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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 proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2. www.iso.org/directives
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Safety of amusement rides and amusement devices —

Part 1:
Design and manufacture

1

Thi
cald
ma

gra

Scope

5 part of ISO 17842 specifies the minimum requirements necessary to ensure)the s
ulation, manufacture, and installation of the following: mobile, temporary or perxmanent
hinery and structures, e.g. roundabouts, swings, boats, Ferris wheels, roller coastg
hdstands, membrane or textile structures, booths, stages, side shows, and’structures

aer
be i
in

al displays. The above items, hereafter called amusement devices or simply,“devices”, are
stalled both repeatedly without degradation or loss of integrity, and temporarily or pe
irgrounds and amusement parks or any other locations. Fixed-grandstands, constr

instlallations, scaffolding, removable agricultural structures and simple coin operated

am

Ney
dev|

Exi

Thi
ride

ISO

2

Thd
ind
refq

EN
pro

ISO
and

ISO

sement devices intended for up to 3 children are not covered by'this document.

ertheless this document can be used in the design of any)similar structural or passengg
ice not explicitly mentioned herein.

sting national rules on workers’ safety are not coneerned by this document.

5 document is applicable to amusement device$ and major modifications of amusement ¢
s manufactured after the effective date of itspublication.

Normative references

following documents, in-whole or in part, are normatively referenced in this docume

288-9, Specification”and approval of welding procedures for metallic materials — Part
Cedure test forpipeline welding on land and offshore site butt welding of transmission pipelil

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

1144, Fibre ropes — Polyester — 3-, 4-, 8- and 12-strand ropes

hfe design,
y installed
rs, chutes,
for artistic
ntended to
rmanently
uction site
children’s

r-carrying

evices and

17842-3 contains requirements for inspection during design, manufacture, operation and use.

nt and are

spensable for its application. For dated references, only the edition cited applies. F¢r undated
rences, the latest edition of the referenced document (including any amendments) appligs.

(%)

9: Welding
les

bIts, screws

ISO

1181, Fibre ropes — Manila and sisal — 3-, 4- and 8-strand ropes

ISO 1346, Fibre ropes — Polypropylene split film, monofilament and multifilament (PP2) and polypropylene
high-tenacity multifilament (PP3) — 3-, 4-, 8- and 12-strand ropes

ISO

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

[SO 3834-1, Quality requirements for fusion welding of metallic materials — Part 1: Criteria for the selection
of the appropriate level of quality requirements

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

ISO

4014, Hexagon head bolts — Product grades A and B
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ISO 4016, Hexagon head bolts — Product grade C

ISO 4017, Fasteners — Hexagon head screws — Product grades A and B

ISO 4018, Hexagon head screws — Product grade C

ISO 4032, Hexagon regular nuts (style 1) — Product grades A and B

ISO 4034, Hexagon regular nuts (style 1) — Product grade C

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

ISO 4414, H

[SO 5817:2
excluded) -

1SO 7250 (;
1SO 9554, I
1SO 9606-1
1SO 9606-2

[SO 9692-1
gas-shielde

ISO 9692-2
[SO 9712:2

[SO 10042:
Corrected

ISO 10325,
and covere

ISO 10474:
ISO 10547,
[SO 10554,
[SO 10556,

neumatic fluid power — General rules and safety requirements for systems and their compon

- Quality levels for imperfections

11 parts), Basic human body measurements for technological design

ibre ropes — General specifications

, Qualification testing of welders — Fusion welding — Part 1: Steels

, Qualification test of welders — Fusion welding — Part 2: Aluminium and aluminium alloys

Welding and allied processes — Types of joint preparations~Part 1: Manual metal arc weld
1 metal arc welding, gas welding, TIG welding and beam+welding of steels

Welding and allied processes — Joint preparation —=,Part 2: Submerged arc welding of ste€
012, Non-destructive testing — Qualification and certification of NDT personnel

2005, Welding — Arc-welded joints in aluminium and its alloys — Quality levels for imperfecti
by 1SO 10042:2005/Cor. 1:2006

1 ropes

D013, Steel and steel prodyets— Inspection documents
Polyester fibre ropes — Double braid construction
Polyamide fibre ropes — Double braid construction

Fibre ropes ofipalyester/polyolefin dual fibres

Pnts

014, Welding — Fusion-welded joints in steel, nickel, titanium and their alloys (beam-weldling

ing,

s

pI1S.

Fibre ropes — High modulus polyéthylene — 8-strand braided ropes, 12-strand braided r¢pes

ion

ISO 10572,|Mixed pélyolefin fibre ropes

ISO 11666,|Non-destructive testing of welds — Ultrasonic testing — Acceptance levels

1SO 12100:R840-Safery of machinery — Leneral principlesfor design — Risk assessmentandriskredue

ISO 13849-1, Safety of machinery — Safety-related parts of control systems — Part 1: General principles
for design

ISO 13849-2, Safety of machinery — Safety-related parts of control systems — Part 2: Validation

ISO 13857:2008, Safety of machinery — Safety distances to prevent hazard zones being reached by upper
and lower limbs

ISO 14118, Safety of machinery — Prevention of unexpected start-up

ISO 14119, Safety of machinery — Interlocking devices associated with guards — Principles for design
and selection
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[SO 14120, Safety of machinery — Guards — General requirements for the design and construction of fixed

and

movable guards

ISO 14122-1, Safety of machinery — Permanent means of access to machinery — Part 1: Choice of fixed
means of access between two levels

ISO

14731, Welding coordination — Tasks and responsibilities

ISO 14732, Welding personnel — Qualification testing of welding operators and weld setters for mechanized
and automatic welding of metallic materials

ISO 15607 Sllcblzlﬁ.butllull uud l{uul’l_’l“l‘butl’ull Uj[VVClldl.lly IJI UdeUll CQ_I“UI Illctul'l,l'b Illutcl ;ulo GCI(C al rules
[SO| 15609-1, Specification and qualification of welding procedures for metallic materials — Welding
progedure specification — Part 1: Arc welding

[SO| 15610, Specification and qualification of welding procedures for metallic mgterials — Qualification
basgd on tested welding consumables

[SO|15611, Specification and qualification of welding procedures for metallic materials — Qualification
based on previous welding experience

ISO
ado

ISO
bas

ISO
pro

ISO
pro

1SO
per)

ISO
ISO

ISO
tech

ISO
ISO
ISO

15612, Specification and qualification of welding procedures foranetallic materials — Qual
ption of a standard welding procedure

15613, Specification and qualification of welding procedtres for metallic materials — Q|
bd on pre-production welding test

15614-1, Specification and qualification of welding procedures for metallic materials
Cedure test — Part 1: Arc and gas welding of steels and arc welding of nickel and nickel alloy

15614-2, Specification and qualification -of welding procedures for metallic materials
Cedure test — Part 2: Arc welding of aluniinium and its alloys

IEC 17020, Conformity assessment-— Requirements for the operation of various type
forming inspection

IEC 17025, General requireiments for the competence of testing and calibration laboratorie
17635, Non-destructiye testing of welds — General rules for metallic materials

17636-1:2013, Now=destructive testing of welds — Radiographic testing — Part 1: X- and
niques with film

17637, Non=destructive testing of welds — Visual testing of fusion-welded joints
176385Non-destructive testing of welds — Magnetic particle testing

17640:2010, Non-destructive testing of welds — Ultrasonic testing — Techniques, tes

ification by
Lalification
— Welding
3

— Welding

5 of bodies

pjamma-ray

ting levels,

an

TISSESSTITeTTt

ISO/TS 17929:2014, Biomechanical effects on amusement ride passengers

[SO 23277, Non-destructive examination of welds — Penetrant testing of welds — Acceptance levels

ISO 23278, Non-destructive examination of welds — Magnetic particle testing of welds — Acceptance levels
IS0 23279, Non-destructive testing of welds — Ultrasonic testing — Characterization of indications in welds
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: Requirements for
hoisting machines
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IEC 60364-4-41, Electrical installations of buildings — Part 4-41: Protection for safety —Protection against
electric shock

IEC 60364-5-54, Electrical Installation of buildings — Part 5-54: Selection and erection of electrical
equipment — Chapter 54: Earthing arrangements, protective conductors and protective bonding conductors

IEC 60364-7-740, Electrical Installation of buildings — Part 7-740: Selection and erection of electrical
equipment — Chapter 54: Requirements for special installations or locations Temporary electrical
installations for structures, amusement devices and booths at fairgrounds, amusement parks and circuses

IEC 61558-1, Safety for transformers, power supply units and similar devices

IEC 61800-b-2, Adjustable speed electrical power drive systems — Part 5-2: Safety requirements —Functignal

[EC62061, ible

electronic

Safety of machinery — Functional safety of safety-related electrical, electronic and programm

ontrol systems

[EC 62305 [all parts), Protection against lightning

EN 485, All[minium and aluminium alloys — Sheet, strip and plate
i

EN 755, Alyminium and aluminium alloys — Extruded rod/bar, tube and profilés.

EN 818 (all
EN 1069-1,
EN 1176 (a
EN 1261, F
EN 1677, C
EN 1991-1-
EN 1992-1-
EN 1993-1-
EN 1993-1-
EN 1993-1-

EN 1995-1
for building

EN 1999-14
EN 10025-

parts), Short link chain for lifting purposes

Water slides — Part 1: Safety requirements and test methods

| parts), Playground equipment and surfacing

bre ropes for general service — Hemp

bmponents for slings — Safety

4:2005, Eurocode 1: Actions on structures— Part 1-4: General actions — Wind actions
1, Eurocode 2: Design of concrete structures — Part 1-1: General rules and rules for building
1, Eurocode 3: Design of steel structures — Part 1-1: General rules and rules for buildings
8, Eurocode 3: Design ofsteel structures — Part 1-8: Design of joints

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

1, Eurocode 5 ~ Design of timber structures — Part 1-1: General — Common rules and 1
S

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

|, Hot rolled products of structural steels — Part 1: General technical delivery conditions

A

Liles

EN 10025-2; Hotrotted products of structurat steets— Part 2T Techmicat detivery comditions for mom=alloy
structural steels

EN 10025-3, Hot rolled products of structural steels — Part 3: Technical delivery conditions for
normalized/normalized rolled weld able fine grain structural steels

EN 10160, Ultrasonic testing of steel flat product of thickness equal or greater than 6 mm (reflection method)

EN 10164, Steel products with improved deformation properties perpendicular to the surface of the product
— Technical delivery conditions

EN 10204:2004, Metallic products — Types of inspection documents

EN 10210, Hot finished structural hollow sections of non-alloy and fine grain steels (all parts)
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EN 10219, Cold formed welded structural hollow sections of non-alloy and fine grain steels (all parts)
EN 12385 (all parts), Steel wire ropes — Safety
EN 13411 (all parts), Terminations for steel wire ropes — Safety

EN 13889, 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 530172 Emergency escape lighh'ng systems

ASNIE Boiler and Pressure Vessel Code (BPVC). American Society of Mechanical Engineers

EEd/2009/105/EC, DIRECTIVE 2009/105/EC OF THE EUROPEAN PARLIAMENT ANDNOF'THE {{OUNCIL of
16 Jeptember 2009 relating to simple pressure vessels

3 |Terms and definitions

For|the purposes of this document, the terms and definitions given/in ISO 17842-2, ISP 17842-3,
ISOJIEC 17020 and ISO/TS 17929, and the following apply.

NOTE Any symbols connected with the respective terms or units)are explained in the clauses concerned.

3.1
amfisement device
arrangement of equipment that produces the desired'effect of amusement or entertainme;I when the
patton (3.25) moves through it or on it primarily by his or her own action, or any other systenp that is not
covered by the term amusement ride (3.2)

Not¢ 1 to entry: In this document, the word “device” is used to refer to an amusement device or amusemdnt ride (3.2).

3.2
amyisement ride
equipment thatis designed to entertain the passengers (3.25) during motion including biomechanical effects

Not¢ 1 to entry: In this document, the word “device” is used to refer to an amusement device (3.1) or amusement ride.
Note 2 to entry: See ISO/TS 17929 for the definition of biomechanical effect.

3.3
att¢ndant
competent person (3.6) appointed to work under the supervision of an operator (3.23), to afsist in the
opefration of\a device available for use by the public

34
clegrance envelope

patron clearance envelope

passenger clearance envelope

reach envelope plus a suitable margin as defined in Annex I

3.5

closed

<restraint>position in which the restraint (3.31) is intended to remain during the operation of the device
in order to restrain the passenger (3.25)

3.6

competent person

person who has acquired through training, qualifications or experience, or a combination of these, the
knowledge and skills enabling that person to perform a specified task

© IS0 2015 - All rights reserved 5
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3.7
controller
<ride> person or organization having overall control of a device

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

3.8

designer
engineer
person or body responsible for the design of a device (or modifications thereof), including, but not
limited to, [establishing and describing the configuration of the amusement ride or device, conducfing
appropriate risk assessment(s), establishing strength (including fatigue strength), designing’and
specifyinglectrical/electronic control systems, defining inspection criteria and including theprovision
of the necegsary documentation

3.9
design reyiew
document fetailing the review of all the applicable design documents, to determine the suitabilityf for
use of a deyice

3.10
design risk assessment
DRA
document produced by the designer (3.8) to ensure a safe design within the agreed scope of supply

3.11
device log|
book or fil¢ containing all the necessary information about the use and history of any device

3.12
fail safe
characterigtic of a system, component or device'the failure of which results in a safe state

3.13
fence
structure designed to restrict or prevent movement across a boundary

3.14
gate
section of flencing or barrietthat may be opened to provide access

3.15
guest
person who interacts'with a device

Note 1 to er1try: While both are guests, a passenger (3.25) is active and a spectator (3.39) is passive.

3.16

inspection body

any organization operating in accordance with ISO/IEC 17020 carrying out approval, examination and
tests of devices

3.17

initial approval

design and calculation review, verification, examinations and tests executed by the inspecting body
before a device is first made available for public use

6 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=d747365e454ec239a49585b500b8b0ba

ISO 17842-1:2015(E)

3.18

latching

<restraint> means of being held secure against opening except by intentional action of the passenger
(3.25), operator (3.23) or other means

Note 1 to entry: This can include restraints (e.g. drop bars) (3.31) held in place by gravity, detents or other means.

3.19

licensing body

any national authorities or bodies legally authorized to issue a permit for operation of a device and
related documents

3.2

locking
megns by which a locked restraint (3.31) is held secure against opening except by intentionpl action of
theloperator (3.23) or other means not accessible by the passenger (3.25)

3.2

mahpufacturer
any|natural or legal person who is responsible for designing and manufacturing a product with the view
to glacing it on the market under his own name

Not¢ 1 to entry: Any commercial operator that either places a proddet on the market under his own name or
trademark or modifies a product in such a way that compliance with'applicable requirements maybe affected
shotild be considered to be the manufacturer and should assume thie obligations of the manufacturer

3.2p
major modification
safgty-related alteration to the hardware or software of a device, including the introductiqn of a new
safdty-related component (3.36) or the substitution of a safety-related component, which fesults in a
devjation from the design specification

3.28
opgrator
perkon appointed by the controller (3J7) to be in charge of the operation of a device at all times when it
is intended to be available for the public

3.2

opdration and use risk asseéssment
OURA

document, produced:by the controller, that details all of the considered risks inherent during all modes
of device operation at the particular location and the means taken to mitigate against them

3.2

pasisenger.

patron

any|person using a device

3.26

passenger containment

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

3.27

passenger unit

PU

part or parts of a device in or on which the passengers (3.25) are intended to ride

© IS0 2015 - All rights reserved 7
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3.28

passenger safety envelope

safety envelope

motion safety envelope

passenger clearance envelope

theoretical or actual physical space that may be encroached upon by any part of a passenger (3.25) of an
amusement ride during the ride cycle

3.29
permit
authorizatjon to operate a device granted by the licensing body after successful approval or examination

3.30
platform
horizontalor slightly inclined surface raised above the level of an adjacent area

3.31

restraint
system, dgvice, or characteristic that is intended to inhibit or restrict the body movement and/or
maintain the body position to tolerate accelerations of the patron(s) (3.25) while-on the device

3.32
reach envelope

patron regch envelope
passengei| reach envelope
physical sgjace where a passenger could reach during a ride cy¢le'while properly positioned, as defined
by the ridelanalysis, in the device and limited only by the vehiele, seat geometry, and restraint systgm

3.33
repair
restoration of safety-related components (3.36) or assemblies to the requirement set out in the manyal

3.34
reasonablly foreseeable misuse
<human erfror>use of a machine in a way-.not intended by the designer (3.8), but which can result ffom
readily pregdictable human behaviour

[SOURCE: ISO 12100:2010, 3.24.]

Note 1 to enftry: Annex G gives aon-exhaustive list of guest behaviour.

3.35
safe stop

stop of an gmusemertride (3.2) in a safe way and in a final safe position

3.37

service

replacement or replenishment of components, including fluids which are designated to be replaced or
replenished at specified intervals

3.38

sideshow

booth or similar enclosed structure containing shows, activities or games for the entertainment of the
public, where the guest (3.15) is not carried in any way by the structure

8 © IS0 2015 - All rights reserved
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3.39

spectator

person in the vicinity of a device, typically watching the operation of the device or waiting to gain access
to the use the device

3.40

SRCS

safety-related control system

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

3.41
sustained acceleration
acc¢leration with duration greater than or equal to 200 ms

3.42
tenjporarily installed device
devjce which is designed to be mounted and demounted with an installation petiod not more thgn 3 months

3.48
tridl run
proying run of a device during which no passengers (3.23) are carried

4 |Requirements for design analysis and examination
4.1] Design documents

4.1]1 General

The construction documents include all theldocuments required for the assessment of the stjability and
opefrational safety of the device, including the Design Risk assessment (DRA). They shall be available
for Any subsequent approval by the jnspection bodies. These documents shall encompass all the design
confditions pertaining to the operation of the devices or structures. A description of the copstruction,
operation and operational safety, design drawings and a comprehensive stress, fatigue aijd stability
anallysis as specified in 5.1.4 are'required for this purpose.

4.12 Design risk assessment

See(5.1.2.1.

4.1{3 Description of design and operation

The device) in particular its design, modes of operation and its structure shall be explaiped in this
desfription. Adequate details of mechanical (hydraulic, pneumatic), electrical and electronic pquipment,
includingthe contral system shallhelisted The description shallinclude details ofthe particulaitfeatures of
the device and of any alternative modes of installation which may exist. Also details of the main dimension
and of motion spaces extending beyond these dimensions, limitations, design particulars and materials,
motion systems, types of drive, velocities, accelerations, electrical equipment, work cycle and operating
sequence and of any restrictions regarding the circle of users which may exist, shall be described.

4.1.4 Design and manufacturing drawings

These are required for all assemblies, subassemblies and individual components, the fracture or failure
of which might endanger the stability or operational safety of the device. The drawings shall feature all
the dimensions and cross-section values required for testing and approval, including details of materials,
structural components, fasteners, connectors, and also relevant velocities.

© IS0 2015 - All rights reserved 9
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The drawings shall include as a minimum, as applicable:

a)

b)

4.1.5 Prijnciples of analysis

Verificatiof shall comprise the following:

a)
b)
‘)
d)
e)
f)

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

10

general drawings in plan view, elevation and sections, in a legible scale, depending on the size of the
device; indication of the necessary clearance around the moving parts;

detail drawings showing all the structural subassemblies which are not clearly discernible on the
general drawings, as well as detail drawings of connections and individual items of a structural,
mechanical or electrical nature, which could affect the safety of the device and its operation, shall
be drawn to a larger scale;

illustrations of the following items may be necessary for this purpose:

— slgwing gear, hoisting and swivelling mechanisms, including their support arrangements,
drfves and controls, lifting and swivelling ranges;

— cafriages, gondolas and similar, illustrated in all the required views and cross_sections, with
details of the overall dimensions, the internal dimensions of importance to the passengers (sdats,
side and back rests, leg and foot room), hand and foot holds and locking and,securing devicef;

— m¢tion gear with details of load, guide, and upstop wheels, bearings;axles, shafts and their
atfachment, freedom of movement in relation to the vehicle, steeringland control, anti-rolljack
deyvices, safety devices against derailment and overturning, buffers, trailer devices, protection
deyices, drives and brakes and anchoring to the foundation;

— prleumatic and hydraulic circuits and electrical and electrenic‘wiring diagrams.

ultimalte limit states analysis;

fatigug limit states analysis;

stabilify limit states analysis: i.e. bar buckling, plate and shell buckling;
if requfired, verification of deformation limit states;

verificption of safety against overturning, sliding and lifting off;

dynanlic analysis (excludingSeismic analysis).

design|loads, taking into account the possible operating conditions or alternative installations. In
the cage of mowing parts, the velocity or the rotational speed and acceleration shall be stated. Spdcial
loads imposed'during erection (e.g. parts walked on which are not designed for that purpose) shquld
be spefified and listed for demarcation;

main dimensions and cross-section values of all load bearing structural components and details
relating to the assessment of the fatigue strength;

details of materials and components;

determination of the most unfavourable (maximum/minimum stress and stress range) stresses and
details relating to the strength of the load bearing structural components and fasteners. If calculation
seems insufficient to evaluate limit states of assemblies, the analysis may be replaced by testing;

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.
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Selection of materials

4.2.1 General

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

Other materials may only be used on condition that proof of their serviceability has been established.

The designer shall give special consideration to structural joints which are to be welded and the

wel

4.2

Sted
are

4.2
Sted
Min

Othler steel grades for which technologicdDmaterial data (mechanical and chemical prop

feaf]

4.2

Thd

4.2

Alu
acc

Red

For
less

dability of the selected metals.

2 Recommended steels

| grades for which standardized technological material data (mechanical and chémical
featured in international standards may be used.

2.1 Steels for structural components

bls used for structural components should be in accordance with EN10025.
imum values are:

Yield: Ren =235 MPa

Ultimate: Ry =350 MPa

Notch impact energy: K=27]atT=+20°C, Charpy V specimen

Depending on the loads (impact and fatigue), thé temperature and the thickness the nd
energy may need to be increased, e.g. K= 27’J at T = -20°C, Charpy V specimen.

ured in national or international standards may also be used.

2.2 Steels for machinery and mechanisms

3 Aluminium alloy

minium alloys-shall be selected in accordance with international standards and inte
epted guidelines.

ommended standard: EN 1999-1-1.

mefbers and fasteners, aluminium alloys with a ratio f¢ 2 ¢, /fu > 0,85 and an elongation
than € < 8 % shall not be used.

broperties)

tch impact

erties) are

steels shall comply with international standards or guidelines which meet the design requirements.

Fnationally

rupture) of

4.2.4 Timber

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

Rec

ommended standard: EN 1995-1-1.

4.2.5 Plastic composites

Selection of plastic composites shall be in accordance with applicable international standards and
internationally accepted guidelines.

© ISO 2015 - All rights reserved
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4.2.6 Concrete

The selecti

on of concrete grade shall be in accordance with international standards.

Recommended standard: EN 1992-1-1.

4.2.7 Fasteners for structural components

Bolts, screws and studs shall be in accordance with ISO 898-1, EN 14399.

Property class 12.9 shall not be used due to undefined impact value.

For machirp

4.2.8 Ste

In addition
tothesafet

When rop
particular

4.2.81 S
Steel wire
Terminatig
Clamps for]

Componen

Shackles: B

4.2.8.2 K
Fibre ropes

Fibre rope

4.2.8.2.1
Polyamide
Polyester f]

Polyester 3

ery and mechanisms other bolts according to appropriate standards may be used.

ndards relating to ropes, chains, safety devices, connectors and adapters

to the calculation of the load-bearing capacity of materials or accessories, whichrelate dire
 of passengers or public, certificates, manufacturer’s markings or testing shaltalso be provi

s, chains, safety devices, connectors and adapters are used, the\following standard
Khould be observed:

teel ropes

ropes: EN 12385.

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

s for slings: EN 1677.

N 13889.

ibre ropes
for general service — Determination of certain physical and mechanical properties: ISO 2

5 for general service — General specifications: ISO 9554.

