evaluate limit states of assemblies, the analysis may be repla
ing'to the relevant testing standard. The testing laboratory shall conduct the appropr

loads, taking into account the possible operating conditions or alternative installations.

ase
int.

cial
uld

ails

Eses
s, If
ced
jate

numbs

r of tests, prepare samples, the testing procedure, the reporting according to the reley

[ant

European Standards or in absence of those to equivalent national standards;

— details of elastic deformations (flexure, torsion), when such details affect the stability or operating

safety

of the device;

— details of those structural components which require special examination and inspection in
accordance with 4.7.

10
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4.2 Selection of materials

4.2.1 General

Only materials in respect of which design data are featured in international and/or national standards
may be used.

Unless other materials have been established and proven for their serviceability, the designer shall give
special consideration to structural joints which are to be welded and the weldability of the selected
metals.

4.2)2 Recommended steels

4.2)2.1 General

Steg¢l grades for which standardized technological material data (mechanicalaand chemical properties)
are[featured may be used.

4.2]2.2 Steels for structural components
Steg¢ls used for structural components should be in accordance withbEN 10025.

Minfimum values are:

Yield: R,y =235 MPa
Ultimate: R, =350 MPa
Notch impact energy: K=27]atT=+20C, Charpy V specimen

Degending on the loads (impact and fatigue), the temperature and the thickness, the noftch impact
enefgy will possibly need to be increased;e.g. K= 27 ] at T=-20 C, Charpy V specimen.

Othler steel grades for which technological material data (mechanical and chemical prqperties) is
avajlable may also be used.

4.2{2.3 Steels for machinery and mechanisms

The steels shall complywith available technological material data (mechanical and chemical properties)
or guidelines, whieh meet the design requirements.

4.2]13 Aluminium alloys

Aluminium-alloys shall be selected in accordance with international and/or national standards and
intdrnationally accepted guidelines.

EN 1999-1-1 can be suitable.

Aluminium alloys with an elongation (rupture) of € < 8 % should be avoided for dynamically loaded
structures.

4.2.4 Timber

Selection of timber shall be in accordance with international and/or national standards or
internationally accepted guidelines.

EN 1995-1-1 can be suitable.
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4.2.5 Plastic composites

Plastic composites for which technological material data (mechanical and chemical properties) are
featured and the use can be approved in a traceable way may also be used.

4.2.6 Concrete

The selection of concrete grade shall be in accordance with international and/or national standards.

EN 1992-1-

1 can be suitable.

4.2.7 Fa
Bolts, screj

Property c

steners for structural components
vs and studs shall be in accordance with ISO 898-1 and EN 14399.

ass 12.9 shall not be used.

For machinery and mechanisms, other bolts according to appropriate internatiohial’and/or nati

standards

Rivets and
proven in 3

4.2.8 Ste

4.2.81 (

In additior
directly to
shall also 1

When rop
particular

4.2.82 S
Steel wire

Terminatig
Clamps for]

Componen

Shackles: H

ran be used.

blind rivets can be used when their capacity for the assigned purpose is experiment
ccordance with EN 1993-1-8 and 4.1.5.

indards relating to ropes, chains, safety devices, connéectors and adapters

feneral

to the calculation of the load-bearing capacity' of materials or accessories, which re
the safety of passengers or public, certificates, manufacturer’s markings or testing res
e provided.

s, chains, safety devices, connectons and adapters are used, the following standard
hall be referred to.

teel ropes

Fopes: EN 12385.

n for steel wire ropes—<— Safety: EN 13411.
wire ropes: EN13411.

s for slings7EN 1677 (all parts).

N 13889.

4.2.83 K

nal

ally

late
ults

in

ibre ropes

Fibre ropes for general service — Determination of certain physical and mechanical properties:

ISO 2307.

Fibre ropes for general service — General specifications: ISO 9554.

4.2.8.3.1

Polyamide

Synthetic fibre ropes

fibre ropes. Double braid construction: ISO 10554.

Polyester fibre ropes. Double braid construction: ISO 10547.

Polyester 3- 4- and 8-strand ropes: ISO 1141.

12
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Fibre ropes of polyester/polyolefin dual fibres: ISO 10556.
Mixed polyolefin fibre ropes: ISO 10572.

Fibre ropes — Polypropylene split film, monofilament and multifilament and polypropylene high
tenacity 3-, 4- and 8-strand ropes: ISO 1346.

Fibre ropes — High modulus polyethylene. 8-strand braided ropes, 12-strand braided ropes and
covered ropes: ISO 10325.

4.2.8.3.2 Natural fibre ropes

Fibfe ropes. Manila and sisal. 3-, 4- and 8-strand ropes: [SO 1181.

Fibte ropes for general service — Hemp: EN 1261.

4.218.4 Chains

Shofrt link chain for lifting purposes — Safety: EN 818.
4.3| Design loads

4.3]1 General

In general actions, load, design as well as any structural assumptions for load bearing partg of devices
sha|l be chosen in the following sequence:

a) |according to the provisions of this document;

b) |to an official national standard of the country of use of the device, only if superse¢ding local
conditions (e.g. wind, seismic) require it:

The following prevailing detailed rules;*adjustments and considerations in relation to byilding and
stryctural standards, shall be used(inyall general applications, due to the special nature of gmusement
ridgs and devices.

4.3]2 Permanent actions
For|lamusement rides and-devices the load assumption for permanent actions shall be determined.

Where variations€an’occur, the values Gy, and Gy ;¢ shall be taken into account when aspessing the
mof$t probable structural response. Elsewhere a single characteristic value Gy is sufficient.[The values
areldefined as,follows:

Gy characteristic value of permanent action;

ral L1 4 et ]
Uk,sup upptl tilalrdatitliostit valiuc,
Gyine  lower characteristic value.

The actual dead load of the load bearing structure, the accessories and the technical equipment required
for the operation, including cladding, fabrics and other decorative elements are included in the above
values. The wet and dry condition of material is accounted for in Gy s, and Gy ;.

The actual weight of machine components, electrical equipment, and passenger units like carriages or
gondolas shall be verified.
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4.3.3 Variable actions

4.3.3.1

4.3.3.1.1

Imposed loads

General

Imposed loads consist of the external loads and imposed deformations (e.g. imposed loads, gyroscopic
loads, dynamic loads, wind and snow loads, temperature or settlement) acting on a structural
component, which can vary in magnitude, direction and point of application (variation in time and
space) during normal operation.

4.3.3.1.2

4.3.3.1.2.1

On passeng

Vertically imposed loads (Q,) for each person over 10 years of age:

where

where

where
transfg
seats V

These stat
for overall

The above:
for larger g

NOTE1 1
For each pg
Qx=0,40K

Where the

indicated 4t the ride and jin:the manual.

4.3.3.1.2.2

Vertically imposed loads

Passenger-carrying units

Fer-carrying units (vehicles, cars, gondolas), the following loads shall be assumed.

Qy is 0,75 kN for all fatigue calculations;

Qy is 0,75 kN for static calculations for more than four passéngers per compartment;

brring members from the seat into centre assembliesfoxindividually supported or suspen
yith n = 1 to 4 passengers per single compartment.,

c loads are not an operational and general weight limit or requirement and shall not be y
calculations (e.g. sliding, overturning) of the-compartment or ride itself.

mentioned values of load assumptions.shall be corrected when using special compartmd
ersons.

'he designer can consider higher weight depending on the seat configuration and type of ride.
brson of 10 years or less:
N in both fatigue and static cases.

reduced loadings\for a person of 10 years or less are used, the restrictions shall be cle

Other vertical loads

The follow

for access lry foot.

ng yertical imposed loads (where gy is an area load) shall be applied for any area desig]

Qy is L35 kN - (n - 1) x 0,15 kN where 1 < n < 4 for static calculation only and the Joad

ded

sed

bnts

hrly

ned

Open to public access:

gy = 3,5 kN/m? for floors, stairways, landings, ramps, entrances, exits and other similar features
in rides and facilities;

Gy = 5,0 KN/m? for grandstands and their stairways and landings with fixed seats; and a supe-
rior value, if particularly dense crowds are anticipated for the above-mentioned
categories;

Gy = 7,5 KN/m? for grandstands and their stairways and landings without seats or non-fixed
seats; and a superior value, if particularly dense crowds are anticipated for the
above-mentioned categories;
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i = 2,0 KN/m? for the revolving or boom area walked on by the public during operation (load
and unload); or twice the full passenger load of all passenger units and carriages
according to 4.3.3.1.2.1, whichever is the more unfavourable, in order to make

the necessary allowance for change of passengers;

Qy = 1,0 kN/step for stairs; alternatively, an area load as listed above, whichever is the more
unfavourable;
g = 1,5 kKN/m? for seat boards of rows of seats per seat run and for floors between fixed rows of

seats, unless higher loads result from the application of arealoads (g, = 3,5 kN/

WA

Not

whi

4.3
The

b)
Wh

Wh

Wh

[z e wy

open to public access:

g = 1,5 kN/m? for all floors, platforms, ramps, staircases, catwalks, stages and ¢
which are walked over by individual person, or

Qx=15kN for individual loads,

chever is the more unfavourable.

3.1.2.3 Horizontal imposed loads
following horizontal imposed loads shall be applied for:

for raised platforms designed for access by foot, use’10 % of vertical imposed loads a
4.3.3.1.2.2;

barriers, parapets, fences, railings, wall panels; and other similar features.

en bounding floors intended for public access designed for gy = 3,5 kKN/m?:

Pk =0,5KkN/m at hand rail héight;

px=0,1kN/m at intermediate rail height.

en bounding floors intended for public access designed for g, = 5,0 kN/m? and g, = 7,5 kN
px=1kN/m at hand rail height;

px = 0,15 kN/m at intermediate rail height.

en boundirigfloors not intended for public access designed for g, = 1,50 kN/m?:

Px 7 0:30 kN/m at hand rail height;

D= 010 KN/m at intermediate rail height

ther areas

s stated in

/m?2;

For wall panels where there is no special handrail, the above values shall be applied at handrail height,

but,

4.3.

where appropriate, not higher than 1,2 m.

3.2 Driving forces and braking forces

Driving forces and braking forces shall be calculated for the drive and brake selected (e.g. d.c. motor,
three-phase a.c. motor, hydraulic drive), and they shall be used in the calculation. In the case of hydraulic
cylinders, the influences arising from start-up and braking shall be kept within manageable limits by
suitable design measures, and shall be taken into account in the calculation.

©IS
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In general, the braking and starting forces, B, shall be calculated according to the actual brake and
motor performance (acceleration/deceleration):

B=ay x(mv+mp) (0
where
a, isthe braking/starting acceleration;
m, is the mass of moving parts without passengers;
m,,  ifs the total mass of passengers according to 4.3.3.1.2.1.
In the casg of circular movements, the appropriate parameters shall be applied in FormulaA1). Gare
needs to bg¢ taken to allow for speed reduction units (e.g. transmissions, gearboxes). An eventual impact
factor shal| be taken into account (see 4.3.5.2).
In the casq of speeds not exceeding 3 m/s, the driving forces and braking forces'can be derived with
a,=0,7m s2, if a more precise evaluation is not carried out.
Emergency stop (E-Stop) is a static load case.
4.3.3.3 Bracing and restraint loads
Bracing arld restraint loads shall be taken into account when designing passenger restraints pnd
containmept, handrail or guardrail and bracing devices the passenger unit. All significant situatjons
during thq ride cycle including loading, unloading and emtergency situations shall be considefed.
Allowance(shall also be made for the forces caused by passengers bracing themselves against restrajints
and other jparts of the containment (e.g. footrests). The magnitudes of maximum bracing forces|are
dependent|upon the detailed design of the containment and as a result of passenger’s deliberate actipns.
However, fprces used in any calculations should neyer be less than 500 N per person.
4.3.3.4 VWind loads
4.3.3.4.1 |General
In general) standards for wind-actions on buildings and structures shall be chosen in the following
sequence:
a) accordling to the provisions of this document;
b) to an pfficial national standard of the country of use of the device, only if superseding lpcal
conditjons (e,g.wind, seismic) require it.
NOTE Tynamic effects due to wind can occur on flexible structures.
4.3.3.4.2 Wind loads out of service

The wind loads for permanently installed amusement devices shall be taken from the local wind code.

EN 1991-1-

4 can be applied.

The wind loads (out of service) for temporarily installed amusement devices may be reduced by
applying the following factor on the basic wind speed:

Cprob =

0,85 if the installation period is shorter than three months.

Additional shelter and/or strengthening means may be specified by the designer. In this case, the
designer shall provide detailed shelter and/or strengthening procedures and corresponding wind

speeds.

16
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4.3.3.4.3 Wind loads in service

The wind loads for permanently installed amusement devices in operating state (in service) shall be
taken from the local wind code, considering a basic 10 min wind speed of v}, = 15 m/s and a gust wind
speed (3 s gust) of 21 m/s, measured at a height of 10 m.

For temporarily installed rides, Table 1 shall be applied:

Table 1 — Gust wind speeds and pressures for temporarily installed rides

H (height) q velocity pressure Vwind speed
m kN/m?2 m/s
0<8 0,20 17,89
8<20 0,30 21,9
20 <35 0,35 23,7
35<50 0,40 25,3

Thg wind load area from the imposed load (e.g. the passengers’ envelope€)shall be taken intg account in
the|calculation.

4.313.5 Snow loads

Snow loads shall be applied in accordance with an official national standard of the fountry or
intdrnational standards.

Snofw loads shall not be taken into account for amuseniént devices if they are:

— |installed in areas where there is no likelihood of snow or operated at a time of the yeai] where the
likelihood of snow can be discounted;

— |designed and operated so that snow settling on the device is prevented;
— |operated while adopting preventative action which stops snow from settling on the device.
Thif last condition can be achieved if all of the following conditions are met:
— |sufficient heating equipment is installed and is ready for use;

— |the heating is starfed prior to snow fall;

— |the device is Heated in such a way, that the roof cladding has an external surface tempergture of not
less than +2\Con all parts.

A re¢duced_snew load of 0,2 kN/m?2 can be applied for devices on the overall roof area, where a snow
deptth notexceeding h = 8 cm can be ensured at any time by removing snow.

Thd above restrictions concerning snow loads shall be stated in the device log

4.3.3.6 Inertia forces (centrifugal forces, gyroscopic forces and Coriolis forces)

Inertia forces shall be determined according to the prevailing circumstances in each case.

4.3.3.7 Intentional collision during operation

The effects of collision loads shall only be taken into consideration in respect of the structural
components directly affected and their associated fixings.

Collision shall be assumed to occur at the most unfavourable point of the structural component
concerned, and the calculation shall be based on the mass of the fully occupied vehicle, m,,, except
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when intentional collision only can occur with empty vehicles. If collision can only occur at angles
a < 90°, the collision force F (in Newtons) shall be assumed to be

F=9,81xmy, xXsina (2)
where

m,,. 1s the mass of the fully occupied vehicle, in kg;

a is the angle between the vehicle and the structure.

Butin any fase, the value for the calculation shall be not less than

F=9,91xm,, x0,3 (3)

Alternativ¢ly, a dynamic analysis can be performed.

Where collfision is not intended to be part of the ride design or purpose, collision shall be assumed tp be
an accidental action (see 4.3.6.3).

Z

Figure 1 — Angle of collision («)

4.3.4 Selsmic forces

Seismic forlces shall only be considered by special requests; they shall not be combined with wind Joad
cases.

The need tp conSider seismic forces shall be documented in the DRA.

Seismic fotces shall he applied in accordance with an official national standard of the country or
international standards.

4.3.5 Applicable coefficients

4.3.5.1 General
Moving and/or varying loads induced by track bound passenger units for example, may amplify the

stresses of directly loaded structural parts. Therefore, load amplifying factors/coefficients for
individual or combined impact and vibrating effects shall be considered.
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4.3.5.2 Impacts

If impact forces are likely to arise in the structure or their individual parts during the travel motion (for
example from the rail joints or from abrasive wear), then the moving loads under consideration (dead
load and imposed load) shall be multiplied by an impact factor of not less than

=12

unless the type of structure demands an even higher value. If substantially greater impact forces (e.g.
due to rail joints) are ascertained during trial runs on the completed structures, and if these impact
forgesecammotbereducedtotheir dcaigu vatoe }J_y comnstt u\,tiuu, thernthe ilupat,t factorshattbe increased

accprdingly in a revised calculation.

Forfes arising from start-up and braking, e.g. in the case of hydraulic cylinders, are notleonsiflered to be
impact forces (but normal imposed loads); see also 4.3.3.2 in this respect.

4.3/5.3 Vibration of structural track components

In general, as a result of the vibration response of structural track components, e.g. the track of a roller
coapter, all resultant stresses shall be multiplied by the vibration coefficient ¢, =1,2.

If proof can be provided, a lower coefficient, 1,0<¢, <1,2, may be adopted. The following it¢ms may be
calqulated without taking into account the vibration coefficient;

— |supports or suspensions of the structural components'directly travelled over;
— |ground pressures;

— |settling;

— |stability and resistance to sliding.

Additional structural measures for certain structures can be required in order to reduce of attenuate
inadlmissible vibrations (e.g. resonanceg).

4.3/5.4 Combined impact and vibration factors

Onqg coefficient for combination impact and vibration effects can be used in the special case[when both
effdcts do not occur at the-same time and location. The internal member forces or stresses offall directly
loaded structural partsshall be multiplied by a combined impact-vibration factors of not lesf

P182=1,2

(e.g} rail tracks).

If thefimpact influence is known to be greater than 1,2, the individual impact factors ¢, shall be applied
witithe Teatistic value:.

4.3.6 Load combinations

4.3.6.1 General

The assessment of limit states for amusement devices shall be made using the following combinations
and partial safety factors.
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4.3.6.2 Fundamental combinations

The design values of the actions shall be combined according to Formulae (4) and (5):

2 Y66y
276Gk

Both cases

=31,35-G,
+2yQQk,i :21,1'Gk +21'35.Qk,i

shall be checked,

(4)

(5)

where

e =1,

Qi

The perms:
permanent

4.3.6.3 A

1,0-Gy

where

Accidental

Formula (7

4.3.7 Fa

Each parti3

B5  is the partial safety factor for permanent actions only (no variable actions);

10 is the partial safety factor for permanent actions together with one orymore vari
actions;

D0 is the partial safety factor for favourably acting permanent actions;
B5  is the partial safety factor for variable actions;

is the characteristic value of permanent actions;

is the characteristic value of the variable actions,

inent actions shall be taken into account with a“superior and an inferior value, if
action is variable.

lccidental combination

+4 +21,0-Qk',-

iis the characteristic valueofithe variable actions;

iis the design value of the-accidental actions.

actions (e.g. seismiC forces) only need to be considered by special requests. In such ca
) shall be applied:

ligue combinations

hble

the

(6)

ses,

part to be

] stress range contributing to a complete design stress spectrum of the respective indivigual
dimensioned shall be introduced in the verification by a partial safety factor for fatigues

actions

')/Ff 21,00

No combination factors shall be applied.

4.4 Stru

441 Ge

ctural analysis — Principles

neral

The structural analysis shall prove that the limit states shall never be reached due to any individual and
combined action given in 4.3. The limit states are defined by the design resistances.

20
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It shall be verified that the design value of internal forces or moments does not exceed the corresponding
design resistance of the respective part and that the ultimate and serviceability limit states are not
exceeded. For tests, see 4.1.5. Special consideration shall be given to the limit state verification
regarding deformation and stability for structures, where the deformation limit can be a decisive value.
Any favourable effect using the methods of the theory of the 2nd order (non-linear calculation of the
system on the deformed system) may be taken into account.

All verifications shall be performed for the most unfavourable loading. In this respect, the permanent,
variable and accidental actions, as well as the dynamic (inertia) forces, shall always be assumed to have
the position and magnitude which result in the most unfavourable limit states for the structural and
mechanical components to be analysed. For structural, mechanical components and items of equipment
which are not permanent fixtures, it shall also be ascertained as to whether more mafavourable
confditions are likely to arise when such items are displaced or removed.

Noij-standard formulae shall be recorded in writing with the symbols. The sources-of such formulae
shall be stated if these sources are publicly available. In other cases, the derivations of the formulae
sha|l be presented to such an extent that their validity can be verified.

If cgmputer processing for calculation is used, special consideration shall.be given to the requirements
for the review of computer calculations during the design approval. €lear information conferning for
example the software, formulae and units shall be submitted. Inputand output data of importance
for |[design shall be printed in their entirety. The review of such(galculations shall be peiformed by
ind¢pendent parallel calculations and/or independent softwarg, The correctness of the agsumptions
regarding the input and the output data shall be comprehensjvely reviewed during design approval.

Desdlign resistance, Ry, shall be evaluated according to Formula (7).

Ry
Ry=— (7)
™
whgre
Ry is the characteristicvalue of the resistance (e.g. material property);

Ym =1,10  is the partial safety factor of the resistance in static load combinations (ejg. material
property);

Ymr is the partial safety factor of the resistance in fatigue load combinations (4ee Table 5,
e.g. material property);

Yma =1,00  is'the partial safety factor of the resistance (e.g. material property) in accidental com-
binations.

For|materjals.other than steel the values for the available yy, shall be used.

4.4)2 Analysis principles for various types of devices

4.4.2.1 Conditions for calculating rotating type devices

Amusement rides and devices shall be calculated in operative, inoperative, fully loaded, partially loaded
and unbalanced conditions. One-sided loading shall be considered when only seats situated on 1/4 or
3/4 of the perimeter are occupied. The verification of the ultimate limit state shall be carried out for
these one-sided loading conditions.

The overturning moment caused by one-sided loading when seats on at least 1/6th of the perimeter
are occupied shall not exceed the stability moment in existence at that time, without taking the anchor
ties into consideration. For this one-sided loading, the fatigue strength shall be verified. This shall be
done also for a one-sided loading on 5/6th of the perimeter. The corresponding sector portions shall be

©1S0 2023 - All rights reserved 21


https://standardsiso.com/api/?name=5ab0c4691eb1d6b7f98238a2d4621271

ISO 17842-1:2023(E)

selected for the most unfavourable case, and the seats situated at the edge of the sector concerned shall
be included in the count.

An analogous procedure shall be adopted for multi-seated gondolas in lieu of single seats. If there
are 18 or more seats uniformly distributed around the perimeter, a higher one-sided loading may be
the determining factor in respect of an adequate safety against overturning in certain cases. In this
regard it shall be assumed that the ratio between My, o, (stabilizing moment) and Mgy 4, (Overturning
destabilizing moment) takes into account the partial safety factors according to Table 2.

If a device is also intended by design to rotate in reverse, then both directions of travel shall be taken
into consideration when dimensioning the components of the device.

4.4.2.2 Design and analysis principles for passenger-carrying units
hds,

that

The seats
imposed lo
no constra

hnd gondolas shall be sized by taking into account the forces resulting from“dead lo
ads and motion. If seats are mounted on pin joints, they shall be arranged in stich a way
nts can arise.

The fasten|ng of the seats onto outriggers shall also be designed for these forces:

hble
and
King
and

The arm r¢sts, back rests, safety straps, chains, ropes and associated locking-devices shall be cap
of absorbimg the aforementioned forces arising from the passenger load:yThe structure of seats
gondolas shall be designed and analysed in such a way that the forcesarising (e.g. start-up and bral
forces, impact forces, out-of-balance forces and forces exerted fromrthe passengers onto restraints
railings) aile securely transmitted into the structure and fatigue problems are excluded.

4.4.2.3

Roundabouts with several motions

4.4.2.3.1 | General

For round§
forces whi
velocities,

bouts, in which the moving parts arerotated about several axes in different planes, all
ch arise shall be determined. This shall be done by considering, as a minimum, the ang
centrifugal forces, Coriolis forces:due to the change of direction of one or more of

the
1lar
the

rotational fxes, gyroscopic forces, starting'and braking forces and any impact forces which can arige.

4.4.2.3.2 |Roundabout with planar motion only

Where the[roundabout undergoes planar motion with constant speed rotation about two parallel 4
only, the apsolute velocities‘and accelerations (taking into account the relative motions and Cori
accelerations) shall be calculated.

Xes
plis’

4.4.2.3.3 | Roundabouts with outriggers running on rail tracks

4.4.2.3.3.1]
unit

Roundabouts with arms centrally guided, with internal or external location of drijve

On such roundabouts, due attention shall be paid to possible constraints and the bending and torsion
moments in the arms which arise from the type of attachment of the gondolas or seats. The rails or
running track shall be sized in such a way that the deflection due to wheel load does not exceed 1/500
of the span between track supports.

4.4.2.3.3.2 Roundabouts without a central guide

Safety against overturning of the cars shall be ensured by banking of the rails or by safety rollers and
the like, or if necessary by both these precautions. In the first step the calculation of the safety against
overturning of the substructure with a total partial safety factor of at least y = 1,0, the anchorage in the
foundation soil shall not be taken into consideration. In order to reach safety against overturning with
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partial safety factors in accordance with 4.5.1, the anchorage may be taken into consideration in the
calculation.

4.4.2.3.3.3 Roundabouts with undulating track

On these installations, the inertial forces arising from the movement in space of the gondolas shall be
taken into consideration.

4.4.2.3.3.4 Roundabouts with several rotation gears

d Gyration

On aHa
es on the structure.

ford

In the case of rotary motions which are not positively actuated (i.e. either free spinning o1 passenger
actfiated or both), the effects of the individual rotation of the individual rotation geafs shall be
invg¢stigated. For boom type roundabouts (e.g. round-ups, twisters, hully-gullies)ywhere ggndolas can
risqg, the effects of the forces arising during vertical movement, starting up and braking, shgll be taken
intq account, with due consideration for any unfavourable effects of impact forces and fentrifugal
fordes.

In this context, the effects of the above-mentioned forces on each outrigger, on the complete rfoundabout
and on the safety against overturning of the roundabout shall beinvestigated for the most urffavourable
posftion in each case under static load combinations. The gefieral out of balance load assumptions of
4.3.3 shall be considered. Fatigue calculations in accordancéwvith 4.7.3 shall be carried out.

The telescopic jacks shall be supported without constrdint and shall be sized adequately to| withstand
buckling.

The same applies, if appropriate, for lift roundabouts. Unavoidable accelerations on the telgscopic jack
at the beginning and at the end of a lifting stroke’shall be taken into consideration by making a suitable
allowance for increased loading when the) roundabout components are being sized, uiless these
accglerations are attenuated with dampingelements.

operational lowering speed and in any case no more than 1,0 m/s. The requirements of 5.3.2.7 shall be

If }e pressure lines of the lifting cylinders fail, the lowering speed shall not exceed twice the normal
ied.

ap
4.4)2.4 Roller coasterswith rail track-bound vehicles

4.4{2.4.1 General(dynamics)

The longitudinal*gradient of the rail shall be limited in such a way that the resultant force at angles
perpendiculap to it does not fall below 0,2 g. This value also applies for the passenger unjfit with the
highest speed in the case of trains. If the resultant force falls below the above value, the passengers
sha|l bessecured against lift-off in accordance with 5.1.7.2.2.

The maximum transverse inclination of the rail, at the spots at which the car is likely to come to a full
stop for operational reasons (e.g. at safety brakes), shall be limited to a maximum value of 25° unless the
design of the passenger containment system and the biomechanical effects analysis allow for a higher
value. The path of the rail track shall be designed in such a way, that the instantaneous theoretical step
in acceleration is limited to 2 g. This is related to the centre of mass and does not exclude the necessity
for other calculations to be made for accelerations on passengers’ bodies. The velocity, accelerations
and forces can be determined for the centre of mass. The overall centre of mass may be used where
there are multiple coupled cars.

A simulation of the motion over the time shall be carried out in order to determine speed, accelerations
and forces.
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Because the friction coefficients are subject to considerable variations in magnitude as a result of the
running in time, the design, the surface finish of the rail and the weather, it is necessary to carry out a
measurement of the actual velocity and accelerations. The data of the measurement shall be in the limit
of design.

To determine the individual wheel forces, additional calculations are necessary.

For high speed track having tight loops or helices, the need for rigid body dynamics shall be considered.

4.4.2.4.2 Supporting framework

Effects of gettlement shall not be taken into account for fatigue calculations.

For exposeld support columns without cladding anchored by the continuous rail in the overallstructpre,
the assessment of the wind load may be ignored for the verification of the stability and ef the safety
against sliding.

The safety] of the installation against overturning, when it is subjected to wind lead need not be
verified as|a general rule, unless exceptionally large horizontal forces are likely toarise, as a result of
a particuldrly unfavourable shape, exceptionally large wind load areas of the framework compong¢nts
(decorations, lighting strips), or as a result of partial or total cladding of the framework or track.

4.4.2.4.3 |Passenger units

All forces drising in the chassis and superstructures shall be followed in the calculation from their ppint
of origin, down to the supports. Thus, for example, in the casé«of passenger units with one oscillafing
and one rigid axle, the moments from forces transverse to thexar above the oscillating axle, can only be
absorbed Yy the rigid axle.

Forces tramsverse to the car, for example, can only be¢ransmitted through wheels which run agajnst
the side of fhe rail.

If the load wheels are not designed in such a.way that they are also capable of absorbing lateral forices,
then specigl guide rollers shall be providedfor this purpose.

The vehiclgs shall be equipped with devices for the prevention of derailment and lift-off. Safety devjices
against lifttoff (rollers or claws) shall int any case be calculated for the actual forces acting on them|. As
a minimumn they shall be sized for 50 % of the fully loaded vehicle weight, even when there is no lift{off.

4.4.2.4.4 |Brakes

Each stopping or speedxegulation brake (at the end of a descent, stopping after each journey) shalll be
designed in such a way that the braking deceleration does not exceed a maximum value of 5,0 n}/s?.
Greater defelerationhvs permitted on condition that special devices for the protection (e.g., lap barg) of
the passenger afe-provided; see 5.1.7.2.

Safety brakes-shall be arranged for the planned minimum distance between successive cars or trains
in such a way that there will always be sufficient braking elements between any two cars or trains to
prevent collision.

Each safety brake shall be designed in such a way that the braking deceleration does not exceed a
maximum value of 7,0 m/s2, unless a greater deceleration is permitted in which case special devices for
the protection (e.g., lap bars) of the passenger shall be provided; see 5.1.7.2.

Fatigue need not be considered for safety brakes, which are only operated in emergency cases. The
maximum deceleration shall be assessed by using the highest attainable friction coefficient for the
selected brake surface materials with the minimum load.

With regard to the sizing of the effective deceleration length, it shall be assumed that the car is still
able to come to a full stop, when applying a safety factor of 1,2 (related to the friction coefficient), to
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the minimum friction coefficient experienced due to weather influences, wear, maximum speed and
load. The limiting values shall be checked on the finished installation. During such tests the minimum
friction and maximum speed shall be produced as far as possible using wet rails, wet brake elements
and wet fins.

Spe

ed regulation brakes shall be calculated by using fatigue load cases.

4.4.2.4.5 Anti-rollback devices

Installations, on which the cars or trains are conveyed on the ascent ramp by means of chains, ropes,

fric

bac

Wh
the
dev

HoV

through the station then safety devices against running back can be omjtted from the ascen

Wh
may
blo

Wh
safd
the

The
roll
Thi
(cm
sha
load

The
If tH

ion wheels or hy Qp]f-prnpnlqinn shall he prnvidpd with either safety devices to preve
ik, or with automatically acting brakes to prevent running back.

bn several cars or trains are planned to be at the same time on the section of track§ituatg
end of the lift or ascent ramp and the station, or the brake situated before the’station,
ices to prevent running back shall also be fitted in the uphill sections of the track after th

vever, if a passenger unit or train is intended to be able to travel backwards along the

' be dispensed with, on condition that the individual track sections are safeguarded by
k-zone system, with automatically controlled brakes.

en it is intended by design that only one single car or gné single train be on the track on
ty devices against running back can be omitted from the uphill stretches after the valle
car is intended to roll backwards.

back device with a sudden impact, an impaet factor shall be assumed for dimensioning
5 value shall be at least one half of the vertical maximum running back height [h in c

], if no exact verification is carried out,and in any case shall not to be less than 2,0. A lo
1 be assumed for dimensioning purposes where Q is defined as the dead load of the car p
| of passengers (fully loaded roller coaster car).

¢=>0,5xh

2,050

two conditions-above shall be satisfied.

e deflection-is known or can be determined reliably, the Formula (8) shall be applied:

O AN 1+2—_h
dp sina

nt running

d between
hen safety
e valleys.

track and
ramps.

bn several cars or trains are on the track, safety devices againstrunning back on the uphiill sections

a fail safe

e at a time,
ys or when

fatigue strength need not be verified for the anti-rollback devices. If the car is stopped by the anti-

purposes.
entimetres
ad of o x Q
lus the live

(8)

where

©IS

6y  isthe total deflection of the centre of mass along the slope;
a is the slope angle (see Figure 1);
h is the height (see Figure 1).
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Figure 2 — Impact factor/running back elevation
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in the calcylations for'\the vehicle, the rail and the supports.

If the later
undamped

lata and/or dynamic analysis can also be used to determine impact forces.
her railways with track-bound vehicles

nventional railways

al railways are, for example, children’s railways, children’s traffic gardens, ghost railw
" installations, with both conventional and suspended vehicles.

ays

ements outlined in 4.4.3 shall apply for dimensioning and for the operating safety, as fafr as

ders and supports form an integral part of the roofing structure, fatigue loading dug to

loads shall be taken into account during the design.

9%

yays which have more than one level shall haveanti-rollback devices in the rising sectipns.
ed sections, the necessary brake device to control velocity and de-railing shall be provided.

spended railways (or coasters)

5 of the dynamic behaviour of track-bound rides having suspended cars with one (or m
f freedom to swing or rotate, shalbbe conducted.

bre)

vith
Fion

ded railways, free spaces of-an order of magnitude of the calculated swinging motion,
hfety margin, shall be previded both to the excursion side and to the opposite side, in addi
ance for rail track-bound’'vehicles specified in 5.1.7.1.

safety margin shall-be not less than 20 % of the calculated angle of swing, with a minir;rum
°. The oscillation-behaviour shall be taken into consideration when calculating the angle of

acceleratiods-arising from the oscillatory motion of the gondola shall be taken into accqunt

nl oseillations of pendulum gondolas are damped, and if the clearance is inadequate fof
osCillation, pendulum movement limitations shall be provided. This pendulum move

an
ent

limitation

At the beginning of route sections in which pendulum gondolas are guided (e.g. in the region of
passenger transfers) guides shall be provided, which are capable of grasping the gondolas at least twice
the value of the calculated angle of swing, and of guiding them in as smoothly as possible while taking
into consideration the travelling speed.

The DRA shall determine the method, if required, of locking pendulum gondolas for the purpose of
passenger transfers (e.g. suitable dampers).
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4.5 Verification of stability

4.5.1 General

Proof shall be provided of safety against overturning (see 4.5.2), sliding (see 4.5.3) and lifting (see
4.5.4) of amusement devices and their components. Favourably acting imposed loads and dead loads
of components and accessories which are not always present shall not be taken into account, when
providing proof of safety against overturning, sliding and lifting. Only the lowest value of continuously

acting favourable influences including material variations (e.g. G, Gin¢) shall be taken into account.

For a a¥a’ l. a 11 1 alVaWla a ava' ll.. a aVallha' a .- e a

sundations; al-available-data—sha 9 ailing sof 4.5 1A frost-free
foundation for amusement devices is only required in cases where lifting or lowering/settlling due to
frogt can lead to damage or failure.

Only the lowest value of continuously acting favourable influences shall be taken inte account.

If an adequate degree of safety cannot be achieved by virtue of the dead load®fa structure plone, then
further additional steps shall be taken to ensure it, such as counterweights, anchors and butfresses.

As the weight of amusement devices can be determined and verified aceurately, the safety factors can
be determined more precisely as defined in Table 2).

Table 2 — Safety factor against overturning, sliding and lifting

Loading? y

1 Favourably acting proportions ef‘the dead load 1,0

2 Unfavourably acting proportions of the dead load 1,1

3 Unfavourably acting wind loads 1,2b

4 Accidental\combinations 1,0

5 Unfavourably acting proportions ofloads other than the loads listed in items 2, 3 and 4. 1,3
a  |Ifloads are resolved into components, therrthese components shall be multiplied by the same value of y.
b IFor devices higher than 20 m, y = 1,2 shall'be replaced by y = 1,2 + 0,3 x (h - 20)/40 where h is the total height of device
in nmpetres. For devices higher than 60 m y = 1,5 shall be used as a minimum.

4.5]2 Overturning

The safety against overtiirning shall be calculated using Formula (9):

XY MRy, sto 2 XY My gst 9)
wheére
Y, are the partial safety factors in accordance with Table 2;

Mgy stp  are the stabilizing moment proportions;
Mgy 4s¢ are the overturning destabilizing moment proportions.

Care shall be taken to ensure that the loads entered in the calculation can be accommodated by the
shear stiffness of the structure.

4.5.3 Sliding
The safety against sliding shall be calculated using Formula (10):
u-XyN =Y yH, (10)
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where

y are the partial safety factors in accordance with Table 2;

Ny  are the vertical load components;

H,  are the horizontal load components;

u is the coefficient of friction in accordance with Table 3.

The coefficients of friction in Table 3 may be assumed for the determination of the frictional forces,

unless hig
moisturer

Table 3 — Coefficient of friction u

her values determined by tests are available in individual cases, or unless the effedt of
bquires the adoption of lower values.

Wood Steel Concrete
Wood 0,40 0,40 0,60
Steel 0,40 0,10 0,20
Cdncrete 0,60 0,20 0,50
Clay? 0,25 0,20 0,25
[Joam? 0,40 0,20 0,40
Sand hnd gravel 0,65 0,20 0,65
a  Of consistency of stiffness at least in accordance with ISO 14688-2.
[t shall be laken into consideration that loosening by vibratieh can occur in the case of supports subjject
to vibrating stress.
If stability [is not obtained by static friction alone, then the structure shall be anchored in the ground. In

such cases
Under theg

the calculation at 70 % of the listed values.

g2yl
where
g=0,7

Zna

4.5.4 Lifting

The safety

]k +Zh,d Zzka

il and u is thé-coefficient of friction in accordance with Table 3;

is the;horizontal design load bearing capacity of the anchor (see 4.6).

against lifting shall be calculated using Formula (12):

the safety against sliding shall be calc¢ulated in conjunction with the action of soil anchpors.
e conditions, the coefficients of friction in accordance with Table 2 shall only be enteref in

11)

2 YNRkstb = XY NEg dst

where

Y
N Rk,stb

NEk,dst

28

is the partial safety factor in accordance with Table 2;

are the vertical stabilizing load components;

are the vertical lifting destabilising load components.

(12)
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h anchor ties, the following relationship shall be applied:

2 YNRk,stb + Zv,d 2 2 yNEd,dst

where Z, ; is the vertical design load bearing capacity of the anchor (see 4.6).

4.6

4.6.

Ground anchorages

1 General

(13)

Var
for
cala

Con
anc

Wh

restilts of a calculation, loading tests or other acceptable evidence shall be provided.

4.6
Wh

ying soil conditions and the type of loading require the following experimentally asseg
anchor ties to be applied, which already include inherent partial safety factors. The
ulation principles shall be used. Subclause 4.6 is applicable and restricted to:

weight anchors, e.g. ballast bodies placed on the surface of the ground or bufied;

rod anchors, e.g. metal rods fitted with eyelets or with an upset head, iot’permitted iy
installations.

cerning special anchors such as wing anchors, folding anchors, screw anchors and sec
hors, the determination of their load bearing capacities requiresyloading tests.

bre rod anchors shorter than 80 cm are used for subordinate devices and are require

2 Design load bearing capacity of weight anchors

bn calculating the design load bearing capacity-of fully or partially buried anchors, the pa

sed values
e following

long-term

ional steel

d from the

ssive earth

pregsure shall only be taken into account on;the condition that the anchor is capable of performing
smgll displacements and rotations without.any danger to the structure, and that the fourjdation soil
chafacteristics are known sufficiently.
4.6{3 Design load bearing capacity of rod anchors
The design load bearing capdcity of simple rod anchors with a circular cross section dnd with a
minimum driving-in depth-0f-80 cm shall be determined in accordance with the empiricgl formulae
given in Table 4.
Table 4 — Design load bearing capacity of anchors Zg
fAngle of acting tensile force to the vertical Design load bearing capacity of rod an¢hors
B ZRd
N
A 4 ’
R=0Q° Zgg = froaq ~dl' = 6,5dl
' for stiff cohesive and for dense cohesionless soils
A ’ ’
g0 Zng 2 figag dl'=8,0dl
for very stiff cohesive soils
g3 45° Zag 2 fioaq A’ =10,0dl
for cohesive soils of at least medium to stiff consistency
A ’ ’
B = 45° ZRa = fioaq ' =17,0dl
for dense cohesionless soils
0° < B < 45° The load bearing capacity for the soil types shall be deter-
mined by interpolation (see Figure 3 and Figure 4).
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The symbols used in Table 4, Formula (14) and Formula (15) and Figure 2 and Figure 3 are:

Zra =2y /M is the design load bearing capacity of the anchor, in N (Newtons);
Z, is the lowest value of the test due to 4.6.4;
Ym=15 is the partial safety factor for a material property, also accounting for model

Zy rd

ZV,Rd
d

v
a
B
fioad

The formulae in Table 4 are only valid on the condition that the anchorwill “pull” when driven in.
B = 0°the friction shall be effective along the entire length of the rod;for = 45°, the angle of penetra
0°. At this driving-in angle, the obliquely loaded anchotwill reach its maximum design load
bearing capacity. In order to prevent any bending of anchors subjected to shear loading, the follow

a shall be

minimum

d. . =

min

with I’ in c.

The point
as close to

30

certainties and dimensional variations;

is the horizontal design load bearing capacity of anchor, in N;

un-

is the vertical design load bearing capacity of anchor, in N;
is the anchor diameter, in cm;

is the depth of penetration (minimum length 80 cm);

is the angle of penetration;

is the angle of acting tensile force to the vertical;

is the factor for determining the load bearing capacity of rod anchors.

q

Iiameter shall be respected, for simple round steelrod anchors:

,0251' + 0,5

f application of the force on rodanchors subjected to bending stress shall be situated eif
the ground surface as possible, or’beneath it.

2 Z,4 Zy
Zy

Dimensions in centimg

For
[ion

ing

14)

her

tres

0

Figure 3 — Rod anchor
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Figure 4 — Factors for determiningthe load bearing capacity of rod anchors

4.6/4 Testing of anchors (numbering)

The calculated design load bearing eapacities may be exceeded, if this can be substantiated|by loading
tests, or if experimental data relating to the installation site are available. When test loading an anchor,
at least three tests shall be cafried out. A safety factor of y = 1,5 shall be applied to the lowes} test value
(Z,) in order to determine the design capacity (Zp4) in subsequent calculation. The design ldad bearing
cappcity determined in this manner shall not result in anchor movement which can result |n stresses,
defprmations or instability which cannot be accommodated by the structure.

If the foundation“conditions are comparable, loading tests carried out in another locatipn may be
adopted for substantiation purposes.

The safety—factors featured in Table 2 shall be taken into consideration when determining the
permissible load.

4.6.5 Calculation of loads on anchors

The resulting load Z_., acting on the anchorage shall be determined by vector summation, taking into
account the partial safety factors as shown in Table 2. This load Z,¢ shall be less than the permissible
loading of the anchorage according to 4.6.3:

Zres Z}/ZSZRd (15)

See also Figure 5.
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| a

ZZ X E= Z"es

yxZg

Z; favourably acting resultant of permanent actions;
Zyy unfavourably acting portion of variable actions;

y  safety fhctor in accordance with Table 2;

B angle of acting tensile force to the vertical.

Figure 5 — Anchor loading

4.6.6 Further requirements

When displacements in excess of 2 cm occur onloaded rod anchors or similar devices, the load beafing
capacity of the anchor is no longer fully enSured. An increase of the resistance against pull-out failure
can be achjeved either by means of additional anchors or by driving in wooden wedges. In the cade of
pure tensile stress in the direction of the axis of the rod anchor, the danger of a complete failure of|the
anchor ariges when very small moyements occur.

The foot of|the anchor (pointed tip) shall not exhibit any widening of the cross section in the case offrod
anchors, sd as to prevent anywreduction of the skin friction in the zone of the anchor shank.

After the driving in of arod anchor, the soil on the surface shall be tamped against the anchor, as falr as
practicabld, in order torprevent the infiltration of surface water.

If groups qf anchers are used, each individual anchor may only be assessed in the calculation af its
full, calculpted load bearing capacity on the condition that the spacing between adjoining anchors
amounts t¢ not less than five times the anchor diameter. Dynamic loads can lead to the loosening of an
anchorage, consequently, repeated checks of the anchors are essential. For groups of anchors consisting
of more than six anchors, the load bearing capacity of such groups of anchors has to be verified by
calculation. Without further verification, an angle of excavation of 45° starting from the outer anchor
can be assumed for this calculation.

4.6.7 Ground support for packing

Only small contact stresses are permitted for packing, because of the lack of embedding in the soil
and also because of the relatively small bearing widths used in practice. Packing is subject to sink into
the soil and cause considerable settlements. Packing shall be kept under observation when placed on
particularly yielding soils. In the event of yielding or loosening, an underlay shall be provided and the
bearing surfaces shall be enlarged as necessary.
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For a foundation soil with a low load bearing capacity, additional measures shall be adopted. If
several elements are laid side by side without any gaps in order to increase the bearing widths, an
interconnection shall be created, e.g. by cross-stacking.

For a foundation soil which can be travelled over (e.g. by trucks), the following design soil pressures can
be used in the calculation for square and rectangular packing with dimensions:

1<il/b<3

where
l is the length of packing in the ground contact zone;
b is the width of packing in the ground contact zone;

b =20 cm: P=100 kN/m?;

b =30 cm: P=150 kN/m?

b =40 cm: P =200 kN/m?%;
p is the design value of the allowable soil pressure (resistance).
Intgrpolation should be conducted for intermediate values.

For| installation on strengthened (consolidated) locations, higher design soil pressures can be
confidered.

NOTE When using the design soil pressure value,all the partial load factors are set to y,; = 1,0 apd y; = 1,0.
4.7| Verification of strength

4.711 General

A djstinction shall be made between predominantly static stress and predominantly fluctuafing stress.
Flu¢tuating stress occurs bothiin the form of pulsating stress (stress which fluctuates yithin two
limfting values without any(change of sign,) and in the form of alternating stress (stress whiclj fluctuates
betiveen two limitingcvalues and changes its sign). For both situations, the stygess range
Acol=max o -mino issignificant for the calculation.

gue calculatioh 0f welded structural items shall be performed based on the stress range [Ac concept
If the minimumife time requirements in 4.7.3.1.4 are applied and a partial safety factor agcording to
Table 5 at 95%'survival probability or equivalent is maintained, EN 1993-1-9, EN 13001-3-1+A2 or other
equfivalent;standards can be used.

The resistance of notch details shall be determined as statistical value with 95 % of survival probability

canfidanon 1ot ol ST 0/
and coTrmracrceTIrcCrvar or 7o /0.

The resistance of welded notch details may be improved (only weld transitions) by post-weld treatment
(e.g. TIG dressing, hammer peening or grinding).

The minimum life time requirements in 4.7.3.1.4 with at least the partial safety factors of Table 5 shall
be considered.

Structures subjected to fluctuating stress which are likely to be exposed to more than n = 104 stress
cycles during their expected service life, shall be dimensioned by calculation of fatigue strength.

NOTE Recognized state of art literature such as the Forschung Kuratorium MaschinBau Analytical strength
assessment of components in mechanical engineering (FKM) guideline can be used.
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4.7.2 Predominantly static stress
Permissible stresses of materials used for structural components shall be taken from 4.2.

With regard to general stress analysis of machinery components made of steel, including components
which act simultaneously as structural components, Formulae (16) and (17) shall apply:

ReH

Ry< (16)

Ymo

and

Ry<— 17)
Ymz

Ry is the design material resistance;
Ry is the yield strength;

is the ultimate strength;

pu

Ymo =1 is the partial safety factor for elastic strength resistance (yield);
Ym2 =15  isthe partial safety factor for ultimate strength-resistance when R,;/R,,, < 0,75;
Mz =4,0  is the partial safety factor for ultimate strength resistance when R,4/R,,, > 0,75.

The smallgr of the two R4 values above shall be used.
4.7.3 Flyctuating stress
4.7.3.1 Hatigue assessment of structural components

4.7.3.1.1 | General

An assessment of fatigue life as@yesult of repeated fluctuation of stress shall be carried out.

4.7.3.1.2 | Partial safety-factors for fatigue where EN 1993-1-9 is specified
For fatiguelloads, a pavtial safety factor shall be applied:

Vee= 1P

The follow BE valuac fortha pam—inl c-q{-‘na-y factorsforsteelshallbe applinrl.

Table 5 — Partial safety factor for fatigue resistance in stress range concept

Examination and access Rupture will not affect collapse | Rupture will affect collapse

Structural part accessible during regular

thorough examination Yue= 1.0 yme= 11

Structural part not accessible during
regular thorough examination

)/Mf= 1105 YMfz 1,15
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4.7.3.1.3 Fatigue loads

When calculating Ao or Az, the influence of dead loads which do not change in position, the components
of variable actions which do not vary in time and position, snow loads, temperature loads, loads due to
assembly and wind loads (without induced oscillation) need not be considered.

In the case where wind loads induce oscillation, the wind pressure can be set to 50 % of the in-service-
wind loads (4.3.3.4.3), if there is no other calculated critical value of the wind pressure due to the wind
speed, at the natural frequency. An investigation of wind induced oscillation shall be performed to
evaluate additional fatigue loads.

WhEn calculating Ac or At, the following actions shall be taken Into account as a minimumny;
a) |dead loads with change of position;

b) [moving imposed loads;

c) |driving and braking forces according to 4.3.3.2;

d) |load coefficients for impact and vibrations of parts directly travelled-over;

e) |intentional collision forces;

f) |inertia forces;

g) |centrifugal and Coriolis force;

h) |gyroscopic effect.

Where there is movement of dead loads, when assgssing Ao or At (e.g. for lifted booms), thgd maximum
and minimum stresses shall be calculated including dead loads according to Formulae (18) and (19):

(18)
(19)

For|amusement devices with-a'similar periodic loading, such as roller coasters tracks, roindabouts,
ferilis wheels, the amplitude stress Ao can be assumed as equivalent constant amplitude|stress 4oy
according to EN 1993-1-9:

If uhbalanced load conditions have to be considered the stress range due to 1/6 and 5/6 onefsided load
according to 4.4.2{I"shall be assumed for 100 % of fatigue life.

NOTE E.g-r'etational rides, Ferris wheels and carousels.

4.7{3.147-Number of load cycles

Th\, fatigun assessHent CF lead-bearinsparts—shall-considerthefolowins hnm]r\cw of lnqd CYCleS, if no

TS T O S ST I STITCTT T TOOC OCOT IS Pour to Jolit COTSTOCT CrICToTo vy I g oot o oo™

more precise calculation about load cycles and life time can be provided.

a) Fatiguelimitat 35 000 h: Atleast 35 000 operating hours shall be assumed in the fatigue calculation
of amusement devices not including loading and unloading time. The number of load cycles shall be
determined for each specific amusement device and its components.

b) Endurance limit: Safety-related components shall be designed for endurance limit. In this context,
the stress range Aoy, is understood to be the constant amplitude fatigue limit. When no stress range
is higher than Aoy, for the respective detail category, infinite fatigue life can be assumed. If no detail
calculation of the load cycles will be provided endurance limit life calculation shall be used.

c) Standard products: Mass-produced replaceable safety-related machinery components used as
structural parts (e.g. bearings and slewing rings) for which company standards are available, are
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excluded. These shall be dimensioned for atleast 5 000 operating hours. The replacement frequency
of components shall be based on the calculated lifetime in hours or number of cycles. A theoretical
lifetime calculation shall be submitted. Any safety related standard product item with a wear limit
of less than 5 000 operating hours shall be mentioned in the manual.

4.7.3.2 Fatigue assessment of machine component (welded and non-welded)

Machine components are, for example, axles, pins, shafts, wheel bogies, coupling bars and restraint
bars.

Assessme
or guidelines, e.g. FKM or FEM 1.001 (Fédération Européenne de la Manutention).

Fatigue asqdessment is requested for parts with more than 10 000 load cycles.

Vehicles anjd trains for track-bound amusement devices shall be analysed by using the full, impdsed
load for th¢ complete fatigue life.