Synthetic fibre‘ropes

fibre ropes..Bouble braid construction: ISO 10554.
bre ropes?Double braid construction: ISO 10547.
-A-"and 8-strand ropes: 1SO 1141.

ctly
led.

in

B07.

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

4.2.8.2.2

10325.

Natural fibre ropes

Fibre ropes. Manila and sisal. 3-, 4- and 8-strand ropes: ISO 1181.

12
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Fibre ropes for general service — Hemp: EN 1261.

4.2.8.3 Chains

Short link chain for lifting purposes — Safety: EN 818.

Int

4.3

4.3

he absence of ISO or other international standards, national standards may be used.

Design loads

1 General

In general actions, load, design as well as any structural assumptions for load bearing\partg of devices

sha
a)
b)
‘)

1 be chosen in the following sequence:
according to the provisions of this part of ISO 17842;

to a standard listed in Clause 2;

(e.g. wind, seismic, etc.) require it.

to an official national standard of the country of use of the device, ofilyif supersedinglocalconditions

The following prevailing detailed rules, adjustments and considerations in relation to byilding and
structural standards, shall be used in all general applications,'due to the special nature of gmusement

ridgs and devices.

4.3
For

Wh
mof
defi

Inc
tec
The

Thd
mad

2 Permanent actions

ere variations can occur, the values Gy sip and Gy inf shall be taken into account when as
t likely structural response. Elsewhere-a single characteristic value G is sufficient. The
ned as follows:

Gk characteristic value .of permanent action;
Gk, sup upper characteristic value;

Gx,inf lower chdracteristic value.

ded in the aboveyalues is the actual dead load of the load bearing structure, the accessof
nical equipment required for operation, including cladding, fabrics and other decorativ
wet and dry-condition of material is accounted for in Gk, sup and Gk inf.

permanent actions shall be determined in accordance to international standards. The actu
hiné components, electrical equipment, and passenger units like carriages or gondolas shall

hmusementrides and devicesin general a veryprecise assumption of the permanentactiongis possible.

Kessing the
values are

iesand the
b elements.

h| weight of
be verified.

4.3.3 Variable actions

4.3.3.1 Imposed loads

4.3.3.1.1 General

These 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 may vary in magnitude, direction and point of application (variation in time and space) during
normal operation.

© ISO 2015 - All rights reserved
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4.3.3.1.2

4.3.3.1.2.1

Vertically imposed loads

Passenger-carrying units

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

For each person over 10 years of age:

Qx =

0,75 kN

for all fatigue calculations;

Qx

for static c4

Qx

for static ¢

individuallly supported or suspended seats with n = 1 to 4 passengers per single-compartment.

NOTE1 1
used for ove

NOTE 2
be correcte

NOTE3 1
For each pq
Qx=0,

Where the

indicated gt the ride and in the manual.

4.3.3.1.2.2
The follow
Universal,

qx =3,
in ride

gk =5,
superi

Using special compartments for larger persons the above mentioned values of load assumptions s

= 0,75 kN
Iculations (non-fatigue) for more than 4 passengers per compartment exceptin the case bel
= 1,35 kN - (n-1) x 0,15 kN wherel<n<4

alculation only and the load transferring members from the seat into g¢entre assemblieq

'hese static loads are not an operational and general weight limit or rnequirement and need not t
rall calculations (e.g. sliding, overturning, etc.) of the compartment afyride itself.

.
'he designer can consider possible higher weight dependingon the seat configuration and type of
brson of 10 years or less:

40 kN

in both fatigue and static cases:

reduced loadings for person of 10 years.or less are employed the restrictions shall be cle

Other vertical loads
ng vertical imposed loads-shall be applied for any area designed for access by foot.
bublic access:

b kN/m?2
5 and facilities;

D KN/m2< ) for grandstands and their stairways and landings with fixed seats; and
br valug, if particularly dense crowds are anticipated for the above mentioned categories|

for

Db be

hall

ide.

hrly

forfloors, stairways, landings, ramps, entrances, exits and other similar featyres

S a

ats;

qk =173

kN/m?2 for grandstands and their stairways and landings without seats or non-fixed se

andas

qx = 2,0 kKN/m?2

for the revolving or boom area walked on by the public during operation (1

asuperiorvalue, 1 particularly dense crowds are anticipatedor the above mentioned categories

oad

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.

Qx=1,0 kN/step for stairs; alternatively, an areaload in accordance with above clauses, whichever
is the more unfavourable.

gk =1,5 kN/m2

seats, unless higher loads result from the application of area loads (gx = 3,5 KN/m2).

Not open for public access:

14
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qx = 1,5kN/m2 for all floors, platforms, ramps, staircases, catwalks, stages and the

are walked over by individual persons, or
Qx=1,5kN for individual loads,

whichever is the more unfavourable.

4.3.3.1.2.3 Horizontal imposed loads

like which

The following horizontal imposed loads shall be applied for parapets, fences, railings, wall panels, and

other similar features:

When bounding floors intended for public access designed for gk = 3,5 KN/m2:
px=0,5kN/m at hand rail height;
pk=0,1 kN/m at intermediate rail height.
WhEn bounding floors intended for public access designed for gk = 5,0 kN/mZ\and gk = 7,5 kN/m2:
pk=1KkN/m at hand rail height;
pk=0,15kN/m atintermediate rail height.
When bounding floors not intended for public access designed\for gx = 1,50 kN/m2:
pk=0,30kN/m athand rail height;
pk=0,10kN/m  atintermediate rail height.
For[wall panels where there is no special handrail;'the above values shall be applied at handfrail height,

but| where appropriate, not higher than 1,2 m,

4.313.1.2.4 Grandstands

In drder to achieve an adequate longitudinal and transverse stiffness in the case of grand
simfilar installations with seating or standing accommodation, a horizontal load acting at
in the most unfavourable digection in each case shall be entered in the calculation in addi
eventual wind force in accérdance with 4.3.3.4. The horizontal component load shall be tak
for temporarily installed and 1/20 for permanent installed grandstands of the imposed vert
rdance with 4.3.3972.2.

acc

3.2 Drivingforces and braking forces

Fing forces’and braking forces shall be calculated for the drive and brake selected (e.g.
be phase a.c. motor, hydraulic drive), and they shall be entered in the calculation at thes
case.of hydraulic cylinders, the influences arising from start-up and braking shall be }

s imi i s i e aken into accountin the

stands and
floor level
fion to any
en as 1/10
ical load in

d.c. motor,
b values. In
ept within

1lption.

In general the braking and starting forces, B, shall be calculated according to the actual brake and motor

performance (acceleration/deceleration):

B=ay,x(my +mp)

where
ap isthe braking/starting acceleration;
my  is the mass of moving parts without passengers;
mp  is the total mass of passengers according to 4.3.3.1.2.1.

© ISO 2015 - All rights reserved
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In the case of circular movements the appropriate parameters shall be applied in the formula. Care
needs to be taken to allow for speed reduction units (e.g. transmissions; gearboxes). An eventual impact
factor shall be taken into account (see also 4.3.5.1).

In the case of speeds not exceeding 3 m/s, the driving forces and braking forces can be derived with

ap = 0,7 m/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

Such loads
and bracin
loading, un
forces caus
(e.g.footre
containme
should nev

4.3.3.4.1

Ingeneral 3
a)
b)
c)

toast

toano
(e.g.w

4.3.3.4.2

The wind 1

For tempof

of amusement rides and devices:

loc

dur

use

according to the provisions of this part of ISO 17842;

temporarilyror permanent installation

shall be taken into account when designing passenger restraints and containment, railj
b devices within the passenger unit. All significant situations during the ride cycle incluc
loading and emergency situations shall be considered. Allowance shall also be made for

5ts). The magnitudes of maximum bracing forces are dependent upon the detailed design of
ht and as a result of passenger’s deliberate actions. However, forces used,imahy calculat
er be less than 500 N per person.

General

tandards for wind actions on buildings and structures shall'be chosen in the following seque

indard quoted in Clause 2;

fficial national standard of the country of use-of the device, only if supersedinglocal condit
nd, seismic, etc.) require it.

Wind loads in limit state
bads for permanently installed amusement devices shall be taken from the local wind co

arily installed devices, the-wind loads are adopted from EN 1991-1-4 due to the special naf

htion (environment.Category, topographic);

ation and period of installation;

under supervision of an operator;

ngs
ling
the

ed by passengers bracing themselves against restraints and other parts of the ‘containnjent

the
ons

nce:

ons

He.

ure

po

Stbifitiesof protection and strengthening i case of predicted high wind:

The values in Table 1 may be applied for the temporarily installed rides or structures if the following
presumptions are fulfilled:

— in areas where the reference wind speed according to the maps in EN 1991-1-4:2005, Annex A is
Vb,0 < 28 m/s (in out-of-service condition of the ride or structure);

— operation is stopped and the device is sheltered or suitably strengthened when actual wind speeds
attains vgyst < 21 m/s at top of the device or basic speed vp < 15 m/s.

NOTE

considers a reduction to 70 % for temporarily installed devices.

A gustis based on a 3 s peak.

16

Basic wind speed vp according to EN 1991-1-4 as 10 min mean value measured at 10 m height. vgyst
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The ride or structure shall not be susceptible to dynamic response since a dynamic factor of ¢q = 0,90
(not susceptible to dynamic response) has been used to establish values in Table 1.

The

following further assumptions have been used to establish values in Table 1:

cdir = 1,0; calt = 1,0; ¢t =1,0; Cseason = 1,0

terrain category III - Suburban environment with slight building density.

The

NOT

NOT

stiffness (low natural frequency).

Thd
foll

wh

Ing

4.3
The

wind pressure defined in Table 1 approximates the wind pressure in a step function.
Table 1 — Wind pressure values for temporarily installed amusement device
Height of structure Pressure q(z)
Ze (kN/mZ2) for reference wind speed
m vp<15m/s Vb,0 < 28 m/s
(operating state) (out of sexvice)
0<z.<8 0,20 0,35
8<2z.<20 0,30 0,50
20<2z,<35 0,.35 0,90
35<2z,<50 0,40 1,00

E1  Wind load for structures with height of more than 50 m{are not defined in Table 1.

E2 Dynamic effects due to wind (gusts, buffering, vertex shedding) may occur at structur

wind load, Fy, on a structure or part may be-¢alculated by the application of the above v
wing formula:

FW Zq(Ze)XCfXAref

bre

q(ze) is the wind presgurée depending on height ze;

cf is the aerodynamic coefficient;
Aref is the reference area.
eneral, the réspective shape factors of particular structures and structural members shal

3.4.3 <Wind loads in service

wind load for operating conditions for permanently and temporarily devices can be

es with low

hlues in the

(2)

be applied

calculated

usi

§ the pressure giverr i coturmT 2 of Tabte - Operation stratt bestopped if the witd vetoc

ty exceeds

v10=15m/s (measuredinaheightof 10 m). The wind load area from the imposed load (e.g. the passengers’
envelope) shall be taken into account in the calculation.

Permanent installed devices shall be designed applying the local occurring wind loads, according to
local or other accepted regulations. The wind load in operating state may be taken according Table 1
or defined in particular. In the latter case the operational maximum wind speed shall be shown in the
manual and on the operators desk.

4.3.

3.5 Snow loads

Snow loads shall be applied in accordance with locally required or international standards.

©IS
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Snow loads need not be taken into account for amusement devices if they are:

likelihood of snow can be discounted;

design

operat

ed and operated so that snow settling on the device is prevented;

ed while adopting preventative action which stops snow from settling on the device.

This last condition may be achieved if all of the following conditions are met:

suffici

ent hpnfing equipment is installed and is ready for use:

installed in areas where there is no likelihood of snow or operated at a time of the year where the

the he

the dej
less th

A reduced
depth not ¢

The above

4.3.3.6 1

Inertia for

4.3.3.7 1

The effects
directly aff

Collision s
concerned
intentional

collision fojrce F (in Newtons) shall be assumed to be

F=9,8

where

Mtot

a

Butin any

hting is started prior to snow fall;
Fice is heated in such a way, that the roof cladding has an external surface temperattre off
hn +2°C on all parts.

xceeding h = 8 cm can be ensured at any time by removing snow.

restrictions concerning snow loads shall be stated in the device log:

hertia forces (centrifugal forces, gyroscopic forces and Coriolis forces)

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

ntentional collision during operation

of collisionloads need only be takeninto considerationinrespectofthe structural compong
ected and their associated fixings.

hall be assumed to occur at the most’unfavourable point of the structural comp
and the calculation shall be based .onthe mass of the fully occupied vehicle, mt, except
collision only can occur with emipty vehicles. If collision can only occur at angles a < 90°

L xm,; xsina

is the mass ofche’fully occupied vehicle, in kg;
is the angle’between the vehicle and the structure.

rase the'value for the calculation shall be not less than

F=9,8

when
en

not

snow load of 0,2 kN/m2 can be applied for devices on the overall roof-area, where a spow

ents

the

(3)

L xm, . x0,3

(4)

Alternatively a dynamic analysis can be performed.

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

4.3.4 Seismic forces

Seismic forces need only be considered by special request; they do not need to be combined with
wind load cases.

Seismic forces shall be applied in accordance to locally required or international standards.

18
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4.3.5 Applicable coefficients

Applicable coefficients for impacts, the vibration of structural components directly travelled over and

coll

isions shall be considered.

4.3.5.1 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

unl
due]
forg
acc

For
imp
4.3

Ing
coa

Ifp
cala

Add

ina@imissible vibrations.[e/g. resonance).

(08} =1,2

bss the type of structure demands an even higher value. If substantially greater impact

es cannot be reduced to their design value by construction, then the impact factor shall b
prdingly in a revised calculation.

Ces arising from start-up and braking, e.g. in the case of hydraulic cylinders, are not consi
act forces (but normal imposed loads); see also 4.3.3.2 in this respéet.

5.2 Vibration of structural track components

eneral, as a result of the vibration response of structuraltrack components, e.g. the tracl
ster, all resultant stresses shall be multiplied by the yibration coefficient ¢, =1,2.

roof can be provided, a lower coefficient, 1,0 <¢y&1,2, may be adopted. The following itg
ulated without taking into account the vibration coefficient:

supports or suspensions of the structural tomponents directly travelled over;
ground pressures;

settling;

stability and resistance te-stiding.

itional structural measures for certain structures may be required in order to reduce o

forces (e.g.

to rail joints) are ascertained during trial runs on the completed structures,and if these impact

b increased

Hered to be

k of a roller

ms may be

" attenuate

4.316 Load combinations
4.316.1 General
The asseSssment of limit states for amusement rides and devices shall be made using th¢ following
conpbibations and partial safety factors.
4.3.6.2 Fundamental combinations
The design values of the actions shall be combined in the following way:
D766k (=D21,35:Gy) 5)
ZVGGk +Z}’QQk,i (:Zl'l'Gk +21'35'Qk,i) (6)
Both cases shall be checked, where
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where
ve=1,35 is the partial safety factor for permanent actions only (no variable actions);
ve=1,10 is the partial safety factor for permanent actions together with one or more variable
actions;
76 =0,90 is the partial safety factor for favourably acting permanent actions;
7q =135 is the partial safety factor for variable actions
Gk is the characteristic value of permanent actions;
Qi is the characteristic value of the variable actions.

The permapent actions shall be taken into account with a superior and an inferior valuéyif the permarent
action is vgriable.

4.3.6.3 Accidental combination
1,0-G [+ Ag+ . 1,0-Qy;; (7)

where
Qk,i 1ip the characteristic value of the variable actions;
Aq  ip the design value of the accidental actions,

Accidental|actions (e.g. seismic forces) need onl{)be considered by special request. In such cases
Formula (7) shall be applied.

4.3.6.4 Hatigue combinations

Each partial stress range contributingte a complete design stress spectrum of the respective individual
partto be dimensioned shall be introduced in the verification by a partial safety factor for fatigues actfons

yre2 1,00

No combinption factors.shall be applied.

4.4 Structurakanalysis — Principles

4.4.1 Genéeral

The limit states resulting from all different actions shall be determined separately for the individual
actions given in 4.3. It shall be verified that no relevant limit state exceeds the design properties. The
limit states due to the combinations of actions shall be calculated. 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 methods
of the theory of 2nd order 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

20 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=d747365e454ec239a49585b500b8b0ba

ISO 17842-1:2015(E)

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 unfavourable
conditions are likely to arise when such items are displaced or removed.

Non-standard formulae shall be recorded in writing with the symbols in accordance with ISO standards
or to accepted standards. The sources of such formulae shall be stated, if this source is publicly available.
In other cases, the derivations of the formulae shall be presented to such an extent that their validity
can be verified.

If computer processing for calculation is used, special consideration shall be given to the requirements
for the review of computer calculations during the design approval. Clear information concerning the
soffware, formulae, units, etc. shall be submitted. Input and output data of importance for design shall
be printed in their entirety. The review of such calculations shall be performed by independé¢nt parallel
calqulations and/or independent software. The correctness of the assumptions regarding the input and
theoutput data shall be comprehensively reviewed during design approval.

Deslign resistance, Rq, shall be evaluated in accordance with Formula (8).

_ Ry
14V

Rq (8)

wheére

Rk is the characteristic value of the resistance {e.g. material property);

is the partial safety factor of the resistaice in static load combinations (e
property);

ym=1,10 g. material

is the partial safety factor of theresistance in fatigue load combinations (4ee Table 5,

Y mf .
e.g. material property);

is the partial safety factor‘of the resistance (e.g. material property) in accidental com-

YMa =1,00

Ma binations.
For
intq

materials other than steel the‘values for y\ stated in the respective ISO Standard d
rnationally standards shall be used.

r accepted

4.412 Analysis principles.for various types of devices

4.412.1 Conditions.for calculating rotating type devices

Am

and|
whi
stat

1sement ridés-and devices shall be calculated in operative, inoperative, fully loaded, parti

unbalaneed conditions. One-sided loading shall be assumed as meaning that at only {
ch are.situated on 1/4 or 3/4 of the perimeter are occupied. The verification of the ult
e shall'be carried out for these one-sided loading conditions.

Thd

ally loaded
hose seats
mate limit

nvprhlrning moment caused hy one-sided Inading when seats on at least 1[/61’]’1 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
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 Mgy stp (stabilizing moment) and Mgk dst (overturning
destabilizing moment) takes into account the partial safety factors according to Table 2.

© IS0 2015 - All rights reserved 21


https://standardsiso.com/api/?name=d747365e454ec239a49585b500b8b0ba

ISO 17842-1:2015(E)

If a device is also intended by design to rotate in reverse, then both directions of travel shall be taken

into consid

eration when dimensioning the components of the device.

4.4.2.2 Design and analysis principles for passenger-carrying units

The seats and gondolas shall be sized by taking into account the forces resulting from dead loads,
imposed loads and motion. If seats are mounted on pin joints, they shall be arranged in such a way that
no constraints can arise.

The fastening of the seats onto outriggers shall also be designed for these forces.

The arm re
absorbingt
shall be de
impact for¢
are secure

4.4.2.3 K

4.4.2.3.1

For rounda
forces whi
velocities,

axes, gyros

4.4.2.3.2

Where the
only, the a

sts, back rests, safety straps, chains, ropes and associated locking devices shall be capab
he aforementioned forces arising from the passengerload. The structure of seats and.gond
bigned and analysed in such a way that the forces arising (such as start-up and braking fon
es, out-of-balance forces and forces exerted from the passengers onto restraints’and railii
y transmitted into the structure and fatigue problems are excluded.

oundabouts with several motions

General

bouts, in which the moving parts are rotated about severallaxes in different planes, all
ch arise shall be determined. This shall be done by considering, as a minimum, the ang

copic forces, starting and braking forces and any impact forces which may arise.

Roundabout with planar motion only

roundabout undergoes planar motion with-€éonstant speed rotation about two parallel ¢
bsolute velocities and accelerations (taking into account the relative motions and Cori

accelerations) may be calculated.

e of
blas
ces,

ngs)

the
1lar

entrifugal forces, Coriolis forces due to the change of direétion of one or more of the rotatignal

xes
plis’

4.4.2.3.3 | Roundabouts with outriggers'.running on rail tracks

4.4.2.3.3.1 Roundabouts with arms centrally guided, with internal or external location of drjve
unit

On such rgundabouts, due atténtion shall be paid to possible constraints and the bending and torsion
moments ip the arms whiclarise from the type of attachment of the gondolas or seats. The railf or
running track shall be gized in such a way that the deflection due to wheel load does not exceed 1/500
of the span between ttack supports.

4.4.2.3.3.2l Roundabouts without a central guide

Safety againstaverturning ofthe carsshallbe ensured by banking ofthe rails orbhy safety rollersand thelike,

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 attain safety against overturning with 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.
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4.4.2.3.3.4 Roundabouts with several rotation gears

On these installations, particular attention shall be paid to the effects of the Coriolis and Gyration forces
on the structure.

In the case of rotary motions which are not positively actuated (i.e. free spinning and or passenger
actuated), the effects of the individual rotation of the individual rotation gears shall be investigated. For
boom type roundabouts (e.g. round-ups, twisters, hully-gullies), the gondolas of which may be raised,
the effects of the forces arising during vertical movement, starting up and braking shall be taken into
account, with due consideration for any unfavourable effects of impact forces and centrifugal forces.

Int
and
pos
4.3

NS context, the effects of the above-mentioned forces on each outrigger, on the complete joundabout
on the safety against overturning of the roundabout shall be investigated for the most uﬂrf'a‘wourable
tion in each case under static load combinations. The general out of balance load-assumptions of
3 shall be considered. Fatigue calculations in accordance with 4.7.3 shall be carried out.

The
buc

telescopic jacks shall be supported without constraint and shall be sized-adequately to|withstand

kling.

The
jack
suif]
acc

same applies, if appropriate, for lift roundabouts. Unavoidable_acgelerations on the

at the beginning and at the end of a lifting stroke shall be takendhto consideration b
able allowance for increased loading when the roundabout components are being sized, u|
tlerations are attenuated with damping elements.

telescopic
/ making a
Inless these

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

operational lowering speed and in any case no more than'1,0 m/s. The requirements of 5/3.2.7 shall
be gespected.

4.4{2.4 Roller coasters with 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
perpendicular to it does not fall bélow 0,2 g. This value also applies for the passenger unjit with the

highest speed in the case of trains. If the resultant force should fall below the above value, the
shall be secured against lift-offiin accordance with 5.1.7.2.2.

passengers

Thg maximum transverse inclination of the rail, at the spots at which the car is likely to cone to a full
stop for operational reasens (e.g. at safety brakes), shall be limited to a maximum value of 25 unless the

des

in
for
and|

gn of the passenger‘containment system and the biomechanical effects analysis allow f

val;Le. The path ofche’rail track shall be designed in such a way, that the instantaneous theo

celeration isclimited to 2 g. This is related to the centre of mass and does not exclude th
pther calculations to be made for accelerations on passengers’ bodies. The velocity, ac
forces-can be determined for the centre of mass. Where there are multiple coupled cars

pr a higher
retical step
P necessity
celerations
the overall

cenfre of\itass may be used.

A sim

glatic accelerations
and forces.

Because the friction coefficients are liable 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 will be 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 will be necessary.

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

If the calculation is based on a continuous rail track above the support columns, a column settlement
by virtue of the reduction by 50 % of the moment at support, and a column heightening by virtue of
the increase by 25 % of the moment at support shall be assumed. The increase or reduction of these
moments need not be taken into consideration for the verification of fatigue in view of the low numbers
of cycles anticipated.

For exposed support columns without cladding anchored by the continuous rail in the overall structure,
the assessment of the wind load may be ignored for the verification of the stability and of the safety

against sliding.

The safety
ageneralr
unfavoural
lighting st

4.4.2.4.3

All forces a
of origin, d
and one rig
absorbed b

Forces tran
side of the

If the load
then speciz

The vehiclg
against lift

4.4.2.4.4

Each stopp
designed i
Greater de
the passen

Safety bral
in such a w
prevent co

Each safet

bfthe installation against overturning, whenitis subjected to wind load need not be verifie
iIle, unless exceptionally large horizontal forces are likely to arise, as a result of a particul
ble shape, exceptionally large wind load areas of the framework components (decorati
ips), or as a result of partial or total cladding of the framework or track.