4.7.3.2.1 |Fatigue resistance
The fatigug¢ resistance shall take into account:
a) material strength;

b) constrjuction parameters;
c) size effects;

d) shape gffects;

e) corrosjon influence;

f) surface influence;

g) alternate strength;

h) endurdnce limit strength;
i) service strength.

The strengfth values shall consider notch case and stress ratio.

4.7.3.2.2 |Fatigue stress

Nominal stlress or structural stress shall be used for fatigue assessment. Stresses shall be determined
in accordance withthe general principles of stress analysis.

Nominal stiréss method can be used for beam like systems. Nominal stresses o, T shall be investigated.

Structural stress methods and notch stress methods based on finite element analysis are possible for
shell or volume investigations. Minimum and maximum principal stresses may require investigation.

4.7.3.2.3 Partial safety factor

The partial safety factor depends on the standard or guideline used.

4.7.4 Bolts

Bolts conforming to ISO 898-1, ISO 4014, ISO 4016, ISO 4017 or I1SO 4018, nuts conforming to ISO 4032
and bolt and nut assemblies to EN 14399 (all parts), assigned to property classes 4.6, 5.6, 8.8 and 10.9
shall be used.
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calculation of limit states shall be made in accordance with EN 1993-1-1.

Where EN 1993-1-1 is not applied, the following shall be used for bolts assigned to the property grades
referred to in Table 6 and Table 7.

Bolted connections with bolts subject to vibrating forces normal to the axis of the bolt shall provide
means to inhibit transverse displacements of the connecting parts either by the provision of shear
keys, pins, cotter pins, bushes or by using tight-fit bolts or by providing a friction-type connection

considering a friction coefficient of 2/3 min. u.

The value to be adopted for min. uy shall be the lowest coefficient of friction, which can occur in

Bol
the)

The

For

Table 6 — Design shear stress 74 for a predominantly static stress per bolt, and for a

operation under the most unfavourable conditions.
In the case of single-shear joints, the eccentricity shall be taken into consideration(
Permissible shear strengths in accordance with Table 6.

Permissible calculated pressure on the face of the bolt hole for shear begring pressu
accordance with EN 1993 (all parts) (or in absence of this with equivalent national sta
non-prestressed bolts.

Permissible additional transmissible tensile force in the direction of the bolt axis per |
bolt or fitted bolt in accordance with Table 7; with F, in accofdance with Table 6; a pa
factor of y; =y = yg¢ = 1,0 can be applied.

Permissible pre-stressing force and tightening torques.in accordance with Table 6.

s in connections designed for transport or dismantling may be used again on the con
F have not been stressed beyond the yield point:

torque values shall be confirmed by the belf#manufacturer or the supplier.

area perpendicular to the axis of the bolt

e joints in
hdards) for

restressed
Ftial safety

dition that

detachable joints of structural devices.6ther bolts with the same material properties maly be used.

shearing

Property class 8.8 10.

Design shear stress, 7, N/mm? 300 36
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Table 7 — Pre-stressing forces and tightening torques for bolts — ISO 4014, ISO 4017, I1SO 4032,

and EN 14399-3, EN 14399-4, EN 14399-6

Tightening torque M, (Nm) for | Tightening torque M, (Nm)
. property class for property class
Thread Pre-stressing force F, (kN) for Bolting assemblies according .
see property class to EN 143993, EN 14399-4 | BOlts according to 150 4014,
and EN 14399-6
Surface condition:
hot galvanised and MoS2
Tubricated nut
or Slightly oiled u = 0,14 (as bu]lt)
as built and MoS2 lubricated nut
©u=0,10

8.8 10.9 8.8 10.9 8.8 10.9
M 122 35 50 70 100 80 120
M 162 70 100 170 250 210 300
M 202 110 160 300 450 410 590
M 222 130 190 450 650 520 760
M 24a 150 220 600 800 660 970
M 272 200 290 900 1250 1000 1450
M 302 245 350 1200 1650 1370 1950
M 362 355 510 2100 2800 2350 3380
M 42b 710 4500
M 48P 930 6500
M 56 1280 10 0002
M 64b 1680 150002

b See Refé

a  Values are taken from EN 1993-1-8:2005.

rences [12], [21] and [24].

In general,
1-8 and th
Bolt resist

the resistance forces ofbolts according to Table 7 shall be determined according to EN 1993-
b fatigue resistance should consider the fluctuating stress in the pre-stressed connectfion.
hnces of a pre-stréssed connection can be determined according to Table 8, if sufficjent
compressi¢n body can be eStablished.

Table 8 — Simplified definition of bolt resistances

Predominantly static stress

Vibrating stress

NR,d = 0,8 FV

NR,FAT =0,6F,

4.7.5 Ropes, chains, safety devices, connectors and adapters

4.7.5.1 Ropes, chains, belts and straps

4.7.5.1.1 Partial safety factor calculation

The partial safety factor will depend on the intended application. The relationship as given in

Formula (20) shall apply:

ZpazY

38

Zy

(20)
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where

Itis

Zpq is the minimum load at fracture;
Zy  is the maximum characteristic load;
y is the partial safety factor.

possible that other limit states may also need to be checked.

Wire rope with diameters smaller than 4 mm shall be avoided for amusement devices. Rope clamps

sha

4.7
e.g.

For

I'not be used 1or rastenings onto drive mechanisms or impact loaded satety devices.

5.1.2 Ropes and chains under fluctuating loads (suspension of passenger-carryin
chairs, gondolas)

steel chains, a partial safety factor of y = 6 shall be used.

b devices

For|steel wire ropes the values for permissible stresses are given in_Table 9. Extrapolafion of the
permissible stress values in Table 9 for higher nominal strength categories is not allowed. If individual
wires with a nominal strength category exceeding 1 570 MPa are used; the permissible str¢ss shall be
assg¢ssed independently.
For|other materials than steel, special investigation shall be required.
Thi does not apply however to safety equipment in accordance with 4.7.5.2.
able 9 — Design stress for wire ropes for suspension of structural components malde from
individual wires of 1 570 MPa nominal strength category, for the purpose of verificption of
fatigtie strength
Diameter of wire rope Permissible stress o for wire ropes
d
mm N/mm?
4<ds<5? 540 + 67 k
5<d=<20 337 +270k
20 <d <30 270 + 337 k
302d <40 202 + 405 k
3 |For design reasons, wire rope diameters smaller than 4 mm shall be avoided.

Kis

Ver

values in Table 9.

4.7.5.1.3 Ropes and chains under predominantly non-fluctuating load

defined in Eermula (21) as

k=200 . g< <t (21)
max o

fications shall be done with the factor y = 1,0 on the load side and are compared directly with the

Ropes and chains under predominantly non-fluctuating load are, for example, guy ropes, stay ropes,
anchoring ropes and chains.

For

steel chains, a partial safety factor of y = 4,0 shall be used.

For wire ropes made from individual wires with a nominal strength category of 1 570 MPa, a partial
safety factor of y = 3,0 shall be taken for the general stress analysis.
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For web lashing made from man-made fibres according to EN 12195-2 under predominantly non-
fluctuating loads, an additional partial safety factor of y = 2,0 on lashing capacity (LC) shall be used.

Regarding fibre ropes made from natural and/or synthetic fibres, the values given in Table 10 shall
apply.

Table 10 — Partial safety factors for natural or synthetic fibre ropes

Rope diameter Partial safety factor
mm y
12 7,0
14 3,3
16 3,3
18 2,7
20 and thicker 2,7

The respedtive partial safety factors y;shall be taken into account and be comparedwith the respective
breaking lgad divided by the partial safety factor.

4.7.5.2 Rassenger safety devices

A total safety factor of y); = 6 shall be adopted for safety deviceswsuch as safety belts and safety
harnesses |n loop-the-loop swings. The ultimate limit state is baséd on the fracture load.

For foot strap buckles in loop-the-loop swings, the following minimum sizes shall be adopted for rgller
buckles:

— steel buckles: belt width not less than 25 mm;
— alumirium alloy buckles: belt width not less tian 30 mm.

In any casdq the minimum design strength shall-hot be less than 2 kN for foot strap buckles in loop-the-
loop swings.

4.7.5.3 (onnectors and adapters

In the absence of International Standards for hooks and eyelets of turnbuckles, connectors and adapfers
can be use(l in accordance witltnational standards. Their permissible loading shall be determined ith
the aid of the partial safetyfactors for steel chains (where y = 4 or 6) in accordance with 4.7.5.1.1.

The permipsible loadings for approved load data may be trebled for statically stressed shackles.|For
dynamically stressédyshackle for approved load data shall apply. Shackle pins shall be secured agajnst
loosening in dyndmically loaded connections.

4.8 Struictural design and construction

4.8.1 Arrangement, accessibility

Structural components which are designed in accordance with Table 5, Row 1 (partial safety factor
Ymr= 1,1 or 1,0) shall be made accessible for checking, if necessary in dismantled conditions.

4.8.2 Locking and safety devices for fasteners

Bolts, nuts, tapered washers and other fasteners, the slackening of which, as a result of fluctuating
stresses, can result in incident or injury, shall be secured by well recognized methods, e.g. pre-stressing,
cotter pin, retaining compound, counter nut, self-lock nut, spring washers, toothed lock washers, fan
type (serrated) lock washers.
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On pre-stressed bolts (according to Table 7), the pre-stressing is considered as security against
loosening.

However, as pre-stressed screwed connections are also subject to loosen, particularly in the initial
stages as a result of settlement, for example in the case of ball bearing slewing gear, a reference shall be

made in the assembly and operating instruction manual to carry out the necessary checks.

4.8.

3 Joints intended for regular dismantling

Spring washers, toothed lock washers, fan type (serrated) lock washers and similar locking devices are

not

If o
catd

As

exp|
for

reg
pro

Ten
can
plat
pro
enld
nut
can

Rop
aris

Rop

4.8

Abrn
con

4.8

Ext
the
ford

h are not considered to be open hooks.

h general rule, it shall be taken into consideration that any modificatiofi of timbef
resfilting in weakening the timber section shall be avoided. This applies dn/particular

psed to impacts or subjected to alternating or pulsating stresses. Drill hol€s in timber c
fonnecting bolts, which are subjected to alternating and pulsating leads or on which th
ilarly removed during assembly and dismantling operations, shall-bé relieved from st
vision of suitable load spreading plates or dowel pins.

sile forces in drill holes acting at right angles to or obliquély to the direction of the gi
lead to the splitting or tearing of the wood, shall be abserbed by load spreading (wr
es on either side of the drilled holes, or by other suitable'means. Bolted connections wh
fected in such a way, shall be provided with washers:Appropriate measures such as ste
irged washers shall be used to prevent damage t@’timber due to compression under b
5. Star washers and similar devices (toothed insert dowels) shall not be used in timber jg
be dismantled.

e connections shall be formed in sucha way that there is neither a possibility of kink
ing, nor of excessive stressing of individual wires.

es of any kind shall not bear on gharp edges.

4 Designing of componénts subject to fluctuating loads

upt transitions in cross/section (sudden changes in stiffness) and notches shall be
ponents subject tofluctuating stresses.

5 Supports

endable eoldmns and jack screws (pot jacks and similar) which transmit loads onto th¢
ground-shall, if necessary, be cross-braced or secured in another way to take applied
es,

9

ben hooks are used, it is necessary to assess the consequences of unhooking. Hook’s thh a safety

members
to timbers
bmponents
e bolts are
‘ess by the

ain, which
hip-around)
ich are not
b plates or
plt head or
ints which

(s or knots

avoided in

surface of
horizontal

4.8.

Cen

4.8.

6 Central masts

tral masts subject to fluctuating stresses shall not be made of wood.

7 Prevention of corrosion and rot

Prevention of corrosion and rot shall be provided for steel components, light alloy components and
timber components according EN 1090, EN 1993, EN 1999 and EN 1995.
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5 Requirements for design and manufacture of rides and structures

5.1 Riskreduction by prevailing design and safety measures

5.1.1 Ge

neral

The majority of devices in Clause 5 has been categorised in order to unify design approval, examination
and safety precautions. The groups are intended to highlight the relevant additional precautions
required. Any single device can fall into more than one category, e.g. dark rides, which include rail-
guided devices travelling through water.

5.1.2 Rig

5.1.2.1 (

The DRA
amuseme
periodica

These risk
of those h
adequately
spectators

5.1.2.2 [

The DRA s
making thg
characteris
each desig|
guide the s

5.1.2.3 (

The OURA
operator a
limit, loadi
from each

il

bk assessment

leneral

hnd OURA are keystone documents, paramount to the total safety management of
device and also considered as dynamic documents. They are required to be reviey
and to follow any relevant change to the design or operation of thelamusement device.

assessments shall assess the hazards that the amusement device can pose, the likelih|
hzards causing a risk and the control measures that are nécessary to control those r
The risk assessments shall identify hazards, estimate and.eyvaluate the risk to which gue
and operational and maintenance staff are exposed.

pesign risk assessment (DRA)

hall be produced by the designer of every dewvice. It shall be used to guide the designer

tics, biomechanical effects) so that an acceptable level of risk resides (residual risk) fi
h decision. Although not an operationsand use risk assessment, the DRA shall be use
tructure and content of the operating‘and maintenance procedures.

)peration and use risk assessment (OURA)

shall be produced by the-controller and operator of every device. It shall be used to guide]
nd controller into making the correct decisions in the total operation ethos (e.g. age/he
Ing /offloading of passengers, foreseeable misuse) so that an acceptable level of residual

and shall

5.1.2.4

hazard is analysed Nt shall be elaborated in close consultation with the designer and the I
monstrate the nfanagement of residual risks highlighted in the DRA. See Figure 6.

azard analysis

the
ved

ood
sks
sts,

nto

correct decisions in the total design ethos.(€.g. material selection, PLC program, ergongmic

fom
1 to

the
ght
risk
RA

For guidange on general principles, see ISO 12100 and the specific applicable hazards for the amusenent

devices listed-in Annex E.
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.| Design Risk Assessments
DRA

\

Residual Risks
&
Information for Use

5.1

5.1
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maintenance) is covered by ISO 14122.

All
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fall
haz
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amyisement‘devices, which do not conform to the requirements in Clause 5 and for wh
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Operation and Use
Risk Assessment
OURA

A

Figure 6 — Risk assessments

3 Riskreduction for platforms, ramps, floors, stairs and walkways

3.1 General

requirements in this section only apply to public use. Permanent access for non-publ

surface areas of platforms, walkways, ramps. and stairs accessible to the public can
rding to CEN/TS 16165 to evaluate the slip resistance.

surface areas of platforms, walkways, ramps and stairs accessible to the public shall be f
tripping points,

openings allowing a ball of 12 mm'in diameter to fall through, and

nip or pinch points.

bre the public are intehded to pass underneath, further measures are required to pr
ng objects. Any change)in elevation of platform levels should be clearly marked in order t
ard for the public.

, the same basic rules given for stair steps in 5.1.3.3 shall be followed. This shall n
be items which are intentionally designed for the purpose of amusement in funhouses

rautiens shall be taken in accordance with 5.2.10.

ic use (e.g.

be tested

ree from

otect from
b avoid any

bt apply to
or similar

lich special

bfemaintenance equipment is used for emergency evacuation, a specific risk assessment j

s required.

5.1.

3.2 Platforms and ramps

The slope of platforms where the public stand shall not exceed 1in 8 - 12,5 %.

Ramps for the general public shall not have a slope greater than 1in 6 - 16,7 %.

When individual cross battens (anti-slip step) are fitted across the full width of the ramp at a distance
of no more than 0,40 m, the slope can be increased to 1 in 4 - 25 %.

The cross battens with rectangular sections shall be maximum 4 mm high so as not to create a trip
hazard and no more than 50 mm wide.

Lesser slopes or other means can be required to accommodate patrons using mobility aids.
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Where there are adjacent platforms at different heights, unless the difference is between 0,10 m

and 0,24 m, stairs or ramps are required.

See Figure 7.

Key

1 platform 1

2 platforf: 2

a  Differepce in height between 1 and 2 (between 0,10 and 0,24 m).

b Any chqnge in elevation of platforms should be clearly marked.

Figure 7 — Difference in platform height

5.1.3.3 Stairs

Stairs whi¢h are used-by the public shall be at least 0,90 m in width. Evacuation stairs and catw

hlks

which are jntended(for use by a maximum number of six passengers at a time that can be adequaftely

supervised, shall berat least 0,60 m in width.

Stairs shal| be,nno more than 2,50 m in width, except when they surround the amusement device

and

they do nottrave more tham t0stepsor 2;00 mrdifference imheight—Where centrat hamdraitsare fitted,

each section can be considered as an individual stair.

The going and the rise of the steps in any stairways shall be uniform throughout its length. The

maximum slope of any stair measured on the centre line shall not exceed 45°.

Flights of stairs for public access and egress shall not exceed 15 steps. Landings at least 0,80 m in depth

shall be provided between consecutive flights of stairs.

Evacuation stairs may be without landings if this is not physically possible (e.g. in roller coaster lifts).

The minimum vertical clearance above any step shall be of 2,30 m for public access.

Where the public has access below a stairway, protection from falling objects is required.
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Key

The
sha
Wh
ad

Thd

N
/Q

diameter of sphere (150 mm)
Figure 8 — Stairway guardrail clearance

minimum distance between pairs of handrails.ot“between handrails and inner edges
1 be 0,90 m or 0,60 m depending on the type_ of*stair. The 0,60 m width is only for sing
ere the stairway is 0,90 m or greater in width; there shall be a handrail on both sides. A s

step height shall be between 0,14\m and 0,24 m. The overlap of the steps for open sta

> 10 mm.
Steps shall have slip resistant-stirfaces.

Thd
a)

b)

going on spiral or curyed stairways shall be:

in accordance with-Figure 9 a) for stairways which are either a means of access betweer
or intended forattendant assisted evacuation;

in accordatee with Figure 9 b) where the stairway is to be specified as part of an emerge
route,

Incllined treads are not allowed.

pf the stair
vle file use.
phere with

ameter more than 150 mm shall not passtbetween the step and the lower bar of the barrier, see
Figuire 8. The going shall be at least 0,24 m:except for spiral or curved stairs.

rs shall be

two levels

ncy escape
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Dimensions in millimetres

j13ot

250

200

200

600

900

5.1.3.4

The belt of
which shal

Handrail shall be provided if required by risk assessment.

The maxinj

The slope
provided, i

In case of
walkway s
direction o
incaseap
walkway d
emergency
in the shor

Provisions
or pinchin
possible du

The maxin
platform, 3

amusemenf deviceitself then higher speeds can be accepted. See Figure 10.

Effective b

NMoving walkways, travelators and similar

a) Spiral stairways b) Curved stairways

Figure 9 — Dimensions for stairways

moving walkways or travelators shall be either seamless or have-hot more than one j
not protrude.

um clearance between the belt and a toe board shall not exceed 4 mm.

of a moving walkway or travelator shall not exceed 1 in 6 unless moving handrails
h which case the slope shall not exceed 1 in 4.

a perpendicular egress from the moving walkway or travelator, the end of the moy
hall be guarded with a final handrail and an intermediate rail at 45° with respect to
f motion. Additionally, a trip board,gr dn equivalent system which can interrupt the po
hssenger is pushed against the finalithandrail, shall be provided. The access to such a moy
hall be controlled by automatic.or manual means to avoid danger due to congestion
stop button shall be fitted atiboth ends. The emergency stop shall stop the moving walk
Lest distance possible witheut causing users to fall, and then remove power.

b. The end return and tension rollers shall be suitably protected. If such protection is
e to the type of siirface, perpendicular egress shall be provided.

hum relative/speed shall not exceed 0,75 m/s with parallel egress from the statior
nd 0,5 m/s¢with perpendicular egress. If the walkway or travelator is used as part of]

rakes shall stop and hold the walkway in case of any interruption of the power supply.

bint

are

ring
the
wer
ring
An
vay

shall be made to pretect the end of moving walkways or travelator to prevent trapping

not

ary
the

The minimum width of the travelator shall not be less than 0,60 m.
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Key

1 |boundary of travelator

2 |direction of travelator

3 |example of arrow depicting parallel access/egress from travelator

4 |example of arrow depicting perpendicular accessyegress from travelator

Figure 10 — Travelator dir€ections in relation to passenger access/egress

5.144 Riskreduction using barriers, fencing and guarding
5.144.1 Protection againstfalls from one level to another

5.1/4.1.1 General

Barfriers, guardrails’or other suitable means shall be provided where a person can fall due to 4 difference
in the height of;adjacent levels. In general fall prevention means should not be required up to 0,40 m.
Where theré.is'a difference in levels from 0,40 m up to 0,60 m the risk assessment should determine if
any|areasseparation system is required.

NOTE Risk assessment should consider e.g. the type of impacted surface, free fall space, presence of
hazardous parts in impacted SUTTAces, potential Crowding etc. EN 1176-Tand EN 1177 provide usetul information
on fall protection.

Barriers for this purpose are specified in 5.1.4.3. Railings shall as a minimum consist of two guard rails
(a top rail and an intermediate rail).

In addition, where the fall height is more than 1,0 m, a toe board of 100 mm height shall be fitted in
order to protect people from passing underneath.

Barriers in accordance with 5.1.4.3 a) or other suitable means are required to prevent falls from a
height of 2 m or more in public areas.

Where there is a low probability of serious injury (not giving direct access to moving machinery, nor
falling from heights of more than 2 m) decorative fences in accordance with 5.1.4.3 b) are also allowed.
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In this case chains and ropes for the top and intermediate rails are also permitted, if they withstand the
forces defined in 4.3.3.1.2.3 with a maximum deflection of 30 mm. Untensioned chains, ropes or other
non-rigid materials are not permitted.

The design of the top of the barrier or guardrail should not encourage children to stand or sit on them,
nor should any infilling encourage climbing.

5.1.4.1.2 Handrail design

Handrails shall have a free space around them of 38 mm and the grip shall be more than 32 mm and less
than 51 mm_For handrails only for children_ the grip can beredincedto amin of 16 mm See Figure 11.

Dimensions in millimdtres
51

J). =38 32

—

Key
1 wall

Figure 11 —(General handrail clearances

5.1.4.2 RHrotection against crushing, impact or entanglement

5.1.4.2.1 |Public access areas

The design|of devices shall be such that the risk of passengers and people being injured by entanglemient,
crushing or impact with the moving ride or its parts is minimised by design. Where such conditjons
are not fulfilled, aréayseparation systems shall be provided to prevent access of passengers or waifing
passengerq to partsof the device unsuitable for public access (e.g. moving parts) due to the likelihood of
injury or irjcidént.

5.1.4.2.2 Area separation systems

Where an area separation inside or outside the device is required (see 5.2), it shall be designed and
positioned in such a way that no one outside the area is within reach of any moving part of the device.
The location (distance) of such separation systems depends on:

— the height above the floor of a source of danger;
— the height of the separating device (fence);

— theshortestdistance between the edge of the separated area and the source of danger. The minimum
safety distance shall be 500 mm. To avoid injuries, the distances defined in ISO 13857 shall be used;

— the relative speed of passenger units and the reach of the passengers (motion safety envelope).
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5.1.4.2.3 Classification of area separation systems

Area separation systems are classified as follows:

J1 — predominantly visual area separation systems: coloured stripes on the floor or f
poles, cones or equivalent.

ixed steps,

]2 — physical area separation systems: flexible devices, such as ropes, chains, cords which need not

withstand horizontal forces.

J]3 — physical area separation systems: rigid devices, such as fencing, barriers or guardrails which

5.1
The

width necessary for safe access and egress. Each opening shall not be more than’2;5 m wide.

and

For
and|
exp|

5.1

5.1

Fen
1,1
get
the
and

fessed by the classification defimed-above and the requirements in 5.2. shall also apply.

adel b 1 H bl L
Cdll WILIIS LAdlIU TTUT IZUIILATI TUIL' LTS,

4.2.4 Classification of access and egress openings in fences, barriers, handrail’gua

egress openings are classified as follows:
K1 — openings without any direct control;
K2 — openings controlled by attendants;

K3 — openings provided with barriers or gates indicatingthe access to a restricted zone
the flow of persons, (e.g. mechanical gates, turnstiles);

K4 — openings provided with barriers or gates where the locking and unlocking are 4
the operator or attendant;

K5 — openings provided with barriers or gates; the closed position enables the ride t
the opened position causes the ride to stop.

each defined category of rides, or for\each group or single ride being in the same rid
having the same specific features, thé minimum requirements for access and egress ojj

4.3 Fences and barriers

4.3.1 General

ces and barriers(shall be designed using the load assumptions given in 4.3.3. Fences shal
n high above-any standing position and shall be constructed so that neither adults nor cl
through orinderneath them. They shall be constructed so that people cannot trap the
fence and the barrier and thus protecting them from a significant hazard. Two categor
barriéi are allowed for that purpose.

rdrails

number of openings in fences barriers, handrail, and guardrails shall be limited to the number and

The access

by limiting

ctuated by

b start and

e category
enings are

be at least
nildren can
ir heads in
es of fence

The

élements shall not have sharp edges.

For amusement rides used solely by children less than 10 years of age, the separated area can have a
reduced height of 0,85 m for both types of fence if the difference in height level is less than 0,4 m.

5.1.

4.3.2 Conventional fences and barriers

Fences and barriers with predominantly vertical internal elements are shown in Figure 12. The
distance between two adjacent elements shall not be more than 0,10 m or fences provided with mesh as
an internal element (see Figure 13). The size of the mesh shall be in accordance with Figure 13.
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5.1.4.3.3 Decorative fences and barriers

Fences and barriers provided with decorative internal elements are shown in Figure 14. The distances
between two adjacent elements shall be as shown in Figure 14.

50

Figure

\

Dimensions in millimetres

A\

<100

A\
T=T=T=T=T=T= =TT T TI=]TI=

>1100

Figure 12 — Examples of fences and barriers with predominantly vertical internal elements

<100

V'

H

=100

21100

13 — Examiples of fences and barriers provided with mesh or panels as an internal

=100

element

Dimensions in millimdtres

>
<30
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Dimensions in
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&

21100

o

\

=100
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Any
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5.1
5.1

5.1
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from falls while gaining access to or egress from the amusement device is minimized. Th

and
Stai
tha
The
the
Bet
uni
pos
cas
wh

<100 <100

5 Guarding of machinery parts

hazardous machinery on an amusement device where there'is risk to passengers or pers
uarded in accordance with ISO 14119 and ISO 14120.

6 Riskreduction in the case of access and egress
6.1 Access to and egress from passengerunits

6.1.1 General

1sement devices carrying passefgers shall be designed so as that the risk of people be

the egress from passengertunits is in general gained from platforms and ramps accordji
rs are admitted only if their'position and size, related to the passenger unit features, are ¢
the risk of any admitted“passenger experiencing a slip or fall during access or egress is
access to passenger units such as cars and gondolas shall be not more than 0,40 m aboy
access platform-orTamp if unaided (aid can be in the form of handholds or physical 3
iwveen 0,40 m andy 0,60 m, a specific detailed DRA shall be conducted. Where movements o
s during access or egress can produce a hazard, means shall be provided to retain it in 3
tion. Sueh,means shall not lose their retaining capability even in case of a power loss
s (e.gs=carousel), this is not possible and a specific detailed DRA shall be conducted t
it suitdble protection is required.

Figure 14 — Examples of fences and barriers with decorative internal elemenits

onnel shall

ng injured
P access to
Ing to 5.1.3.
lesigned so
minimized.
fe or below
ssistance).
[ passenger
stationary
In certain
p establish

Ifa

cess or nrnﬂncc from-a naccnnn’nr unitisnraovided r‘]nrwnn' the haccnnn’nr unit’s mnhnn th
o r o

maximum

relative speed between the unit and the access or egress platform shall not exceed 0,75 m/s with access
parallel to the direction of motion and 0,50 m/s with perpendicular egress.

See

©IS

Figure 15.
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3 Directi¢n of passenger unit.
b Example of parallel access to moving passenger units (speed limited to 0,75m/s).
¢ Example of perpendicular access to moving passenger units (speed limited to 0,50 m/s).

Figure 15 — Examples of parallel and perpendicularaccess to a vehicle in motion

5.1.6.1.2 | Emergency access and egress

Appropriafe means for the safe recovery of passengers who are stranded away from the norjmal
passenger jinit loading/unloading area(s), shall\be provided. This provision shall include arrangements
for rescue personnel to gain safe access.

5.1.6.1.3 | Access to and egress from-enclosures, sideshows and similar amusement devices

Every booth or similar enclosed structure shall be provided with exits which are commensurate with
the numbefr of occupants in relation to their width, number and siting. Emergency exits shall haye a
height of af least 2,0 m. No exit’shall be less than 1,20 m wide. The width of any exit in relation to|the
number of pccupants who-tave to use it shall be determined by Table 11.

Table 11 — Width of exit

Minimum clear width of exit Additional clear width of exit Maximum number of people
m m
1,20 0,00 Not more than 200 people

For each additional

1,20 0,60 100 persons

The number of persons shall be calculated with two persons per square metre excluding the areas not
open to the public if no other limiting criteria apply. At least one access and one exit shall be suitable for
wheelchairs.

The required exits should be evenly distributed around the structure on opposite sides of the enclosure,
so that genuine alternative routes are available from all parts. From any part of an enclosure having
more than one exit, the travel distance (i.e. the walking distance between any point in a structure and
an exit) to the nearest exit shall not be more than 30 m. After the first 6,5 m, the remainder of the route
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shall make it possible to reach an alternative exit. In enclosures having only one exit, the travel distance
shall not be more than 24 m. If the number of persons exceeds 200, two exits are required.

Furthermore, the specification of local fire department shall be met.

5.1.

5.1.

5.1.

7 Riskreduction for passenger units
7.1 Safety distances from passenger units — Safety envelope

7.1.1 General

The

safety distances shall be defined by a safety envelope.

In addition to the following safety envelopes, notices are required to warn passengersito ke

of t

The
pas

The

5.1

The
intd
dist

NOT
guid

NOT
2,G

5.1

To

pas
erg
the

a)
b)

c)

e body inside the cars and to maintain the intended passenger position.

safety envelope shall be free from any fixed or moving parts relative tothe passengers
cenger unit and its moving parts.

dimensions of the safety envelope depend on the DRA.

7.1.2 Passenger reach envelope

specific design of patron compartment, including the restraint system if available, sha
account in defining the reach envelope. The reach envelope shall be developed on t
ances.

E1 Basis of distances is specified in ISO 13857 ISO/TS 17929 and other anthropometric st3
elines.

E2  Specifichuman measures are defined\in statistical reports, e.g. ISO 7250-1, ISO/TS 17929,
DST 12.2.049, AS 3533.1.

7.1.3 Minimum dimensions ef'safety envelope

prevent passengers from~being injured by stationary, moving objects or objects bg
senger units other thanthat in which they are located, and in the absence of other me

reach of the passengers, the following minimum general safety distances shall be provid
for minimumdateéral safety distance min. y,,,, see Table 12;

2,00 m (respectively 1,70 m for children up to the age of 10 years) above the floor of the
units (See’Figure 16);

1,50.m above the seat (respectively 1,30 m for children up to the age of 10 years) if the p

ep all parts

except the

11 be taken
he basis of

ndards and

DIN 33402~

longing to
sures (e.g.

bnomic study, limitingsmovement of body parts, combination of seat and restraint desigi) reducing

bd:

passenger

nssenger is

poesitively restrained from standing up (see Figure 17);

d)

©IS

1,0 m (respectively 0,9 m for children up to the age of 10 years) below the seat in suspended seats

(see Figure 18).
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Table 12 — Minimum lateral safety distances in relation to side height of seat, from inside part

of seat and if no other hazards (min. y,,,)

(900 mm for children up to
the age of 10 years)

(900 mm for children up to
the age of 10 years)

Speed, v
Cat. m h <400 mm 400 <h <600 mm h>600 mm
s
I <[ 1] = <
A b < 3 700 mm 500 mm 300 mm
B 34qv<10 900 mm 700 mm 500 mm
1000 mm
C 10 §v<20 | (900 mm for children up to 900 mm 500mm
the age of 10 years)
1000 mm 1000 mm
D V> 20 700 mm

If an over-fhoulder restraint is used and the lateral movement of the dpper body is limited, the in.
V1at Values pimilar to a side height of h > 600 mm can be used. If theéreach envelope is limited by other
installations (e.g. cabin) then even less min. y;,, values can be adopted.

Any specia] situation shall be taken into consideration in the definition of the minimum safety distanices.

Safety distpnces may be extended due to accelerations, darkness, sharp-edged elements or vice ver

22 000
1.700)

>

(

bd.

Dimensions in millimdtres

Key

1 seatsurface

2 floor surface

3  safety envelope
4

beginning with floor surface

NOTE

for minimum lateral safety distance y,,, see Table 12

Values for children up to the age of 10 years are given in parentheses.

Figure 16 — Vertical safety distance from the floor and lateral safety distance for passengers
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Dimensions in

21500
(21 300)

Key

B wWw N R

NOT

If passenger units are free-ranging and-controlled by the passenger, the distance in 5.1.7.1.1
only to fixed objects.

seat surface

floor surface

safety envelope

minimum lateral safety distance y,,,, see Table 12
beginning with floor surface

E Values for children up to the age of 10 years are given in parentheses.

Figure 17 — Vertical safety distancefrom the seat and lateral safety for passeng

millimetres

Pers

b a) applies
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Dimensions in millime

N T
Key
1 seatsufface
2 safety dnvelope
3 safety dnvelope for children up to the age of 10 years
4 corner fentre radius
2 Minimym lateral safety distance y;,, see Table 12.
b Minimym lateral safety distance y,,, for children up to age of 10 years, see Table 12 or Annex H.
This may nefed to be reduced in a station or other low speed area;depending on risk assessment.
Figure 18 — Minimum safety distance for legs in suspended seats
5.1.7.1.4 | Minimum safety distances between passenger containments
Additionally, the following distance shallbe maintained: 0,12 m from the outside of the unit to any of
part at the[seat’s height of another unitin the most unfavourable operating condition (see Figure
For dodgerm/bumper cars, see the minimum safety distances in Table 14.
Dimensions in millimg
2120
e
U ) L J

1000

tres

her
19).

tres

Figure 19 — Safety distance for free ranging vehicles

If the passenger units are not free ranging, the safety envelopes shall not overlap (see Figure 20) unless
it is not possible for both passenger units to be in the overlapping space at the same time.
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Key

5.1

5.1

Pas
and|

Pas
of t
avi

Pow

safety envelope
minimum lateral safety distance y,,,

Figure 20 — Relative peosition of safety envelopes

7.2 Restraint devices limiting passenger movement

7.2.1 General

senger restraints and theit locking devices shall be designed in such a manner as to preve
crushing of body partst

cenger restraint dévices shall have a configuration such as not to act on sensitive and fq
ne passenger’s bedy. Even if provided with warning lights and /or acoustic warning, they
sual and/or physical verification of their correct closing by the attendant.

nt trapping

agile parts
shall allow

rered passenger restraint devices may create additional hazards giving rise to injuries. Their

moy

Locki

deli

chilEren dre also admitted) measured on the active edge of the device.

rementsshall be slow and the maximum exerted force shall not be more than 0,15 kN

(0,08 kN if

berate and intentional action.

without a

Locking devices shall not lose their locking action in the case of malfunction or emergency stop of the
ride, unless the DRA or OURA supports a different approach.

5.1.

7.2.2 Passenger restraints

Each element of the ride, designated to accommodate passengers (passenger unit), shall be provided
with adequate means to restrain passengers within the device, and if necessary, in their places,

dep

©IS

ending on the nature of the ride and the results of the DRA.
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The design of a restraint shall minimize by risk assessment at least the following risks for passengers:

hitting parts in relative motion or being trapped in between them;

being struck by parts of the structure in which they are carried;

being hit by other passengers resulting from the type of motion induced by the ride.

being injured by contact with any part of the structure of the ride, including passenger restraint;

The design of a restraint shall prevent ejecting or falling from the passenger unit under the condition

that passengers do not dicplav anv unreasonable hehaviour

In the case
the restrai
unless the

Passenger

This deter
accordancg

of malfunction or emergency stop, when the passengers are maintained in their place
ht devices, arrangements shall be made for unlocking the device by the authorizedperson
DRA or OURA supports a different approach.

Festraints shall be provided as determined by the designer based on risk asséssment.

mination shall be based on the passenger restraint and containment analysis performe
with criteria defined in this document and shall take into consideration the nature of

b by
nel,

d in
the

amusemenf ride or device and the intended adult or child passenger physical eharacteristics, based on

anthropon

The passenger restraint and containment analysis shall identify thie need for a restraint system|
her than simply the acceleration or seat inclination. The ahalysis shall also evaluate the need

reasons ot
for locking

The desig

position a
locations. ]
restraints

With the DRA, the designer specifies the state,locked or unlocked, of the restraint system in the ey

of an unint

Restraint ¢
lifted or ej¢
or by seat

orphic data such as those given in Annex C.

or latching functions when restraints are required.

r shall take into consideration the evacuation ofpassengers from any reasonably foresee

'he passenger restraint and containment an@lysis shall address whether individual or gn
releases are appropriate.

ended stop, e.g. emergency stop erloss of power.

cted from their seats or riding positions by the acceleration of the amusement ride or dev
nclination, during the ride’or device cycle and other reasonably foreseeable situations,

the applic

The restrdint diagram shown in Figure 21 shall be used as part of the passenger restraint
containmept analysis fordetermining if a restraint is required, and the type of restraint, if any.
restraint diagram identifies and graphically illustrates five distinct areas of theoretical accelerat
Each of thg five distinct areas can require a different class of restraint. The restraint diagram apy
for sustained acceleration (as defined in 3.40) levels only. It shall not be applied for impact accelerat

For the axip convention, refer to Figure 21.

ion of emergency brakes or vehicles stopped in inverted positions.

for

hble

d/or situation on the ride or device, including emergency stops and stops in unplanned

oup

rent

evices shall be provided in eases where it is reasonably foreseeable that passengers cap be

ice,
e.g.

and
The
ion.
lies
ion.
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-X

X

Figure 21 — Body coordinate system

Accgleration is defined in accordance with the following coordinate system:

PIESSES e body ITto the Seat FOWnwards, described as €yes QoW -
lifts the body out of the seat, described as “eyes up”.

+a presses the body sideward to the right, described as “eyes right”.

-a presses the body sideward to the left, described as “eyes left”.
presses the body into the seat backward, described as “eyes back”.

pushes the body out of the seat forward, described as “eyes front”.
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*ta,

-1,8g -1,2g -0,7g -02gi0,2g +0,7g +1,2g

Z N\ +1,2g

+1ga
sl +0,7 g

Tl
NN

il

+0,2g

-0,7g

-12g

+a downward into seat (eyes down)
-a, lift (elyes up)

accelgration (eyes back)
decelpration (eyes front)

1 area ]
2 area
3 area
4 area 4
5 area $
R atregt

Figure 22 — Restraint diagram

Area 1| - A Class™I' no restraint is required. Based solely on Area 1 dynamic forces, no restraint is
requirpd; however, other criteria can require a higher-class restraint device.

Area 2| +A €lass 2 restraint is required, unless passengers are provided suff1c1ent support and|the

o € £, L | 21 £, +l 2| Jd £ 1 t
means-toreact-to—tne-tot CCS, 10T CAalllPlC, TITATIOT ATTS; TOOtt CJL, OTUtIICTaCvTC T S—atra 1T CIICy - Cat no

fall out, or be ejected from the compartment due to the acting forces.
Area 3 - A Class 3 restraint is required.
Area 4 - A Class 4 restraint is required.
Area 5 - A Class 5 restraint is required.

The application of the restraint diagram in Figure 22 is intended as a guide. Any special situation shall
be taken into consideration in designing the restraint system, e.g. the duration of the acceleration. In
particular where lateral accelerations higher than a, 2 +0,5 g occur, seats, backrests and restraint shall
be designed accordingly. Unexpected stopping positions of the passenger units shall also be considered
(e.g. upside down). Any intended unconventional seating or passenger body position e.g. prone position
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require special consideration. In Figure 22, no information on the absolute acceleration limits is

given.

At boundary cases the lower category of the restraint class may be chosen.

Figure 22 is a design guide. If Figure 22 is used to validate the choice of restraint by measurements then
data shall be filtered to 1 Hz (only for application of this figure) and applying a tolerance of +0,05 g.

The DRA (see 5.1.2.2) can require a different class of restraint to be used.

The determination of the class of the restraint, based on Figure 22, is as follows.

5.1

Res
See

Clas

Clas
for

1y

2)

3)
4)
5)
6)
7)
Clas
for

iy

2)

7.2.3 Classification of passenger restraint devices

traint devices have the following requirements based on their classification according tq Figure 22.
also Table 13.

s 1: Unrestrained or no restraint at all.

s 2: Alatching restraint device for each individual passenger or a lat¢hing collective restraint device
more than one passenger. A Class 2 restraint device shall have at l1éastthe following:

Number of passengers per restraint device - The restraint device can be for an individual passenger
or it can be a collective device for more than one passenger:

Final latching position relative to the passenger -.The final latching position can e fixed or
adjustable in relation to the passenger.

Type of latching - The passenger or operator caitlatch the restraint.
Type of unlatching - The passenger or operator can unlatch the restraint.

Restraint position monitoring - Indddition to the operator responsibilities no irjdependent
restraint position monitoring requijred.

Means of activation - The restraiht can be manually or automatically (e.g. motorized) ¢pened and
closed.

Redundancy of latchingdevice - Redundancy is not required.

s 3: Alatching restraint device for each individual passenger or a latching collective restraint device
more than one passenger. A Class 3 restraint device shall have at least the following:

Number of passengers per restraint device - The restraint device can be for an individua) passenger
or it canbe’a’collective device for more than one passenger.

Finallatching position relative to the passenger - The final latching position shall be adjustable in
relation to the passenger, e.g. a bar or a rail with multiple latching positions.

3)

4)

5)

6)

Type of latching - The passenger or operator can manually Tatch the restraint or it may be
automatically latched. The manufacturer shall provide instructions so that the operator shall verify
the restraint device is latched.

Type of unlatching - The passenger can manually unlatch or the operator can manually or
automatically unlatch the restraint.

Restraint position monitoring - In addition to the operator responsibilities, no independent
restraint position monitoring is required. The design shall allow the operator to perform a visual
or manual check of the restraint each ride cycle.

Means of activation - The restraint can be manually or automatically (e.g. motorized) opened and
closed.

©1S0 2023 - All rights reserved 61


https://standardsiso.com/api/?name=5ab0c4691eb1d6b7f98238a2d4621271

ISO 17842-1:2023(E)

7)
8)

Redundancy of latching device - Redundancy shall be provided for the latching device function.

Monitoring of latching device - The latching device shall be periodically tested prior to be put into
operation with guests. The frequency and procedure of such a periodic test shall be determined by
the mechanical design (redundancy check).

Class 4: A redundant locking restraint device for each individual passenger. A Class 4 restraint device
shall have at least the following:

1) Number of passengers per restraint device - A restraint device shall be provided for each individual
passenger.

2) Final lpcking position relative to the passenger - The final locking position of the restraint shall be
adjustable in relation to the passengers, e.g. a bar or a rail with multiple positions.

3) Type of locking - The restraint device shall be automatically locked.

4) Type of unlocking - Only the operator shall manually or automatically unlock théxestraint.

5) Restraiint position monitoring - In addition to the operator responsibilities, an independent
restrajnt position monitoring system shall initiate a cycle stop or inhibit eycle start. The degign
shall gllow the operator to perform a visual or manual check of the‘restraint each ride ccle
(redurjdancy check).

NOTE For some amusement rides, such as roller coasters and freefat]‘tewers, the position of the restraint

cannot be njonitored continuously.

6)

7)
8)

Means| of activation - The restraint can be manually or automatically (e.g. motorized) opened or
closed

Redunfancy of locking device - Redundancy shall be'provided for the locking device function.

Monitgring of locking device - The locking device shall be periodically tested prior to be put |nto
operatfion with guests. The frequency and ptocedure of such a periodic test shall be determineg by
the desgign.

Class 5: A redundant locking restraint device for each individual passenger. A Class 5 restraint deyice

shall have at least the following:

1) Numbegr of passengers per restraint device - A restraint device shall be provided for each individlual
passerjger.

2) Final lpcking positionselative to the passenger - The final locking position of the restraint shall be
adjustgble in relation-to the passengers, e.g. a bar or a rail with multiple positions.

3) Type of locking'</The restraint device shall be automatically locked.

4) Type of urlocking - Only the operator shall manually or automatically unlock the restraint.

5) ent
restraint position monitoring system shall initiate a cycle stop or inhibit a cycle start. The design
shall allow the operator to perform a visual or manual check of the restraint for each ride cycle.

NOTE For some amusement rides, such as roller coasters and freefall towers, the position of the restraint

cannot be monitored continuously.

6)

7)
8)

62

Means of activation - The restraint can be manually or automatically (e.g. motorized) opened or
closed.

Redundancy of locking device - Redundancy shall be provided for the locking device function.

Monitoring of locking device - Direct position monitoring of the locking devices shall be required
prior to the start of a new ride cycle. In case of a failure a start shall be inhibited. As an accepted
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ISO 17842-1:2023(E)

alternative, the integrity of the redundant locking devices shall be verified within every two ride
cycles (redundancy check).

Restraint configuration - Two restraints, e.g. a shoulder and lap bar per passenger or one fail safe
restraint device is required (see 5.1.7.2.4 for secondary restraint device requirements).

Passenger restraint devices are summarized in Table 13.

Table 13 — Minimum requirements of passenger restraint classes

“Shoulder restraint” is also called “Upper torso restraint” in ASTM.

Class

1

2

3

4

No

of passengers per
restraint

No restraint

Individual or
collective for
two or more

Individual or
collective for
two or more

Individual for
each passefigéer

Indiv]dual for
each passenger

passengers passengers
Final latching/locking N . Non-adjustable |[Adjustable latch-|Adjustable lock- |Adjudtable lock-
o o restraint : X . X
pogition latching ing to passenger |ing\to passenger |ing to passenger
Manually or Manually or . .
Lafiching/locking No restraint |automatically automatically Auto_matlcally Auto_matlcally
. . locking locking
latching latching
Unlatchingby | Unlatching by
passenger (man- |passenger (man- |Unlocking by op-|Unlodking by op-
Unlatching/unlocking |No restraint |ually) or opera- |uallyJ'or opera- |erator manually |eratof manually
tor (manually or |tor(manually or |or automatically |or aufomatically
automatically) . ~@ttomatically)
Restraint device Position of the |Positjon of the
A None None None . . . .
mopitoring restraint device |restrgint device
Manually or Manually or Manually or Manufally or
Mepns of activation None automatically automatically automatically automatically
opened or closed|opened or closed |opened or closed |opengd or closed
Locking device
Redlundancy None None Latching device |Lockingdevice |and rgstraint
devicp
Redunpdancy
Latching/locking Redundancy Redundancy checlor Direct
. L None None . .
device monitoring check check locking device
moniforing

5.1

If i
a sd
cha

racteristics:

7.2.4 Secondary restraint device for class 5 restraints (see 5.1.7.2.3, class 5 no. 9)

 addition’to the primary restraint device which conforms to the above-mentioned requirements,
condary device is present and necessary, the secondary device shall have at least th¢ following

collective;

not adjustable;

manually locked by the passenger;

manually unlocked by operators or attendants;

no warning at all;

redundancy only concerning locking device (functional).

This secondary device may be the containment enclosure or collective cage.
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The function of the secondary device shall be independent of the primary device.

5.1.7.3 Doors

When passenger units are provided with doors, measures shall be taken to ensure that doors do not
open during operation, or in case of emergency or failure. In general doors shall be fitted with latching
and/ or locking devices which prevent unintentional opening during a ride (e.g. safety hooks) and can be
opened from the outside only unless the DRA demonstrates that the above measures are not necessary,
e.g. door opens inward with respect to the passenger unit, low speed, no risk or low risk of falling.

Powered df&ﬂ;h@hﬂﬂﬂ&&pabl&anwmm_mﬂngﬂslhﬂumw

slow and the maximum exerted force shall not exceed 150 N measured on the edge of the door.

5.1.7.4

Seats shall
out for sea

Seats shall

declivity td

allowsit. T

and the fod
designing {
shape of the backrests, armrests, footrests, and eventual headrests:

Elements §

eventual p,
restraint s

Seats susp
failure of o

5.1.7.5

Recommer

5.1.8 Re

5.1.8.1 K

Size body
passenger

The follow
L0) childrg

S

H

eats

be securely fixed to the structure of the passenger unit and stress analysisishall be car
s and their fixings.

be provided with a backrest, when required, at least 0,4 m high and,a seat surface wi

he passenger shall have in all cases, a sufficient support from the'seat, the back and armr¢
trests, so as to be able to counteract the forces which arise during the ride. When sizing
he passenger seats and adjacent parts, due attention shalkbg'paid to an adequate height

uch as the shape, size, and the friction between seat.surface and passenger clothes and
resence of partial or total upholstering, can greatly affect the effectiveness of the wj
ystem.

ended by steel wire ropes or link type chains shall have a design, which in the case of
he suspension element, does not result ima dangerous situation (e.g. overturning of the sg

assenger containment

dations for passenger containment can be found in Annex C.
quirements for special provisions

ody height relative'to passenger age

height is the~main characteristic used to determine by ergonomics the suitability
For an amusément device.

ng list gives an approximate correlation between height and age:

| be

ried

th a

ward the backrest. The height of the backrest can be reduced to 0,25)m if the risk assessnjent

sts,
and
and

the
nole

the
pat).

bf a

n-between 90 cm and 105 cm of height corresponding to approximately 2 and 4 years;

L1) children between 105 cm and 120 cm of height corresponding to approximately 4 and 6 years;

L2) children between 120 cm and 130 cm of height corresponding to approximately 6 and 8 years;

L3) children between 130 cm and 140 cm of height corresponding to approximately 8 and 10 years;

L4) children between 140 cm and 160 cm of height corresponding to approximately 10 and 14 years;

L5) adults.

On some amusement devices, it is also important to consider the maturity and cognitive abilities of the
child. For further information, see Annex G and/or ISO/TS 17929.
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5.1.8.2 Passengers with special needs

Requirements necessary for the safe use of the ride and any special precaution shall be defined.

For further information, see Annex G and Annex H.

5.1.8.3 Wind measuring devices

Where there are unacceptable risks associated with the operation of an amusement ride or device in
wind gusts exceeding the design wind speed, a wind measuring device (or other reliable indicator)

shall be incorporated into the design, and appropriate instructions for use included in the

operations

manual.
5.2| Supplementary safety requirements for various types of amusement devic
5.2]1 Amusement rides with horizontal and/or vertical axis

5.2]1.1 General

These are amusement devices moving around vertical and/or inclined aXes of rotation, with g
degrees of freedom of the moving frameworks and gondolas. Driving mechanisms permit v

ne or more
ariation of

inclination of the different rotating axes up to movement in vertical planes (see Figure 23 to [Figure 26).
<
S NITPSS ANV
AN
—/ |+ 3l N\
Figure 23 —Vertical axis, one degree of freedom
|
1
Figure 24 — Vertical axis, more than one degree of freedom
{ g
Figure 25 — Variable inclined more than one degree of freedom
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Figure 26 — Variable inclined axis

5.2.1.2 Area separation systems, access and egress openings

If in additipn to horizontal and/or vertical movements or another rotation (around a further axis)

are

also possille, the amusement device shall be provided with a perimeter fence for the general‘\public in

accordance¢ with J3 requirements (see 5.1.4.3). If an intermediate area, intended for passengers wai

to access
means of
openings f
mentioned

On amuseinent rides and devices featuring a round rotating platform witheut protruding elemg

where the
exceeding
If the velod
the risk as;

If the amu
isolated pa
area separ
allows for
mentioned
not exceed

For Chair-
separation|

For Chair-
an ergonor
between th
rotation. F
separation|
egress ope
the access

e passenger’s unit is provided, this area shall be separated from the dangerous areg

area separation system conforming, as a minimum to ]2 requirements.Ag¢cess and eg
por the general public shall conform to K2 requirements, unless an intermediate are
above is provided, in which case a compliance with K1 requirement is,.admissible.

only movement is a rotation around the vertical axis with an angular velocity
B rpm or a peripheral velocity not exceeding 3,0 m/s, no area’separation system is requi

essment requires ]2 or higher.

sement device consists of a round platform but,is provided with protruding part
ssenger units, and the velocity is within the lifnits specified in the above paragraph,
ation system shall conform to J2 requirements as a minimum unless the risk assess

features, slow vertical movements parallel to the rotation axis and with a vertical velo
ng 0,5 m/s, are present.

q

D-Planes and similar rides with)a peripheral velocity not exceeding 3,0 m/s, the
system shall conform to J1 unless'the risk assessment requires ]2 or higher.