Passenger units

rising in the chassis and superstructures shall be followed in the caleulation from their p
own to the supports. Thus for example, in the case of passenger units with one oscilla
id axle, the moments from forces transverse to the car above the oscillating axle, can onl
y the rigid axle.

sverse to the car, for example, can only be transmitted-through wheels which run against
rail.

Wwheels are not designed in such a way that they.are also capable of absorbing lateral for
1l guide rollers shall be provided for this purpose.

s shall be equipped with devices for the prevention of derailment and lift-off. Safety dev

Brakes

W such a way that the-braking deceleration does not exceed a maximum value of 5,0 m
Celeration is permitted’ on condition that special devices for the protection (lap bars, etd
ber are provided;-see 5.1.7.2.

xes shall be arrdnged for the planned minimum distance between successive cars or tr
ray that there will always be sufficient braking elements between any two cars or train|
lision.

y brake shall be designed in such a way that the braking deceleration does not excee

Loff (rollers or claws) shall in any case’be calculated for the actual forces acting on them).
a minimunp they shall be sized for 50 % of the fully loaded vehicle weight, even when there is no lift

d as
hrly
bNS,

bint
[ing
y be

the

ces,

ices
As
off.

ing or speed regulationbrake (at the end of a descent, stopping after each journey) shall be

/s2.
) of

hins
s to

da

maximum

value of 7.0 m/s2, unless a greater deceleration is permitted in which case special devices

for

the protection (lap bars, etc.) 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 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 is possible using wet rails, wet brake elements and wet fins.

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

24 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=d747365e454ec239a49585b500b8b0ba

ISO 17842-1:2015(E)

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,
friction wheels or by self-propulsion, shall be provided with either safety devices to prevent running
back, or with automatically acting brakes to prevent running back.

If it is planned that several cars or trains are to be present at the same time on the section of track
situated between the end of the lift or ascent ramp and the station, or the brake situated before the
station, then safety devices to prevent running back shall also be fitted in the uphill sections of the track
after the valleys.

thr

Moz
uph
by ¢

If b
tim
wh
Thd

roll
Thi

if ng exact verification is carried out, and in any case shall‘hot to be less than 2,0. A load of ¢

ass
pas

The
If tH

whyd

HO‘IEVEI’, 1I a passenger unit or train 1s intended to be able to travel backwards along the

ugh the station then safety devices against running back can be omitted from the aseen

eover if there are several cars or trains on the track, safety devices against sunning h
ill sections may be dispensed with, on condition that the individual track seetions are s
fail-safe block-zone system, with automatically controlled brakes.

y design, it is intended that there is to be only a single car or a single train on the track]
b, safety devices against running back can be omitted from the uphill stretches after th¢
bn the car is intended to roll backwards.

back device with a sudden impact then an impact factor shall'be assumed for dimensionin
5 value shall be at least one half of the vertical maximum rdnning back height (h in centim

hmed for dimensioning purposes where Q is defined as the dead load of the car plus the
cengers (fully loaded roller coaster car).

©>0,5xh
2,0<0

two conditions above shall be satisfied.

e deflection is known or ¢anrbe determined reliably, the following formula shall be appli

p>1+ |1+ 2.h
O sine

re

6o isthejtotal deflection of centre of mass along slope;

a £ isthe slope angle (see Figure 1);

track and
ramps.

ack on the
\feguarded

at any one
b valleys or

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

P purposes.
btres (cm)),
k 0 shall be

L - 41 1 L RN S A M Y
IT IS LT IITISIU (STT TISUI T 1.
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Key
a

slope angle

h  height

Measured
443 Ot

4.4.3.1 (

Conventioj

installations, with both conventional and suspended vehicles.

The requir
as applical

If track gii
oscillating

4.43.2 S

An analysi
degree(s) d

For suspen
added safe
the clearar

The added
value of 1
The accele
calculation

If the later]

Figure 1 — Impact factor/running back elevation

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

onventional railways

al railways are e.g. children’s railways, children’s traffic gardens, ghost railways and sim

ements outlined in 4.4.3 shall apply for dimensioning and for the operating safety, ag
le.

ders and supports form an integral part of the roofing structure, fatigue loading du
loads shall be taken into account during the‘design.

uspended 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'shall be conducted.

ded railways, free spaces ¢f an order of magnitude of the calculated swinging motion, wit
Ly margin, shall be provided both to the excursion side and to the opposite side, in additio
ce 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 min

i
)°. The oscillation behaviour shall be borne in mind when calculating the angle of S\?/ring.

rations afising from the oscillatory motion of the gondola shall be taken into account in
s for thevehicle, the rail and the supports.

undamped

allades PR . | el decade 1 111 PR IR s ok PR |
USLIIIAtIULL, PTITUUIUIID ITITUVTIIITIIU THIITTATIUTLIS SIIdIT DT PIUVIUTUL. TIITS PTITUUIUIIl ITTUVTIT

limitation may, if desired, be provided by suitably designed and documented redundant dampers.

9%

pl-oscillations of pendulum gondolas are damped, and if the clearance is inadequate fof

ilar

far

to

hre)

1an
n to

um

the

an
ent

Atthe 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 design risk assessment shall determine the method, if required, of locking pendulum gondolas for

the purpos

26

e of passenger transfers (e.g. suitable dampers).
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4  Grandstands

Grandstands shall be subjected to the verification of limit states in accordance with 4.1.5. Special
attention shall be paid to the verification of safety against overturning, if the grandstands are for
example roofed over, clad, or if numerous flags or banners are attached to the grandstands.

4.5

4.5.

Verification of stability

1 General

Pro
dev|
acc
safe
infl

For
pre
cas

Onl

Ifa
furt

As

pfshattbe providedofsafetyagainstoverturmng (4-5.2); siiding (253 and ifting (-5-2) 013
ices and their components. Favourably acting imposed loads and dead loads of conlp

ty against overturning, sliding and lifting. Only the lowest value of continuously acting
iences including material variations (e.g. Gsup, Ginf) shall be taken into account:

foundations, a national standard or an internationally accepted standard shall be apy
ailing rules of this sub-clause. A frost-free foundation for amusement'devices is only 1
bs where lifting or lowering/settling due to frost could lead to damage or failure.

i the lowest value of continuously acting favourable influences shall be taken into accour

1 adequate degree of safety cannot be achieved by virtue af'the dead load of a structure
her additional steps shall be taken to ensure it, such as ¢eunterweights, anchors and but

the weight of amusement devices may be determined and verified accurately this allo

musement
bnents and

bssories which are not always present shall not be taken into account, when previding proof of

favourable

lied to the
equired in
 t.

hlone, then
Lresses.

WS a more

prefise determination of the safety factors to be madé{see Table 2).
Table 2 — Safety factor against overturning, sliding and lifting
Loadding? Y

1 |Favourably acting proportions of 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 of loads other than the loads listed in items 2, 3 and 4. 1,3

1

b

metres.

If loads are resolved into’components, then these components shall be multiplied by the same value of y.

For devices highetthan 20 m, y = 1,2 shall be replaced by y = 1,2 + 0,3 x (h-20)/40 where h is the total heigh

t of device in

4.5
The

2 Overturning

safety against overturning shall be calculated from:

Z ¥ Mpy, st 22 Y Mgy st

where
y are the partial safety factors in accordance with Table 2;
MRk,stb  are the stabilizing moment proportions;
Mgk dst  are the overturning destabilizing moment proportions.

(10)

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

The safety

ding

against sliding shall be calculated from:

pY Yy Ne=) v Hy

where

Y
Ny

are the partial safety factors in accordance with Table 2;

are the verticalload components;

(11)

Hy

u

The coeffic
unless high
requires th

It shall be
vibrating s

If stability
such cases
Under theg

the calculation at 70 % ofthe’listed values.

ey

where

are the horizontal load components;
is the coefficient of friction in accordance with Table 3.
ients of friction in Table 3 may be assumed for the determination of the-frictional for

ervalues determined by tests are available in individual cases, or unlessithe effect of moist
e adoption of lower values.

Table 3 — Coefficient of friction u

Wood Steel Concrete

Wood 0,40 0,40 0,60
Steel 0,40 0520 0,20
Concrete 0,60 0,20 0,50
Claya 0,25 0,20 0,25
Loama 0,40 0,20 0,40
Sand and gravel 0,65 0,20 0,65
a  Of consistency of stiffness at least i’ accordance with EN 1997-1.

borne in mind that loosening by vibration may occur in the case of supports subjecte
tress.

the safety against sliding shall be calculated in conjunction with the action of soil anch
e conditions, the.coefficients of friction in accordance with Table 2 shall only be entere

Nk +Zh,d ZZ ka

CeES,
ure

1 to

is not obtained by static.friction alone, then the structure shall be anchored in the ground. In

ors.
d in

12)

=0,

Zn,d

28
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is the horizontal design load bearing capacity of the anchor (see 4.6).
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4.5.4 Lifting

The

safety against lifting shall be calculated from

Z YNRistb = z YNEgdst

where

y is the partial safety factor in accordance with Table 2;

Wit

whg

4.6

4.6

Var
anc

pr

—

Con
anc

Wh

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

4.6

Wh
ear
Sm43
cha

nciples shall be used. This clause is applicable and restricted to:

NRjests are the vertical cf:\hi]i'ﬂng load components;
Ngkdst  are the vertical lifting destabilising load components.

h anchor ties the following relationship shall be applied:
27 NRksto +Zv,q 2 27 Ngg,dst

bre Zy 4 is the vertical design load bearing capacity of the anchor (see'4.6).
Ground anchorages

1 General
hor ties to be applied, which already include inherent partial safety factors. The following

weight anchors, e.g. ballast bodies placed-gn the surface of the ground or buried;

rod anchors, e.g. metal rods fitted with eyelets or with an upset head, not permitted iy
installations.

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

bre rod anchors shorterthan 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, t
[h pressure shall only be taken into account on condition that the anchor is capable of |
1l disptacements and rotations without any danger to the structure, and that the foun
Facteristics are known sufficiently.

(13)

(14)

ying soil conditions and the type of loading require the following experimentally assessedl values for

calculation

long-term

ional steel

d from the

he passive
performing
dation soil

4.6.3 Designload bearing capacity of rod anchors

The design load bearing capacity of simple rod anchors with a circular cross section and with a minimum
driving-in depth of 80 cm shall be determined in accordance with the empirical formulae given in Table 4.
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Table 4 — Design load bearing capacity of anchors Zg

Design load bearing capacity of rod anchors
24
N

Zd é fload dI, :6,5d1’
for stiff cohesive and for dense cohesionless soils

Angle of acting tensile force to the vertical

B

p=0°

7z A r dl'—a 0dl’
ﬁ=0° 4 Toaq—tH—o>06H

for very stiff cohesive soils

Z 4 £ fioaq -dl'=10,0dl'
p = 45° for cohesive soils of at least medium to stiff consigt-
ency

Z 4 £ fioaq -dl'<17,0al

pz45 for dense cohesionless soils

0° < B < 45° The load bearing capacity for the soil types shall lje
determined byyinterpolation (see Figure 3).

Symbols uged in Table 4, Formulae (15) and (16) and Figures 2 and 3:

Z4=Z,/7li is the design load bearing capacity of the ancher, in N (Newtons);

Zu 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 uncertainties
and dimensional variations;

Zn,d is the horizontal design lpad bearing capacity of anchor, in N;

Zyd is the vertical design-load bearing capacity of anchor, in N;

d is the anchor djameéter, in cm;

r is the depth-0Ppenetration (minimum length 80 cm);

a is the angle of penetration;

B isthe angle of acting tensile force to the vertical;

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

Formulae in Table 4 are only valid on the condition that the anchor will “pull” when driven in. For § = 0°
the friction shall be effective along the entire length of the rod; for § = 45° the angle of penetration a
shall be 90°. At this driving-in angle, the obliquely loaded anchor will attain its maximum design load
bearing capacity, as shown by experience. In order to prevent any bending of anchors subjected to shear
loading, the following minimum diameter shall be respected, for simple round steel rod anchors:

dimin = 0,0251" +0,5 (15)
with I’ in cm.

The point of application of the force on rod anchors subjected to bending stress shall be situated either
as close to the ground surface as possible, or beneath it.
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Dimensions in centimetres

ZVId A Zd
T g
I
SAaf Ll
Figure 2 — Rod anchor
fload
20
P
15 //,
1 e
v
//
>
10 i_ —==
—
T 3
5
0
0 10° 20° 30° 40°
B
Key
dense-cohesionless soils
very stiff cohesive soils
stiff cohesive soils

Figure 3 — Factors for determining the load bearing capacity of rod anchors

4.6.4 Testing of anchors (Numbering)

The calculated design load bearing capacities 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 carried out. A safety factor of y = 1,5 shall be applied to the lowest test value
(Zy) in order to determine the design capacity (Zq) in subsequent calculation. The design load bearing
capacity determined in this manner shall not result in anchor movement which would result in stresses,
deformations or instability which cannot be accommodated by the structure.
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If the foundation conditions are comparable, loading tests carried outin another location 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;es acting on the anchorage shall be determined by vector summation, taking into
account the partial safety factors shown in Table 2. This load Zes shall be less than the permissible
loading of the ancharage accordingto 4 6 3:

Zos=YyZ<Zy 16)

res

See also Figure 4.

™

’ }/XEW

;’0
274

.

S
+

2}”‘2:2@3

Key
Zg favourably acting resultant of permanent actions
Zw unfavourably acting portion efwariable actions

y  safety fhctor in accordancewith Table 2

B angle of acting tensileforce to the vertical

Figure 4 — Anchor loading

4_ 6 6 Fu thar oot aia and o
L] . CIICI X \.«liull CIIICIICO

If displacements in excess of 2 cm occur on loaded rod anchors or similar devices, then the load bearing
capacity of the anchor will no longer be fully ensured. An increase of the resistance against pull-out
failure can be achieved either by means of additional anchors or by driving in wooden wedges. In the
case of pure tensile stress in the direction of the axis of the rod anchor, the danger of a complete failure
of the anchor arises when very small movements occur.

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

After the driving in of a rod anchor, the soil on the surface shall be tamped against the anchor, as far as
practicable, in order to prevent the infiltration of surface water.
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If groups of anchors are used, each individual anchor may only be assessed in the calculation at its full,
calculated load bearing capacity on condition that the spacing between adjoining anchors amounts to notless
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 6 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 may be assumed for this calculation.

4.6.7 Ground support for packing

Only small contact stresses are permltted for packlng, because of the lack of embeddlng in the soil

3 5 e ekin §o sink into
the[soil and cause con51derable settlements Packmg shall be kept under observatlon Wher placed on
particularly yielding soils. In the event of yielding or loosening, an underlay shall be provided and the
beafing surfaces shall be enlarged as necessary.

For|a foundation soil with a low load bearing capacity, additional measures shall be adopted. If several
eletpnents arelaid side by side without any gaps in order to increase the bearingwidths, an intergonnection
shall be created, e.g. by cross-stacking.

Forja foundation soil which can be travelled over (e.g. by trucks), the following design soil prefsures may
be ysed in the calculation for square and rectangular packing with dimensions:

1<l/b<3

whére
[ isthelength of packing in the ground contactZone;

b  isthe width of packing in the ground centact zone:
b=20cm: P=100 kN/m?
b =30 cm: P=150 kN/m?
b =40 cm: P =200 kN/m?2;

p  isthe design value of thetallowable soil pressure (resistance).

Intdgrpolation should be conducted for intermediate values.
Forjinstallation onstrengthened (consolidated)locations, higher design soil pressures maybe ¢onsidered.

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

4.7)1c- General

A distinction shall be made between predominantly static stress and predominantly fluctuating stress.
Fluctuating stress occurs both in the form of pulsating stress (stress which fluctuates within two
limiting values without any change of sign, Ac =minoc / maxo >0) and in the form of alternating stress

(stress which fluctuates between two limiting values and changes its sign). For both situations the stress
range Ac =maxo —mino is significant for the calculation.

Fatigue calculation of welded structural items shall be performed to relevant standards which are based
either on the stress range Ao concept or in min|a/max|c7 stress concept, if the minimum life time

requirements in 4.7.3.1.5 are applied and a partial safety factor according Table 5 at 95 % survival
probability or equivalent is maintained.
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The resistance of notch details shall be determined as statistical value with 95 % of survival probability
and confidence interval of 75 %.

The minimum life time requirements in 4.7.3.1.5 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 duri

ng their expected service life shall be dimensioned by calculation of fatigue strength.

The complete analysis ofadevice shall be based on a clearly specified and internationally accepted standard.

NOTE
assessment

4,72 Pr
Permissibl

With regar
which act g

Ry<

14\10

and

where

Ren

Rm

VMo =

YM2 =

Ymz2 =%

The smallg

of cmponents in mechanical engineering (FKM) guideline can be used.
pdominantly static stress

b stresses of materials used for structural components shall be taken from 4:2"

d to general stress analysis of machinery components made of steel, ihcluding compong
imultaneously as structural components, the following relationships shall apply:

H

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

,1 is the partial safety-factor for elastic strength resistance (yield);
|5 is the partiaksafety factor for ultimate strength resistance when Rey /Rm < 0,75;
p,0 is thepartial safety factor for ultimate strength resistance when Rey /Rm > 0,75.

r of thetwo values R4 above shall be used.

“n

bnts

17)

18)

4‘-7-3 Flt Ltuat;us Dtl CTIJ

4.7.3.1 Fatigue assessment of structural components

An assessment of fatigue life as a result of repeated fluctuation of stress shall be carried out.

4.7.3.1.1

For fatigue

Partial safety factors for fatigue where EN 1993-1-9 is specified

loads a partial safety factor shall be applied:

yrf=1,0

The following values for the partial safety factors for steel shall be applied:
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Table 5 — Partial safety factor for fatigue resistance in stress range concept

thorough examination

Examination and access Rupture will not affect collapse | Rupture will affect collapse
Structural part accessible during regular _ _
thorough examination yme=10 yme= 1,1
Structural part notaccessible during regular yae=1,05 yae=1,15

4.7.3.1.2 Fatigue loads

When calculating Ao or At,the influence of dead loads which do not change in position, the chmponents

ass

Int
Tab

spepd, at the natural frequency. An investigation of wind induced oscillation shall be pe

eva

When calculating Ao or At, the following actions shall be taken in account as a minimum:

a)
b)
‘)
d)
€)
f)
g)
h)

Wh
and|

4.7

riable actions which do not vary in time and position, snow loads, temperature loads,1
mbly and wind loads (without induced oscillation) need not be considered.

e case where wind loads induce oscillation, the wind pressure can be set t6)50 % of th
e 1, column 2, if there is no other calculated critical value of the wind pressure due t

uate additional fatigue loads.

dead loads with change of position;

moving imposed loads;

driving and braking forces according to 4.3.3.2;

load coefficients for impact and vibrations of patts directly travelled over;
intentional collision forces;

inertia forces;

centrifugal and Coriolis force;

gyroscopic effect.

ere there is movement of dead loads, when assessing Ao or At (e.g. for lifted booms), the
minimum stresses shall'be calculated including dead loads:

AC = Omax — Omin

AT = Tmax < Fwin

3.17:3° Roundabouts

ads due to

e values in
b the wind
Fformed to

maximum

(19)

(20)

For asymmetric [oading the stress range due to 1/6 and 5/6 one-sided load according to 4.4.2.1 may be
assumed for 100 % of fatigue life.

4.7.3.1.4 Track-bound devices

Vehicles and trains shall be analysed by using the full, imposed load (6/6) for the complete fatigue life.

4.7.3.1.5 Number of load cycles

The fatigue assessment of load bearing parts shall consider the following number of load cycles, if no
more precise calculation about load cycles and life time can be provided.
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Fatigue limitat 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.

Endurance limit: Safety-related components shall be designed for endurance limit. In this context,
the stress range Aop is understood to be the constant amplitude fatigue limit. When no stress range
is higher than Aop 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.

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

excluded. These shall be dimensioned for atleast 5 000 operating hours. The replacement freque

of co
lifetim|

4.7.3.2 K

Machine cq

Assessmen
guidelines,

The follow

Fatigue ass

4.7.3.2.1
The fatigue
a) materi
b) constr]
c) size ef]
d) shape
e) corros
f) surfac
g) altern:
h) endurz:
i) service

The streng

onents shall be based on the calculated lifetime in hours or number of cycles. A theoret
e calculation shall be submitted.

atigue assessment of machine component (welded and non-welded)
mponents are e.g. axles, pins, shafts, wheel bogies, coupling bars, restraint bars etc.

t of welded parts may also follow the procedure given in 4.7.3.1 or international standard
e.g. FKM.

ng described principle of assessments can be adopted to nofi“welded parts.

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

Fatigue resistance
resistance shall take into account:
al strength
uction parameters
fects
pffects
jon influence
e influence
ite strength
ince limi€ strength

e strength

ncy
ical

S Or

th<zaluac chall concidar naotceh caca and ctrace ratio
TV oo oo tot - c oo T e ot e ot e St r E oo etos

The resistances shall comply with 97,5 % probability of survival.

4.7.3.2.2 Fatigue stress

Nominal stress or local stress shall be used for fatigue assessment. Stresses shall be determined in
accordance with the general principles of stress analysis.

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

Local stress method on base of Finite Element Analysis is possible for shell or volume investigations.
Main stresses o1, 02, 03 shall be investigated. Main stress o1, o2 shall be orientated on surface, 03
perpendicular to surface.
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4.7.3.2.3 Partial safety factor

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

4.7.4 Bolts

Bolts conforming to ISO 898-1, ISO 4014, ISO 4016, ISO 4017 or I1SO 4018, nuts to ISO 4032 or ISO 4034 and
bolt and nut assemblies EN 14399 (all parts), assigned to property classes 4.6, 5.6, 8.8 and 10.9 shall be used.

The calculation of limit states shall be made in accordance with EN 1993-1-1. The analysis of bolts under
fluctuating stresses shall be conducted in accordance with the relevant literature.

Wh
refq

Bol
hav

The
mal

manufacturer orsupplier.

For

T4

ere EN 1993-1-1 is not applied the following shall be used for bolts assigned to the prop¥¢
rred to Tables 6 and 7.

Bolted connections with bolts subject to vibrating forces normal to the axis of,the bolt sh
means to inhibit transverse displacements of the connecting parts either, by«the provisi
keys, pins, cotter pins, bushes etc. or by using tight-fit bolts or by providinga+friction-type
considering a friction coefficient of 2/3 min. y;

The value to be adopted for min. u shall be the lowest coefficienit/of friction, which cg
operation under the most unfavourable conditions;

In the case of single-shear joints, the eccentricity shall be€aken into consideration;

permissible shear strengths in accordance with Table 6s

permissible calculated pressure on the face of the bolt hole for shear bearing pressu
accordance with EN 1993 (all parts) (or in absénce 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 Fy in accordance with Table 6; a pa
factor of yg = yq = yrf = 1,0 can be dpplied;

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 conditio
e not been stressed beyend the yield point.

listed values in Tabte 7 are valid for an overall friction coefficient 4 = 0,14 (dry to slightly
king use of 90, % of the minimum yield point. The torque values shall be confirmed

blé'6 '— Design shear stress 7, for a predominantly static stress per bolt, and for a

area perpendicular to the axis of the bolt

Property class 8.8 10.9

Design shear stress, 7, , N/mm?2 300 360
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Table 7 — Pre-stressing forces and tightening torques for bolts — ISO 4014, I1SO 4016, ISO 4017,
ISO 4018 and EN 14399-4, EN 14399-6

Thread Pre-stressing force, Fy Tightening torque; M,
size for property class for property class
kN Nm
Bolts according to 1SO 4014, Bolting assemblies according
IS0 4016,1S0 4017,1S0 4018 to EN 14399-4, EN 14399-6
Slightly oiled MoS; lubricated
u=0,14 u=0,10
8.8 10.9 8.8 10.9 8.8 10.9
M12 37 50 84 120 70 160
M 16 71 100 206 350 170 250
M 20 111 160 402 600 300 450
M 22 138 190 539 900 450 650
M 24 160 220 696 1100 600 800
M 27 210 290 1030 1650 900 1250
M 30 257 350 1422 2200 1200 1650
M 36 382 510 2524 3340 2100 2800

In general, [the resistance forces of bolts according to Table 7 shall'be’determined according to EN 1993-
1-8 and thd fatigue resistance should consider the fluctuating stress in the pre-stressed connection. Bolt
resistances$ of a pre-stressed connection can be determined aggording Table 8, if sufficient compresgion
body can b established.