D-Planes and similar rideS"with a peripheral velocity exceeding 3,0 m/s, in the absenc
hic study or implementation of alternative safety measures, the minimum vertical distd
le lowest part of the Seat and the areas accessible to the public shall be at least 3,7 m du
br rides where the minimum height of the seat is less than 3,7 m during rotation, an ¢
system according to ]J3 requirements, positioned according to Table 12, and access
hings conforming to K1 requirements are required, unless other mitigations protect aga
fo the area'(e:g. steps, or J1/]2 requirements and supervision).

The outsid
objects ach)

contour of swinging seats or gondolas shall have at least a horizontal distance from fij
rding to Table 12.

1 requirements. The same requirements shall be conformed to if, in addition to the agl

[ing
by
[ess
h as

bnts
not
red.

ity exceeds this value, the area separation system shall-gonform to J1 requirements unfess

or
the
ent
ve-
Ccity

rea

e of
nce
ing
rea
and

Inst

xed

5.2.1.3 Passenger units

Children’s rides (circular rotating) shall have a solid rotating platform underneath passenger units,
unless passengers are restrained by means of enclosures or restraint devices which limit their
movements. The doors of passenger units on merry-go-rounds for children which are intended as a
restraining device or, when open, can project outside the perimeter of the rotating platform, shall be
fitted with a latching device which can be opened from the outside only.

Gondolas or cars suspended by steel wire ropes or link type chains shall have a suspension system such
that the failure of one suspension element shall not result in a dangerous situation.

Access doors in rotor drums shall provide a complete enclosure and shall open inwards only, with the
door lock being operated from the outside.

66 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=5ab0c4691eb1d6b7f98238a2d4621271

ISO 17842-1:2023(E)

Rotors shall have a closed cylinder wall. The floor and the inner surface of the cylinder wall shall be
designed without protruding or indented components. The upper edge of the cylinder wall should not
be reachable by the user nor the spectator. The floor (with adjustable height) is to be inserted into the
cylinder with a minimum gap and shall be even and follow the direction of the rotation of the cylinder.
The doors shall be inserted with only a small gap into the cylinder wall. Rotors shall be designed in
such a way that they cannot start turning with open doors.

5.2.2 Amusement rides with horizontal axis

5.2.2.1 General

Ampisement rides moving around a horizontal axis are shown in Figure 27 to Figure 29.

A
A

Figure 27 — Main horizontal axis (passenger unit pivoting)

Figure 29 — Main horizontal axis non-energized (passenger unit not pivoting and without
mechanical drive)
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5.2.2.2 Area separation systems, access and egress openings

Area separation systems for the general public shall conform in general to ]3 requirements (see

5.1.4.2.3).

Openings shall conform to K2 requirements (see 5.1.4.2.4) and be able to physically close off (e.g. by
chained gates) the entrance to the ride during operation.

Area separation systems for non-energized swings shall conform to J3 requirements, but the type of
fence can be as follows:

A hand rai
The distan

Inside the
fence and y

Space betw

5.2.2.3 K

Gondolas d
vertical dig
intermedisd
0,85 m and

Gondolas ¢
stated in 5
to passeng
access ope
height and

| ) P ) pa | e e | bl 1Ll L .
L, 1 111 lllsll dllU dI1 ITILCT ITITUIAlT T d11 dU 11d1l llClsllL.
e from the path of the swing or gondola shall be in accordance with 5.1.7.1.3.

fence, there shall be sufficient room for the operator to avoid body crushing between
assenger unit in accordance with ISO 13854.

reen parallel swings shall be protected by a fence or barrier in accordan¢e with OURA.

assenger units

f swing boats shall have handrails not less than 1,1 m from the floor of the gondola. If]
tance between the upper edge of the side wall and the handrdil is more than 0,4 m, additi
te rails shall be fitted. Gondolas for children only shall have these dimensions reduce
0,25 m respectively.

the

the
nal
1 to

f giant wheels if not designed as closed cabins or’not conforming to the safety dista

for children up to 130 cm height, 0,85m is sufficient. Doors shall be locked and secy

against unfintended opening, if other standing(surfaces are present, further measures shall alsc

taken. For

5.2.2.4 R

Containme

rlosed cabins, refer to EN 13796-1.

estraints

nt belts, foot restraint straps or equivalent means shall be provided in non-powered gond

where pass
travel tem
body into

5.2.2.5

engers, during rotation, travel upside down. For power operated gondolas where passen
orarily upside-dow during rotation and where the vertical (head to foot or +az presses
e seat downwards, described as “eyes down”) acceleration is less than 0,2 g, refer to 5.1

iscellaneous

Swing boats shallbe provided with brakes, which neither stop the gondolas too abruptly nor lock.

ces

1.7.1.3 shall have guards to prevent contact with*parts having relative motion with respect
br's (special consideration should be given to-prevent long hair from being caught). Barrigr of
nings of gondolas shall be a minimum heightof 1,1 m. For giant wheels of less than 6 m falling

red
be

blas
Pers
the
7.2.

Swings for|children of less than 10 years of age shall not have a distance of more than 3 m between

the

floor of the gondola and the axis of suspension: rotation of the highest seat in a ship shall not pass the
horizontal line through the centre and shall be prevented. Brakes are not required if the operator can
stop the gondola by hand.

5.2.3 Ra

il-guided channel or track-bound devices

5.2.3.1 General

See Figure 30.
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5.2

Figure 30 — Track-guided devices

3.2 Area separation systems, access and egress openings
Q separation systems for the general public shall conform to }3 réquirements (see 5.1.4.2

bss openings to the loading zones shall conform to K3 requirements (see 5.1.4.2.4) in ordel

3)

to prevent

bss of passengers until the train comes to a stop. Egress:openings shall conform to K3 requirements.

ber operated, rail-guided devices for children where the velocity does not exceed 2,0 m/s
 are capable of being stopped within 2 m by the<operator, shall be provided with an area

and where
separation

em conforming to ]2 requirements. Access andiegress openings shall conform to K2 requirements.

iature railways do not require an area Separation system in amusement parks wher
wing conditions are met:

train route is clearly isolated frem other amusement devices, shops or roads;
train is driven by an operatog;

train’s velocity does notexceed 5 m/s;

acoustic warnings-are’provided on the train;

acoustic and opti€al warnings are provided on level-crossings.

station aréa-separation system shall conform to J1 requirements (see 5.1.4.2.3).

3.3, (Passenger units

Th

b all of the

passenger units shall be designed in such a way that:

passengers inside and outside are not likely to come into contact with moving parts;

passengers’ hands or arms are not likely to be crushed or bruised by contact with the cars in front

or behind the one they are travelling in;

the chassis and superstructures of the vehicles have sufficient degrees of freedom and clearance to
follow changes in transverse inclination, curves, humps and troughs, even under permissible wear

conditions.

Where there is contact between the cars or any guiding elements, the cars shall be fitted with fenders
at the front and/or rear, which shall be mounted at the same height. If there is a liability for offset
during contact, e.g. as a result of longitudinal or transverse swinging, then the fenders shall have a
sufficient height to provide overlap. At least one fender per car shall have shock absorbing properties,
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the damping being designed as a response function to the nominal speed. Damping may be dispensed
with if the cars are safeguarded against collision by a block-zone system or other means.

5.2.3.4 Restraints

Restraints

shall be fitted where necessary in accordance with 5.1.7.2.

5.2.3.5 Miscellaneous

The guldlng elements of cars and trams shall ensure that contact W1th the track is mamtamed under

DI the purpose Speaal prov151ons shall be taken in the de51gn of guldmg elements mo

adequate ff der
to ensure tfhat, even in the case of loss of one load wheel, side guide wheel or up stop wheel,-the“calr or
train cannpt leave the rails. Running wheels, guide wheels, up stop wheels are subject to wear. [The
permissiblg wear rates shall be specified by precise limits.

Lateral movement of cars and gondolas shall be restricted to prevent collision with.caps or gondolap on
adjacent trpcks or fixed objects. Safety distances shall be considered by using the'extreme positions of
the cars or{gondolas.

Pendulum |gondolas, or similar passenger units, shall be provided with devices for limiting laterdl or
longitudingl oscillations of the gondola, during passenger loading and unloading (see also 5.1.6).
5.2.3.6 Roller coaster track

5.2.3.6.1 |Block zone systems

Requiremgnts are given in Annex C.

5.2.3.6.2 |Brakes

Safety brake zones shall be arranged in such.@way that there are always sufficient braking elemgnts
between any two cars/trains.

Safety brake zones shall be fail safe and designed to stop the car or train in the most unfavourable
conditions

Consequenitly, the brakes shall\not lock or jam and shall be applied in a controlled and progrespive
manner.

A suitable ffedundancy.oftindependent brake elements shall be provided, and the brake shall stop|the
train/vehi¢le for the most unfavourable condition with sufficient safety margin even in the case pf a
pressure dyop in the brake system or a power loss.

The mechdnieal ‘parts of the brake elements shall be designed and calculated with the approprijiate
partial safetyfactors.

In the event of delays during passenger loading, any risk of collision by following cars shall be prevented
with certainty by appropriate means.

All functions and operational states of the safety brake system shall be controlled and monitored by a
safety related control system.

Operating fluid pressure and the acceptable pressure limits of each brake element shall be kept
automatically controlled by the safety related control system.

Operational brakes shall be provided to stop the cars or trains automatically in the shortest practicable
stopping distance, taking into account the maximum permissible deceleration (see 4.4.2.4.4).
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Maximum deceleration shall not exceed 0,7 g for an emergency and 0,5 g for normal stopping brakes
(service brakes) unless special provisions for passengers are installed (e.g. lap bars).

5.2.4 Dodgem/bumper cars

5.2.4.1 General

For bumper cars, the minimum safety distances given in Table 14 shall be provided. See Figure 31 and

Figure 32.
Table 14 — Distances in mm for dodgem cars
(lasses (defined by passenger’s X y s | r1 R2 c12 | ¢ cga | caa
height or age)
Passengers min. | 70 | 320 | 25 | 175 400
from 4 to 8 years 7Q 45 90 100
max. | 85 | 400 | 30 | 230 515
from 105 cm to 130 cm
Passengers min. | 85 | 400 | 30 | 230 516
85 60 120 | 150
An adult with accompanied child | max. | 100 | 435 | 35 | 275 620
min. | 100 | 435 | 35 | 275 620
Passengers P 100 85 140 | 200

max. | 120 | 550 | 50 | <310 725

b | An adult accompanying a small child is also admitted. Seatphysical space limiting the weight.

a |C1, C2, C3 and C4 are minimum clearances (empty spaces) between the rigid parts of the bodywork (4
example rubber protections which can cause no damage) in a static\position.

xcluding for

Key
1 zone 1
2 zone 2

C1to C4 minimum clearances (see Table 14)

© IS0 2023 - All rights reserved
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safety distances for dodgem cars (see Table 14)

Figure 32 — Dodgem/bumper cars

lrea separation system, access and egress openings

ation system for the general public to the driving area shall conform to J1 requireme
egress shall conform to K1.

b area shall be surrounded by a sill of sufficient height, so as to prevent mounting by the
1l be strong enough to withstand the impact of the cars at maximum speed.

assenger units

hir vehicles Shall be designed so that passengers cannot fall out. The vehicles shal
1 by buffers made of soft material or inflatable tyres, which shall project sufficientl
e clearahces given in 5.2.4.1. The buffers fitted to vehicles which are used on the same

All moving

at the'same height for all vehicles and at the same height as the edge of the sill or barrief.

nts.

car.

be
y to
Fide

ar-0ther dnngprmlc parts of the vebhicles which can canse injury shall either he

a) design

b) protec

ed so as to remove risk of injury, or

ted so as to minimize injury by impact.

Dodgem cars shall be fitted with safety belts or other equally effective devices which will prevent
children from being injured on impact with other vehicles. Where belts are fitted, they shall be at least
25 mm in width.

5.2.4.4 Miscellaneous

The driving area shall be free from discontinuities so as to prevent obstruction to the cars’ movement.

Dodgem cars shall be designed in such a way as to minimize the risk of overturning.
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The speed of dodgem cars shall not exceed 12 km/h. Cars to be used by unaccompanied children,
aged from 8 years to 12 years, shall be limited to a maximum speed of 10 km/h. The driving area shall
exclusively be used by unaccompanied children, aged 8 years or less and shall be limited to a maximum
speed of 8 km/h. if the risk assessment demonstrates the safe use.

Where high efficiency shock absorbing systems are provided, to ensure that acceptable acceleration
levels are not exceeded, the speed may be increased to 14 km/h if the impact forces do not exceed
the forces reached in a conventional dodgem car travelling up to 12 km/h. The maximum speed of the
vehicles operating on the same track shall not vary by more than 15 %. The mass difference of loaded
cars (see 4.3.3.1.2.1) operating on the same track shall not exceed 30 %.

Where high efficiency shock absorbing systems are provided the mass difference may be increased to a

valyie which ensures that acceptable acceleration levels are not exceeded.

Thd
veh

installation shall be fitted with an emergency stop device, which enables thejopérator
icles from his or her control position as quickly as is safely practicable.

to stop all

5.2/4.5 Electromechanical requirements for dodgem cars

Conducting parts of cars which are not protected from direct touching, shall be powetred with a

mas3
acc

For
pan
maj

equfivalent AC or DC generator.

Thd
and
par

For
sup|
sha

Any

kimum of 25 V AC or 60 V ripple free (max. 10 % ripple) DC supplied by an isolating trar
rdance with IEC 61558-1 or an equivalent generator.

those exposed electrical conductors out of normal reachy(heights of at least 2,5 m aboy
of the vehicle), the maximum voltage shall not be more than 50 V AC or 120 V ripple fr
ximum of 10 % ripple supplied by an isolating transformer in accordance with IEC 615

overhead current supply net or plate, the collectors on the vehicles and the track shall b
built in such a manner that injury is minimizéd paying particular attention to the eyes a
Ficles and sparks.

driving areas of up to 200 m? the current supply net or plate shall be securely attached tg
ply at a minimum of two points/Fpr areas greater than 200 mZ, a minimum of three su
| be fitted.

current supply net shall be of wire mesh (preferably hexagonal). The diameter of w

sformer in

e the floor
be DC, i.e. a
58-1 or an

e designed
aresult of

the power
bply points

rire should

be hot exceed

40

between 1,0 mm and ‘1,4 mm. The nominal square hole size of the mesh should
m x 40 mm.

Ste¢l and other suitable materials (e.g. copper, brass, aluminium) can be used.

Netk shall be tensioned with plates fixed in such a manner that no significant deformation orfmovement

duelto the préessure of the collectors occurs.

Ste¢l wiresshall be galvanised before being joined by the wire wrapping. The current supp
be fixed at a uniform distance of not less than 2,5 m above the floor pan of the vehicle.

ly net shall

Any current supply net shall be of galvanised steel or be of a suitable alternative material (e.g. copper,
brass, aluminium).

The connections to the net shall be equally spaced around the perimeter of the net or plate.

The vehicles shall be equipped with contact brushes made of steel or bronze or the suitable material,
which are spring loaded against the floor with a force F of at least 10 N (see Figure 34).

The current collector (see Figure 33) shall be made of a suitable material and formed with the largest
radius possible, so as to touch the current collector net at a minimum of three points. It should swivel
easily and exert a constant force F on the supply net of at least 10 N.
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Key

1 contactlarea
2  net

3  spring

F  contactforce

Figure 33 — Example of a typical net currentcollector

Key

F  contact{force
1 floor

2 spring

Figure 34 — Contact force of a floor contact brush

The plates(which form the track shall be smooth; panels shall have a good electrical contact through
the edges ¢r by other means. They shall be connected to the negative pole of the energy source at fwo
opposite ppings in“order to avoid dangerous potential differences.

The lates f¥hatrack challha connactad to A1l paatallic cyrrnndin g ot ctiienc
p —eRe-tFa ek StarBe-conecteato-ar e tar e St TrouRa R g SHuetures:

5.2.5 Speedways/go-karts

These requirements are specific for amusement parks and fairground go-karts.

5.2.5.1 Area separation system, access and egress openings

In order to prevent the general public from walking onto the track, the speedway tracks shall be
guarded by a guard rail at least 0,5 m above the sill of the track but in any case at least 1,1 m above
the floor level accessible to the public (area separation system conforming to ]3 requirements). Access
and egress shall conform to K2 requirements. The driving area shall be surrounded by a barrier of

74 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=5ab0c4691eb1d6b7f98238a2d4621271

ISO 17842-1:2023(E)

sufficient height so as to prevent mounting by the car. Spring supported barriers are not permitted. The
sill shall be strong enough to withstand the impact of the cars at maximum speed.

5.2.5.2 Passenger units

The speedway track and cars shall be designed in such a way as to minimize the risk of overturning.
Factors such as speed, inclination, bend radii and width of track shall be taken into consideration. Where
overtaking is possible the track shall be at least three times the maximum width of the speedway car.

Speedway cars shall be surrounded by fenders so as to prevent any contact between the respective
wheels and/ar the frames of the cars

5.2/5.3 Restraints

Spepdway cars shall be provided with adjustable diagonal shoulder belts on each passenger seat of at
leagt 25 mm in width, while respecting the following minimum requirements as.defined in 5.1.7.2.2.

5.2/5.4 Miscellaneous
The speed of cars running on a speedway shall not exceed 30 km/h,

Carp to be used by unaccompanied children aged 8 years or less, shall be limited to a maxipnum speed
of 8km/h if the risk assessment demonstrates the safe use.

Carp driven by internal combustion engines shall be fitted.with a tray beneath the engine and the fuel
lines.

Theg engine shall be positioned so that passengers are not endangered by an engine fire. EIN 16230 on
fuel-driven engines shall be considered.

The driving area shall be smooth and levelrand shall be constructed of material appropriate for that
purpose.

The installation shall be fitted with@ device which enables the operator to stop all vehicles.
5.26 Mini-motorbikes for-children

5.216.1 Area separation system, access and egress openings

To prevent the general public from walking onto the track, the area separation system shgll conform
to JB requirements,/Access and egress shall conform to K1. The driving area shall be surropinded by a
bartfier or a sill,of sufficient height to prevent mounting by the vehicle. Spring supported barriers are
not[permitteéd) special requirements can be given for inflatable barriers. The sill shall be str¢ng enough
to withstand the impact of the cars at maximum speed.

5.216.2 Passenger units

Mini motorbikes shall be designed in such a way that the risk of overturning is reduced to a minimum.

Mini-motorbikes shall be provided with adequate bumpers, which shall project at least 10 cm beyond
the most extreme parts of the vehicle. The bumpers fitted to vehicles which are used on the same ride
shall be set at the same height for all vehicles and at the same height as the edge of the sill or barrier.

Careful attention shall be paid to ensure that the motorbike is stable during riding and in case of
impacts.

Special precautions shall be taken in order to ensure safe accommodation and protection of passengers.
An integrated footrest shall be provided to protect passengers’ legs against impact and to prevent
passengers from falling.
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5.2.6.3 Restraints

There are no special requirements.

5.2.6.4 Miscellaneous

The speed of mini-motorbikes shall not exceed 8 km/h, if the risk assessment demonstrates the safe

use.

5.2.7 Boatrides

5.2.7.1

Water spot

5.2.7.2 A

On the sid
boat is intq

The landin|
the boats |
risk assess

5.2.7.3

(

H

See genera

5.2.7.4

K

See genera

In water ri

5.2.7.5

Water dep
adequate s
capsizes.

Where pov

feneral

ts and public transportation are not dealt with in this document.

\rea separation system, access and egress

s of the waterway there shall be an access area of at least 0,5 m wide at places where
nded to stop.

i position shall be clearly marked and shall provide safe and easy access to and egress f
y using as a minimum J1 requirements. The gate “K” requitements shall be defined by
ment.

assenger units

| requirements in 5.1.7.

estraints

I requirements in 5.1.7.2.

es, the hazards in case the passenger unit capsizes shall be considered.

Miscellaneous

hs shall not be greater.than technologically necessary. Where water depths exceed 0,]
afety measures shall-be taken to prevent users from drowning if the boat takes wate

Fer driven boats operate in a channel permitting one-way operation only, the speed shall

the

fom
the

m,
" Or

not

exceed 15 km/h.

e at
cafe

Where freg rangihg boats operate on an enclosed lake, the number of boats allowed to operat
any one time shall be restricted in accordance with the available water area, in order to ensure
operation. IChe i i ini

— 15 m?2/boat with a maximum speed up to 8 km/h;
— 30 m?2/boat with a maximum speed of no more than 15 km/h.

Boats driven by internal combustion engines shall be fitted with a tray beneath the engine and the fuel
lines. The engine shall be positioned so that passengers are not endangered by an engine fire. A suitable
fire suppression system shall be fitted in the engine compartment.

Facilities shall be provided to recover all boats in case of emergency.
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5.2.8 Flume rides

5.2.8.1 Area separation system, access and egress openings

During loading and unloading of passengers, the relative velocity between the boat and the access
platform shall not exceed 0,5 m/s.

The minimum distance between the wall of the boat and the wall of the channel shall be 0,12 m, in
normal floating conditions (see Figure 35). In the station area the distance between the wall of the
boat and access- respectlvely egress platform shall be reduced to appr0x1mately 005 m. Special

a . S inimum of

is to avoid
thepinch point between the boat and the side of the flume. A risk assessment may show that the reduced

Dimensions in millimetres
=120

—H-——

Figure 35 — Minimum distance to channel walls

Normal floating conditions should e measured in straight channel.

5.2/8.2 Passenger units

The boat shall be provided with adequate handrails and footrests in order to allow passenggrs to brace
themselves against forCes’occurring during boat acceleration and deceleration.

Protection shall bé provided in order to prevent damage to passengers seated in the front, if they can be
propelled againstthe front panel.

Theg gunwale to the seat height is shown in Figure 36.

Seelalso.general requirements in 5.1.7.

Dimensions in millimetres

I

I
2300
=400

Figure 36 — Minimum and maximum step height and side wall height
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5.2.8.3 Restraints

Restraint devices are not allowed on flume ride boats when there is a risk of overturning. If the average
longitudinal deceleration during braking does not exceed 0,7 g, the downward slope does not exceed
40° and head-to-foot acceleration is more than +0,2 g in all places, the “restraint rose” (see Figure 22)
shall not be applied.

5.2.8.4 Miscellaneous

Automatic fail safe block-zone systems shall be provided in the channel zones where collisions between

boats can i jure passengers because of the vp]nr‘ify

Means shall be provided to prevent collisions at speeds greater than what the bumpers were designed
to handle dn the lifts or in zones preceding the slopes.

Fail safe mleans shall be provided to prevent any boat from entering the downward slope/block-zome if
the minimfim water depth necessary for a safe deceleration is not ensured, at the endof‘the slope.

For genera| requirements related block-zone systems, see also 5.2.3.6.

For block-Zone control systems, see Annex B.

Sufficient water quality shall be achieved and kept.

Compliancg with EEC directive 2006/7/EC (32006L0007) is recomierided.

5.2.9 Hellter skelters, slides

5.2.9.1 (eneral

The requirpments below are in addition to or prevail over those contained in EN 1176 (all parts). Sljdes
with a height greater than that mentioned in EN 1176-3 are not excluded from being used as amusenfent
devices.

The requirfements below are in addition.to-or prevail over those contained in EN 1176 (all partsd)) or
EN 1069.

5.2.9.2 Area separation system;-access and egress openings

In areas where passengers,car’walk onto the slide area or run out zones area separation systemq for
the general public shall conferm to J3 requirements as a minimum. Access openings to the loading and
run out zomes shall conferm to K2 requirements, in order to prevent crushing of users. Egress openings
shall conform to KLrequirements.

5.2.9.3 BRassenger units

M 1 i lada) claoll 1o adad £ 1 £ 1 pa | 3 £ LA | Lo pa A 1
eans (e.g.SsaceKsmatcs; SreasySsrarr ot proviaearortrre userro-—str o atrmg e Tiae,-wietreatatttona

protection is required to protect against splinters and burns.

5.2.9.4 Restraints

There are no special requirements.

5.2.9.5 Miscellaneous

Channels or troughs shall be smooth throughout their entire length. Overlapping is only permitted
in the sliding direction. Channel side walls shall be at least 0,45 m high for single channels and well-
rounded at the top upper edge.

The end of the slide shall be built in such a way that the user can complete his ride without assistance.
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The access platform to the highest part of the slide can deviate from requirements mentioned in 5.1.3.2,
but the slope shall not exceed the slope of the starting section of the slide (the slide entry). In this area
passengers shall walk in single file only.

The longitudinal configuration of the channel shall prevent excessive speeds and account for
accelerations exerted on the passenger and the necessary stopping distances. The risk of lift off from

the

surface shall be reduced to a minimum.

In case of multi-channel slides the internal division (between channels) shall not be less than 10 cm.

5.2
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laby

5.2

Dev
acc
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Smgoth and splinter free surfaces (sanded where necessaty if wooden) shall be provided t
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childrenwprto 10 years of age, minimum dimensions can be found in EN 1176-1).

10 Side shows, booths, win-a-prize and sales stands, mazes, halls of mirrors, funh
yrinths, hammers, ring the bell and similar

10.1 Funhouses

ices on which users can climb, shall be positioned so that the surroundings take th
punt. Where falls are foreseeable, e.g. from climbing frames, climbing nets,adventure eq

| be provided over a sufficient area.

ere the likelihood of falls is built into the concept, e.g. with inc¢lined rope ladders, esp¢
vel retaining devices, then high efficiency absorption materjal; e.g. deep foam, rubber
tresses shall be provided.

of injury. The most favourable materials shall be selected to avoid hostile surfaces, e
erial liable to splinter, especially where the bodyds in close contact with the surface,
Es or divisions of slides.

hails, screws, sharp angled fixtures and fittings shall be recessed, sunken or otherwise
bles holding punchbags, climbing ropes. and nets at floor level shall be covered.

her hazardous protruding items ngrspinch points are allowed. Wherever possible, smoo
1 be provided.

fain rotating devices, whether power or non-power driven, shall be regulated so as no
maximum permitted speéd) They shall also be provided with a smooth sliding surface an
act absorbing material ‘at the limiting point of travel e.g. on rotating horizontal wheels
vell as inclined axis-wheels. Any impact absorbing material and the dimensions of the rt
| be defined by risk-assessment.

bre users trafisfér from a standing to a sitting position to prepare to descend a slide or ing
guate safe frand holds shall be fixed at suitable positions and in such a way that they the
cause injury. Loading platforms shall be installed in such places. If the device is only fo

s risk into
hipment, in
g surfaces,

cially with
or inflated

D minimize
g. to avoid
such as for

protected.

th surfaces

f to exceed
d adequate
and cages
n-out area

lined tube,
mselves do
 the use of

All

bower-driven parts of a device shall be analysed for possible trapping or crushing. Emern

gency stop

devices and close operator supervision shall be provided as required. Risks at transitions from moving
to stationary surfaces shall be minimized, e.g. by using comb techniques.

Devices not driven by mechanical power, such as roller walkways, horizontal multiple tier rolls,
pyramid rolls and rise and fall sections of floor often spring loaded for return, shall have supplementary
supports, such as parallel bars for the participants to support themselves. They shall also be provided
with additional safeguards so that a person cannot fall through openings in the floor, down stairwells
or under rails protecting a gallery. Any foot or toe traps shall be eliminated, especially at any device
which is moving under user load.

Devices like swinging platforms or seesaws shall be safeguarded (i.e. fences, area separation)
preventing access to their extreme points of travel. Foreseeable abuse of such measures shall be taken
into account. Limitation of the arc of travel can be required as well as padding of the extreme ends.
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Trampolines and other bouncing devices shall be sited at locations where the surroundings are not
likely to produce injuries.

NOTE Supplementary information for trampolines can be found in ASTM F 381 and for inflatables in the
ISO 20187 series.

Devices with hinged floors, including those operating by the moving weight of participants require
special attention to clearances between their moving edges and the side walls, taking into account the
safety of a fallen person, and in particular, children.

Warning notices shall clearly indicate the need to wear footwear on devices such as boardwalks,
rocking brijdge; stepping stomesand steet rolterssoastoavoid imjuries fronrsplinters; etc:

Warning nptices shall clearly indicate “no footwear” devices, such as slides, tubes, rotating~bdrfels,
rotating dishes where hard footwear is undesirable as fellow participants can be struck by flaifing
footwear.

The follow|ng legible notice shall be displayed outside such devices:

“This device is only for the use of users in good physical condition and requires sportive actions”.

An essentigl element of the safe enjoyment of the funhouse environment is an adéquate alert supervigion.
Supervisor|s shall take immediate action to avoid injury e.g. by stopping,a device. He or she shall coa}trol

unruly beliaviour and warn participants of their unsafe acts. Supervision can be supplemented by
remote controls such as closed-circuit TV, visual display units or niirrors. Observation points shalll be
positioned|at suitable places which give an overall view of the activities within the funhouse.

5.2.10.2 Hall of mirrors
No steps afe permitted in halls of mirrors.
Glass panels shall be made of safety glass.

Neither hazardous protruding items nor pinchipoints are allowed. Wherever possible, smooth surfgces
shall be propvided. For additional requiremeénts see also 5.2.10.1.

5.2.10.3 Win-a-prize and sales stands

ach

gth
be

The anvil or striking plate shall be fixed in such a way that it cannot become detached.

The whole amusement device shall be fenced off by means of a perimeter fence. Safety distances from
the anvil shall be in accordance with 5.1.4.2.2.

Where percussion caps or similar explosive devices are used, adequate protection against splinters and
fragments shall be provided around the striking points.
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10.5 Maneges

The ring in circus tents shall be separated from the seating area by a substantially solid barrier at least
40 cm high. For circus tents contrary to 5.1.6.1.3, the admissible number of persons shall be based on

the

5.2.

5.2.

Sh

of shooting. Care shall be taken, by way of structural measures, to ensure that nobodyrisi
restilt of a shot going astray.
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5.2
Thd

number of seats.
11 Shooting stands and trailers, shooting devices

11.1 Area separation system, access and egress openings

side walls and overheads of shooting galleries shall be made from matérial which can
ets within the gallery.

| sheeting shall be firmly fixed to the base on which it is set, and_shall show no eviden
to move backwards or forwards; screws or nails with domed heads shall not be used. T
s or screws used for fixing the coverings of steel sheet shall be 6f the countersunk type. {

each shooter, a width of at least 80 cm shall be provided: Further area separation syste

hired if the booths or trailers are enclosed as mentioned in the above clauses.

access and egress doors in the side walls shall be designed as lockable doors with
1irements as for the side walls. The maximumtangle of opening shall be 90°.

11.2 Miscellaneous

lighting shall be adequately protected against erratic or ricochet bullets.

e is being used, it shall not be inserted in the side turned towards those who are shootinlg.

e direction
hjured as a

rear wall of the shooting gallery shall be vertical and of sheet steel at least of.1,5*mm thick.

retain the

ce of being
he heads of
Vhere steel

ms are not

the same

If there are devices for fixing targets in front of the rear wall, means shall be provided to prevent the

pro
twi

If, however, the target objécts are fixed directly onto the rear wall, or there is some other 1

loos
rea

danjgerous ricochets cannot occur.

Any
sha
dist

ectiles from ricocheting (esg.freely suspended layers of woollen material, tenting mate;
1 or jute).

e layers of material’cannot be suspended between the target objects and the rear wa
F wall shall be eonstructed in such a manner (e.g. using thick steel sheeting, padding at th

objectsiwhich are suspended, for decorative purposes between the shooting rest and

ance, of at least 2,5 m from the side of the shooting rest which is turned towards the pef

ial such as

eason why
], then the
b rear) that

the target,

| be designed or deployed in such a manner that they cannot lead to ricochets; they shall be at a

son who is

sho

ting

5.2.

11.3 Weapons

Only the following types of weapon, which are neither semi-automatic nor fully automatic, shall be
used:

— Weapons with a calibre of up to 5,5 mm for which the muzzle energy shall not be more than 7,5 Nm.
The trigger shall not be fitted with a hair spring and shall be designed in such a way that the weapon
is not discharged as a result of an impact on the barrel or the spring mechanism, or through a
relatively small vibration. In the case of those weapons where the gun does not have to be cocked
and loaded by hand before further shots can be discharged, the operating personnel shall be able to

©IS
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to som

Rifles designed for indoor use using rim-firing cartridges of up to 4,5 mm.

e fixed field of fire.

Crossbows for which the kinetic energy of the bolt is not more than 2 Nm.

Weapons can be subject to local regulations.

5.2.11.4 Ammunition

Pistols and other weapons with a length of up to 60 cm may only be used where they are restricted

Only the folTowing type of ammunition may be used:

air rifl
feathe

Ammunitiq

5.2.11.5 1

Where ca
fitted in s

The rear w
type. The f

For live anj

Fittings in
be mounte
vertical frg
the fitting

commé¢rcially available soft lead shot, round shot, or diablo shot;

a 4,5 mim shot rim-fire cartridge with a medium charge as a maximum;

LnLera covers and flash bulbs are used in

F ammunition;
red bolts for cross bows.

n can be subject to local regulations.

argets

“photo shooting” stands, these shall be designed
h a way that they cannot burst and so that the shooting pieces cannot ricochet.

all shall be at least 2,8 m from the shooting rests when using weapons of the compressed
Font of the targets shall be at least 2,4 m from'the fixed shooting rests.

munition, the rear wall shall be at least 5,5'm from the fixed shooting rests.

shooting galleries onto which tubes for the insertion of flowers and the like are affixed, s
d so that their upper horizontal sutfaces are either horizontal or sloped to the rear side.
nt side shall be tilted at an angle-of at least 20° to the vertical towards the rear, and, w}
is not made of steel, it shall\be covered with steel sheeting of at least 2 mm in thickn

The dista

vibration gccurs.

Fittings in phooting galleries.fob the purpose of holding targets and the “hit” indicator shall be desig
and fitted [in such a mannep that they can only be brought into action from the shooting rest.
brackets hplding the figires used as targets and the devices for supporting these shall be prote
from “hits’| by suitable;constructional measures. The funnel shall be fashioned in such a way that s

e between the brackets fwhich support them, shall be such that if they are hit by a shot

and

air

hall
The
lere
ess.
, no

ned
The
ted

ots

which strike it canfiof ricochet, even when they strike at an angle. Disc targets and moving targets shall
and-manufactured in such a manner that shots are not able to ricochet from them, gven
when they|strike at an angle. The targets for feathered bolts shall be of knot free white wood or jof a
material of equivalent effectiveness.

be design

Shooting stands in which feathered bolts as well as weapons firing soft shots are used, shall be
separated into different firing areas by dividing walls.
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5.3.

5.3.

ISO 17842-1:2023(E)

Mechanical systems
1 Hydraulic and pneumatic devices

1.1 General requirements

The adequate safety of the hydraulic and pneumatic equipment shall be demonstrated by means of
construction drawings, calculations, the relevant circuit diagrams and a functional description of the

plant.

In gaseof fathure, the devices siratt go to a safe state Wien Tequired by the DRA- A fiTstfajlure of the
system shall be detected. In this case, a subsequent failure shall not be considered in aecorflance with
[SO|4413 and ISO 4414.

5.3/11.2 Design

All frams, cylinders and associated pipework and fittings which are subjected to pressufre shall be
des|gned to withstand twice the maximum working pressure for hydraulic equipment and 15 times for

pne
use
to g

Pun

5.3

Effe
sep

5.3

Pip

joints, bends and fittings, and at any.section of the system subject to vibration.

Pip
as 1

5.3

The
Sys
attd
The

umatic equipment without sustaining permanent distortion or failure. Brittle material §
d for cylinders or connecting links. Rams and cylinders shall beanetnted so that they ar
xial loads only.

chased parts off the shelf (e.g. valves) shall be designed injaccordance with ISO 4413 and|

1.3 Travelling limits

ctive means shall be provided to prevent rams*rom travelling beyond the limits of the
hrate mechanical stop is not necessarily requited.

1.4 Piping

ng shall be supported so that undue stresses are eliminated. Particular attention shall

ng shall be mounted in such:a'way as to allow the inspection of the pipe and particularl
huch as possible.

1.5 Hoses

nominal preSsure of the hoses shall be greater than the maximum operating presg
em. The burst pressure of the hose shall be five times higher than the nominal pressure
ntion shdllbe paid to joints, bends and fittings, and at any section of the system subject t
type @f*hose shall be selected according to the requirements of the system (compat

hy

|

teomoving parts of the machine. The manufacturer shall specify the intervals at which the hoses

aulicfluid used, etc.). Hoses shall be installed so as to prevent sharp bends and chafing

hall not be
b subjected

ISO 4414.

cylinder. A

be paid to

7 the joints

ure of the
Particular
vibration.

Tbility with

br trapping

should be replaced.

5.3.

1.6 Reservoir

Reservoirs for hydraulic fluid shall be of rigid construction, having adequate and effective venting to
the atmosphere. The inner covering of the reservoir shall withstand the chemical characteristics and
temperature range of the fluid.

An air filter, a fluid strainer and a level indicator shall be provided. The reservoir for normal operation
shall have at least 10 % more capacity than that necessary to guarantee an uninterrupted flow of the
fluid to the pump. A label showing the correct type of hydraulic fluid shall be clearly displayed on the
system.
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5.3.1.7 Venting

The hydraulic circuits shall permit the release of air and as such can require a purging system.

5.3.1.8 Pressure limits

The hydraulic or pneumatic system shall incorporate a pressure relief valve fitted between the pump
and the non-return valve. The relief valve shall be set to a pressure of not more than 10 % (pneumatic)
or 20 % (hydraulic) higher than the highest normal working pressure but at a pressure higher than that
required to prevent the relief valve blowing off during normal working conditions. The strength of the

for

cylinders
cylinders.

5.3.1.9 R

If a danger

5.3.1.10 ¢

Provisions
of the worlj

5.3.1.11 [

In the evel
speed shal
absorbing

5.3.1.12 K

All safety 1

5.3.1.13 K

Where ned
recovery o

5.3.1.14 (

All filters s
pump. The

position of
All fluids s

hall be calculated ncing 14 times the urnr](ing load. There shallbe a quignp calculatio

ail to safe

hecking

[ing pressure and the setting of the pressure release valve.

owering

it of failure or malfunction of the hydraulic or poeumatic system the maximum lowe
| not exceed 0,5 m/sec for any part of the passenger-carrying equipment, unless sh
levices or other equivalent systems are installed to prevent undue shocks to passengers

rotection

elated valves shall be protected agdinst unauthorized resetting.

mergency

essary a manually operated emergency system shall be fitted, in order to facilitate
[ passengers from a dangerous position in the case of system power supply failure.

leanliness

hall have assufficient degree of filtration and shall be mounted on the pressure side of]
mountifig)of a filter in the piping returning to the reservoir shall be avoided, when a
the system is dependent on an unrestricted flow of the medium back into the resery
hall be filtered, when put into the system. Each system put into operation, shall be

shall be made in the hydraulic system for the fitting of a pressure'gauge to facilitate check

ous situation occurs due to the failure of piping or hoses, a non-return valvg, 'd flow conjtrol
valve or a pipe break valve shall be fitted directly to the cylinder.

—

ng

ing
ock

the

the
bafe
FOir.
pf a

cleanlinesq

commensurate with the components

5.3.2 Lifting and elevating units being integral part of an amusement ride

5.3.2.1 General

These lifts are an integral part of the amusement devices. If they are required for general lifting
purposes, they shall be designed accordingly.
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5.3.2.2 Hoist units — Brakes

Hoist units (rope and chain hoists) shall be equipped with effective brakes or other equivalent devices,
capable of stopping the movements of the equipment and its loads safely at its rated speed and
maintaining it in its stopped position.

In case of power loss all brakes shall adopt a safe state. This can be closed or open, depending on risk
assessment.

The hoist unit shall be designed in order to ensure that a single point failure cannot dissociate the brake

and

the drum or sprocket.

5.3

To
pro

5.3

If tH

sys
resf

5.3

Thd
out
can

5.3

Mag
tha
sus
the

2.3 Limitation of the lifting and lowering movement

buard against malfunction of the control system, devices according to IECr60204-3
vided, and shall include:

preliminary switches for initiating a controlled stop towards the upper7and lower hoist
operational limit switches which prohibit incorrect hoist drive direction at the hoist tra

ultimate limit switches of the safety type with direct mechani¢al’actuation, which disqg
main electrical supply from the hoist. The actuators of these’switches shall be independs
switches;

mechanical top and bottom limit stops.

2.4 Overload protection

ere is a danger due to overloading, machinegshall be equipped with appropriate overload
ems. This is not applicable when the number of persons is limited or fixed by the numb|
s or places provided.

2.5 Slack rope or chain protection

machine shall be equipped.with a slack rope or chain detection device which, when act
all operational movement except at creep speed, unless it can be shown that a slack ro
not occur under any operational condition.

2.6 Safety deyices

hines with @4ifting carriage which is intended to carry people and which can be r:
h 1,5 m shall be equipped with a safety device(s) against over speed caused by fai
bension‘and mechanical units (e.g. chain, rope, drive gear, counterweight) or a redundant]
lifting’device shall be designed:

2 shall be

imits;
Vel limits;

onnect the
ent of other

protection
er of seats,

uated, cuts
be or chain

hised more
ure of the
system for

The safety system shall operate, by means of an over speed governor, at a speed no h

igher than

1,4 times the rated speed.

When there is more than one safety system, their actuators shall be mechanically co
ensure they operate simultaneously.

Operation of the safety system shall interrupt power to the hoist unit.

nnected to

Slackening or breaking of the over speed governor rope or chain, shall interrupt power to the hoist

unit.

For hoist units using power screws, rack and pinion drives, directly acting hydraulic or pneumatic
drives equivalent safety means shall be provided (see 5.3.2.7 to 5.3.2.10).
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The structural, fatigue, control and operational issues and properties of all involved components shall
be verified.

5.3.2.7 Suspension elements

Hoist units using rope or chain systems shall be dimensioned in accordance with the load spectrum
and operating time class. The ratio between the minimum breaking load of a rope or chain and the
maximum force in the rope or chain shall be at least 6 for hoist units intended to carry people and at

least 5 for other hoist units.

If a detaile

and a suffi
safety fact
and non-dq

All ropes o

The tensilg
category o

Rope drum
the lifting

The ratio
diameter

Existing w
for the int¢

account eff
number of

(D/d) can |
Catego
Catego

Categg
height

Lifting dev
parameter

In category
30.

Means sha

g

Cient safety factor against the minimum replacement frequency of one year is achievéd,
br of the above sentence need not be observed. The application of this method requireswvi
structive inspections as determined by the life calculation.

I chains of one lifting unit shall be of the same size, quality and construction,

strength of the wires of suspension ropes shall not be less than that of a nominal strer
1570 N/mm?2.

s shall be provided with grooves. At least two turns of rope shallstill be on the drum w
farriage is in its lowest position.

arope is expressed as (D/d).

re rope standards shall only be used if the conditions-of application can be shown to be v
bnded use. In all other cases fatigue calculations(shall be made to justify (D/d), taking

ects including: rope speed, type of rope, dynamic performance, stress range spectrum

load cycles.

e determined for the following categories:
ry A — lifting device without passengers or persons exposed to it;
ry B — lifting device with passengers with a speed v < 1m/s and a lift height less than 2

ry C — lifting device with passengers or persons exposed to it and speed v > 1m/s or g
more than 2 m.

ices in category Asand category B (D/d) shall be calculated taking into account the reley

D.

[ C, a detailedfatigue calculation shall be performed and the ratio (D/d) shall be not less t

1 bé provided to equalize the tension of the ropes or chains where more than one rop

chain is fix]

fnfignp life calculation faking into accountthe realistic r‘hninl/rnpp parametersis pprfnrmed

the
bual

gth

hen

the diameter of pulleys and drums measured at the centfe line of the rope and the nomjinal

hlid
nto
and

mn;

lift

rant

han

e Or

edto one suspension point.

Only leaf or roller type chains shall be used as suspension elements.

Wire rope pulleys, chain wheels or sprocket wheels shall be provided with guards to prevent the ropes
or chains from leaving the grooves or teeth.

Rope or chain termination shall have a minimum breaking load of at least 80 % of the minimum
breaking load of the rope or chain.

5.3.2.8 Hydraulic drives

For these types of elevating units see also 5.3.1. The lifting units shall be designed so that in the event of
hydraulic leakage, no dangerous situation occurs.
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For hoist units directly operated by cylinders, valves shall be fitted to prevent uncontrolled lowering in
case of pipe or hose failure.

5.3.2.9 Power screw drives

To evaluate the design stresses in power screws and nuts, a fatigue and static calculation shall be
performed for the material used in accordance with 4.7.

The power screw mechanism shall be designed to prevent separation of the lifting carriage from the
mechanism during normal use.

Each power screw shall have a safety nut of equivalent material and size to the load beasipg nut. The
safgty nut shall only be loaded if the load bearing nut fails. It shall not be possible to-rfaisqg the lifting
carfiage from its access position when the safety nut is under load. The power screw shall Have higher
wedr resistance than the nuts.

It shall be possible to inspect the wear of the load bearing nuts without majorcdisassembly.

Power screws shall be fitted with devices at both ends to prevent the load bearing and safety nuts from
trayelling beyond either end.

5.3]2.10 Rack and pinion drives

To gvaluate the design stresses in rack and pinion drives)a-fatigue and static calculati¢gn shall be
performed for the material used in accordance with 4.7.

Anyf driving or safety pinion shall always be engaged with the rack with at least 2/3 of the tpoth width
and| 1/3 of the tooth depth.

Visfial examination of the pinions shall be possible with neither the removal of the piniong nor major
disgssembly of structural components.

5.3]2.11 Pneumatic drives

Forfthese types of elevating units seealso 5.3.1. The lifting units shall be designed so that in ghe event of
pneumatic leakage, no dangerous'situation occurs.

For|hoist units directly operated by pneumatic devices, appropriate means shall be fitted|to prevent
uncpntrolled lowering in case of pipe or hose failure.

5.4) Manufactureand supply
5.4{1 Manufacturer

5.4/1.1" 'General

The manufacturer shall ensure that all requirements within the design specification are fully
incorporated into the completed amusement device, and the quality of the construction meets the
design specification.

The execution of structural steel components designed according to EN 1993 (all parts) shall be in
conformance with EN 1090-2.

The execution of structural aluminium components designed according to EN 1999-1-1 shall be in
conformance with EN 1090-3
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Machinery components may be designed and shall be manufactured in accordance with the
requirements defined by the designer’s assessment.

NOTE Technical Specification CEN/TS 17959 on Manufacturing Quality Recommendations for Machinery
Components will be published soon.

5.4.1.2 Requirements for the personnel

The manufacturer shall ensure that persons engaged in the manufacturing of the amusement devices
are competent to carry out the work.

An appropfiate welding coordination shall be performed according to ISO 14731.

Welders and welding operators shall be qualified and certified according to ISO 9606-1 (steel) and/
or ISO 9606-2 (aluminium) and/or ISO 14732.

The non-destructive testing (NDT)-personnel shall be qualified and certified in_dec6rdance with
applicable [nternational or national standards, e.g. ISO 9712, minimum level 2.

Any assenibling, modification, adjustment or alteration of parts shall only bé done by persons with
appropriate experience and be approved by the designer.

5.4.1.3 Subcontracting and supply

Safety-related materials, parts, assemblies, or components shall be ade in accordance with the design
specificatipn and quality requirements.

Such parts|shall be clearly defined by manufacturers, subcontractors and suppliers.

There can| be a need to be individually identified 4o0* enable them to be traced throughout |the
manufactulring process, including the identification efithe raw material.

The identification marks position on the parts shall be clearly specified, authorized by the designer
and agreed between the ordering and supplying parties. The marking method and the areas where|the
marks shotild be executed shall not affect inany case the fatigue life of the component.

5.4.2 Quality assurance — Qualityyplan

5.4.2.1 (eneral

Only competent persons~shall be engaged in the manufacture of amusement devices. Particplar
attention shall be paid £o.the inspection of components and raw material, including consumables, Qoth
when manjufactured. in-house and subcontracted. Where the design or specification indicates that
certain parts are_safety-related and has specified certain tests, the manufacturer shall ensure that all
the requir¢ments-of the tests are fulfilled.

NDT techniques are required for certain aspects of manufacture. The manufacturer shall rdach
the specified level of quality required for each component of the ride and determine the standard of
manufacture necessary to achieve this, in accordance with design specification.

5.4.2.2 Material Quality requirements

As minimum requirements for safety-related components the following standards shall be applied for
the different quality assurance processes:

If the design of safety-related components requires the use of plates and wide flat bars of minimum
thickness 10 mm, for welded cruciform joints transmitting primary tensile stresses through the plate
thickness, the requirements in EN 10160 or EN 10164, or other comparable national standards can

apply.
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Plates and wide flat bars in load-bearing structures which are loaded in the thickness direction with
tensile forces shall be suitable for this special requirement. Safety-related axles, shafts, bolts and pins

Ultrasonic testing of the primary material, penetration or magnetic particle testing after machining
is required. Acceptance class 4 for testing according to EN 10228-1, EN 10228-2 and EN 10308 is
recommended.

5.4.2.3 Certificates

The quality of steel and/or aluminium for load bearing members and standard mechanical components,
if there is no ngrppd or gpnprn] method of calculation shall be verified by the inspection certificate 3.1
accprding to ISO 10474:2013 or equivalent. Certificates for load bearing welded compehents shall
inﬂklde the chemical analysis, the mechanical and technological properties and the valuelof|the carbon
equiivalent CEV.

Hydraulic or pneumatic hoses, cylinders and rams, hooks, safety hooks, shackles, fioller buckles or other
acc¢ssories shall be considered as accepted if they are marked by the manufacturers, agcording to
exigting standards.

Roges, chains for example, shall be supplied with certificates showingatleast the guaranteed minimum
brepking load, type and size.

Safety related components shall be supplied with certificates,dr’declarations showing, as a minimum,
conformity to the design specifications.

5.4/2.4 Documentation for quality management

Thg manufacturer shall provide quality documentation in accordance with EN 1090. These documents
will be part of the technical dossier.

As 3 minimum, the following points shall be-documented:

a) |anorganization chartand alist of mamnagerial staff responsible for each aspect of the marjufacturing
process;

b) [procedures, methods and worK instructions to be applied;
c) |aninspection plan spe¢ific to the work;

d) |a procedure for handling changes and modifications;

e) |aprocedure forhandling non-conformities, requests for concessions and quality disputgs;
f) |specified-hold-points or requirements to witness or test, and any consequent access reqfiirements;

g) |certificates for materials, components and fire rating, when risk of fire is significant and requested
bythe DRA;

h) inspection and testreports.
5.4.3 Manufacturing process

5.4.3.1 General

Manufacturers shall not deviate from the requirements laid down by the designer. If difficulties in
manufacture arise due to circumstances not foreseen by the designer, the manufacturer shall not make
modifications to alleviate the difficulties without first consulting with and obtaining the agreement of
the designer.
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5.4.3.2 Durability

The designer shall specify the method of protection, the areas and frequency of inspection. All
components shall be protected against degradation caused by corrosion or rot by an approved method.
[For steel, see ISO 12944 (all parts)].

NOTE EN 1090-2:2018, Annex F, is a reference for corrosion prevention. Deviation can be necessary since
certain requirements cannot be applicable due to special requirements for amusement devices.

Where hollow section structural steel is used, internal corrosion shall be avoided.

Protectionrefa sand

passivation, in accordance with EN 1090-3:2008, Annex F, unless otherwise secified.

For aluminium, the inner surface of hollow sections only requires a protective treatment if eXprefsly
specified.

5.4.3.3 Welding procedure

The weldihg procedures for the materials being used shall be defined by the qualified welding
coordinatipn personnel.

When and fif necessary, a welding sequence plan shall be created for the welded assemblies before|the
start of prgduction.

Special investigation shall be done and approved by the designer:where a change in welding procedure
can affect §tress and fatigue properties.

5.4.3.4 Steel welding
Welding pifeparation shall be specified in accordancewith ISO 9692-1, ISO 9692-2 and ISO 9692-3.
Welding qyality shall be specified in accordanceiwith ISO 3834-2, ISO 3834-3 and ISO 3834-4.

Welders afd welding operators shall be approved in accordance with ISO 9606-1 and/or ISO 14{732
depending|upon the classification of the part.

Welding offsteel parts for amusement devices, especially when operating under fatigue conditions, shall
be conducted in accordance with ISO 3834-2.

5.4.3.5 Aluminium welding
Welders arld welding opérators shall be approved in accordance with ISO 9606-2 and/or ISO 14732.
Welding qyality shall’be specified in accordance with ISO 3834-2, ISO 3834-3, ISO 3834-4.