Table 8 — Simplified definifion of bolt resistances

Predominantly static stress Vibrating stress
NR,d=0,8 Fy NRFaT = 0,6 Fy

The pre-stfessing force may be induced\by other procedure as with torque procedure (e.g. combined
method by|pre torque and defined turhing angle).

4.7.5 Ropes, chains, safety-devices, connectors and adapters
4.7.5.1 Ropes, chains,‘belts and straps

4.7.5.1.1 |Partialsafety factor calculation

The partial safety factor will depend on the intended application. The following relationship shall apr)ly:

Znd2VZqd (21)

Zud  isthe minimum load at fracture;
Z4 is the maximum load;
y is the partial safety factor.

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 shall
not be used for fastenings onto drive mechanisms or impact loaded safety devices.
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4.7.5.1.2 Ropes and chains under fluctuating loads (Suspension of passenger-carrying devices
e.g. chairs, gondolas)

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

For steel wire ropes the values for permissible stresses are given in Table 9. Extrapolation 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 1570 MPa are used, the permissible stress shall be
assessed independently.

The use of ropes, chains, belts or straps made of hemp, plastics or leather is not permitted for these
appfications.

Thip does not apply however to safety equipment in accordance with 4.7.5.2.

Table 9 — Design stress for wire ropes for suspension of structural components made from
ndividual wires of 1570 MPa nominal strength category, for the purpese of verification of

fatigue strength
Diameter of wire rope Permissible stress of
d for wiretopes
Nymm?2
mm

4<dsha 540 + 67 k

5<d<20 337 + 270k

20<d<30 270 + 337 k

30<d<40 202 + 405 k
a  For design reasons, wire rope diameters'smaller than 4 mm shall be avoided.

K is|defined as

(22)

Ver|fications shall be done with:the factor y = 1,0 on the load side and will be compared difectly with
the[values of Table 9.

4.7/5.1.3 Ropes and-€hains under predominantly non-fluctuating load

Roges and Chainsiunder predominantly non-fluctuating load are e.g. 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 1570 MHa a partial
safed ty factor of y = 3 0 shall be taken for the gpnprq] stress anqucic

For web lashing made from man-made fibres according to EN 12195-2:2000 under predominantly non-
fluctuating loads an additional partial safety factor of y = 2,0 on LC shall be used.

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

Rope diameter Partial safety factor
mm y
12 4,0
14 3,3
16 3,3
18 2,7
20 and thicker 2,7

The resped
breaking I

4.7.5.2 T

A partial s:
or chairs, s
by this fact

For foot sti
accordancy

Steel b

— Aluminium alloy buckles: belt width not less than 30 mm.

In any cas
the-loop sy

4.7.5.3 (

In the abs:e
accordancg
partial safé

Thepermis
standards 1
shackle cor
data shall 3

4.8 Strulctural design and construction

4.8.1 Ar

tive partial safety factors y¢shall be taken into account and be compared with the respec
ad divided by the partial safety factor.

assenger safety locking devices

fety factor of y = 6,0 shall be adopted for such safety devices, e.g. locking devices of gond

or shall be calculated by using the mass and taking into account any,applied acceleration

ap buckles in loop-the-loop swings, the following sizes shall be”adopted for roller buckle
with international standards, or in absence of those, to natignal standards:

uckles: belt width not less than 25 mm;

b the minimum design strength shall be not less than 2 kN for foot strap buckles in lc
vings.

onnectors and adapters

ence of international standards for~hooks and eyelets of turnbuckles, they can be use
to national standards. Their .permissible loading shall be determined with the aid of|
ety factors for steel chains (4'or 6) in accordance with 4.7.5.1.1.

or approved load datda may be trebled for statically stressed shackles. For dynamically stres
nections internatiomnal standards, or in absence of those, national standards for approved |
pply. Shackle pirisshall be secured against loosening in dynamically loaded connections.

rangement, accessibility

tive

blas

hfety belts and safety harnesses in loop-the-loop swings. The resultingforces to be multiplied

S.

sin

op-

1 in
the

sibleloadingsinaccordaficewith futureinternational standardsorinabsence ofthose to natipnal

sed
oad

Structural
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ymr = 1,1 or 1,0) shall be made accessible for checking, if necessary in dismantled condition.

4.8.2 Locking and safety devices for fasteners

ctor

Bolts, nuts, tapered washers and other fasteners, the slackening of which, as a result of fluctuating
stresses, might 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, etc.

Onpre-stressed bolts (according to Table 7), the pre-stressingis considered as security againstloosening.
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However, because even pre-stressed screwed connections are liable to loosen, particularly in the initial
stages as a result of settlement, e.g. in the case of ball bearing slewing gear, reference shall be made in

the

4.8.

assembly and operating instruction manual to the necessary checks to be carried out.

3 Joints intended for regular dismantling

Spring washers, toothed lock washers, fan type (serrated) lock washers and similar locking devices are
not permitted on screwed connections fitted with bolts assigned to property class 8.8 and 10.9.

If open hooks are to be used, it will be necessary to assess the consequences of unhooking. Hooks with

a safetv catch are not considered to he open hooks

As

wegdkening the timber section shall be avoided. This applies in particular to timbers exposed

or

which are subjected to alternating and pulsating loads or on which the bolts,are regular]
during assembly and dismantling operations, shall be relieved from stress by the provision
load spreading plates or dowel pins.

Tenkile forces in drill holes acting at right angles to or obliquely to the direction of the grain, w
lead to the splitting or tearing of the wood, shall be absorbed by load.spreading (wrap-arounc

eit

suc
sha
sim

Rop
aris

Rop

4.8

Abr

con

4.8

Ext
gro

4.8

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

4.8

general rule, it shall be borne in mind that any modification of timber members T

bjected to alternating or pulsating stresses. Drill holes in timber components for‘conne

er side of the drilled holes, or by other suitable means. Bolted,connections which are not p
1 a way, shall be provided with washers. Appropriate measuressuch as steel plates or enlarg]
1 be used to prevent damage to timber due to compressiofy thder bolt head or nuts. Star w
ilar devices (toothed insert dowels) shall not be used intimber joints which can be disman

e connections shall be formed in such a way tha®there is neither a possibility of kinl
ing, nor of excessive stressing of individual wirés:

es of any kind shall not bear on sharp edgés:

4 Designing of components subjectto fluctuating loads

upt transitions in cross sectiofi (sudden changes in stiffness) and notches shall be
ponents subject to fluctuating’stresses.

5 Supports

bndable columns ardyjack screws (potjacks and similar) which transmit loads onto the su

6 Centralmasts

esulting in
to impacts,
cting bolts,
y removed
of suitable

rhich might
1) plates on
rotected in
ed washers
ashers and
tled.

s or knots

avoided in

face of the

ind shall, if neceSsary, be cross-braced or secured in another way to take applied horizontal forces.

7 -’ Prevention of corrosion and rot

Refer to international standards for steel components, light alloy components and timber components.

5

5.1

5.1.

Requirements for design and manufacture of rides and structures
Risk reduction by prevailing design and safety measures

1 General

In this chapter the majority of devices have been categorised in order to unify design approval,
examination and safety precautions. The groups are intended to highlight the relevant additional
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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 Risk assessment

5.1.2.1 Designrisk assessment (DRA)

This is a document that shall be produced by the designer of every device. The design risk assessment
shall be used to guide the designer into making the correct decisions in the total design ethos (e.g.
material selection, PLC program, ergonomic characteristics, biomechanical effects, etc.) so that an

acceptable[Tevel of risk resides (residual T1sk] from each design decision. Although not an opera

This is a ddcument that shall be produced by the controller and operator of every device. The OURA s
be used to guide the operator and controllerinto making the correctdecisionsin the total operation et
(e.g. age/height limit, loading/offloading of passengers, foreseeable misuse, €t¢:) so that an accept
level of resjdual risk from each hazard is analysed. It shall be constructed in close consultation with|
designer and DRA and shall demonstrate the management of residual risks’highlighted in the DRA.

These risk|assessments shall assess the hazards that the device imight pose, the likelihood of th
hazards causing a risk and the control measures that are necessary to control those risks adequa
The risk agsessments shall identify hazards, estimate and evalaate the risk to which guests, spectat
and operatfional and maintenance staff are exposed.

Fion
and

hall
hos
hble
the

ose
ely.
or's,

The DRA and OURA are regarded as keystone documents, paramount to the total safety managenpent

of the devige and as such shall be regarded as dynamic.The documents require review periodically
following gny relevant change to the design or operation of the device.

See Figure|5.

Design Risk Assessment
DRA

Y

Residual Risks
&
Information for Use

Y
Operation and Use

and

- Risk Assessment

OURA

Figure 5 — Risk assessment

5.1.2.3 Hazard analysis

For guidance on general principles see ISO 12100 and the specific applicable hazards for the dev
listed in Annex F.

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

3.1 General

The requirements in this section only apply to public use. Permanent access for non-public use (e.g.

mai

ntenance, etc.) is generally covered by I1SO 14122.

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

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

ree from

Wh
fall
haz

Als
iten
dev
tob
Wh
risK
5.1
Thd
Ran

Wh
not

Thd
and

Les

Wh
and

See

tripping points,
openings allowing a ball of 12 mm in diameter to fall through, and
nip or pinch points.

bre the public are intended to pass underneath, further measures willlhe required to pt
ng objects Any change in elevation of platform levels should be cleanlyymarked in order t
ard for the public.

b, the same basic rules given for stair steps in 5.1.3.3 shall be followed. This shall not apy
1s which are intentionally designed for the purpose of amusentent in funhouses or similar g
ices, which do not conform to the requirements of this clause and for which special prec
e taken in accordance with 5.2.10.

ere maintenance equipment is to be used for emérgency evacuation this will require
assessment.

3.2 Platforms and ramps
slope of platforms where the publicstand shall not exceed 1 in 8 - 12,5 %.
nps for the general public shall nothave a slope greater than 1 in 6 - 16,7 %.

bn individual cross battens fanti slip step) are fitted across the full width of the ramp ata
more than 0,40 m, the slope may be increased to 1 in 4 - 25 %.

cross battens with-rectangular section shall be maximum 4 mm high so as not create a1
not more than 50\mm wide.

Ger slopes orvother means may be required to accommodate patrons using mobility aids.

bre theré are adjacent platforms at different heights, unless the difference is betwe
0,24anstairs or ramps will be required.

Eigure 6.

otect from
b avoid any

ly to those
musement
hutions are

a specific

distance of

rip hazard

en 0,10 m
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.|I|I||| 2

Key

1 Platfor
2 Platfor
a differey
b

5.1.3.3 §

Stairs whi
which are
supervised

Stairs shal
they do no
each sectidg

The going

any chgnge in elevation of platforms should be clearly-marked

1
2
ce in height between 1 and 2 (between 0,10 and 0;24 m)

Figure 6 — Diffeérence in platform height

tairs

h are used by the publie/shall be at least 0,90 m in width. Evacuation stairs and catwalks
ntended for use by-amaximum number of six passengers at a time that can be adequaftely
, shall be at least-0;60 m in width.

be not moré&than 2,50 m in width, except when they surround the amusement device pnd
F have morethan 10 steps or 2,00 m difference in height. Where central handrails are fifted
n can beeonsidered as an individual stair.

slope of an

ind rise of the steps in any stairways shall be uniform throughout its length. The maxinjum
stair measured on the centre line shall not exceed 45°. nr

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 minim

Where the

44

um vertical clearance above any step shall be 2,30 m for public access.

public have access below a stairway, protection from falling objects will be required.
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Key]

The
sha
Wh
and
mo}

The

diameter of sphere (150 mm)
Figure 7 — Stairway handrail 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

bf the stair
vle file use.

bre the stairway is 0,90 m or greater in width there shall be a handrail on both sides. Tle handrail

associated fencing (between the vertical'bars) if required shall not admit a sphere with
e than 150mm, see Figure 7. The going:shall be at least 0,24 m except for spiral or curveq

step heightshall be between 0,14 mand 0,24 m. The overlap of the steps for open stairs shall

Steps shall have slip resistant suxfaces.

The
a)

b)

going on spiral or curved-stairways shall be at least:

For stairways which_are either a means of access between two levels or intended fof
assisted evacuation;in accordance with Figure 8 a).

Where the stairway is to be specified as part of an emergency escape route Figure 8 b) shall

Inclined treads‘are not allowed.

a diameter
| stairs.

be > 10 mm.

attendant

be applied.

millimetres

Dimensions in

Y
- A
- o~

I

200 200
600 900
a) Spiral stairways b) Curved stairways

Figure 8 — Dimensions for stairways
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5.1.3.4 Moving walkways, travelators and similar

The belt of moving walkways or travelators shall be either seamless or have not more than one joint

which shall

not protrude.

A handrail, intermediate rail and toe board according to 5.1.4.1.1 shall be provided on both sides of
moving walkways or conveyor belt. A railing on only one side is allowed if the moving walkway or
conveyor belt is used for access to or egress from passenger units according to 5.1.6.3. The maximum
clearance between the belt and the toe board shall not exceed 4 mm.

The slope of amoving walkway or travelator shall notexceed 1in 6 unless moving handrails are provided,

in which ¢4

In case of g
shall be gy
of motion.
passenger

shall be comtrolled by automatic or manual means to avoid danger due to congestion”\An emergency s

button sha

Provision
pinching. T
such prote

The maxinj
and 0,5 m
itself then

Effective b

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

se the slope shall not exceed 1 1n 4.

erpendicular egress from the moving walkway or travelator, the end of the movingtwalk
arded with a final handrail and an intermediate rail at 45° with respect to the'direc
Additionally a trip board, or equivalent system, which can interrupt the pewer in ca
s pushed against the final handrail, shall be provided. The access to such a moving walk

| be fitted at both ends.

hall be made to protect the end of moving walkways or travelator to prevent trappin
he end return and tension rollers shall be suitably protected. If, because of the type of surf
Ction is not possible, perpendicular egress, according to above clause shall be provided.

umrelative speed shall not exceed 0,75 m/s with parallel’egress from the stationary platfg
s with perpendicular egress. If the walkway or trayvelator is used as part of the attrac
higher speeds may be accepted. See Figure 9.

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

be a
vay

46

vay

ion

top

b or
hce,

rm,

Fion

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=d747365e454ec239a49585b500b8b0ba

ISO 17842-1:2015(E)

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 access/egress from travelator

Figure 9 — Travelator directions in relation to passenger access/egress

5.144 Riskreduction by the use of railings, fencing and guarding
5.144.1 Protection againstfalls from one level to another by railings or fencing

5.1/4.1.1 General

Fenring, railings-or.other suitable means shall be provided where a person might fall 0,40 m dr more due
to al differencesinithe height of adjacent levels. Fences for this purpose are specified in 5.1.4.8). 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 fittled in order
to pgrotect people passing underneath.

Fences and railings shall be constructed in accordance with EN 1176-1 with regard to entrapment.

Fences 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 where the public have access.

Where there is 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.
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. Not tensioned chains, ropes or other
non-rigid materials are not permitted.

Where there is a difference in levels up to 0,60 m the risk assessment should determine if any area
separation system is required.

© IS0 2015 - All rights reserved 47


https://standardsiso.com/api/?name=d747365e454ec239a49585b500b8b0ba

ISO 17842-1:2015(E)

See Figure 10.

5.1.4.1.2

Handrail height

Handrails shall have a free space around them of 38 mm and the grip shall be in accordance with
EN 1176-1:2008, 4.2.4.6 and 4.2.4.7.

Dimensions in millimetres

51
32

7

Key

1  wall

5.1.4.2 K

5.1.4.2.1

The design
crushing

0
are not ca;t-able of being fulfilled)area separation systems to prevent access of passengers or wai

passengers

example, t¢ prevent access toymoving parts) shall be provided.

5.1.4.2.2

Where an 4
such a way

—

Figure 10 — General handrail clearances

rotection against crushing, impact or-entanglement

Public access areas

of devices shall be such that the risk of passengers and people being injured by entanglem
impact with the moving Tide or its parts is minimised by design. Where such condit

to parts of the device unsuitable for public access due to likelihood of injury or incident

Area separation systems

irea separation inside or outside the device is required it shall be designed and positione
that ho one outside the area is within reach of any moving part of the device. The loca

ent,
ons
[ing
(for

d in
Fion

(distance)

pf suich separation systems depends on:

height
height

above the floor of a source of danger;

of the separating device (fence);

shortest distance between the edge of the separated area and the source of danger. The minimum

safety distance shall be 500 mm. When the probability of serious injury is significant, the minimum
distances of ISO 13857:2008 shall be used.

Rel

5.1.4.2.3

ative speed of passenger units and the reach of the passengers (motion safety envelope)

Classification of area separation systems

Area separation systems are classified as follows

48
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J1 - predominantly visual area separation systems: coloured stripes on the floor or fixed steps,

poles, cones or equivalent.

J2 - physical area separation systems: flexible devices, such as ropes, chains, cords, etc., which need

not withstand horizontal forces.

J3 - physical area separation systems: rigid devices, such as fencing or railings which can withstand

horizontal forces.

4.2.4 Classification of access and egress openings in fences and railings

number of openings in fences and railings shall be limited to the number and width ne
access and egress. Each opening shall not be more than 2,5 m wide. The access and egrés
classified as follows:

K1 - openings without any direct control;
K2 - openings controlled by attendants;

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

K4 - openings provided with barriers or gates where the logking and unlocking are actuy
operator or attendant;

K5 - openings provided with barriers or gates, the closed state of which, enables the r
and the open state of which cause the ride to stop.

ing the same specific features, the minimum-requirements for access and egress openi

expressed by the above classification under 5.2:

5.1

Fen|
abo

4.3 Fences

cing shall be designed using the\load assumptions given in 4.3.3. Fences shall be at least
ve any standing position andsshall be so constructed that neither adults nor children can g

or ynderneath them. They shall'be so constructed, where protecting from a significant h

peo

a)

b)

ple cannot trap their heads’in the fencing. For this purpose two categories of fence are al
Conventional fenCes

Fences with predominantly vertical internal elements (Figure 11). The distance be
adjacent elemrents shall not be more than 100 mm or

Fencesprovided with mesh as an internal element (Figure 12). The size of the mesh
accotdance with Figure 12.

Cessary for
s openings

by limiting

ated by the

de to start

each defined category of rides, or for each group.or single ride being in the same ride category and

hgs will be

1,1 m high
et through
hzard, that
Jowed.

tween two

shall be in

Decorative fences

Fences provided with decorative internal elements (see Figure 13). The distances between two

adjacent elements shall be as shown in Figure 13.

The elements shall not have sharp edges.

For amusement rides used solely by children less than 10 years of age, the separated area may have a
reduced height of 0,85 m for both types of fence if the difference in height level is less than 0,40m.
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Dimensions in millimetres

5

21100

<100

Flgure 11 — Examples of fences with predominantly vertical internal elentents

Dimensions in millimdtres
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Figufre 12 — Examples of fénces provided with mesh or panels as an internal element

Dimensions in millimdtres

<100

'\<>/'
N )

2110

<100
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Figure 13 — Examples of fences with decorative internal elements
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5 Guarding of hazardous machinery

Any hazardous machinery on an amusement device where there is risk to passengers or personnel shall
be guarded in accordance to ISO 14119 and ISO 14120.

5.1.

5.1.

5.1.

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

6.1.1 General

Pas

senger carrying devices shall be so designed that the risk of people being injured frem

gaiming access to or egress from the device is minimized. The access to and the egress\from

uni
pos
pas
suc
if u
spe
cou
not
not
pro

Ifa
reld
par

See

s is in general gained from platforms and ramps according to 5.1.3. Stairs are admitted ¢
tion and size, related to the passenger unit features, are designed so that the risk of an|
senger experiencing a slip or fall during access or egress is minimized. Thecaccess to pass
h as cars and gondolas shall be not more than 0,40 m above or below the access platfor
haided (aid can be in the form of handholds or physical assistance),Between 0,40 m ar
Cific detailed DRA shall be conducted. Where movements of passenger units during acces
|ld produce a hazard, means shall be provided to retain it in a statienary position. Such n
lose their retaining capability even in case of power loss. In certain cases (e.g. carouse
be possible in which case a specific detailed DRA shall be“conducted to establish wh
fection is required.

cess or egress from a passenger unit is provided during the passenger unit’s motion, the
tive speed between the unit and the access or egress platform shall not exceed 0,75 m/s ¥
hllel to the direction of motion and 0,50 m/s with-perpendicular egress.

Figure 14.

@0 6

—

falls while
passenger
nly if their
[y admitted
bnger units
m or ramp
d 0,60 m a
S or egress
neans shall
[) this may
at suitable

maximum
vith access

a

b

C

Direction of passenger unit.
Example of parallel access to moving passenger units (speed limited to 0,75 m/s).

Example of perpendicular access to moving passenger units (speed limited to 0,50 m/s).

Figure 14 — Examples of parallel and perpendicular access to a vehicle in motion
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5.1.6.2 Emergency access and egress

Appropriate means for the safe recovery of passengers who may become stranded away from the normal
passenger unit loading/unloading area(s) shall be provided. This provision shall include arrangements
for rescue personnel to gain safe access.

5.1.6.3 Access to and egress from enclosures, sideshows and similar devices

Every booth or similar enclosed structure shall be provided with exits which are commensurate with
the number of occupants in relation to their width, number and siting. Emergency exits shall have a

height of a

F least 2,0 m Nog exit shall be less than 1’7(\ m wide. The width of any exitin relation to

the

number of

pccupants who may have to use it shall be determined by Table 11.

Table 11 — Width of exit

Minimum clear width | Additional clear
of exit width of exit Suitable for
m m

1,20 0,00 Not more than 200 persohs

1,20 0,60 Per each 100 persons more
The numbef of personsis to be calculated with two persons per square metfe excluding the areas not opgn to
the publicif no other limiting criteria apply. At least one access and one/gxit shall be suitable for wheelchairs.
The requirgd exits should be evenly distributed around the structure on opposite sides of the enclospre,
sothat genfpiine alternative routes are available from all parts. From any part of an enclosure having njore

than one e
and an exit
shall not b

kit the travel distance (the travel distance is the distance between any point in a struct
measured along the actual path by which a person will walk to the exit) to the nearest
e more than 30 m, and after the first 6,5 mjthe remainder of the route shall make it posg

to reach an alternative exit. In enclosures havingonly one exit, the travel distance shall not be n

than 24 m.

If the number of persons exceeds 200 then two exits are required.

Furthermadre the specification of local fire department shall be met.

5.1.7 Riskreduction for passenger-lnits

5.1.7.1 Safety distances from passenger units — Safety envelope
5.1.7.1.1 | General

The safety|distances.shall be defined by a safety envelope.

In addition
of the body

to the following safety envelopes, notices are required to warn passengers to keep all p
inSide the cars and to maintain the intended passenger position.

ure
exit
ible
ore

h1rts

The safety

envelope shall be free from any fixed or moving parts relative to the patrons.

The dimensions of the safety envelope depend on the design risk assessment.

5.1.7.1.2

Reach envelope

The specific design of patron compartment, including the restraint system if available, shall be taken into
account in defining the reach envelope. The reach envelope shall be developed on the basis of distances
taken from ISO 13857, ISO/TS 17929 and other anthropometric standards and guidelines.