Welding offaluminium parts for amusement devices, especially when operating under fatigue conditipns,
shall be conducted in accordance with [SO 3834-2.

5.4.3.6 Standards and requirements for non-destructive testing of welds
The provisions of ISO 17635 shall apply. In addition:
— All steel welding of dynamic loaded parts shall meet the requirements of ISO 5817, quality level B.

— All welding of statically loaded parts and subordinate components shall meet the requirements of
[SO 5817, quality level C.

— All aluminium welding of dynamically loaded parts shall meet the requirements of 1SO 10042,
quality level B.
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— IS0 17635, Annex A, provides cross-reference from ISO 5817 to applicable magnetic particle tests
(MT), penetration tests (PT), ultrasonic tests (UT) and radiographic tests (RT) standards, including
acceptance levels which should be considered as the minimum necessary.

5.4.3.7 Plastic composites

Safety critical load bearing composites such as fibre reinforced plastics shall only be fabricated by
manufacturers who have the facilities and personnel to maintain the quality as specified by the
designer.

which are
spefified in the design and are to be used in manufacture, shall be obtained from thé-gupplier by
matlerial certificates or from test results. The manufacturing process shall be adequatelyispgcified and
confrolled to ensure consistency of properties in the finished article. A permanent redord shall be kept
of aJl the essential data concerning the production of load bearing composites, such as:

— |material of reinforcement, fibres, additives, resins,
— |temperature, humidity, environmental conditions,
— |type of manufacturing process, number of layers, type of fibres, and

— |composite samples of each different construction provided{or tests.

5.4{3.8 Safety precautions to be taken by the manufacturer

All parts of the amusement device which require maintenance and/or inspection, shall be provided
with safe and easy means of access and a safe working position for maintenance staff.

Duq to the variety of the amusement devices{Zthis document cannot go into detail abouft technical
prefautions for working activities.

Thgmanufacturer shall provide the necessary information, primarily in the manuals (see 5.5.1), required
to develop an individual risk assessnient of safe working procedures for employees and opefators. The
confroller develops this risk assessment in accordance with the local workplace legislation.

It i§ advised to take into accoint the aesthetic impact of these measures and in such cases mobile
plafforms, or other means ¢anbe considered as an alternative.

5.413.9 Electrical installations

Forlelectrical installation and components, see Annex A.
5.5 Docuinentation supplied with amusement device

5.5]1C- Manuals

5.5.1.1 General

Comprehensive instructions concerning assembly, operation and maintenance shall be provided by the
designer. Special advice or details of special qualifications required by personnel shall be given. These
instructions shall be written in the language of the user or in other language agreed by the parties.

The reference of the instructions (e.g. edition, revision) shall be added to the amusement device log.

The manual shall provide, as a minimum, the instructions stated hereafter.

©1S0 2023 - All rights reserved 91


https://standardsiso.com/api/?name=5ab0c4691eb1d6b7f98238a2d4621271

ISO 17842-1:2023(E)

5.5.1.2 Assembly and dismantling instructions

These instructions shall comprise:

— aspecification of the special equipment, tools, material or parts which shall be used for safe assembly
or dismantling of the amusement device;

— an advice concerning foundation preparation (if permanently fixed);

— the sequence of erection to maintain stability;

— correct methods for connecting electrical systems to the power supply and meéthods

intercg
— torque
— schedy
— earthi

— plans
loads t

Any found:

5.5.1.3 (
These inst
— adetai

— recom

static ¢verload of the device;

— the prg
of opet

— any limitations regarding permissible partial loading or asymmetric loading of the device;

— details
— emerg

— any en
operat

ing and its limitations, load spreading and any necessary ballasting requirements;

nnecting subassemblies, if appropriate;
settings for structural screws or bolts and required greasing and tests;
les of tests and inspection to ensure correct functioning;

g details for lightning protection in accordance with Annex A;

hat can be applied at these points.

ition preparations should also be shown on the plan.

Jperating instructions
‘uctions shall comprise:
led explanation of the controls and their function;

mended passenger access and egress procedures and any limitations necessary to prey

scribed limiting conditionssstating any limitations for passengers (if any), the limits of sp
ation, the cycle time and the maximum numbers of passengers to be carried;

of the passengerpestraint system, and guidance on its use;
bncy evacuation procedures, including evacuation following a power source failure;

vironmental limitations, e.g. conditions of wind, rain, during which the ride should no
ed,

bf the amusement device, showing recommended packing points and details of maxinjum

rent

eed

[ be

5.5.1.4 Maintenance instructions

These instructions shall comprise:

— a list of those components requiring regular lubrication, the types of suitable lubricant, and the

freque

ncy of lubrication;

— adetailed explanation of the controls and their function with respect to inspection and maintenance;

— alistofthose components which require regular replacement, giving the periodicity of replacement,
preferably expressed in service hours;

— acceptance criteria for worn parts, showing details of the areas to be measured;
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— a list of those components which require regular inspection, the recommended frequency of
inspection (preferably expressed in service hours), the schedule of NDT and the method of inspection
e.g. visual;

— safety-related components with limited lifetime;
— alist of any specific tests to be carried out;

— recommendations concerning electrical testing. These instructions shall meet the requirements of
IEC 60204-1;

+1 £ 3 £ 3 lots 1ok pa | £ £ it £ 43 pa| £ iy t d
CITC— CCSTIITS OT IS urdatroTr TCSTSTaIC e CUTIa O CTOT - COTITITUTI Yy, PTrotetTrive— CoOTToaactoOT— COTT 1nul y an

proving the effectiveness of residual current circuit breakers where fitted;
— |methods for proving the effectiveness of any interlocking circuits or controls;
— |recommendations regarding electrical maintenance;

— |safe electrical isolation procedures

5.52 Special information
Thip information shall include:

— |an advice, that parts shall not be replaced without ensuring that they conform with the original
specification;

— |special requirements for the preparation for operation of the device including the mgthod to be
adopted for examination;

— |details of the maintenance, service or repdirs which may be conducted by the user or[competent
persons, and the necessary details.

5.5{3 Drawings and diagrams
These items shall comprise:

— |an outline drawing of thé amusement device showing the principal dimensions when grected and
recommended safe cleardnce distances for the amusement device when in motion;

— |diagrams of all control systems (hydraulic, pneumatic, electrical/electronic) using stgndardized
symbols.

5.6 Design documentation

5.6J1 «General

Q40 12 1 111 pa |
OTL70 SIIdIT UT USTU.

F - £l | - pa | e 1CO 1
orrevrew-ortne UCTSIgIT UUCTUIIITIIL, 10U L

The manufacturer of amusement devices shall include all the safeguarding arrangements such as guards
necessary for dangerous parts of the machinery, including power units and transmission machinery as
specified by the designer.

The operator’s position shall be arranged so as to ensure easy and safe control of the amusement device.

The designer or the controller shall take into account the need of the operator to have a clear and
unobstructed view of all areas important for safety as determined by the OURA.

The operator’s position shall be provided with safe and easy means of access and be adequately
illuminated.

EN 1837 can be used if the correct operation of the amusement devices depends on lighting.

©1S0 2023 - All rights reserved 93


https://standardsiso.com/api/?name=5ab0c4691eb1d6b7f98238a2d4621271

ISO 17842-1:2023(E)

All safety relevant design documents shall be available and include where relevant:

design

design

hy

risk assessment;

calculations;

stress and fatigue analysis of:

structural and mechanical parts,

draulic and pneumatic parts,

dr|
— br
design
acceler

hydrat

electri

(SRCS);

install

5.6.2 De

The descri
device.

It shall als

ive units, bearings, and

hkes and safety devices;
drawings;
ation/containment details;
lic/pneumatic specification;

cal/electronic specification, including software details of safety-related control syst

u

mechalnical/structural specification;

htion, operation, maintenance and inspection information.

scription of installation and technical specification/information

ption shall give information concerning the<nstallation, operation and maintenance of

describe the stages of installation,operation and maintenance processes.

It shall indlicate the type of device, the main’design characteristics, possible varying installations,

main dime
protection
process, t
concerning

The functi
shall be de

The electri

nsions and the clearance requirements, if exceeding the main dimensions, the bound
or fencing required, the€_ dimensions of exits and entrances, the working and opera
he motion systems, operation modes, speeds, accelerations and possible restrict
the use of the device,

bn of the hydraulic/pneumatic equipment and its combined effect with the electric sys
scribed, unlessiit is clear from the connection diagram.

cal wiring'diagram or supplementary descriptions shall clearly show:

PINS

the

the
ary
[ing
ons

fem

— the type of electric current, nominal voltage, load current, type and load of the voltage transformer,

conver

téror generator and illumination;

— the type of safety measures and methods used to prevent indirect and/or accidental contacts with
conducting elements.

The safety devices, which are or become effective in exceptional situations (e.g. measures which allow
the safe stopping of all movements of the equipment in case of drive failure), shall be sufficiently clearly
indicated or described.

Information on emergency situations and evacuation procedures and equipment shall be clearly
indicated or described.
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5.7 Amusement Device log

5.7.1 General

The amusement device log for the amusement ride or device will be delivered by the manufacturer in
the language of the user or other languages agreed by the parties. See Annex D.

It shall clearly identify the amusement device and contain a summary of the technical and operational
data.

The user shall add the history, records of all repairs, modifications, inspections, tests and checks and
the|detailed reports thereof, including an excerpt of the design documents which provide)ihformation
for |dentification and inspection, by the inspection bodies. The amusement device log shall Qe available
on ¢ach installation site for maintenance, tests, inspections and checks. All inspectidn repofts shall be
included by appropriate entries.

5.7{2 Content

Theg device log shall comprise at least the following documents:
a) |device logindex;

b) |name and identification;

c) |manufacturer;

d) |device description;

e) |record of ownership;

f) |national registration details;

g) [technical data and requirements:

— speed limits;

— general passenger usedimitation;

— general passenger size/age limitation;

— areference wind velocity specified for the amusement device;
— any snow‘load restrictions;

— anyrestrictions due to seismic activity;

— , other restrictions if any;

h) |data availability;

i) record and reports of initial acceptance tests;
j)  record of required inspections (NDT);
k) record; reports and results of inspection, tests, thorough examinations and inspections;

1) record of all unscheduled maintenance; repair and modification affecting the safety of the
amusement device;

m) revision;
n) records of failures;

o) record of all installations at fairs or permanent parks;
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p) records of accidents;

q) records of service bulletins of ride manufacturer;
r) records of safety alerts of ride manufacturer;

s) initial test report;

t) record of all scheduled maintenance operations;

u) reportlist;

v) declarftion of operation authorization;
w) extensfion of operation authorization;

x) blank pages for insertion/attachment of acceptance reports. Technical documentation, certificg
notes gtc.

5.8 Offi¢ial technical dossier

5.8.1 Geperal

For each amusement device a technical dossier shall be established¢bythe manufacturer which g
comprise the design documents to provide detailed information with respect to design, calculat
method of| construction, instructions and information relating\to operation and maintenance

inspectionf by inspection bodies. The technical dossier shall be kept by the designer and/or
manufactulrer with copies to the reviewing inspection body-All initial approval and inspection rep
shall be ingluded therein.

NOTE The technical dossier can be used as a “safety justification of the amusement device”.

5.8.2 Coptent
The technifal dossier shall comprise at least-the following:
— design|land operation descriptions,including limitations e.g. max operational wind speed;

— design|drawings (presentationof the key dimensions of the entire facility printed in a legible for
and scple);

— detail flrawings (witlrthé dimensions and the material of all the components and their connect
and all subassembliés'in an adequate legible format and scale);

— stress pnalysis.including fatigue analysis (comprehensive calculation documents);

— risk assesSmient for the ride when in operation;

tes,

hall
ion,
and
the
Drts

nat

ons

— examination and approval reports as well as reports on any other mspections;

— all circuit diagrams for electric, control and hydraulic or pneumatic components or equipment;

— layoutdrawings of the escape routes and their dimensions with calculated verification for enclosures

with more than 400 occupants. Special instructions for cases of fire;

— all certificates for material, components and fire rating;

— an operation or instruction manual written in the language of the user or an agreed language

covering installation and dismantling of parts and mobile amusement devices, maintenance
operation and a list of all parts requiring periodic replacement;

and
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— all initial inspection and approval reports as well as reports on any other initial inspections and

5.8.

manufacturing tests and inspections.

3 Identification marking

Each amusement device shall be fitted with an identification plate showing the following information:

name and address of the manufacturer and/or importer/supplier;

type/model no.;

manufacturers serial no.,

month and year of the manufacture;

date of initial approval;

approval mark if requested /no. of inspection body;

safe working load/number of persons to be carried.

losures and booths shall be marked with

name and address of the manufacturer/supplier/importer, dnd

month and year of the manufacture.

©IS
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A.1.1 Geperal

This secti
amuseme
or device.

It is aimed

protecting[the equipment in amusement rides or devices from the effects of'gver current, overvolt
and similar disturbances.

The electr|cal installation shall conform to IEC 60204-1 except where extended or modified by
following.

A.1.2 Protection against electric shocks

A.1.2.1 (eneral

Exposed metalwork shall be guarded against becoming live under faulty conditions: for AC by a sys
of earthed |equipotential bonding and automatic disconnection, and for DC by isolation from earth.
points are:

to ens

— forpu

circuit
power

For transp
submersib

with [EC 6

unless
by a ci

suitab

Ilic or equivalentprivate power supply, the electrical equipment shall have provisions for

2-1:2023(E)
Annex A
(normative)

Electrical equipment and control systems

n specifies requirements for the design and installation of electrical equipment use
rides or devices from the point of electrical power connection through thelamusement

at minimising the risk of injury from electric shock, burn, arcing and explosion, as we

the equipmentis double- or all-insulated, the supply shall be connected to exposed metalw
Fcuit protective conductor;

re that it disconnectSiif-there is a short circuit, earth fault or overload;

protective and bonding conductors shall be connected to the earth, or to earth rods, at
source.

brtable-ammusement rides and devices and amusement rides containing power branches v
e consumers, only the following protective measures against indirect contact in accordd
364:4-41 are permitted:

1 in
Fide

|l as
age

the

fem
Key

ork

y rated protective devices, such as fuses and circuit breakers, shall be installed on the supply

the
the

vith
nce

protection through automatic disconnection of the power supply or each branch by means of RCDs

or RCMs in TN and TT systems with a maximum leakage current 300 mA (unless a specialized
equipment requires a higher value) and a total earthing resistance of <30 Q;

protection by using equipment of safety class Il or equivalent insulation;

protection through SELV or PELV systems.

Protection through FELV systems shall not be used.

For transportable amusement rides and devices, IEC 60364-7-740 shall be applied.
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A.1.2.2 Sliding contacts

Sliding contacts, for example slip rings, live rails and pick-ups, shall be protected to a minimum of [P2X
with the following exceptions:

a) Rails, conductive floors and ceilings connected to a SELV/FELV or a PELV source where the
maximum voltage is 25 V AC or 60 V DC with a maximum of 10 % ripple without protection against
direct contact.

b) Dodgem cars if the requirements in 5.2.4.5 are met.

the side or

w to prevent the accumulation of dust or water.

A.112.3 Earthing systems

The ride shall only be connected to a supply that has an earthing system that meets the requirements
of IEC 60364-4-41.

Bonlding conductors and bonding equipotential conductors shall be désigned and installel and shall
meg¢t the requirements of IEC 60364-5-54. Moreover, slotted, pinned; bolted or similar mechanical
conpecting methods on the rides and/or structure may be used provided continuity of the bonding
confductor can be verified.

A rotating bearing shall not be used as a method of protective bonding of adjacent conduftive parts
which rotate.

A.1l3 Protection against lightning

Profection against lightning shall conform to IEC,;62305 (all parts).

A.1l4 Lighting

A.1/4.1 General

All parts of the amusement ride:or device to which the public and staff have access and all external exit
ways shall, if intended for use.in the absence of daylight, be provided with lighting capable of providing
sufficient illumination ofthose parts for people to leave the amusement device safely.

When lighting appliahces are within reach, additional protection (e.g. plastic caps) shall bg applied, if
they can give riseto,a’risk from electric shock, burn or breakage.

In deviation t6HEC 60204-1, stroboscopic effect lighting is permitted to be used on amusement rides
and/devices.Ifused, the effects of stroboscopic effect lighting upon the specified suitable pogulation for
thejride shall be considered (e.g. to take account of medical conditions such as epilepsy).

A. 142 Emergencyligchting

For amusement rides and devices to be operated in enclosed structures or in absence of daylight,
emergency lighting shall be provided in accordance with EN 50172.

If at any time there is a failure of the normal lighting, the parts of the structure affected, including any
exit signs shall immediately be illuminated by alternative means.

Emergency lighting can be supplied from the same source as the normal lighting but shall be capable
of being backed up by an independent supply for a sufficient duration. The independent supply shall be
brought into operation immediately and automatically in the event of failure of the normal supply for
enclosed structures.
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A.1.5 Generators

Generators shall be positioned to minimize risks from hot surfaces, dangerous parts, overheating

and

exhaust products. Associated electrical equipment shall be mounted so as to minimize the effects of

vibration.

When a generator is used to power the amusement device, the system shall be preferably TN-S.
The neutral conductor of the star-point of the generator shall, except in the case of an IT system, be
connected to the exposed-conductive-parts of the generator. IT should only be used if there is no other

alternative earthing system possible.

A.1.6 Heaters and light fittings

Heaters and light fittings shall be placed out of reach in a manner which minimises the risk’ of
They shall |be securely attached to supports strong enough to withstand winds, protected'against
unless designed for such exposure and not carried by cable conductors, unless the cablé is designed
that purpoge. If the voltage exceeds 25 V AC, cables, which have been previously usedwith spiked 14
holders, shpll not be used.

A.1.7 Communication means

All amuse
passengers

ent rides and devices shall have a suitable means for the ‘eperator to communicat
, unless risk assessment shows it is not necessary.

Communic
system is y

htion means wiring shall be suitably protected for the ‘unique operating condition if
sed to provide audio notification announcements forsafety, operation and evacuation.

A.2 Confrol systems

A.2.1 Safety-related control system (SRCS)

A.2.1.1 (eneral

It applies(]z

from the sq

This section applies to the design and manufacture of safety-related control systems.

all control systems, e7g,;-manual, electrical, electronic, hydraulic, pneumatic, mechan
nsor up to and includingthe actuating device.

The design
diligence i

If the SRCS
continuing

Notify

and construction-efa SRCS shall follow a documented process which demonstrates that

applied to the éyaluation and mitigation of identified hazards and their associated risks|

detects failure modes that would degrade the performance of a safety function, such
safe operation is not ensured, the SRCS shall:

opeérators of the presence of the failure mode.

fire.
Fain

for
) mp

P to

the

cal,

due

that

risk assessment.

resuming operation which relies upon the safety function.

ISO 13849-1 and with the risk assessment conducted in accordance with ISO 12100.

Discontinue the operation which relies upon the safety function in a manner consistent with the

Confirm the detected failure of the component or equipment in question is no longer present before

SRCS incorporating pneumatic, hydraulic and mechanical elements shall be in accordance with

SRCS incorporating electrical electronic and programmable electronic elements shall be in

accordance with either ISO 13849-1 or IEC 62061 and with the risk assessment conducted in

accordance with ISO 12100. Guidance on the selection of the appropriate standard can be found in
the ISO/TR 23849.
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.2 Safety-related control functions

.2.1 General

Safety-related control functions shall be periodically verified by a method determined by the risk
assessment. This verification shall be possible without modifying the control system.

Where the risk assessment shows as necessary, interlocking and monitoring devices shall be selected
and positioned so that they are not easily or accidentally defeated or interfered with by persons riding

ino

r on the amusement device.

The
par
ope

Safé
con
pre

Safq
pot

A.2

Thd
une

The

Stai

A2

Wh
orig
sha

designer shall specify, for inclusion in the operations manual, the limits of any adjustmy
hmeters, and any necessary checks and/or tests needed to confirm the correctadjug
ration of the interlocking and/or monitoring system.

ty-related control functions shall be designed to support continuous mitigation of
Kistent with the risk assessment. This mitigation shall be supported in the@bsence, onset]
sence of foreseeable failures of the devices used by the function.

ty-related control functions shall be individually identified by the-designer/engineer, in
bntial hazards that are related to each function.

2.2 Start functions

SRCS shall be designed to a sufficient integrity inrorder to prevent risks associate
xpected start or acceleration of the equipment.

equipment shall not be caused to start or accelerate unless

commanded to do so by an operator, and/oQf

the start is in accordance with the expeeted operation.

t functions shall require a deliberate attendant action when the previous stop
results from a loss of power;

places riders in a normalrider loading or unloading area, and the equipment stops for
time that exceeds a reasonable expectation for an automatic re-start,

is a stop category 0-or category 1 according to IEC 60204-1.

2.3 Evacuation

bn passenger evacuation is necessary after a stop function or fault, which results in an
ntation that prevents safe passenger evacuation from the amusement ride or device,

bnts, safety
tment and

he hazard
and in the

Cluding the

d with the

b period of

equipment
the design
bvision can

1 prov1de with an equipment reorientation sufficient to support safe evacuation. This pr

1 pa A ] £ 1 A | 1L Tl Laoll A | £ £
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a)
b)

A

A2

load/unload position(s);
planned alternative evacuation areas (e.g. evacuation platforms);

other evacuation areas.

.2.4 Stop functions

rence:

If required, as a result of a risk assessment, the SRCS shall have the following stop functions available:

“operational stop function”,

» o«

emergency stop” and “emergency switching off”. The initiation of these

stops can either be by human intervention or by SRCS. Stop functions shall have priority over the
corresponding start functions.
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The stop functions shall meet the following requirements:

“stop f

unction” as specified in IEC 60204-1;

— “emergency switching off” as specified in IEC 60204-1;

“emergency stop” as specified in IEC 60204-1.

Each amusement ride or device shall be equipped with a supply disconnecting device according to

IEC 60204-

A manual stop function shall be initiated hy a Qinglp human action

1:2005, 5.3.

Manually ipitiated stop functions shall be continuously available in all operating modes in which

stop is rel

When contfrols for initiating a specific stop function are available at more than one locatior, a comm|

from any o

Each oper3
attendant

other areas

Unexpecte
requireme

Recovery
initiate m

Stop funct
reset the s)

A2.3 Sa

Means shg
predeterm|

Where spe
structures

The follow
minim
condit
amuse

maxin
the sa

i

!

devicelare ensured during repeated or sustained use;

ant.

the stations shall initiate the stop function irrespective of activities at otherstations.

iting console shall provide controls that initiate a stop of all ride devices in the zon
hwareness at that console. The controls at that console can stop theride device motio

P

H start shall not be allowed by the SRCS under stop <¢enditions and shall meet
hts of SO 14118.

om stops cannot be done by raising button: a secondary deliberate action is require
ion.

ons caused by the SRCS due to fault detectionrequire a deliberate action to recover and
ystem.

fety-related parameters

Il be provided to ensure that the-values of the safety-related parameters stay wi
ined levels defined by the risk assessment.

ed is a safety-related parameter, speed control shall prevent hazardous consequences
and passengers.

ng speeds shall beconsidered:

on, the safe{gentainment of passengers and the intended function and the integrity of]
ment device;

the

and

b of
h in

the

l to

| /or

hin

on

um operationatspeed — the minimum speed necessary to ensure, for a stated operati¢gnal

the

um opérational speed — the maximum speed at which, for a stated operational condit
e, containment of passengers and the intended function and the integrity of the amuse

ion,

nrent

element, without any restriction or control.

maximum achievable speed — the maximum value of speed achievable by an amusement device

For a particular part of the ride cycle, there can be different operating speeds. In particular the
following criteria shall be applied to prevent the amusement ride or device operating outside the design

parameter

S:

— If the device either fails to achieve a minimum operating speed after a predetermined time, or the
speed falls below the minimum operational speed, then the SRCS shall perform an appropriate
stopping function.

appropriate stopping function.

102

If the speed of the device rises above the maximum operating speed, then the SRCS shall perform an
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The risk assessment shall evaluate the effects on the amusement device and passengers due to any
achievable speeds.

If the maximum achievable speed is greater than the maximum operational speed, additional means
can be necessary to ensure that the maximum operational speed is not exceeded. The requirement and
integrity of these means shall be determined by the risk assessment.

A.2.4 Passenger restraints

Where a control system is involved in the operating, interlocking or monitoring of passenger restraints,
its function and integrity shall be determined by a risk assessment.

A.2}14.1 Safety integrity requirements

In dccordance with ISO 17842-2:2022, 4.5, the attendant is responsible to ensure that the phssenger is
properly seated and restraint prior to enable a new ride cycle.

Forjrestraintlock/unlock control circuit based on the applicable restraint class, the design requirements
in Table A.1, Table A.2 and Table A.3 shall be applied.

Table A.1 — Restraint lock/unlock céntrol

Restraint class
1 2 3 42 b3
JiL:n/aorPL:a SIL:1orPL.:b SIL: 1 or PLgic SIL: 2orPL.:d SIL: 3¢rPL:e

a | Additional requirement for classes 4 and 5: control circuit afchitecture shall be of dual channel or fault tolerance of 1.

SIL| safety integrity level.
PL

| (required) performance level.

Table A.2 — Minimum closed restraint position feedback

Restraint class
1 2 3 4 5

Single cHannel cir-
cuit with putomated
diagnostfic prior to
new ride [cycle start

Single channel
None None None circuit without auto-
mated diagnostic

Ind{vidual Minimdm Closed restraint position feedback indication shall not be visible for seat checking
attgndant.

Collective.individual minimum closed restraint feedback indication position is allowed.

Table A.3 — Restraint latching/locking device feedback

Restraint class

1 2 3 4 5
Redundancy check?
None None Redundancy check? | Redundancy check? | or directlock posi-
tion monitoring

3 The integrity of the redundant locking device shall be verified within certain time intervals, which shall be determined
by the mechanical design.

b Direct position monitoring of the mechanical locking device (“tooth engaged”).
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A.2.4.2 Loss of power

Loss of the

power supply shall not

cause the release of restraint devices,

passenger or for operational purposes, e.g. manual release.