NOTE Specific human measures are defined in statistical reports, e.g. ISO 7250, ISO/TS 17929, DIN 33402-2,
GOST 12.2.049, AS 3533.1.
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5.1.7.1.3 Minimum dimensions of safety envelope

To prevent passengers from being injured by stationary or moving objects or objects belonging to
passenger units other than thatin which they are located, and in the absence of other measures reducing
the reach of the passengers, the following minimum general safety distances shall be provided:

a) Theminimum lateral safety distance min. 5 relates to speed and height of the seat sides, see Table 12.

b) 2,00 m (respectively 1,70 m for children up to the age of 10 years) above the floor of the passenger
units (see Figure 15);

I A 1 4=l . s 1 1.0 £ loal b 4=l £10 RNV AN | s
C) T, 00 T apo Ve tITe Stat (I CSPTTTIVETY L, 0U NTTOT CIIITUT CIT UP o tiTe age O 1U yTarsj 1T tirc ppsSsenger 1S

positively restrained from standing up (see Figure 16).

d) 1,0 m (respectively 0,9 m for children up to the age of 10 years) below the seat in/suspgnded seats
(see Figure 17)

Taple 12 — Minimum lateral safety distances in relation to side height'ofseat, from inside part
of seat and if no other hazards (min. yj,t)

Speed, v
Cat. m h <400 mm 400 <h <600 mm h> 600 n{m
s

L

=

1 =[] = ,
A v<3 700 mm 500 mm 300 mnj
B 3<v<10 900 mm 700 mm 500 mn
C| | 10<v<20 1000 mm 900 mm 500 mny
D v>20 1000 mm 1000 mm 700 mnj

If ah over-shoulder restraint is:ised and the lateral movement of the upper body is limit¢d the min.
Ylat[values similar to a side height of h > 600 mm may be used. If the reach envelope is limit¢d by other
insflallations (e.g. cabin) then’even less min. y)5¢ values may be adopted.

Anyfspecial situationtieeds to be taken into consideration in the definition of the minimum safety distances.
Safgty distances may-be extended due to accelerations, darkness, sharp-edged elements or vicg versa.
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Dimensions in millimetres

22000
(=1700)

Key

1 seatsufface

2 floor syrface

3  safety ¢nvelope

4  minim@m lateral safety distance min. yj,¢

NOTE VYalues for children up to the age of 10 years are given in parentheses.
Figure 15 — Vertical safety distance from the floor and lateral safety distance for passengeirs

Dimensions in millimdtres

1 seatsurface

2 floor surfaee

3  safety envelope

4  minimum lateral safety distance min. yja¢

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

Figure 16 — Vertical safety distance from the seat and lateral safety for passengers

If passenger units are free-ranging and controlled by the passenger the distance in 5.1.7.1.3 a) applies
only to fixed objects.
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Dimensions in millimetres

1000

_____ I O
Key
1 |seatsurface
2 |safety envelope
3 |safety envelope for children up to the age of 10 years
4 |corner centre radius

O

Minimum lateral safety distance min. yja¢.
b |Minimum lateral safety distance min. y|5¢ for children upsto‘age of 10 years.

Figure 17 — Minimum safety distance for legs in suspended seats

5.1/7.1.4 Minimum safety distances-between passenger containments

Additionally, the following distanceshall be maintained: 0,12 m from the outside of the unit tp any other
parf at the seat’s height of another unit in the most unfavourable operating condition (see Figiire 18). For
dodgem/ bumper cars see minimum safety distances in Table 14.

Dimensions inf millimetres

12

—
v

ad

Key
1 distance element

Figure 18 — Safety distance for free ranging vehicles

If the passenger units are not free ranging, the safety envelopes shall not overlap (see Figure 19).
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Key
1
2

safety ¢

minimu

5.1.7.2 R

5.1.7.2.1

Passenger
and crushi

Passenger
of the pass|
avisual an

Powered 1
movement
children ar

Locking an|

nvelope
m lateral safety distance, min. yj,¢

Figure 19 — Relative position of safety envelopes

estraint devices limiting passenger movement

General

Festraints and their locking devicesshall be designed in such a manner as to prevent trapping

hg of body parts.

restraint devices shall hayésa configuration such as not to act on sensitive and fragile p

h1rts

enger’s body. Even if previded with warning lights and/or acoustic warning they shall allow

d/or physical verification’of their correct closing by the attendant.

assenger restraint-devices may create additional hazards giving rise to injuries. T
shall be slow.and the maximum exerted force shall not be more than 0,15 kN (0,08 k
e also admitted) measured on the active edge of the device.

d latching devices shall be designed in such a way as to prevent unlocking without a delibe

and intentijonal action.

Locking dg

heir
N if

rate

vices shall not lose their locking action in the case of malfunction or emergency stop of

the

ride unless it is safe to do so.

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, depending on
the nature of the ride and the results of the DRA.

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

The design of a restraint shall avoid the ejecting and falling out of the passenger unit

In the case of malfunction or emergency stop, when the passengers are maintained in their places by
the restraint devices, arrangements shall be made for unlocking the device by the authorized personnel,
when it is safe to do so.

Passenger restraints shall be provided as determined by the designer based on risk assessment.
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liftd
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5 determination shall be based on the passenger restraint and containment analysis ¢
rdance with criteria defined in this standard and shall take into consideration the'n

hropomorphic data such as Annex D.

passenger restraint and containment analysis shall identify the need for’a restraint
bons other than simply the acceleration or seat inclination. The analysis.shall also evalua
ocking or latching functions when restraints are required.

tion and/or situation on the ride or device, including emergency stops and stops in
tions. The passenger restraint and containment analysis shall address whether individu
raints releases are appropriate.

h DRA the designer specifies the state, locked or unilocked, of the restraint system in t
htended stop, for example, emergency stop or loss 0f power.

traint devices shall be provided in cases where'it is reasonably foreseeable that passenge
d or ejected from their seats or riding positiehns by the acceleration of the amusement rid

nple, the application of emergency brakes or vehicles stopped in inverted positions.

restraint diagram shown in Figure.21 shall be used as part the passenger restraint and cc
ysis for determining if a restraint is required, and if required, what type. The restrai
tifies and graphically illustrates five distinct areas of theoretical acceleration. Each
inct areas may require a.different class of restraint. The restraint diagram applies fof
pleration (as defined in 3.40) levels only. It is not to be applied for impact acceleration.

the axis conventionrefer to Figure 20.

formed in

:ture of the

amuyisement ride or device and the intended adult or child passenger physical characteristic

5, based on

system for
Le the need

designer shall take into consideration the evacuation of passengersfrom any reasonably foreseeable

unplanned
al or group

he event of

s could be
b or device,

y seat inclination, during the ride or device cycle and other reasonably foreseeable sitjiations, for

ntainment
nt diagram
of the five
sustained
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A positive

58

+d,
-ay
+ay
-ay

+dx

+X

Figure 20 — Body coordinate system

hcceleration is defined in accordance with following the coordinate system:

presses the hndy into the seat downwards _described as “pypc down”

lifts the body out of the seat, described as “eyes up”.

presses the body sideward to the right, described as “eyes right”.
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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downward into seat (eyes down)
lift (eyes up)

acceleration (eyes back)
deceleration (eyes front)

Area 1

Area 2

Area 3

Area 4

Area 5

atrest

Normal gravity.
Figure 21 — Restraint diagram

Area T7= A Class 1 no restraint is required. Based solely on Area 1 dynamic forces, no festraint is
required; however, other criteria in this practice (that is, the ride analysis) may requife a higher
class restraint device.

Area 2 — A Class 2 restraint is required, unless passengers are provided sufficient support and the
means to react to the forces, for example, handrails, footrest, or other devices and if they cannot 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 Figure 21 is intended as a guide. Any special situation needs
to be taken into consideration in designing the restraint system, e.g. the duration of the acceleration. In
particular where lateral accelerations higher than ay > + 0,5 g occur, seats, backrests and restraint shall
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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 may need special
consideration. In Figure 21 no information on the absolute acceleration limits is given.

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

Figure 21 is a design guide. If Figure 21 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 risk as
The deter

sessment (see 5.1.2) may require a different class of restraint to be used.

5.1.7.2.3

Restraint d

See also Table 13.

Class 1:

Class 2:
device

1) Ny
paj
2) Fir

adjustable in relation to the passenger.

3 43 £l 1 £l s Y S N | I 21 3 £o11
ITIIAUIUIT UL UIIC CIdoo U LIIU TUOLIN AITIL, UdoSTCU UIT' 1 15u1 C 4o l, 10 do IUIIUVWO.

Classification of passenger restraint devices

evices have the following requirements based on their classification accordingto Figure

Unrestraint or no restraint at all.

Alatching restraint device for each individual passenger or a ldtching collective restr
for more than one passenger. A Class 2 restraint device shall have at least the following:

ssenger or it may be a collective device for more than oné’pdssenger.

hal latching position relative to the passenger — Théfinal latching position may be fixe

pe of latching— The passenger or operator maylatch the restraint.
pe of unlatching— The passenger or operator may unlatch the restraint.

straint position monitoring— In addition to the operator responsibilities no indepeng
btraint position monitoring required:

ans of activation— The restraint may be manually or automatically (for example, motorij
ened and closed.

dundancy of latching device— Redundancy is not required.

A latching restraint device for each individual patron or a latching collective restr
for more thanone passenger. A Class 3 restraint device shall have at least the following:

ssenger*or’it may be a collective device for more than one passenger.

3) Ty
4) Ty
5) Re

re
6) Md

op
7) Re

Class 3:

device
1) Ny

pal
2) Fi

alfatching position relative to the passenger — The final latching position must be adjust
w p g positions.

in|reldtion to the passenger, for example, a bar or a rail with multiple latchin

[ 21.

hint

mber of passengers per restraint device — The restraint-dévice may be for an individlual

1 or

lent

ed)

hint

mber of passengers per restraint device — The restraint device may be for an individual

hble

3) Type of latching — The passenger or operator may manually latch the restraint or it may be
automatically latched. The manufacturer shall provide instructions that the operator shall
verify the restraint device is latched.

4) Type of unlatching — The passenger may manually unlatch or the operator may manually or
automatically unlatch the restraint.

5) Restraint position monitoring — In addition to the operator responsibilities no independent
restraint position monitoring required. The design shall allow the operator to perform a visual

or

manual check of the restraint each ride cycle.

6) Means of activation — The restraint may be manually or automatically (for example, motorized)

op

60

ened and closed.
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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 guest. The frequency and procedure of such a periodic test shall be

determined by the mechanical design.

A redundant locking restraint device for each individual passenger. A Class

device shall have at least the following:

4 restraint

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

2) Final locking position relative to the passenger — The final locking position of ther'éstraint shall
be adjustable in relation to the passengers, for example, 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 automaticalli}tinlock the rdstraint.

5) Restraint position monitoring — In addition to the operator responsibilities an irfjdependent
restraint position monitoring system shall initiate a cycle stoporinhibit cycle start.|[The design
shall allow the operator to perform a visual or manual chegk of the restraint each rifle cycle.

NOTE For some amusementrides, e.g. roller coasters, freefall\fowers, the position of the restfaint cannot

be monitored continuously.

6) Means of activation — The restraint may be manually or automatically (for example, motorized)
opened or closed.

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

8) Monitoring of locking device - The locking device shall be periodically tested prior to[be put into
operation with guest. The frequency and procedure of such a periodic test shall be determined
by the mechanical design.

Class 5: A redundant locking restraint device for each individual passenger. A Class{5 restraint
device shall have at least the following:

1) Number of passengers’/per restraint device — A restraint device shall be providdd for each
individual passenger.

2) Final locking-position relative to the passenger — The final locking position of the resfraint shall
be adjustable’in relation to the passengers, for example, a bar or a rail with multiple|positions.

3) Typeofilocking — The restraint device shall be automatically locked.

4) Iype of unlocking — Only the operator shall manually or automatically unlock the regstraint.

5} Restraint position monitoring — In addition to the operator responsibilities an irjdependent
TEsStraint position MoNItoring System shatl Initiate a Cyclie stop or innibit cycie start. The design
shall allow the operator to perform a visual or manual check of the restraint each ride cycle.

NOTE for some amusement rides e.g. roller coasters, freefall towers, etc. the position of the restraint

cannot be monitored continuously.

6) Means of activation — The restraint may be manually or automatically (for example, motorized)
opened or closed.

7) Redundancy of locking device — Redundancy shall be provided for the locking device function.

8) 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

© IS0 2015 - All rights reserved 61


https://standardsiso.com/api/?name=d747365e454ec239a49585b500b8b0ba

ISO 17842-1:2015(E)

an accepted alternative the integrity of the redundant locking devices shall be verified within
every two ride cycles.

9) 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).

Table 13 — Minimum requirements of passenger restraint classes

Class 1 2 3 4 5

Individual or

No. of passengers per |Norestraint |Individual or Individual for  |Individual for

restraint cotectivefor cottectivefor each passenger each passenger
two or more two or more
passengers passengers
Final latchling/locking |No restraint |Non-adjustable |Adjustable Adjustable lock- | Adjustable 1dck-
position latching latching to pas- |ing to passenger |ing to passerjger
senger
Latching/locking No restraint |Manually or Manually or Automatically, | Automatically
automatically |automatically |locking locking
latching latching
Unlatching/unlocking |[Norestraint |Unlatchingby |Unlatchingby |Unlecking by Unlocking by

passenger (man-
ually) or opera-
tor (manually or

passenger (man-
ually) or opera~
tor (manually ot

operator manu-
ally or automat-
ically

operator ma
ally or auton
ically

automatically) |automatically)
Restraint device moni- |None None None Position of the |Position of the
toring restraint device |restraint deyice
Means of activation None Manually or Manually or Manually or Manually or
automatically : fautomatically |automatically |automatically
opened or opened or opened or opened or
closed closed closed closed
Redundangy None None Latching device |Locking device |Locking device
and restrain
device
Latching/lpcking device | None None Redundancy Redundancy Direct locking
monitoring check check device monitjor-
ing

5.1.7.2.4 |Secondary resfraint device for class 5 restraints (see 5.1.7.2.3, class 5 no. 9)

If, in addition to the prithary restraint device, which complies with the above mentioned requirements,
a secondally device(is'present and necessary, the secondary device shall have at least the following
characterigtics:

— collectfive;

— notadjustable;

— manually locked by the passenger;

— manually unlocked by operators or attendants;

— no warning at all;

— redundancy only concerning locking device (functional).

Otherwise, this secondary device may be the containment enclosure or collective cage.
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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.

Powered doors should not be capable of inflicting injuries upon passengers. Their movement shall be
slow and the maximum exerted force shall not exceed 150 N measured on the edge of the door.

5.1

7.4 Seats

Sea
out

Sea
dec
only
cas
cou,
adjd
foof

Elements such as the shape, size, and the friction between seat'surface and passenger clot}

eve
rest

Sea
cas

5.1

Req
5.1

5.1

Par
car

L0)
L1)

[s shall be securely fixed to the structure of the passenger unit, and stress analysis-shall
for seats and their fixings.

[s shall be provided with a backrest, when required, at least 0,4 m high and)d seat sur
ivity toward the backrest. The height of the backrest can be reduced to®,25 m on ridg
F for children up to 10 years of age and if the risk analysis allows it.. Thé passenger shall
s, a sufficient support from the seat, the back and armrests, and the, footrests, so as tq
hteract the forces which arise during the ride. When sizing and desighing the passenge
cent parts, due attention shall be paid to an adequate height and shape of the backrestg
rests, and eventual headrests.

htual presence of partial or total upholstering, can greatly affect the effectiveness of
raint system.

e of the failure of 1 suspension element, does not result in a dangerous situation.

7.5 Passenger containment

uirements for passenger containment can be found in Annex D.
8 Requirements for special provisions

8.1 Criteria relative to' passenger characteristics

Ficular passengersbyvirtue of their age or physical characteristics may be atrisk on certain
'ying amusementdevices because of the nature of the ride. Classification can be made by

children between 90 cm and 105 cm of height corresponding to approximately 2 and 4 y]

childrensbetween 105 cm and 120 cm of height corresponding to approximately 4 and 6

L2)

children between 120 cm and 130 cm of height corresponding to approximately 6 and 8

be carried

face with a
s intended
have in all
be able to
' seats and
, armrests,

les and the
the whole

[s suspended by steel wire ropes or link type chiains shall have a suspension system, which in the

passenger-
ge:

ears;
years;

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)

5.1.

adults.

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.
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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 a particular achievable 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 rides and devices

5.2.1 Amusement rides with vertical axis

5.2.1.1 (eneral

These are fevices moving around vertical and/or inclined axes of rotation, with one or morg-degrees
of freedon of the moving frameworks and gondolas. Driving mechanisms may permit"variation of
inclination|of the different rotating axes up to movement in vertical planes (see Figures 22 to 25).

et TT }|( m | N Y

Figure 22 — Vertical axis, one degree’of freedom

ey
|
&

Figure 23 — Vertical axis, more than one degree of freedom

|

Figure 24 — Variable inclined more than one degree of freedom

<

Figure 25 — Variable inclined axis

64 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=d747365e454ec239a49585b500b8b0ba

5.2.

ISO 17842-1:2015(E)

1.2 Area separation systems and access and egress openings

If in addition to horizontal vertical movements or another rotation (around a further axis) are also
possible, the device shall be provided with a perimeter fence for the general public in accordance with
]3 requirements (see 5.1.4.3). If an intermediate area, intended for passengers waiting for their access
to the passengers unit is provided, this area shall be separated from the dangerous area by means of an
area separation system complying, as a minimum with ]J1 requirements. Access and egress openings for
the general public shall comply with K2 requirements, unless an intermediate area as mentioned above
is provided, in which case a compliance with K1 requirement is admissible.

Onamusementrides and devices featuring a round rotating platform without protruding elements where

the
or 2
exc

If th
uni
con

mentioned features slow vertical movements, parallel to the rotation axis, and with a verti

not

On
and
ver
less
cled
con

The
fixe

5.2

Chi
pas

only movement is a rotation around the vertical axis with an angular velocity not excee
peripheral velocity not exceeding 3,0 m/s, no area separation system is required. If t
beds this value, the area separation system shall comply with J1 requirements.

le device consists of a round platform, but is provided with protruding partsor isolated
s, and the velocity is within the limits specified in the above clause, the areaseparation s
ply with ]J1 requirements. The same requirements shall be complied with\if;in addition t

exceeding 0,5 m/s are present.

Chair-O-Planes and similar rides the minimum vertical distance between the lowest part

the areas accessible to the public shall be 2,7 m during rofation. Any area with less th
ical clearance shall be delimited according to J1 requirements. If the maximum height o
than 2,7 m an area separation system according to J3-requirements, positioned at 0,5 m
rance from the seat position during run shall be previded, and access and egress ope
ply with K1 requirements.

outside contour of swinging seats or gondolas shall have at least 0,5 m horizontal dis
d objects.

1.3 Passenger units

dren’srides (circularrotating) shalthave asolid rotating platform underneath passengeru
Kengers are restrained by mearis of enclosures or restraint devices which limit their move

do

s of passenger units on mefry-go-rounds for children which are intended as a restrainin

ding 8 rpm
he velocity

passenger
ystem shall
b the above
Fal velocity

of the seat
hn 2,7 m of
Fthe seat is
horizontal
hings shall

tance from

hits,unless
ments. The
o device or,

whén open, would project outside the perimeter of the rotating platform, shall be fitted witl a latching

devjice which can be openedfrom the outside only.

Accpss doors in rotor drums shall provide a complete enclosure, and shall open inwards on

do

Gorjdolas or cavs-suspended by steel wire ropes or link type chains shall have a suspension s
that the fajlure of one suspension element shall not result in a dangerous situation.

5.2J2c.. Amusement rides with horizontal axis

lock being op€rated from the outside.

y, with the

ystem such

5.2.

2.1 General

These are devices moving around horizontal axis. See Figures 26 to 28.
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= N\

7

Figure 26 — Main horizontal axis (passenger unit pivoting)

Figure

Figure 28 — Main-horizontal axis (passenger unit not pivoting and without mechanical driye)

5.2.2.2 Area separation systems and access and egress openings

Areaseparation systems for the general public shall comply in general with |3 requirements (see 5.1.4.2.3).

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

Area separation systems for non-powered swings shall comply with J3 requirements, but the type of
fence can be as follows:

A hand rail 1,1 m high and an intermediate rail at half height.
The distance from the path of the swing or gondola shall be in accordance with 5.1.7.1.3.

Inside the fence, there shall be sufficient room for the operator.
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Space between parallel swings shall be protected by a fence or barrier in accordance with OURA.

5.2.

2.3 Passenger units

Gondolas of swing boats shall have handrails not less than 1,1 m from the floor of the gondola. If the
vertical distance between the upper edge of the side wall and the handrail is more than 0,4 m, additional
intermediate rails shall be fitted. Gondolas for children only shall have these dimensions reduced to
0,7 m and 0,25 m respectively.

Gondolas of giant wheels if not designed as closed cabins or not complying with the safety distances
stated in 5171 3 shall have gn;\rdc to prevent contact with parts hnving relative motion with respect

to |
cau
of I¢

For

5.2

Containment belts, foot restraint straps or equivalent means shall be provided in non-powere

whyd
will
is le

5.2

assengers (special consideration should be given to provide means of preventing lofg
bht). Fencing of access openings etc. of gondolas shall be a minimum height of 1,1 m.Forg
ss than 6 m falling height and for children up to 130 cm height, 0,7 m is sufficient.

closed cabins refer to EN 13796-1.

2.4 Restraints

bre passengers, during rotation, travel upside down. For power operated gondolas where
travel temporarily upside down during rotation and wherethevertical (head to foot) a
ssthan 0,2 g, refer to 5.1.7.2.

2.5 Miscellaneous

Sw

Sw
flog
the

5.2

5.2

See

|

g boats shall be provided with brakes, which neithier stop the gondolas too abruptly nof

gs for children of less than 10 years of age shall not have a distance of more than 3 m b
r of the gondola and the axis of suspension:'rotation of the ship beyond the horizontal li
centre shall be prevented. Brakes are nétrequired if the operator can stop the gondola b

3 Rail-guided channel or track-bound devices

3.1 General

Figure 29.

hair being
ant wheels

d gondolas
bassengers
cceleration

lock.

etween the
he through
y hand

©IS
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Figure 29 — Track-guided devices
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5.2.3.2 Area separation systems and access and egress openings
Area separation systems for the general public shall comply with ]3 requirements (see 5.1.4.2.3)

Access openings to theloading zones shall comply with K3 requirements (see 5.1.4.2.4) in order to prevent
access of passengers until the train comes to a stop. Egress openings shall comply with K3 requirements.

Power operated, rail-guided devices for children where the velocity does not exceed 2,0 m/s and where
they are capable of being stopped within 2 m by the operator, shall be provided with an area separation
system complying with ]2 requirements. Access and egress openings shall comply with K2 requirements.

Miniature 1ailvvaya donot u:quilc aIr arca scpatr attom system tranrusenrent par ks—where—attofjthe
following donditions are met:

a) trainrpute is clearly isolated from other amusement devices, shops or roads;
b) trainis$ driven by an operator;

c) train’s|velocity does not exceed 5 m/s;

d) acoustiic warnings are provided on the train;

e) acoustiic and optical warnings are provided on level-crossings.

The station) area separation system shall comply with J1 requirements (see 5.1.4.2.3).

5.2.3.3 Rassenger units
The passerjger units shall be designed in such a way that:
— passer]gers inside and outside are not liable to come,into contact with moving parts;

— passer]gers’ hands or arms are not liable to be(crushed or bruised by contact with the cars in front
or beh|nd the one they are travelling in;

— the chassis and superstructures of the vehicles have sufficient degrees of freedom and cleargnce
to follow changes in transverse dnclination, curves, humps and troughs, while allowing| for
permigsible wear.

Where thefe is contact betweenthe-cars or any guiding elements the cars shall be fitted with fenders at
the front ahd/or rear, which areto be mounted at the same height. If there is a liability for offset dufing
contact, e.g. as a result of lengitudinal or transverse swinging, then the fenders shall have a sufficjent
height to provide overlap{Atleast one fender per car shall have shock absorbing properties, the damping
being designed as a response function to the nominal speed. Damping may be dispensed with if the ¢ars
are safegugrded against collision by a block-zone system or other equivalent means like sensors.

5.2.3.4 Restraints

Restraints shait be fitted where necessary In accordaance with s.1.7.4.

5.2.3.5 Miscellaneous

The guiding elements of cars and trains shall ensure that contact with the track is maintained under all
circumstances, by provision of side guiding rollers, counter rollers, or equivalent systems adequate for
the purpose. Special provisions shall be taken in the design of guiding elements in order to ensure that,
even in the case of loss of one load wheel, side guide wheel or up stop wheel, the car or train cannot leave
the rails. Wheel bandages, guide wheels, up stop wheels are subject to wear. The permissible wear rates
shall be specified by precise limits.
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Lateral movement of cars and gondolas shall be restricted to prevent collision with cars or gondolas on
adjacent tracks or fixed objects. Safety distances have to 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 lateral or
longitudinal oscillations of the gondola, during passenger loading and unloading (see also 5.1.6).

5.2.

5.2.

3.6 Roller coaster track

3.6.1 Block zone systems

Req

5.2

Safé
bet

Safe

Con

pre

The
par

Int
wit
All

safe

Ope
aut

Ope

uirements are given in Annex C.

3.6.2 Brakes

ty brake zones shall be arranged in such a way that there will always be sufficient brakin
veen any two cars/trains.

ty brake zones shall be fail-safe and designed to stop the car or train inthe most unfavourable

sequently the brakes shall notlock or jam and shall be applied in a‘controlled and progressi

A sLitable redundancy of independent brake elements shall be,provided and the brake sh3
trai

/ vehicle for the most unfavourable condition with sufficient safety margin even in th
ssure drop in the brake system or a power loss.

Fial safety factors.

he event of delays during passenger loading;any risk of collision by following cars shall be
n certainty by appropriate means.

ty related control system.

rating fluid pressure and.the acceptable pressure limits of each brake element sh{
bmatically controlled by the)safety related control system.

rational brakes shallbe‘provided to stop the cars or trains automatically in the shortest

stopping distance, takiig into account the maximum permissible deceleration (see also 4.4.2

Mas
(seq]

5.2

fimum decelefation shall not exceed 0,7 g for an emergency and 0,5 g for normal stopp
vice brakes) tinless special provisions for passengers are installed (lap bars, etc.).

4 Dodgem/bumper cars

g elements

conditions.
ve manner.

111 stop the
e case of a

mechanical parts of the brake elements shall _bé’designed and calculated with the gppropriate

prevented

Functions and operational states of theé safety brake system shall be controlled and monjitored by a

11 be kept

bracticable
.4.4).

ing brakes

5.2

For bumper cars the minimum safety distances given in Table 14 shall be provided. See Figure 30
and Figure 31.
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Table 14 — Safety distances for dodgem cars

Classes (defined by passenger
height or age)

Passengers from 4 to 8 years min. 70 | 320 | 25 | 175 400
max. 85 | 400 | 30 | 230 515

X Y S R1 R2 C1a C2a | C3a | C4a

70 45 90 100

Passengers from 8 to 12 years min. 85 | 400 | 30 | 230 515
max. | 100 | 435 | 35 | 275 620

85 60 120 | 150

Passengers and accompanied min. 100 | 435 | 35 | 275 620 .
children max. |120 |550 |50 |310 |725 *””
a  (C1,C2, (3 and C4 are minimum clearances (empty spaces) between the rigid parts of the bodywork (excluding rulpber
protections find the like which can cause no damage) in static position.

Qr 4
J

0

H
NS
[«

o

g
Y|
== E———1|
(JE.
() )\2
Key
1 zdne 1
2 zdne 2

C1-C4 mjnimum clearances-(see Table 14)

Figure 30 — Dodgem/bumper cars
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Key
1 zone 1
2 zone 2

X, Y|S, R1, R2 safety distances for dodgem cars (see Table 14)

Figure 31 — Dedgem/bumper cars

5.2/4.2 Area separation system and.access and egress openings

Arep separation system for the general public to the driving area shall comply with J1 requirements.
Accpss and egress shall comply with K1.

The driving area shall be surtounded by a sill of sufficient height, so as to prevent mounting by the car.
Spring supported sills are not permitted. The sill shall be strong enough to withstand the injpact of the
car$ at maximum speed.

5.2/4.3 Passengerunits

Dodgem car~vehicles shall be designed so that passengers cannot fall out. The vehicleq are to be
surroundediby buffers made of soft material or inflatable tyres, which shall project sufficiently to
proyide the clearances given in 5.2.4.1. The buffers fitted to vehicles which are used on thg same ride
shallde set at the same height for all vehicles and at the same height as the edge of the sill or|barrier.

All moving or other dangerous parts of the vehicles which could cause injury, shall either be
a) designed so as to remove risk of injury, or

b) so protected as to minimize injury by impact.

5.2.4.4 Restraints
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.
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5.2.4.5 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.

The speed of dodgem cars shall not exceed 12 km/h. Cars to be used by unaccompanied children, aged 8 years
or less, shall be limited to a maximum speed of 8 km/h if the risk assessment demonstrate the safe use.

Where high efficiency shock absorbing systems are provided the speed may be increased to 14 km/h, if
the impact forces do not exceed the forces attained in a conventional dodgem car travelling up to 12 km/h.

The maxinj
difference

Where hig

The install

vehicles frgm his control position.

5.2.4.6 K

Conducting
of 25 V AQ
accordancg

For those

um speed of vehicles operating on the same track shall not vary by more than 15 %. Thé nlass
bf loaded cars (see 4.3.3.1.2.1) operating on the same track shall not exceed 30 %.

1 efficiency shock absorbing systems are provided the mass difference may be inereased

ation shall be fitted with an emergency stop device, which enables the operator to stop all

lectromechanical requirements for dodgem cars

y parts of cars which are not protected from direct touching, shallbe powered with amaxinjum
. or 60 V ripple free (max. 10 % ripple) DC. supplied bycaysafety isolating transformejr in
with IEC 61558-1 or an equivalent generator.

fonductors out of normal reach (heights at least 2,5:m above the floor pan of the vehifle),

the maxim|

ripple supplied by a safety isolating transformer in accordance with IEC 61558-1 or an equivalent
or DC. gengrator.

Exposed e

The overhg
and built i
result of p3

For driving
supply ata

Any curre
between 1

As well as

Nets shall |
due to the

D %
AC.

m voltage shall not be more than 50 V AC. or 120 ripple free DC., i.e. a maximum of 1

ctrical conductors shall be at least 2,5 m above the floor pan of the vehicle.

ned
hsS a

ad current supply net or plate, the collectors on the vehicles and the track shall be desig
h such a manner that injury will'be minimized paying particular attention to the eyes
rticles and sparks.

areas of up to 200 m2 th€ current supply net or plate shall be securely attached to the po
minimum of 2 points. Forareas greater than 200 m2 a minimum of 3 supply points shall be fit

wer
ted.

nt supply net shdlbbe of wire mesh (preferably hexagonal) with a diameter of wire

2 mm and 1,4 mnD The square hole size of the mesh shall not exceed 40 x 40 mm.
teel other sulitable materials (e.g. copper, brass, aluminium) may be used.

pe tensienéd with plates fixed in such a manner that no significant deformation or movenent
pressure of the collectors will occur.

Steel wires
fixed atau

be

niform distance of not less than ,5 m above the floor pan of the vehicle.

Any current supply net shall be of galvanised steel or be of a suitable alternative material (e.g. copper,
brass, aluminium).

The vehicles shall be equipped with contact brushes made of steel or bronze, which are spring loaded
against the floor with a force F of at least 10 N (Figure 33).

The current collector (see Figure 32) shall be made of steel 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. Steel or other suitable alternative materials (e.g.
copper, brass, aluminium) may be used.
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The connections to the net shall be equally spaced around the perimeter of the net or plate.

A

Key

1 |contactarea
2 |net

3 [spring

F |contact force

Figure 32 — Example of a typicalnet current collector

Key]
F |contact force

Figure 33 — Contact force of a floor contact brush

Theg plates whi¢lhiform the track shall be smooth; panels shall have good electrical contact through
theledges orby other means. They shall be connected to the negative pole of the energy sotirce at two
opplosite peiits in order to avoid dangerous potential differences.

The plates of the track shall be connected to all metallic surrounding structures.

5.2.5 Speedways/go-karts

These requirements are specific for amusement parks and fairground go-karts.

5.2.5.1 Area separation system and 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 complying with ]J3 requirements). Access and egress
shall comply with K2 requirements. The driving area shall be surrounded by a barrier of 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.
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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/or the frames of the cars.

5.2.5.3 Restraints

Speedway [ars shall be provided with adjustable diagonal shoulder belts on each passenger seat,(

least 25 m

5.2.5.4
The speed

Cars to be
of 8 km/h

Carsdriver

The engine
standards

The driving

The install

5.2.6 Mini-motorbikes for children

5.2.6.1 A

To prevent
with ]J3 reg
a barrier o
not permit

5.2.6.2 K
Mini motoy

Mini-moto
the most e

Miscellaneous

in width, while respecting the following minimum requirements as defined in 5.1.7.2.2

pf cars running on a speedway shall not exceed 30 km/h.

used by unaccompanied children aged 8 years or less shall be limited to a maximum sp
f the risk assessment demonstrates the safe use.

by internal combustion engines shall be fitted with a tray beneaththe engine and the fuel li

bn fuel-driven engines shall be considered.
areashall be smooth and level and shall be constructedof material appropriate for that purp

ation shall be fitted with a device which enables the operator to stop all vehicles.

irea separation system and access.and egress openings

uirements. Access and egress shall comply with K1. The driving area shall be surrounde
- a sill of sufficient height'to’ prevent mounting, by the vehicle. Spring supported barriers

assenger units
bikes shall be designed in such a way that the risk of overturning is reduced to a minimy

'bikes’shall be provided with adequate bumpers, which shall project at least 10 cm bey

f at

eed

nes.

shall be positioned such that passengers are not endangeied by an engine fire. Internatignal

0Se.

the general public from walking onto the track, the area separation system shall comply

| by
are

Led; special requirements can be given for inflatable barriers. The sill shall be strong enough
to withstand the impact of thecar's at maximum speed.

m.

ond
Fide

xtreme parts of the vehicle. The bumpers fitted to vehicles which are used on the same

shall be se
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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.

5.2.6.3 Restraints

There are no special requirements.
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6.4 Miscellaneous

The speed of mini-motorbikes shall not exceed 8 km/h, if the risk assessment demonstrates the safe use.

5.2.

5.2.

7 Boatrides

7.1 General

Water sports and public transportation are not dealt with in this standard.

5.2

On
is iy

Thd

/.2 Area separation system and access and egress

the sides of the waterway there shall be an access area at least 0,5 m wide at places.whe]
tended to stop.

landing position shall be clearly marked and shall provide safe and easy. dccess to

from the boats.

5.2

See

5.2
See

NOT

5.2

Wat
ade

Wh
ex

(@)

Wh
tim
Thd

7.3 Passenger units

general requirements in 5.1.7.

7.4 Restraints

general requirements in 5.1.7.2.

E In water rides the hazards in case the passenger unit capsized shall be considered.

7.5 Miscellaneous

er depths shall not be greater than teehnologically necessary. Where water depths ex
Huate safety measures shall be takenfo'preventusers from drowningifthe boat takes water

bre power driven boats operate ifi a channel permitting one way operation only, the spegd
bed 15 km/h.

bre free ranging boats operate on an enclosed lake the number of boats allowed to operate
e shall be restricted in)accordance with the available water area, in order to ensure safé
following water aréas shall be provided as a minimum:

15 m2/boatwith a maximum speed up to 8 km/h;

30 m2/koat with a maximum speed of no more than 15 km/h.

re the boat

hnd egress

ceed 0,7 m
Dr capsizes.

d shall not

atany one
operation.

nd the fuel
. A suitable

Bodts driven by internal combustion engines shall be fitted with a tray beneath the engine 3
linqs. The engine shall be positioned so that passengers are not endangered by an engine fire
fire i i i i :

Facilities shall be provided to recover all boats in case of emergency.

5.2.

5.2.

8 Flume rides

8.1 Area separation system and 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 34). In the station area the distance between the wall of the boat and
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access- respectively egress-platform shall be reduced to approximately 0.05 m. Special consideration
shall be given to the change of clearance.

Dimensions in millime
2120

|
r+1 /

5.2.8.2 K

The boat shall be provided with adequate handrails and footrests in order %o allow passengers to b

themselves

Protection
propelled ¢

The gunw3

See also ge

5.2.8.3 R

Restraint d

{f—+—1F

Figure 34 — Minimum distance to channel walls

assenger units

against forces occurring during boat acceleration and deceleration.

shall be provided, in order to prevent damage to passengers’seated in the front, if they ca
gainst the front panel.

le to the seat height is shown in Figure 35.

neral requirements in 5.1.8.

Dimensions in millimg

<400

2300

Figure 35~ Minimum and maximum step height and side wall height

L estraints

evices are not requlred on flume rlde boats 1f the average longltudlnal deceleratlon du

tres

ace

N be

tres

ing

braking doe

is more than +O 2gin all places In this case the restralnt dlagram of Flgure 21 shall not be apphed

5.2.8.4 Miscellaneous

tion

Automatic fail-safe block-zone systems shall be provided in the channel zones where, because of the
velocity, collisions between boats could injure passengers.

Consequently, means should be provided to separate boats in the lifts or in zones preceding the slopes.
The slope zone shall be considered as a block-zone.

Fail-safe means shall be provided to prevent any boat from entering the slope block-zone if the minimum
water depth necessary for a safe deceleration is not ensured, at the end of the slope.
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general requirements related block-zone systems, see also 5.2.3.6.

block-zone control systems, see Annex C.

Sufficient water quality shall be achieved and kept.

Compliance with EEC directive 2006/7/EC (32006L.0007) is recommended.

5.2.

5.2

9 Helter skelters, slides, etc.

9.1 General

Thd
play
3 af

For

5.2

In areas where passengers can walk onto the slide area or run out zones area separation syst

gen
out
sha

5.2

Med
pro

5.2
Thd

5.2

requirements below are in addition to or prevail over those contained in the European'Sts
e not excluded from being used as amusement devices.

water slides refer to EN 1069.

9.2 Area separation system and access and egress openings

eral public shall comply with J3 requirements as a minimum,Access openings to the loadi
zones shall comply with K2 requirements, in order to prevént crushing of users. Egreg
1 comply with K1 requirements.

9.3 Passenger units

ns (sacks, mats, sleds, etc.) shall be provided for'the user to sit on during the ride, wherd
fection is required to protect against splinters‘and burns.

9.4 Restraints

re are no special requirements.

0.5 Miscellaneous

indards for

rground equipment EN 1176 (all parts). Slides with a height greater than that mentiorned in EN 1176-

ems for the
ng and run
S openings

additional

Channels or troughs shall be.smooth throughout their entire length. Overlapping is only permfitted in the

slid
att

Thd

The
exe
be 1

ing direction. Channelside walls shall for single channels be at least 0,45 m high and we
e top upper edge.

end of the slidesshall be built in such a way that the user can complete his ride without a

longitudinal configuration ofthe channel shall prevent excessive speedsand accountforac

educed to a minimum.

1l-rounded

Ksistance.

celerations

"ted onthe passenger and the necessary stopping distances. The risk of lift off from the syrface shall

Inc

ase oI multi-channel slides the iternal division (between channelsj shall not be less thai

110 cm.

5.2.10 Side shows, booths, win-a-prize and sales stands, mazes, halls of mirrors, funhouses,
labyrinths, hammers, ring the bell and similar

5.2.10.1 Funhouses

Devices on which users can climb, shall be positioned so that the surroundings take this riskinto account.
Where falls are foreseeable, e.g. from climbing frames, climbing nets, adventure equipment, in addition
to eliminating parts of the structure likely to cause injury, suitable impact absorbing surfaces, shall be
provided over a sufficient area.

©IS

02015 - All rights reserved

77


https://standardsiso.com/api/?name=d747365e454ec239a49585b500b8b0ba

ISO 17842-1:2015(E)

Where the likelihood of falls is built into the concept, e.g. with inclined rope ladders, especially with
swivel retaining devices, then high efficiency absorption material, e.g. deep foam, rubber or inflated
mattresses shall be provided.

Smooth and splinter free surfaces (sanded where necessary if wooden) shall be provided to minimize
risk of injury. The most favourable materials shall be selected to avoid hostile surfaces, e.g. to avoid
material liable to splinter, especially where the body may be in close contact with the surface, such as
for slides or divisions of slides.

All nails, screws, sharp angled fixtures and fittings shall be recessed, sunken or otherwise protected.
Staples holding punchbags, climbing ropes and nets at floor level shall be covered.

Neither hagardous protruding items nor pinch points are allowed. Wherever possible, smooth surfgces
shall be provided.

Certain rofating devices, whether power or non-power driven, shall be regulated so as,not to exdeed
the maximpim permitted speed. They shall also be provided with a smooth sliding surfaee’and adeqyate
impact absprbing material at the limiting point of travel e.g. on rotating horizontal #wheels and cagefs as
well as inclined axis wheels.

Where usef's transfer from a standing to a sitting position to prepare to descend a slide or inclined tfibe,
adequate dafe hand holds shall be fixed at suitable positions and in such-a way that they themse]ves
do not caufe injury. Loading platforms shall be installed in such plaees (If the device is only for|the
use of children up to 10 years of age, minimum dimensions can be fdgund in the European Standard for
playground equipment (EN 1176-1)).

All power dIriven parts of a device shall be analysed for possible trapping or crushing. Emergency §top
devices angl close operator supervision shall be provided asaéequired. Risks at transitions from moying
to stationafy surfaces shall be minimized, e.g. by using comb techniques.

Devices nof driven by mechanical power, such as rollenwalkways, horizontal multiple tier rolls, pyramid
rolls and rise and fall sections of floor often springloaded for return, shall have supplementary supparts,
such as p4qrallel bars for the participants to siipport themselves. They shall also be provided with
additional pafeguards so that a fallen personcannot 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 deyice
which is mpving under user load.

Devices like swinging platforms{ seesaws etc. shall be safeguarded (i.e. fences, area separatjon)
preventing access to their extreme points of travel. Foreseeable abuse of such measures shall be taken
into accoumt. Limitation of thé-arc of travel may be required as well as padding of the extreme ends

Trampolings and other Bouncing devices shall be sited at locations where the surroundings are|not
likely to prjpduce injuries:

NOTE Jupplementary information for trampolines can be found in ASTM F 381 and forinflatables in EN 14p60.

Devices with’hiriged floors, including those operating by the moving weight of participants reqpire
special attention to clearances hetween their moving edges and the side walls, taking inta accountithe

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
bridge, stepping stones and steel rollers so as to avoid injuries from splinters, etc.

Warning notices shall clearly indicate “no footwear” devices, such as slides, tubes, rotating barrels, rotating
dishes, etc. where hard footwear is undesirable as fellow participants may be struck by flailing footwear.

The following 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”.

Anessential element of the safe enjoyment of the Funhouse environmentis an adequate alert supervision.
Supervisors shall take immediate action to avoid injury e.g. by stopping a device. He shall control unruly
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behaviour and warn participants of their unsafe acts. Supervision may be supplemented by remote
controls such as closed circuit TV, visual display units or mirrors. Observation points shall 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 are permitted in halls of mirrors.

Glass panels shall be made of safety glass.

Neither hazardous protruding items nor pinch points are allowed. Wherever possible, smooth surfaces

sha

5.2
All

| be provided. For additional requirements see also 5.2.10.1.

10.3 Win-a-prize and sales stands

beipg at least 1.0 m wide. For more than 100 m2 there shall be a minimum of,tW0 opposite e3
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bow a Ball and similar installations shall be equipped with safety nets-er walls of sufficieq
is to protect the general public from injury during operations. (The” operator’s positi
guarded in a similar manner.

10.4 “The hammer”, “Ring the bell” and similar installations
installation shall be stable or otherwise securely anchored to the ground (see 4.5).
anvil or striking plate shall be fixed in such a way(that it cannot become detached.

whole attraction shall be fenced off by means;of a perimeter fence. Safety distances fro
1 be in accordance with 5.1.4.2.2 (general saféty distances).

bre percussion caps or similar explosiverdevices are used adequate protection against sp
ments shall be provided around thestriking points.

10.5 Temporary grandstands

bre on an open air temperary grandstand a row of seats has an aisle at one end of the ro
ber of seats shall not-execeed 16. Where there is an aisle at both ends of the row, it shall
eats. When the difference in height of the rows is more than 32 cm, then only 11 and 27
mitted respectively

hpe routes shall’have a width of at least 1 m per 450 persons in the open air and 1 m per 1
bnts. The minimum width of escape routes is 1 m in either case. The walkway of each row
same levelas the corresponding step.

nstallations with a ground area of more than 50 m2 shall have a minimum of'two distinct

exits each
its.

t strength,
n shall be

m the anvil

linters and

w only, the
not exceed
places are

50 persons
shall be at

bre’ there is standlng only, the mmlmum width per person shall be 50 cm and the maxir

of t

shall be calculated according to the avallable area.

W1Q

num depth
th of exits)

The floor slab of grandstands shall be firmly attached to the supporting structure, so as to prevent
sliding (see 4.5).

Where access is possible beneath the grandstand, protection from falling objects shall be provided.

The design of the structure shall prevent the accumulation of rubbish.

Seats shall be atleast 44 cm wide and fixed to the supporting structure. Seats within a row shall be fixed

toe

NOTE

ach other or the ground. The minimum distance between seating rows shall be 45 cm.

Supplementary information can be found in EN 13200.
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5.2.10.6 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 5.1.6.3, the admissible number of persons shall be based on the
number of seats (e.g. on grandstands).

5.2.11 Shooting stands and trailers, shooting devices

5.2.11.1 Area separation system and access and egress openings

Shooting stamdsshattbecomptetety closedoff at the sidesamdoverheadaswettas i thedirection of
shooting. Qare shall be taken, by way of structural measures, to ensure that nobody is injured asatesult
of a shot gqing astray.

The rear wiall of the shooting gallery shall be vertical and of sheet steel at least of 1,5 mm thick.

The side walls and overheads of shooting galleries shall be made from material which can retain|the
bullets within the gallery.

Steel sheetjng shall be firmly fixed to the base on which it is set, and shall show’no’evidence of being able
to move backwards or forwards; screws or nails with domed heads shall not be used. The heads of fails
or screws Used for fixing the coverings of steel sheet shall be of the countersunk type. Where steel angle
is being usgd, it shall not be inserted in the side turned towards those'who are shooting.

For each shooter, a width of at least 80 cm shall be provided. Further area separation systems are[not
required iflthe booths or trailers are enclosed as mentioned in the above clauses.

Any acces§ and egress doors in the side walls shall be*designed as lockable doors with the same
requirements as for the side walls. The maximum angle-.of opening shall be 90°.

5.2.11.2 Miscellaneous
The lightinlg shall be adequately protected against erratic or ricochet bullets.

If there ar¢ devices for fixing targets in front of the rear wall, means shall be provided to prevent|the
projectiles from ricocheting (e.g. freely suspended layers of woollen material, tenting material (twill or jute)).

If, however, the target objects are fixed directly onto the rear wall, or there is some other reason ywhy
loose layerp of material cannot-besuspended between the target objects and the rear wall, then the fear
wall shall pe constructed in‘such a manner, (e.g. using thick steel sheeting, padding at the rear) that
dangerous|ricochets canpot-eccur.

Any object$ which are'suspended, for decorative purposes between the shooting restand the target, shall
be designef or depleyed in such a manner that they cannot lead to ricochets; they shall be at a distgnce
of atleast 2,5 mfrom the side of the shooting rest which is turned towards the person who is shootihg.

5.2.11.3 Weapens

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
will not be 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
interrupt the shooting by means of some suitable device.

— Rifles designed for indoor use using rim-firing cartridges of up to 4,5 mm.
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to some fixed field of fire.

Crossbows for which the kinetic energy of the bolt is not more than 2 Nm.

Weapons may be subject to prevailing national laws.

5.2.11.4 Ammunition

Only the following type of ammunition may be used:

Pistols and other weapons with a length of up to 60 cm may only be used where they are restricted

commercially available soft lead shot, round shoft, or diablo shot;

a 4,5 mm shot rim-fire cartridge with a medium charge as a maximum;
air rifle ammunition;

feathered bolts for cross bows.