A.2.5 Fall Prevention

Where a
compartm

A251 S

In accorda
placed insi

A.2.5.1.1
The follow
If max

If max

A.2.5.1.2

Based on 1

followed:
If max

If max

A.2.5.1.3

Based on 1
followed:

If max

If max

Periodic
intervals, y

prevent the intentional release of restraint devices when required to ensure the safety of the

CONTIOl SySTem 15 Invoived 1M the operating, IMtertocking or MoNItoring of passe
ent guards or doors, its function and integrity shall be determined by a risk assessment.

afety integrity requirements

hce with ISO 17842-2, the attendant is responsible to ensure that the passernger is prop
e the compartment prior to enable a new ride cycle.

Guard/door lock/unlock control circuit

potential fall height <2m: SIL n/a or PLr a.
potential fall height 22m: SIL 1 or PLr c.

Guard/door position feedback circuit

he maximum potential fall height, the folléwing minimum design requirements shal

potential fall height <2m: n/a.

potential fall height 22m: Single-¢hannel circuit without diagnostic.

Guard/door latching/locking device feedback circuit

he maximum potential fall height, the following minimum design requirements shal

potential falbheight <2m: Periodic check.
potentidl fall height 22m: Redundancy check or direct lock position monitoring.

heck: \The integrity of the latching/locking device shall be verified within certain
vhich shall be determined by the design.

ng minimum design requirements shall be applied based on the’max potential fall height:

ger

erly

be

be

ime

Redundancy check: The integrity of the redundant locking device shall be verified within certain time
intervals, which shall be determined by the design.

Direct lock position monitoring: Direct position monitoring of the mechanical locking device prior to
new ride cycle start.

A.2.6 Inhibiting of safety functions

The inhibiting of safety functions shall be done in accordance with the requirements for muting of
safety functions as described in ISO 13849-1 and in [EC 60204-1.

In addition to ISO 13849-1, if it is necessary to manually suspend safety functions, e.g. for set up,
adjustments, maintenance, and repair, the following criteria should be applied:

104
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All procedures of this type shall be performed under the authority and supervision of authorized
personnel.

— The number of personnel required, and method of muting safety function (e.g. key, code) depends on
the risk assessment.

— After muting or inhibiting safety functions, the SRCS should limit the duration of possible cycling
and/or inhibit the procedure to change operational mode, until safety functions have been returned
to normal configuration.

— After each of these procedures/interventions, functional testing of normal mode operation shall be
properly performed prior to running the amusement ride with passengers.

— | Effective and secure means to prevent manual suspension in those operating modésywhere it is not
allowed.

In addition, consideration can be given to the provision of one or more of the following:
— |Initiation of motion by a hold-to-run device or by a similar control device!

— |A portable control station (e.g. pendant) with an emergency stop device and, where appijopriate, an
enabling device. Where a portable station is in use, motion can be‘initiated only from that station.

— |Limitation of the speed or the power of motion.

A.2l7 Operating modes

A.2]7.1 General
Cortrol systems shall have one or more operating'modes, relevant for their application.
Opdrating modes can be divided into:

— |pre-operating modes (without passengers) such as for setting, adjustment, programmihg, testing,
cleaning, maintenance, trouble{shooting and repair;

— |operating modes such as manual, semi-automatic and automatic cycle, for operation with passengers.
There may be variations@and combinations of operating cycles;

— |non-operating modés)where the pre-operating or normal operating mode is not possfible due to
abnormal circumstances.

A.2{7.2 Operating mode selection

A change ofoperating mode shall not cause a hazardous condition. It can be necessary to:

— |bringthe ride to a stop, requiring an operator start command to restart the ride, following a change
of operating mode; T

— prevent inadvertent change of operating mode; or
— bring a change of operating mode to the attention of the operator.

The appropriate mode selector shall be located so that it can be operated safely - in particular, not
accidentally.

Mode selection by itself shall not lead to initiation of motion of any physical unit (PU). A separate
deliberate action is required.

Indication of the selected operating mode shall be provided (e.g. the provision of an indicating light, or
a visual display indication).
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A.2.7.3 Pre-operating mode

In pre-operating mode, the following conditions shall be met:

— one authorized person shall be in overall control;

— depending on the risk assessment, the control of more than one subsystem which can cause a hazard
shall either be prevented by the SRCS or be under the sole control of a single operator;

— depending on the risk assessment, safety-related functions shall either continue to operate or be
under the sole control of a single operator;

— allsys

A2.74 (

There can
only after 3

fem emergency stops shall remain effective.

perating modes

be more than one operating mode. These modes enable the amusement device to ope
in initiation by the operator or under his or her supervision.

These modes are the only modes which are allowed for normal operation with passengers, and all

safety fund
In general,

— manud

tions shall be active.
operating modes can include:

1, if all operating cycles are under the control of the operdtor;

— semi-automatic, if part of the operating cycle is controlled )by means of one or more autom

progrg
— autom
In operatin

— thecy
unload

— means
passer

ms;
htic, if all operating cycles are controlled by meéans of one or more automatic programs.
g modes, the following requirements shallbe met:

le shall be initiated by the operatorainless in special cases (such as continuous loading
ing) where the risk assessment allews it;

shall be provided to prevent the cycle time exceeding a predetermined value based
ger discomfort;

— the selection of other operatingprogrammes shall not cause a hazard;

— amuse
a stop
proced

A2.75 N

The amuse|

ment rides or devices in which loading and unloading occur without the device comin
so that the deviee does not need a cycle start, shall be provided with a built-in devic
ures to ensure-that the operator maintains his or her supervision of the ride.

on-operating mode

ment device is considered to be in a non-operating mode if, for example, the following occ

rate

the

atic

and

on

TUg

LII'S:

— loss of

power;

— restoration of power after a supply failure;

— actuation of emergency stop;

— initiation of a safety stop.

The SRCS shall ensure that

— atany point in time, the state of the amusement device in non-operational conditions does not lead
to a hazard, and
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— after a safety stop, an emergency stop or an equivalent event during operation any safety critical
parameters and data in the control system (preset or otherwise) shall be maintained until the
installation is returned to its normal operating mode.

During the slowing and the stopping of the ride:
— asafe sequence of events shall be followed;
— the constraints set by the minimum operational speed, applicable at the time, shall be conformed to.

Where loss of power can result in a dangerous condition, a reserve of energy for the control system and
if n.,\,\,oocu_y f\}l thb dl ;VLJ Oha}l bb ava;labl\, tU lJl UV;d\, thb PUVVDI u\,\,\.oocu_y tU bllﬂblb tll\. ride to be

brojight to rest and remain at rest.

In the non-operating mode, the following conditions shall be met in addition to the‘ones r¢quired for
the [pre-operating mode:

— |Operations, whose combination can simulate the operating mode or canleadtohazardousonditions,
shall be allowed only in confirmed discrete steps by the SRCS. Suitable.means shall be provided to
ensure that each separate operation is deliberately actuated.

— |Where an override of a safety function is required to recover¢passengers, this special|procedure
shall be performed by an authorized operator and be visually monitored either by that pperator or
by a subordinate in good communication with him or her,

A.2l8 Collision prevention safety function

A.218.1 General
Where required by a risk assessment a means.of preventing unintentional collisions shall be| provided.

An example of such means is given in AnnexC.

A.218.2 Requirements

The collision prevention safety ‘function shall always be active in any passenger-carrying operating
modle.

Losp of power (electrical,xhydraulic or pneumatic) shall not lead to a loss of the collision [prevention
safgty function.

On festoration of power a deliberate action shall be required for movement of any PU.

A.218.3 Requirements for safety-related powered stopping and slowing devices

Powered 'safety-related stopping and slowing devices (brake when energised) are allowed provided the
follpwing requirements are met:

— The control and command circuits (electrical, hydraulic or pneumatic) shall operate the stopping
device in their de-energised state.

— The control and command circuits (electrical, hydraulic or pneumatic) shall operate the stopping
device in the case of a failure of their components.

— Theloss of power (electrical, hydraulic or pneumatic) from any unit shall not affect the operation of
the other stopping devices.

Powered lifting or shifting devices can be used as stopping devices under the following conditions:

— The device shall have the ability to halt the PU in such a position that it is not possible for any
external influence such as environmental conditions or change in load to cause it to continue.
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— The device shall be de-energised by suitable means, and the PU shall be prevented from reversing in
a dangerous manner by a safety device (e.g. anti-rollback).

— The device, as well as any control circuits (electrical, hydraulic or pneumatic) shall either cause
the passenger-carrying unit to stop within safe limits in de-energised states, or if any elements are
energised to cause the stop, then an adequate level of safety should be provided by means such as
redundancy.

An electronic device can be used to bring the motor speed to zero. Such motors shall be disconnected
in accordance with stop category 1 of IEC 60204-1. If the device has a safe torque off as specified in
[EC 61800-5-2 which fulfils the required SIL/PL, a stop category 2 according to IEC 60204-1 is sufficient.

Any devicgused for trimming shall be taken into account by a safety-related control function, if:
— trimmjng has safety implications;

— itis al4o used as a stopping device.

A.2.8.4 System validation

Validation ghall be in accordance with either ISO 13849-2 or IEC 62061.
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Annex B
(informative)

Control systems — Best practices

Securityu

B.1

The
on 4

EXA

B.2

Ab
blo

The
uns

The

In s
or 1
to a
flun

DerTarIty

he amusement device.

MPLE Key switches, passwords, sequence of operations.
Example block-zone logic

k-zones, each of which should not be occupied by more than oneyPU at the same time.

number of block-zones into which the rail or channel is subdivided should be sufficient
hfe collisions.

integrity level of the system should be evaluated based on PLr or SILr.

ome devices, dependent on the risk assessment;'closer spacing of the PUs may be allo
hore of the areas with safety being ensured by other means. For example, speed may be
llow PUs to come into contact with each other at station areas or immediately before a
he.

A block-zone control system should be.based, as a minimum, on the following elements:

means of signalling the occupied status of a block-zones e.g. occupancy sensors;
means of signalling the clear status of a block-zone e.g. clearance sensors;
logic solver;

devices which can stop the PU, e.g. stopping devices.

A block-zone control system should detect the separation of a group of PUs at every block tr3

Wh
of t

bn the P has left the block-zone, a signal should be sent to the control logic about the cle
ne bloek-zone.

SRCS should incorporate some means of ensuring only authorized personnel can pewer-yip/control-

ock-zone control system consists of the partial or complete subdivision of the rail or clhannel into

to prevent

wved in one
restricted
lift in a log

nsition.

hred status

The

control system should prevent entry into a block-zone with a detected failure

On restoration of power including electrical, hydraulic or pneumatic, if there is no automatic system to
ensure the safe restart of block-zone operation, the system should prevent the opening of brakes unless
they are opened manually. If an automatic restart is provided, it should be initiated manually.

The anti-collision function of the block-zone system should not be deactivated at any time unless DRA
and OURA allow it.

B.3 Recommendations for the positioning of sensors and stopping devices

Stopping devices should be located so that, after a stop, the PU, in normal conditions, can be restarted
safely.
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In any block-zone clearance sensors should be located so that if the PU stops for any reason as soon as it
leaves the block-zone, the following PU should be prevented from colliding with it even if stopped in the
most unfavourable condition or position possible.

The occupancy and clearance sensors should be located so that a block-zone in which a PU is entering is
indicated as occupied before the previous block-zone is indicated as cleared.
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Annex C
(informative)

Guidance on design of passenger containment

The passenger containment system should be designed to contain safely all passengers for

whom the
ydations to

Conftainment systems shall ensure secure and safe accommodation for passengers at|all stages

durjng the ride cycle and the operational situations specified in this document, e.g: the application of

emgrgency brakes.

Saf¢ and secure accommodation includes preventing injury from the following causes whien used as

spefified:

a) |ejection;

b) |moving into a position of danger, i.e. from where passengers can fall or be injured by cgntact with
static or moving parts;

c) |physical injury within the confines of the passenger umnit;

d) |injury from powered restraints;

e) |injury on boarding or leaving.

The containment system should be designedyaround the passenger. The designer should:

— |specify the suitable population chiaracteristics for the ride, e.g. maximum and minimum size/

weight;
identify the size and direction of forces to be exerted on passengers;
identify the parts of the passengers’ bodies which require support for each anticipated f

use body size data-appropriate to the specified suitable population, identify the mas
minimum dimefisions of the containment system necessary to contain passengers’ safet
to Table C.3~imn/conjunction with ISO 7250-1 and ISO/TS 17929 indicate some of the
dimensions. Statistical summaries of body measurements from national populations c3
in ISO/TFR)7250-2;

desigh the system to contain safely all passengers who are allowed by the manual, ¢
devyice log or technical dossier to use the ride.

prce;

imum and
y. Table C.1
important
n be found

musement

Any component that plays a role in directly protecting a riding passenger from the risks identified
above [see a) to e)] should be considered part of the containment system.

All passengers within the size limits specified in the manual, amusement device log or technical dossier
shall be able to reach all parts of the containment system necessary for their safety. Typical parts and
their requirements are:

— seating should be based on ergonomic criteria and provide support for all body parts susceptible to
injury;

— footwells should permitall passengers to brace themselves using their feet where the riskassessment
shows this to be necessary;
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— grabrails should be within easy reach of the passengers, easy to hold and not be a source of injury
e.g. during an emergency stop;

— restraint systems designed as an integral part of the containment system.

For the manual, amusement device log or technical dossier, the designer shall submit the technical data
on which the design of the containment system is based.

Table C.1 — Containment system components

Component Description
Seating |<TE,| a head rest height
o b seat back height
c seat pan height
Q
d seat pan|/depth
v e seat'back width
d f head rest width
g high side support height
h low side support height
S) . :
= i side support depth
j | distance between side suppqrts
(per passenger)
Lap bar k | distance from seat back to rear
|| edge of lap bar
~ | | distance from seat pan to loyer
edge of lap bar
Handrail m | distance from seat back to frjont
edge of handrail
= n diameter of handrail
m
Footwelll » o | length of horizontal floor frgm
seat to front of car
i p footrestlength
4 q | distance from back of seat fo
L07 } P - front edge of footrest
r | footwell width (per passenger)
Over w s | distance from seat pan to bpt-
shouldefr v tom edge of shoulder suppofts
X t | distance from seat back to back
of trunk support
AL u | trunksupportoverall length
" :ﬁ J 3 v | distance between inside edges
7 of shoulder supports
i ] w |distance between outside edges
¢ of shoulder supports
X shoulder support width

112 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=5ab0c4691eb1d6b7f98238a2d4621271

ISO 17842-1:2023(E)

Table C.2 — Body dimensions

Meas_urement Body dimension

(see Figure C.1)
a Shoulder - crown
b Sitting shoulder height
c Popliteal height
d Buttock - popliteal length
e Shoulder breadth (bideltoid orbi-deltoid)
1 Headwidth —
g Sitting shoulder height (deltoid) r\q‘/:)
h 8/2 9
i Buttock - popliteal length a ,'\ )
Jj Shoulder breadth (bideltoid or bi-deltoi D&V
k Abdominal depth ,\/\b
1 Thigh clearance ()
m Forward reach, \(O
n Grip diamgeo\
0 Knee E(lg‘t
p Foot lengtll\lﬁei,ball length
q @Beight
r FootBteadth, hip breadth
s &’i}t\mg shoulder height
t ’\\Q)\‘ Chest depth

u=b-1 §tt~§m\g shoulder height - thigh clearance
v N Head width
w (-.\\U Interacromion
X o .V Shoulder length (to acromion)
y ('\$\ Thigh to toe length
z C)V Body height
o
O
Q.
?\
QO
R
o,
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Figure C.1 — Body dimensions (Table C.2)
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Table C.3 — Body dimensions and suggested ranges

Containment
Measurement Body dimension component Percentile range
adjustable
a Shoulder to crown No 95th
b Sitting shoulder height No 95th
c Popliteal height No 5th
d Buttock popliteal length No 5th
e Bi-deltoid No act
f Head width No h
g Sitting shoulder height (deltoid) No Q‘QgSt h
h g/2 No N7 osth
i Buttock - popliteal No . b(‘l/ 95th
j Shoulder breadth (bi-deltoid) No {\\O 95th
k Abdominal depth Yes~, 5th-95th
| Thigh clearance >~ 5th-95th
m Forward reach b%ctno) 5th to 95th (50th)
n Grip diameter /\<< ~ No 5th
0 Knee height ) )V Yes 5th to P5th
p Foot length, Heel ball length c\\\»\ No 95th
q Hip height AQ)\. No 95th
r Foot breadth, hip bread(H‘\&\ No 95th
s Sitting shoulder hej@y Yes (no) 5th to P5th
t Chest dep,];\hA\ Yes 5th to P5th
u Sitting shoulder heigm\\'{high clearance Yes (no) 5t}
v Hg_aQ\gP\eadth No 95th
w Intefacromion No 50th
X Sho’p\@‘ fength (to acromion) No 95th
C)U
53
O
Q~
v
QO
R
S
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Annex D
(informative)

Amusement device log for an amusement device

The following example shows the minimum content of a device log. The format can change especially if
a computer-file-isused-

TITLE Page
AMUSEMENT DEVICE LOG -

NAME AND IDENTIFICATION

DESCRIPTION OF THE AMUSEMENT DEVICE

RECORD OF OWNERSHIP

NATIONAL REGISTRATION DETAILS

TECHNICA|L DATA AND REQUIREMENTS

DATA AVAILABILITY

RECORD AND REPORTS OF INITIAL ACCEPTANCE TESTS

REQUIRED INSPECTIONS (NON-DESTRUCTIVE TESTING OR VISUAL) (minimum 2 pages)

RECORD; HEPORTS AND RESULT OF EXAMINATIONS; TESTS; THOROUGH EXAMINATIONS
AND INSPHCTIONS CONDUCTED BY OR FOR-PURPOSES OF AUTHORITIES (minimum 10 pages) ...

RECORD OF ALL UNSCHEDULED MAINTENANCE; REPAIR AND MODIFICATION AFFECTING
THE SAFETY OF THE AMUSEMENT DEVICE (minimum 10 pages)

RECORD OF SCHEDULED MAINTENANCE OPERATIONS (minimum 10 pages)
REVISIONS (minimum 10 pages)
RECORD OF FAILURES AACCIDENTS (minimum 2 pages)

RECORD OF ALL INSTALLATIONS AT FAIRS OR PERMANENT PARKS (minimum 10 pages)

RECORD OF SERVICE BULLETIN ISSUED BY AMUSEMENT DEVICE MANUFACTURER (minimum
2 pages). -

RECORD OF SAFETY ALERTS ISSUED BY AMUSEMENT DEVICE MANUFACTURER (minimum
2 pages)

REPORT LIST (minimum 4 pages).

DECLARATION OF OPERATION AUTHORIZATION OR PERMIT
EXTENSION OF OPERATION AUTHORIZATION OR PERMIT

BLANK PAGES FOR INSERTION / ATTACHMENT OF ACCEPTANCE REPORTS TECHNICAL DOCU-
MENTATION; CERTIFICATES; NOTES; etc.: (minimum 30 pages)
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DO NOT REMOVE ANY PAGE FROM THIS AMUSEMENT DEVICE LOG -

Total number of pages:
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DESCRIPTIO

N OF THE AMUSEMENT DEVICE

Insert the description of the ride on this page

(image or lay

fout)

Kby
‘V\f}
&
O N
%
Q O
QQ
. >
(Description| (%
&
o
K\
O
&
o
@ :
OQO
q}%
S
v
R
R
S
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RECORDS OF OWNERSHIP
Name and address of owner Date of transfer of Transfer of ownership noted by
ownership (issuing authority)
Original owner
By order of
(name and address of the applicant)
the ownership of the amusement device is
transferred to:
Next pwner:
Any donditions of the transfer: ({1;’
( -7
N
Y4
b"/
A
Q)
2
AN
Q \J
oV
[d \\’\\
Amugement device log n° No. volume @f’\
\\
¥
xO
O
o
o
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NATIONAL REGISTRATION DETAILS

NOTE Record of any registration required in terms of national legislation.

State; authori- | Registration details Date Conditions of registration |Comments and signature
ties; etc.: and number and authorization of the issuing body
O
N4
Y4
e
A
\
3'\
\\o’
S
X
Q\}
N\
N
%
s@
¥
xO
O
o
S
O
%O
2
R
o
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TECHNICAL DATA AND REQUIREMENTS

ISO 17842-1:2023(E)

1-General outline dimensions Notes
Diameter (m)

Length (m)

Width (m)

Maximum height (m)

Weight (exclusive/inclusive any supplementary

devices) (kg)

2-Op¢rating site - Minimum dimensions On
Length (m) ({l;’
Width (m) v
Height (clearance minimum) (m) K2 )

3-Eleftrical power requirement A(b\)‘
Powelr type (indicate phases n®, neutral"r‘e\quire-
ment, etc.) A\
Voltage V) k\J
Freqyency (Hz) Ve O
\)
Rated power (kw, kVA) AQ
Maximum power (kw, KVA&\‘
4-Pagsengers access N4

Num
amu

er of passengers permitted ON or IN the
ment device at one time/per loading

o

Number of passengers permitted within the ve

O
0 )

cles, gondolas, etc. O
Restrjictions, if any, on passengers, e.g. a}%b
health, height, etc. N

NS
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TECHNICAL DATA AND REQUIREMENTS (continued)

5-Operation requirements

Maximum operational speed (if applicable) (rpm, m/s)
Recommended running speed (if applicable) (rpm, m/s)
Direction of rotation (if necessary) (CW, CCW)
Maximum cycle time for ride operation (s)
Maximum wind speed permitted in operation (m/s)
state

Maximum oyt of service wind speed permitted / (m/s)
wind zone

Minimum grpund bearing capacity (for recom- (daN/cm?)

mended packing or base)

Minimum nymber, size and rating of fire extin-
guishers to Be carried

Further conditions or requirements to be ob-
served

NOTE Partifular requirements can be enforced as conditions of registrdtion in some states.

122
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DATA AVAILABILITY

Indicate here which data were supplied with the amusement device log and/or the amusement ride or

amusement device and should remain with it

ISO 17842-1:2023(E)

Document

Pages/
amount

Title and date of
issue

Location of the
documents

Notes

Assembling/dismantling instruc-
tions

Description of the amusement
device

Operation manual or instructions

Maintenance manual or instruc-

tions

Periodic safety inspections check

list

Emerjgency procedure check list

Engineering calculations

Listinig of components which,
if subject to failure, can lead to

danger

Drawjings:

general arrangements,
assembly

detail or component drawings

electrical wiring diagrams

fparther drawings (hydraulic,
pneumatic, etc)

Initiall examination reports

Initiall design review reports

Excerpts of international and na-

tional codes, guides or stanhdards

necegsary for the operation of the
amusement device

Any dther data and*documenta-
tion rlequired
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RECORD AND REPORTS OF INITIAL ACCEPTANCE TESTS

Name of testing, authority and
person

Location where test has been
conducted

Test procedure

— Fullload Done Per cent of full load
— Partial load Done Per cent of full load
— Unbalange/stabitity Bore PercentoffutHoad —
Comment A(]‘/D
Limitation iflany . >’
Any other refevant comment a P
Test Date AQ\D‘V
Signature of|tester &\v
Signature of|witness (if any) ,.p
Witness datg (if any) k\v‘}

o

124
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REQUIRED INSPECTIONS (NON-DESTRUCTIVE TESTING OR VISUAL) (minimum 2 pages)

List the requirements of the manufacturer or authority for the non-destructive testing or inspection of
any component and frequency of such inspection.

Date of any initial non-destructive test(s)

Location and amount of the N.D.T. documenta-
tion

Signature of inspection body confirming test(s) |(Should be the same as for initial acceptance test)

Requirements for N.D.T. or visual in- Frequency To be performed by
spection
a»
|4
a)
N
‘t'\ V4
P
A\
O
2
, O
O\(
N\
s\\ N
<
&

NOTH Personnel responsible for conducting, eval@ing and reporting non-destructive test(s] will have
prefefably qualifications acceptable to the auth&@y.

© IS0 2023 - All rights reserved 125



https://standardsiso.com/api/?name=5ab0c4691eb1d6b7f98238a2d4621271

ISO 17842-1:2023(E)

RECORD, REPORTS AND RESULT OF EXAMINATIONS; TESTS THOROUGH EXAMINATIONS AND INSPEC-
TIONS CONDUCTED BY OR FOR PURPOSES OF AUTHORITIES (minimum 10 pages)

Nature of in- Defect
spection e.g Name and ad- notice |Operation Peri-
general, ele.c-. dress (in blogk issued od of Seere-
trical, mechan- letters) and sig- Date |Place _ validity |port no./
ical, welding, ‘C’:;;‘rien‘)ffftrson Permitted | o\ o |ofthe  |title/date
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ISO 17842

-1:2023(E)

RECORD OF ALL UNSCHEDULED MAINTENANCE; REPAIR AND MODIFICATION AFFECTING THE SAFETY
OF THE AMUSEMENT DEVICE (minimum 10 pages)

Details of |Name and address Whether. as” Replacement | Supplier of
D . . sessed prior to . See report
ate |work carried| of person or firm repair and by of essential | these compo- no./title/date
out undertaking work whom components nents '
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ISO 17842-1:2023(E)

RECORD OF SCHEDULED MAINTENANCE OPERATIONS (minimum 10 pages)

Keep the following forms for a minimum period of three years.

Carried out operations details or ref-
erence to annex report or reference to

Operator’s name, signature

Date operations manual or initial acceptance and address Report no. title/date
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REVISIONS (minimum 10 pages)

The amusement device, or its parts, needs a manufacturer’s (or its authorized services) revision, in ac-

cordance with following table:

ISO 17842-1:2023(E)

. See report no./
Group Part Type of revision Frequency title/ date Notes
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RECORD OF FAILURES/ACCIDENTS (minimum 2 pages)

Report any failures or injuries.

Reporting an incident is not an admission of liability, but failure to report can contravene national laws.

Keep the following forms until the amusement device’s demolition.

Cause or Sus- Measures taken | No./Date of Name and
Date | Place | Description Injured people |as aresultofthe| thereport ;
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RECORD OF ALL INSTALLATIONS AT FAIRS OR PERMANENT PARKS (minimum 10 pages)

Place From - to Registered by Place From - to Regis'}c,ered
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ISO 17842-1:2023(E)

RECORD OF SERVICE BULLETIN ISSUED BY AMUSEMENT DEVICE MANUFACTURER (minimum 2 pages)

Date ServicenE)ulletin Contents (summary)
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ISO 17842-1:2023(E)

RECORD OF SAFETY ALERT BULLETIN ISSUED BY AMUSEMENT DEVICE MANUFACTURER (minimum 2

pages)
Date Safelte);iz;ltilr;bul- Contents (summary)
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