Ammunition may be subject to prevailing national laws.

5.2/11.5 Targets

Wh
fittq

bre camera covers and flash bulbs are used in “photo shooting” stands, these shall be de
bd in such a way that they cannot burst and so that the sh@oting pieces cannot ricochet.

Thd
typ

Fitt
be mounted so that their upper horizontal surfaees are either horizontal or sloped to the rej
vertical front side shall be tilted at an angle-of at least 20° to the vertical towards the rear,
the|fitting is not made of steel, it shall.be*covered with steel sheeting of at least 2 mm in
The distance between the brackets which support them, shall be such that if they are hit by
vibfation will occur.

targets shall be at least 2,8 m from the shooting résts when using weapons of the com
b, and 5,5 m when using live ammunition.

Fittings in shooting galleries forthe purpose of holding targets and the “hit” indicator shall i
and/fitted in such a manner thatthey can only be broughtinto action from the shooting rest. Tl
holdling the figures used,as'targets and the devices for supporting these shall be protected
by quitable constructionallmeasures. The funnel shall be fashioned in such a way that shots w
it cannot ricochet, even-when they strike at an angle. Disc targets and moving targets shall b
and manufacturedinsuch a manner that shots are not able to ricochet from them, even when
at ap angle. Thetargets for feathered bolts shall be of knot free white wood or of a material of
effgctiveness:

Shoptingstands in which feathered bolts as well as weapons firing soft shots are used, shall b¢
intq different firing areas by dividing walls.

signed and

bressed air

ings in shooting galleries onto which tubes fortthe insertion of flowers and the like are afffixed, shall

r side. The
hnd, where
thickness.
 a shot, no

e designed
ne brackets
f'rom “hits”
hich strike
e designed
they strike
equivalent

 separated

5.3 Mechanical systems
5.3.1 Hydraulic and pneumatic devices

5.3.1.1 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 case of failure, the devices shall go to a safe state when required by risk assessment (DRA). A first
failure of the system shall be detected. In this case a subsequent failure need not be considered (see

[SO 4413, 1S0 4414).
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5.3.1.2 Design

All rams, cylinders and associated pipework and fittings which are subjected to pressure shall be
designed to withstand twice the maximum working pressure for hydraulic equipment and 1,5 times for
pneumatic equipment without sustaining permanent distortion or failure. Brittle material shall not be
used for cylinders or connecting links. Rams and cylinders shall be mounted so that they are subjected
to axial loads only.

Purchased parts off the shelf (e.g. valves) shall be designed in accordance with ISO 4413 and ISO 4414.

5.3.1.3

-

ravplling limits

Effective nj

5.3.1.4 K

Piping sha

joints, bendls and fittings, and at any section of the system subject to vibration.

eans shall be provided to prevent rams from travelling beyond the limits of the cylinder,

iping

1 be supported so that undue stresses are eliminated. Particular attentién’shall be pai

Piping sha
particular

5.3.1.5

1 be mounted in such a way as to allow as much as possible the ifispection of the pipe
the joints.

oses

d to

and

Pressure hpses shall be able to withstand five times the maximum operating pressure. Hydraulic h¢ses

shall be su

Hoses shal
machine. Tj

5.3.1.6 K

Reservoirs,
the atmosj
temperatu

An air filte
shall have ¢
to the pum

5.3.1.7 \

The hydratlic circuyits shall permit the release of air and as such may require a purging system.

5.3.1.8 K

p. A label showing the Correct type of hydraulic fluid shall be clearly displayed on the syst

table for the type of hydraulic fluid used in the systent.

be installed so as to prevent sharp bends and chafing or trapping due to moving parts of
he manufacturer shall specify the intervals atwhich the hoses should be replaced.

eservoir

for hydraulic fluid shall be of rigid-construction, having adequate and effective ventin
here. The inner covering of the‘reservoir shall withstand the chemical characteristics
e range of the fluid.

I, a fluid strainer and a devel indicator shall be provided. The reservoir for normal opera
tleast 10 % more capacity than that necessary to guarantee an uninterrupted flow of the f]

[enting

ressure limits

the

b to
and

fion
luid
em.

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 cylinders
shall be calculated using 1,4 times the working load. There shall be a fatigue calculation for cylinders.

5.3.1.9 Fail to safe

If due to the failure of piping or hoses a dangerous situation can occur, a non-return valve, a flow control
valve or a pipe break valve shall be fitted directly to the cylinder.
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5.3.1.10 Checking

Provisions shall be made in the hydraulic system for the fitting of a pressure gauge to facilitate checking
of the working pressure and the setting of the pressure release valve.

5.3.1.11 Lowering

In the event of failure or malfunction of the hydraulic or pneumatic system the maximum lowering speed
shall not exceed 0,5 m/sec for any part of the passenger-carrying equipment, unless shock absorbing
devices or other equivalent systems are installed to prevent undue shocks to passengers.

5.3/1.12 Protection

All gafety related valves shall be protected against unauthorized resetting.

5.3/1.13 Emergency

Where necessary a manually operated emergency system shall be fitted, in order to fagilitate the
recpvery of passengers from a dangerous position in the case of system power supply failurg.

5.3/1.14 Cleanliness

—

All filters shall have a sufficient degree of filtration and shallbe mounted on the pressure|side of the
pump. The mounting of a filter in the piping returning to.the reservoir shall be avoided, when a safe
posjtion of the system is dependent on an unrestricted flow of the medium back into the reservoir. All
fluifls shall be filtered, when put into the system. Each system put into operation, shall be of a fleanliness
conimensurate with the components

5.3]2 Lifting and elevating units being integral part of an amusement ride

These lifts are an integral part of the amusement rides and devices and cannot be used for general
lift purposes.

5.3]2.1 Hoist units — Brakes

Hoipt units (rope and chain‘hoists) shall be equipped with effective brakes or other equivalgnt devices,
cappble of stopping the movements of the equipment and its loads safely at its rated [speed and
maintaining it in its stépped position.

In dase of powerdoss all brakes shall adopt a safe state. This could be closed or open, depending on
risi assessment:

The hoist wnit shall be arranged so that the connection between the brake and the drum ¢r sprocket
canpotbe’interrupted.

5.3.2Z" Limitation of the lifting and lowering movement

To guard against malfunction of the control system, devices according to IEC 60204-32 shall be provided,
and shall include:

— preliminary switches for initiating a controlled stop towards the upper and lower hoist limits;
— operational limit switches which prohibit incorrect hoist drive direction at the hoist travel limits;

— ultimate limit switches of the safety type with direct mechanical actuation, which disconnect the main
electrical supply from the hoist. The actuators of these switches shall be independent of other switches;

— mechanical top and bottom limit stops.
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5.3.2.3 Overload protection

If there is danger due to overloading, machines shall be equipped with appropriate overload protection
systems. This is not applicable when the number of persons is limited or fixed by the number of seats,
rests or places provided.

5.3.2.4 Slackrope or chain protection

The machine shall be equipped with a slack rope or chain detection device which, when actuated, cuts
out all operational movement except at creep speed, unless it can be shown that a slack cable cannot

occur under any operation al condition

5.3.2.5 Safety system

Machines yvith a lifting carriage which is intended to carry person(s) and which can be, raised njore
than 1,5 np shall be equipped with a safety system(s) against over speed caused_ by \failure of|the
suspensior] and mechanical units (chain, rope, drive gear, counterweight, etc.), shall be designed as
detailed bgdlow or a redundant system for the lifting device shall be designed:

— The safety system shall operate, by means of an over speed governor,atia speed no higher than
1,4 tinjes the rated speed.

— When [there is more than one safety system, their actuators shall\be mechanically connectefl to
ensurg they operate simultaneously.

— Operation of the safety system shall interrupt power to théhaist unit.
— Slackening or breaking of the over speed governor rope or'chain, shall interrupt power to the hoist ynit.

For hoist upits using power screws, rack and pinion drives, directly acting hydraulic or pneumatic drjves
equivalent|safety means shall be provided (see 5.3.2.7to 5.3.2.10).

The structpiral, fatigue, control and operationalissues and properties of all involved components rleed
to be verified.

5.3.2.6 Suspension elements

Hoist unitgusing rope or chain systems shall be dimensioned in accordance with the load spectrum pnd
operating ime class. The ratiobetween the minimum breaking load of a rope or chain and the maxinpum
force in the rope or chain shall-be at least 6 for hoist units intended to carry person(s) and at least J for
other hoistlunits.

If a detailedl fatigue lifeealculation taking into account the realistic chain/rope parameters is performed
and a suffirient pattial safety factor against the minimum discard period of a minimum of one yegr is
achieved, the pagtial safety factor of the above sentence need not be observed. The application of this
method requitres'visual and non-destructive inspections as determined by the life calculation.

All ropes or chains of one lifting unit shall be of the same size, quality and construction.

The tensile strength of the wires of suspension ropes shall not be less than that of a nominal strength
category of 1570 N/mm?.

Rope drums shall be provided with grooves. At least two turns of rope shall still be on the drum when
the lifting carriage is in its lowest position.

The ratio of the diameter of pulleys and drums measured at the centre line of the rope and the nominal
diameter of a rope is expressed as (D/d).

Existing wire rope standards shall only be used if the conditions of application can be shown to be valid
for the intended use. In all other cases fatigue calculations shall be made to justify (D/d), taking into
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account effects including: rope speed, type of rope, dynamic performance, stress range spectrum and
number of load cycles.

(D/d) can be determined for the following categories:
Category A — lifting device without passengers or persons exposed to it;
Category B — lifting device with passengers with a speed v < 1m/s and a lift height less than 2 m;

Category C — lifting device with passengers or persons exposed to it and speed v > 1m/s or a lift
height more than 2 m.

Liftfng devices in category A and category B (D/d) shall be calculated to appropriate standgrds taking
intq account the relevant parameters.

In cptegory C a detailed fatigue calculation shall be performed and the ratio (D/d) shalkbe not l¢ss than 30.

Megns shall be provided to equalize the tension of the ropes or chains where\nore than dne rope or
chajn is fixed to 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 dhains from leaving the grooves or teeth.

Roge or chain termination shall have a minimum breaking load of at least 80 % of the minimufn breaking
loaq of the rope or chain.

5.3{2.7 Hydraulic drives

Forfthese types of elevating units see also 5.3.1.@he lifting units shall be designed such that in the event
of hlydraulic leakage, no dangerous situation may occur.

For|hoist units directly operated by cylihders, valves shall be fitted to prevent uncontrolled lowering in
cas¢ of pipe or hose failure.

5.3]2.8 Power screw drives

To evaluate the design stresses in power screws and nuts, a fatigue and static calculatipn 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
me¢hanism during.iormal use.

Each power<aorew shall have a safety nut of equivalent material and size to the load bearing nut. The
safgty nutsshall only be loaded if the load bearing nut fails. It shall not be possible to raisq the lifting
carfiage from its access position when the safety nut is under load. The power screw shall Have higher
wegdr'resistance than the nuts.

It shall be possible to inspect the wear of the load bearing nuts without major disassembly.

Power screws shall be fitted with devices at both ends to prevent the load bearing and safety nuts from
travelling beyond either end.

5.3.2.9 Rack and pinion drives

To evaluate the design stresses in rack and pinion drives, a fatigue and static calculation shall be
performed for the material used in accordance with 4.7.

Any driving or safety pinion shall always be engaged with the rack with at least 2/3 of the tooth width
and 1/3 of the tooth depth.
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Visual examination of the pinions shall be possible with neither the removal of the pinions nor major
disassembly of structural components.

5.3.2.10 Pneumatic drives

For these types of elevating units see also 5.3.1. The lifting units shall be designed such that in the event
of pneumatic leakage, no dangerous situation may occur.

For hoist units directly operated by pneumatic devices, appropriate means shall be fitted to prevent
uncontrolled lowering in case of pipe or hose failure.

5.4 MaIJufacture and supply

54.1 M4

nufacturer

The manuffacturer shall ensure that all requirements within the design specification are f

incorporat
design spe

The manuf
suitable in

54.1.1 §

Safety-rel
specificati

Such parts

There may

bd into the completed amusement device, and the quality of the construction meets
Cification.

ernational or national accepted standards, e.g. ISO 3834-2 anddSO 3834-3.

ubcontracting and supply

ed materials, parts, assemblies, or components shall'be made in accordance with the de
n and quality requirements of appropriate ISO Standards or national equivalents.

shall be clearly defined by manufacturers, subcontractors and suppliers.

r be a need to be individually identified to enable them to be traced throughout

manufactulring process, including the identification-of the raw material.

The identi
and agreed

ication marks position on the patts shall be clearly specified, authorized by the desig
between the ordering and supplying parties. The marking method and the areas where|

marks shoyild be executed shall not affe¢t in any case the fatigue life of the component.

5.4.1.2 [

The manuf
standards.

542 Qu

5.4.2.1 (

)ocumentation

These documents/will be part of the technical dossier.
ality assurance — Quality plan

fenéral

ully
the

acturer of welding construction shall have an appropriate welding.gualification accordinfg to

bign

the

ner
the

acturer shall provide quality documentation in accordance with international or nati¢nal

1 1l 1 1 . 1 rad rad 1 . hmY .
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attention shall be paid to the inspection of components and raw material, including consumables, both
when manufactured in-house and subcontracted. Where the design review or specification indicates
that certain parts are safety-related and has specified certain tests, the manufacturer shall ensure that
all the requirements of the tests are fulfilled.

Non-destructive testing (NDT) techniques will be required for certain aspects of manufacture. The
manufacturer shall attain the specified level of quality required for each component of the ride and
determinethe standard of manufacture necessarytoachieve this,inaccordance with design specification.
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5.4.2.2 Quality requirements

As minimum requirements for safety-related components the following standards shall be applied for
the different quality assurance processes:

— EN 10160 (other comparable, national standards may be applied);
— EN 10164 (other comparable, national standards may be applied).

5.4.2.3 Semi-finished material

Plafes and wide fIat bars in Ioad-bearing structures which are Toaded in the thickness dir¢ction with
tensile forces a lamination test with ultrasonic has to be performed, starting from a thicknegs of 10mm.

Plages and wide flat bars in load-bearing structures which are loaded in the thickness dir¢ction with
tensile forces have to be suitable for this special requirement. The procedure-is described in the
particular standards.

5.4]2.4 Safety-related axles, shafts, bolts and pins

Ultgasonic testing of the primary material, penetration or magnetig¢ particle testing after mjachining is
reqpired. Acceptance class 4 for testing according EN 10228-1 and@®N 10228-2 is recommengled.

5.4)2.5 Certificates

The quality of steel and/or aluminium for load bearing members and standard mechanical cqmponents,
if there is no agreed or general method of calculation; shall be verified by inspection certificate 3.1
accoprding to ISO 10474:2013 or equivalent. Certificates for load bearing welded compohents shall
inclIlde the chemical analysis, the mechanical and'technological properties and the value ofjthe carbon
equiivalent CEV.

Hydraulic or pneumatic hoses, cylinders.and rams, hooks, safety hooks, shackles, roller buck]es or other
accg¢ssories shall be considered as acéepted if they are marked by the manufacturers, agcording to
exigting standards.

Prepsure vessels shall be in aceerdance with ASME Boiler and Pressure Vessel Code (BPV()), Pressure
Equipment Directive 2009/105/EC (PED).

Anyf further requirements in International Standards (i.e. international standards published by ISO)
or, In their absence,‘equivalent international or national standards shall also be respedted. Other
reghlations may apply.

Roges, chains éte:, shall be supplied with certificates showing atleast the guaranteed minimujn breaking
load, type and’size.

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 manufacture shall not make
modifications to alleviate the difficulties without first consulting with and obtaining the agreement of
the designer.

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).
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Where hollow section structural steel is used, internal corrosion is to be avoided.

5.4.3.3 Welding procedure

The appropriate welding procedure for the material being used shall be approved by the designer if it is
not covered by a standard.

Only welding filler material which apply to the respective ISO-standards are allowed for use.

5.4.3.4 Steel welding

Welding pr
Welding se

Welding pt
[SO 15610,
approved i

q

NOTE

5435 §

Basically, t

eparation shall be according to ISO 9692-1 and ISO 9692-2.

uence plans shall be created forall safety critical welded assemblies before start of prioduction.

ocedures shall be in conformance with ISO 15607, ISO 15609-1, ISO 15614<1,71SO 1561

-2,

ISO 15611, ISO 15612, ISO 15613, EN 288-9. ISO 3834-2, ISO 3834-3, and-welders shalll be

h accordance with [SO 9606-1 and/or ISO 14732.

Jupplementary information can be found in ISO/TR 15608, ISO/TR 20172-and I[SO/TR 20173.

tandards and requirements for non-destructive testing of welds

he provisions of [SO 17635 shall apply.

All welds of dynamic loaded parts shall meet the requirementswfISO 5817:2014, quality level B.

Allwelds of
quality lev

The annex
(MT), pene
acceptance

Special inv]
may affect

5.4.3.6 A

Welding pi
[SO 15611,

Welding of
conducted
according
document

staticloaded partsand subordinate componentsshall meettherequirements of ISO5817:2
] C.

in ISO 17635 provides cross reference from' ISO 5817 to applicable magnetic particle te
tration tests (PT), ultrasonic tests (UT) and radiographic tests (RT) standards, inclug
levels. They should be considered as‘\minimum.

estigation shall be done and approved by the designer where a change in welding proced
stress and fatigue properties:

lluminium welding

ocedures shall be“in conformance with ISO 15607, ISO 15609-1, ISO 15614-2, ISO 15
[SO 15612,1S0,15613, EN 288-9 and welders shall be approved in accordance with EN 960

aluminium.parts for amusement devices especially under fatigue conditions shall only
by manufacturers who are in possession of welding qualification for fatigue loaded p
fo 1SO<14731, ISO 3834-2 or equivalent and the additional qualification according to
| Extension of permission for amusement rides).

Welds subj

in [SO 10042:2005. Special investigation shall be done and approved by the designer where a change in

D14,

Stes
ling

ure

b10,
6-2.

' be
hrts
this

welding procedure may affect stress and fatigue properties.

5.4.3.7 Plastic composites

fied

Safety critical load bearing composites (FRP = fibre reinforced plastics) shall only be fabricated by
manufacturers who have the facilities and personnel to maintain the quality as specified by the designer.

In all cases adequate information on the particular plastics, additives and reinforcement which are
specified in the design and are to be used in manufacture shall be obtained from the supplier by material
certificates or from test results. The manufacturing process shall be adequately specified and controlled

88

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=d747365e454ec239a49585b500b8b0ba

ISO 17842-1:2015(E)

to ensure consistency of properties in the finished article. A permanent record shall be kept of all 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, etc., and

composite samples of each different construction provided for tests.
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5.5
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5.5

4 ddlely precautions to be taken by the manuiacturer

4.1 General

manufacturer of amusement rides and devices shall include all the safegiatding arr
n as guards necessary for dangerous parts of the machinery, including powertinits and tr
hinery as specified by the designer.

operator’s position shall be arranged so as to ensure easy and safe-control of the device.

designer or the controller shall take into account the need ef\the operator to have 3

operator’s position shallbe provided with safe and easy means ofaccessand be adequately i
E If the correct operation of the amusement devices'depends on lighting see EN 1837 for gu

parts of the device which require maintenanceand/or inspection, shall be provided wi

bstructed view of all areas important for safety as determined by risk assessment OURA|.

angements

insmission

| clear and

luminated.
dance.

th safe and

ridual risk

7 means of access and a safe working position-for maintenance staff.

to the variety of the amusement devices this document cannot go into detail abouft technical
rautions for working activities.

the assessment of safe working-procedures for employees and operators, an indi

bssment shall be made in accordance to workplace legislation.

5 Electrical installations

electrical installation-and components, see Annex B.

Supply
1 Manuals
171~ 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 etc.) shall be added to the device log.

The manual shall provide, as a minimum, the instructions stated hereafter.
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5.5.1.2 Assembly and dismantling instructions

These instructions shall comprise:

specification of the special equipment, tools, material or parts which are to be used for safe assembly
or dismantling of the device;

advice

concerning foundation preparation (if permanently fixed);

the sequence of erection to maintain stability;

— jacking-and-packing procedures to facilitate levelling out of level tolerances,adwvice ¢ itable
packing and its limitations, load spreading and any necessary ballasting requirements;

— correct methods for connecting electrical systems to the power supply and meéthods| for
intercgnnecting subassemblies, if appropriate;

— torquesettings for structural screws or bolts and required greasing and tests;

— schedyles of tests and inspection to ensure correct functioning;

— earthing details for lightning protection according to Annex B;

— plans ¢f the device, showing recommended packing points and details’of maximum loads that|can
be applied at these points.

Any foundgtion preparations should also be shown on the plan.

5.5.1.3 (perating instructions

These instfuctions shall comprise:

— adetailed explanation of the controls and theit function;

— recommended passenger access and egress procedures and any limitations necessary to preyent

5.5.1.4 Maintenance instructions

static ¢verload of the device;

the prg
of opel

any linitations regardingpermissible partial loading or asymmetric loading of the device;

detailg
emerg

any eny

scribed limiting conditionststating 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 passengerestraint system, and guidance on its use;

bncy evacuation procedures, including evacuation following a power source failure;

eed

Fironmental limitations, e.g. conditions of wind, rain, during which the ride should notbe operdted.

These instructions shall comprise:

90

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;

alist of those 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, etc.
safety-related components with limited lifetime shall be specifically addressed.

a list of any specific tests to be carried out;

recommendations concerning electrical testing. These instructions shall meet the requirements

of IEC 60204-1;

5.5
Thi

5.5
Thd

5.6

+1 £ £ £ 3 lots ik pa | £ £ it . 43 pa| £ 4
C1IC LCDLllls Ul TIIoUIdUIVIT TUOSIoUAdIILL, LUITUUCLLUIL \'UllLlllulL)’; lJl ULLLLIVUO LUIIUULLUl ULUIl

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 in accordance with the relevant International Stan
absence of these, national standards.

2 Special information
5 information shall include:

advice, that parts shall not be replaced without ensuring that they conform with t
specification;

special requirements for the preparation for eperation of the device including the me
adopted for examination;

details of the maintenance, service or repairs which may be conducted by the user or
persons, and the necessary details.

3 Drawings and diagrams
se items shall comprise:

an outline drawing of the/device showing the principal dimensions when erected and rec
safe clearance distahces for the device when in motion;

diagrams of all*control systems (hydraulic, pneumatic, electrical/electronic) using st:
symbols.

Desigivdocumentation

inuity and

Hards or in

he original

thod to be

competent

bmmended

indardized

5.6

1C- General

For

review of the design document, see ISO 17842-3.

All safety relevant design documents shall be available and include where relevant:

design risk assessment;

design calculations;

stress and fatigue analysis of

— structural and mechanical parts,

— hydraulic and pneumatic parts,

© ISO 2015 - All rights reserved
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— drive units, bearings, and

— brakes and safety devices;
— design drawings;
— acceleration/Containment details;
— hydraulic/pneumatic specification;

— electrical/electronic specification, including software details of safety-related control systems (SRCS);

— mechahical/structural specification;
— installption, operation, maintenance and inspection information;

— identiffication of critical components and control requirements.

5.6.2 Description of installation and technical specification/information
The description shall give information concerning the installation, operation andmaintenance of the deyice.

It shall als¢ describe the stages of installation, operation and maintenance-processes.

It shall indlicate the type of device, the main design characteristics, possible varying installations,|the
main dimgnsions and the clearance requirements, if exceeding.the main dimensions, the boundary
protectionfor fencing required, the dimensions of exits and entrances, the working and operating prodess,
the motior] systems, operation modes, speeds, accelerations.and possible restrictions concerning|the
use of the device.

The functipn of the hydraulic/pneumatic equipment.and its combined effect with the electric sysfem
shall be depcribed, unless it is clear from the connection diagram.

The electrical wiring diagram or supplementary.déescriptions shall clearly show:

— type of electric current, nominal voltage, load current, type and load of the voltage transformer,
conveilter or generator and illumination;

— the type of safety measures and.methods used to prevent indirect and/or accidental contacts with
condug¢ting elements.

The safety|devices, which are ot become effective in exceptional situations (e.g. measures which aflow
the safe stppping of all meverment of the equipment in case of drive failure), shall be sufficiently cleprly
indicated dr described:

Informatiopn on emergency situations and evacuation procedures and equipment shall be cleprly
indicated dr deseribed.

5.7 Devieeleg

5.7.1 General

The 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.

It shall clearly identify the 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 information
for identification and inspection, by the inspection bodies. The device log shall be available on each
installation site for maintenance, tests, inspections and checks. All inspection reports shall be included
by appropriate entries.
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5.7.2 Content

The device log shall comprise at least the following documents:

a)
b)
‘)
d)
e)
f)
g)

device log index;
name and identification;
manufacturer;

device description;

record of ownership;

national registration details;

technical data and requirements:

— speed limits;

— general passenger use limitation;

— general passenger size/age limitation;

— areference wind velocity specified for the device;

— any snow load restrictions;

— any restrictions due to seismic activity;

— other restrictions if any.

data availability;

record and reports of initial acceptance tests;

required inspections (NDT);

record; reports and results.ofinspection, tests, thorough examinations and inspections
record of all unscheduled maintenance; repair and modification affecting the safety of the device;
revision;

records of failunés;

record of-all'installations at fairs or permanent parks;

records of accidents;

records of service bulletins of ride manufacturer;

records of safety alerts of ride manufacturer;
initial test report;

record of all scheduled maintenance operations;
report list;

declaration of operation authorization;
extension of operation authorization;

blank pages for insertion/attachment of acceptance reports. Technical documentation,
certificates, notes etc.
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An example of a device log is given in Annex E.
5.8 Official technical dossier

5.8.1 General

For each device an official dossier shall be established by the manufacturer which shall comprise
the design documents to provide detailed information with respect to design, calculation, method of
construction, instructions and information relating to operation and maintenance and for inspection
bodies. The official dossier shall be kept by the designer and/ or manufacturer with copies to the
reviewing [nspection body. All initial approval and inspection reports shall be included therein.

5.8.2 Coptent
The officia| technical dossier shall comprise at least the following:
— design|land operation descriptions including limitations e.g. max operational wind'speed;

— design| drawings (presentation of the key dimensions of the entire facility printed in a legible
format and scale);

— detail flrawings (with the dimensions and the material of all the components and their connectjons
and all subassemblies in an adequate legible format and scale);

— stress pnalysis including fatigue analysis (comprehensive calcitlation documents);

— risk assessment for the ride when in operation;

— examination and approval reports as well as reportsion any other inspections;

— all cirquit diagrams for electric, control and hydraulic or pneumatic components or equipment;

— layoutdrawings of the escape routes and theirdimensions with calculated verification for enclosyres
with nmpore than 400 occupants. Specialinstructions for cases of fire;

— all certificates for material, components and fire rating;

— an opdration or instruction mamtal written in the language of the user or an agreed langyage
coveripg installation and dismantling, maintenance and operation and a list of all parts requiring
periodiic replacement;

— all initjial inspection<and approval reports as well as reports on any other initial inspections and
manufhcturing tests and inspections.

5.8.3 Ide¢ntification marking

Each amuspment device shall be fitted with an identification plate showing the following informati¢n:

— name and address of manufacturer and/or importer/supplier;
— type/model no.;

— manufacturers serial no.;

— month and year of manufacture;

— date of initial approval;

— approval mark if requested /no. of inspection body;

— safe working load/number of persons to be carried.
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Enclosures and booths shall be marked with
— name and address of manufacturer/supplier/importer, and

— month and year of manufacture.
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A.1 General

Annex A
(informative)

Fatigue analysis

For most Lusement rides and devices there are many structural and mechanical components‘which

are subject

The assess
required if

The design
overall ops

The formu
and follow

A.2 Teri

A.2.1 De

The detail
fluctuation
The detail

A.2.2 En

The endur
will occur
all stressr
encloses th

A.2.3 Cu

The cut-off
calculated

A.2.4 En

ed to significant numbers of cycles of stress fluctuation.

ment against fatigue phenomena — Fatigue analysis — shall be employed.,Decisions al
spection and maintenance may then be based on the fatigue analysis.

of all load bearing structural components with fatigue loading shall-besatisfactory for
rating period.

ae stated hereafter may be applied in assessing fatigue limit states for amusement dev|
5 EN 1993-1-9:2005.

ns

tail category

rategory is the numerical designation given:tea particular detail for a given direction of st
rategory number indicates the referencefatigue strength, Aoc, in N/mm?2.

durance Limit (constant amplitude fatigue limit)

hince limit is the limiting direct or shear stress range value below which no fatigue dan
in tests under constant-amiplitude stress conditions. Under variable amplitude condit
hnges have to be below ‘this limit for no fatigue damage to occur. Hence the endurance |
e fatigue strength if the actual/real maximum stress range is less than the endurance lin

L-off limit (threshold value of fatigue strength)

limit is thedimit below which stress ranges of the design spectrum do not contribute to
cumulative damage.

out

the

iCesS

€SS

, in order to indicate which fatigue strength curve is applicable for the fatigue assessmient.

age
ons
mit
nit.

the

riurance

Endurance is the life to failure expressed in cycles, under the action of a constant amplitude stress history.

A.2.5 Re

ference fatigue strength

This is the constant amplitude stress range, Aoc, for a particular detail category for an endurance of
Nc =2 x 106 cycles.
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A.3 Symbols

Ao actual direct stress range

At actual shear stress range

fy material yield stress

N Number of stress cycles at fatigue limit

Nmax expected maximum number of stress cycles

Ao, Atc reference value of the fatigue strength at N¢ = 2 x 106 cycles

Aog, Atr fatigue strength (resistance) for constant amplitude stress ranges resistinga cert
of cycles Ng (resisting cycles)

Aot|, Atp fatigue limit for constant amplitude stress ranges at the number of cycles Np

Aot} Aty cut-off limit for stress ranges at the number of cycles Ny,

Aoy, Atg equivalent constant amplitude stress ranges related to“yiax

Aod 2, Atg2 equivalent constant amplitude stress ranges related.to 2 x 106 cycles

YFf partial factor for equivalent constant amplitude stress ranges Ao, ATg

YMf partial factor for fatigue strength Aoc, At

m slope of the fatigue strength curve

Dy damage during the design life

A.4 Fatigue strength

Thd fatigue strength for nominalstress ranges is represented by a series of log19 Ao over log

andllogig At overlogig N curvés)(S-N-Curves), which correspond to typical detail categories (s¢

1-9]. Each detail category is.designated by a number which represents, in N/mm?2, the refef

Aodand Atc and for the fatigue strength at 2 million cycles.

For|constant ampljtude nominal stress ranges the fatigue strength can be obtained as follows:

AGTINg =6l 2x10°

ith me\3for N <5 x 106;

hin number

10 N curves
e EN 1993-
ence value

%)

6

A M s
ATR lVR

A m o PEPaN
:ATC LX1U

with m =5 for N <108;

1
Aop = (E] 3 ‘Ao =0,737Ac for endurance limit
5
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1

Aty = [Lj > ‘At =0,457A7;  for endurance limit (A4)

100

For nominal stress spectra with a maximum stress range Ao1 above the constant amplitude fatigue
limit, the fatigue strength can be calculated as follows, if a cycle counting method shows that the second
highest stress range Aoy is below the cut off limit:

AclINg =Ac{ 2x10° (A.5)
with m = 3|for N< 5 x 106;
AcPNg =Ac B 5x10° (p.6)
with m = 5|for 5 x 106 < N < 108;
1
Aoy <[ 1% Ao, =0,549A0 (A7)
L 100 D ’ D 1
AO'R
1000 \
160
\?g 1 2
112
100
Q
\:0 \
63
1 26 ~—
100 o9 \ -
m = 3 \40 \ S 3
36 \
fm =5
10 | | | | -
1,0E+04 1,0E+05 1,0E+06 1,0E+07 1,0E+08 1,0E+09
N
Key

detail category Aoc
constant amplitude fatigue limit Aop
cut-off limit Aoy,
AoRr direct stress range, N/mm?2
m slope of the fatigue strength curve
N endurance, number of cycles

Figure A.1 — Fatigue strength curves for direct stress ranges (EN 1993-1-9:2005, Figure 7.1)
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AT
1 000

100

10 1 | | 1
1,0E+04 1,0E+05 1,0E+06 1,0E+07% 1,0E+08 1,0E+09
N

1 detail category Atc

2 cut-off limit Aty,

Atr| shear stress range, in N/mm?

m | slope of the fatigue strength curve
N endurance, number of cycles

Figure A.2 — Fatigue strength curves for shear stress ranges (EN 1993-1-9:2005, Figure 7.2)

log Aoy

2x10%| 107
5)(108 IOgN

Figure A.3 — Alternative strength Ao, for details classified as Ag* (EN 1993-1-9:2005, Figure 7.3)

In order to ensure that non conservative conditions are avoided, such details, marked with an asterisk,
are located one detail category lower than their fatigue strength at 2 x 106 cycles would require. An
alternative assessment may increase the classification of such details by one detail category provided
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that the constant amplitude fatigue limit Aop is defined as the fatigue strength at 107 cycles for m = 3

(see Figure A.3).

A.5 Fatigue strength modifications

A.5.1 Non-welded or stress-relieved welded details in compression

In non-welded details or stress-relieved welded details, the mean stress influence on the fatigue
strength may be taken into account by determining a reduced effective stress range Aog 2 in the fatigue
assessment when part or all of the stress cvcle is compressive

The effective stress range may be calculated by adding the tensile portion of the stress range and 60 %

of the magnitude of the compressive portion of the stress range, see Figure A.4.

Y1

O-max

Y2

Key
Y1 tension]
Y2 comprg¢ssion

A.6 Fatipue verification using equivalent constant amplitude stress

Nominal, mpodified nominal or-geometric stress ranges due to frequent loads should not exceed

Ao S1,5fy

for direct stress ranges

Ac <15 fx/N3

Higure A.4 — Modified stress range for non-welded or stress relieved details

+ 0,6|0'

min

/\ /\\ bél Ao = ]amax

min

(EN 1993<19:2005, Figure 7.4)

(h.8)

h.9)

for shear stress ranges.

100
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It should be verified that under fatigue loading the following formulae shall be calculated:

Ao
JETOE2 (g (A.10)
Aoc /ywme
and
AT
JERTE2 49 (A11)
At [yms
In casefatie afrge becomes:
AGEZ_ AGE = UE (A12)
ml—C
\/; \/7
ATE,Z = ATE = ATE (A13)

For|roller coasters, roundabouts, wonder wheels, and amusement dévices with periodic simjlar loading
thefamplitude stress Ao can be assumed as equivalent constantamplitude stress Aog.

A.7 Determination of loading events

Typiical loading sequences that represent a credible€stimated upper bound of all service load events
expected during the fatigue design life should be“determined using prior knowledge frpm similar
stryctures, see Figure A.5 a).

A.8 Stress history at detail

Astresshistory should be determined from theloading events atthe structural detail under consideration
taking account of the type and shape of the relevant influence lines to be considered and thle effects of
dynamic magnification of the sructural response, see Figure A.5 b).

Stréss histories may also.be/determined from measurements on similar structures or from dynamic
calqulations of the structural response.
A.9 Cycle counting

Str¢ss histories may be evaluated by either of the following cycle counting methods:

— |rainflow method;

— Teservoirmethod, See FIgure A5 )
The evaluation shall determine:
— stress ranges and their numbers of cycles;

— mean stresses, where the mean stress influence needs to be taken into account.

A.10 Stress range spectrum
The stress range spectrum should be determined by presenting the stress ranges and the associated

number of cycles in descending order, see Figure A.5 d). Stress range spectra may be modified by
neglecting peak values of stress ranges representing less than 1 % of the total damage and small stress
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ranges below the cut off limit. Stress range spectra may be standardized according to their shape, e.g.
with the coordinates

Ao =1,

0 and anl,O

A.11 Cycles to failure

When using the design spectrum the applied stress ranges Ao; should be multiplied by yrf and the
fatigue strength values Aoc divided by ymrin order to obtain the endurance value Ng; for each band in

the spectrlﬁm. The damage Dd durlng the dESlgn [ife should be calculated from:

_ A nEi
D4 _Z—N _ (Al14)
i Ri
where
ng; is the number of cycles associated with stress range ypr Ao; for band i inthe*factored spectrjum;
Ng; is the endurance (in cycles) obtained from the factored Ao./ymr to Nr‘curve for a stress range
of ypr Ao .
On the bagis of equivalence of Dq, the design stress range spectritmi may be transformed into [any
equivalent| design stress range spectrum, e.g. a constant amplitide design stress range spectfum
yielding the fatigue equivalent load Qg associated with the cycle-number n ., :zn,- or Qg associgted
with the cycle number N¢ = 2 x 106.
See Figure|A.5 e).
A.12 Verification formats
The fatigu¢ assessment based on damage acciimulation should meet the following criteria:
— based pn damage accumulation:
Dg<1,0; (Af15)
— based pn stress range:
AO'C
YreAog, =RDyg —= (Al16)
mf
withm = 3.
For the datagesummation-the Palmeren-Minerrileisused
n; n n n n
z_l:_l _2+_3+_4§DL
N; Ny Nz N3 Ny

See Figure A.5.
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N\ i
N \/T
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a) Loading sequence: Typical load cycle (repeated n times in the design life)

| Y
b) Stress history at detail

5] ©
1 ARRTEN

c) Cycle counting (e.g. reservoir method)

Ac VAg,

N
d) Stress range spectrum
log Ao 4

A0'1

Ao
Aa,
3

A0'4

N

4 log N
3

e) Cycles to failure

Figure A.5 — Cumulative damage method (EN 1993-1-9:2005, Figure A.1)
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B.1.1 Ge
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protecting
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B.1.2 Pr

B.1.2.1 G
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Key points

unless
by aci

suitab

Annex B
(normative)

Electrical equipment and control systems

eral

Vices from the point of electrical power connection through the amusementside or devid

at minimising the risk of injury from electric shock, burn, arcing andrexplosion, as we
the equipment in amusement rides or devices from the effects of oyer current, overvolf

" disturbances.

alinstallation shall comply with IEC 60204-1 except where extended or modified by the follow

ptection against electric shocks

eneral

etalwork shall be guarded against becoming live under faulty conditions: for AC by a sys
equipotential bonding and automatic disg@nnection, and for DC by isolation from ea
are:

the equipmentis double- or all-insulated, the supply shall be connected to exposed metalw
cuit protective conductor;

to ens

for pu

circuit

power

For transp
submersib
with IEC 6

Ilic or equivalent private power supply, the electrical equipment shall have provisions for

protec
or RC]
resistan

re that it disconnects if there is a short circuit, earth fault or overload;

protective and bonding conductors shall to be connected to the earth, or to earth rods, at
source.

brtable amusSement rides and devices and amusement rides containing power branches v
e consumers, only the following protective measures against indirect contact in accordd
364-4-4Yare permitted:

provides guidance for the design and installation of electrical equipment used in amusenpent
e.

|l as
age

ing.

fem

Irth.

ork

y rated protective devices, suchas fuses and circuit breakers, shall be installed on the supply

the
the

vith
nce

CDs

tionthrough automatic disconnection of the po
). TN ol - .

ceof < 3 ;

wer

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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B.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
voltageis 25V A.C. or 60 V DC with a maximum of 10 % ripple without protection against direct contact.

b) Dodgem cars if the requirements of 5.2.4.6 are met.

Where additional protection is required then the rails shall be positioned so that entry is from the side

1 1 4o dodel h yalia | de 4o
Oor gerow-—Tto PIrovoliit LIt daLLUlIIuIdtivil U dust Ul Wwdltl.

B.112.3 Earthing systems
The earthing system shall meet the requirements of IEC 60364-4-41.

Borlding conductors and bonding equipotential conductors shall be designedband installedl and shall
meg¢t the requirements of IEC 60364-5-54. Moreover slotted, pinned, bolted or similar rechanical
conpecting methods on the rides and/or structure may be used provided continuity of the bonding
conductor can be verified.

A rotating bearing shall not be used as a method of protective bonding of adjacent conduftive parts
which rotate.

B.1{3 Protection against lightning

Profection against lightning made necessary by local requirements shall comply with IEC 6230% (all parts).

B.1{4 Lighting

B.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 of those'parts for the persons to leave the device safely.

When lighting appliances are within reach additional protection (e.g. plastic caps) shall bg applied, if
they can give rise to a riskfrom electric shock, burn or breakage.

In deviation to IEC60204-1, stroboscopic effect lighting is permitted to be used on amusement rides and
devijices. If used,the‘effects of stroboscopic effect lighting upon the specified suitable population for the
ridg shall be considered (e.g. to take account of medical conditions such as epilepsy).

B.1}4.2, {Emergency lighting

Forlamusement 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 may 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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B.1.5 Generators

Generatorsshall be positioned to minimize risks from hot surfaces, dangerous parts, overheatingand exhaust
products. Associated electrical equipment shall be mounted so as to minimize the effects of vibration.

On A.C. generators of more than 5 kVA the neutral (or in 3 phase sets the star point of the windings) shall
be connected to the generator frame and thence to the circuit protective conductor. Where practicable,
the frame shall be earthed with an impedance of less than 20 Q. The same neutral-to-frame connection
shall be made on small A.C. generators if a load cable length exceeds 5 m.

B.1.6 Heaters

Heaters and light fittings shall be placed out of reach in a manner which minimises the risk of fire. Tlhey
shall be seq¢urely attached to supports strong enough to withstand winds, protected against fain unjess
designed fpr such exposure and not carried by cable conductors, unless the cable is designed for that
purpose. If the voltage exceeds 25 V A.C. cables, which have been previously used with spiked 13mp
holders, shpll not be used.

B.1.7 Communication system

All amusefnent rides and devices shall have a suitable means for the dperator to communicat¢ to
passengerd, unless risk assessment shows isn’t necessary.

Communicption system wiring shall be suitably protected for the)unique operating condition if|the
system is ysed to provide audio notification announcements for safety, operation and evacuation.

B.2 Control systems

B.2.1 Geperal

This section of the standard applies to the design and'manufacture of safety-related control systems (SRLCS).

It applies to all control systems, e.g. manualyelectrical, electronic, hydraulic, pneumatic, mechanjcal,
from the s¢nsor up to and including the actuating device.

A SRCS is afsystem that:

— implements the required safety functions necessary to achieve or to maintain a safe state for|the
amusement ride and devie€;

— is intended to achieve) on its own or with other safety-related systems, the necessary levgl of
risk rdduction.

The design|and censtruction of a SRCS shall follow a documented process which demonstrates that|due
diligence has beerrapplied to the evaluation and mitigation of identified hazards and their associated risks.

If the SRC detacts failura madac that vwanld doaagrada tha narfarmanca of 4 cafoty fuunection cnich 'hat
I—ere e et e o e e o—~Hcre— oot T re-per oSSty —Torcero—Sutt

continuing safe operation is not ensured, the SRCS shall:
— Notify operators of the presence of the failure mode.

— Discontinue operation which relies upon the safety function in a manner consistent with the
risk assessment.

— Confirm the detected failure of the component or equipment in question is no longer present before
resuming operation which relies upon the safety function.

— Control systems incorporating pneumatic, hydraulicand mechanical elements shall be in accordance
with ISO 13849-1 and with the risk assessment conducted in accordance with ISO 12100.
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Control systems 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 to be found in the

technical report ISO/TR 238409.

B.2.2 Safety-related control functions

B.2

.2.1 General

Safety-related control functions shall be periodically verified by a method determined by the risk

ass

Wh

seldcted and positioned so that they are not easily or accidentally defeated or interferedwith
riding in or on the amusement device.

The

par

Safety-related control functions shall be designed to support continuous mitigation of

con,
pre

Saf¢ty-related control functions shall be individually identified by the designer/engineer, in

pot

B.2

The
stai

Equ

Stai

FSSTITEITL. T IS VeTitication strattbepossibie without modifying threcomntrot systernt:

ere the risk assessment shows it to be necessary, interlocking and monitoring devic

sence of foreseeable failures of the devices used by the function.

bntial hazards that are related to each function.

2.2 Start functions

t or acceleration of equipment.

ipment shall not be caused to starteraccelerate unless

commanded to do so by an gperator, and/or

the start is in accordancé with expected operation.

t functions shall require a deliberate attendant action when the previous stop
resulted from adess of power,

placed riders in a normal rider loading or unloading area, and the equipment has been st
period of time that exceeds a reasonable expectation for an automatic re-start,

was astop category 0 or 1 according to IEC 60204-1.

bs shall be
by persons

designer shall specify, for inclusion in the operations manual, the limits,6f any adjustmegnts, safety
hmeters, and any necessary checks and/or tests needed to confirm &the correct adjugytment and
opefration of the interlocking and/or monitoring system.

he hazard

Kistent with the risk assessment. This mitigation shall be supported in the absence, onset} and in the

Cluding the

SRCS shall be designed to a sufficient integrity in order to prevent risks associated with ynexpected

bpped for a

B.2.2.3— Evacuation

When passenger evacuation may be necessary after a stop function or fault which results in equipment
orientation that prevents safe passenger evacuation from the amusementride or device, the design shall
provide for equipment reorientation sufficient to support safe evacuation. This provision may involve

add
a)
b)
‘)

itional safety-related control functions. This provision shall use, in order of preference:
load/unload position(s);
planned alternative evacuation areas (e.g. evacuation platforms);

other evacuation areas
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B.2.2.4 Stop functions

If required - as a result of a risk assessment - the SRCS shall have available the following stop functions:

“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.

The stop functions shall meet the following requirements:

“stop function” as specified in IEC 60204-1;

“emerg

“emertg

Each amug
IEC 60204

Attendant
of the func

Manually i
stop is rele

When cont
from any

awareness

Unexpecte
of ISO 1411

L. L£L) L P 1 o204 4
CllLy DVVlLLllllls Ull dd5 D}JCLIIICU NI 1LuGoOvivusTL,
fency stop” as specified in [EC 60204-1.

ement ride or device shall be equipped with a supply disconnecting device accordin
1:2005, Chapter 5.3.

fion by a single human action.

hitiated stop functions shall be continuously available in all operating modes in which
vant.

the stations shall initiate the stop function irrespective of activities at other stations.

at that console. The controls at that console may§top ride device motion in other areas.

8.

Recovery
initiate m

Stop funct
reset the s)

B.2.3 Sa

Means shg
predeterm|

Speed is a
consequen

cTt-ion.

om stops cannot be done by raising_button: a secondary deliberate action is require

ystem.

fety-related parameters

Il be provided o~ ensure that the values of the safety-related parameters stay wi
ined levels defingd by the risk assessment.

n important safety critical parameter for amusement devices where accelerations,

can prevent hazardous effects on structures and passengers.

The follow

controls at staffed operating consoles used to initiate a stop function shall support initiaf

rols for initiating a specific stop function are available at more than one location, a comm|
:L
Each oper

ing console shall provide controls thatinitiate a stop ofall ride devices in the zone of atteng

[ start shall not be allowed by the SRCS understop conditions and shall meet the requiremg¢

ons caused by the SRCS due to fault detection require a deliberate action to recover and

D

—e

on

the

and

ant

Pnts

1 to

| /or

hin

and

Lly forces'dre dependent on the speed of amusement ride elements. Therefore, speed conjtrol

ng QI‘\PP(]Q shall be considered:

— minimum operational speed — the minimum speed necessary to ensure, for a stated operational
condition, the safe containment of passengers and the intended function and the integrity of the
amusement device.

maximum operational speed — the maximum speed at which, for a stated operational condition,

the safe containment of passengers and the intended function and the integrity of the amusement

device

are ensured during repeated or sustained use.

element, without any restriction or control.

108

maximum achievable speed — the maximum value of speed achievable by an amusement device
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For a particular part of the ride cycle there may be different operating speeds. In particular the following
criteriashall be applied to preventthe amusementride or device operating outside the design parameters:

— The SRCS shall monitor the speed between the minimum and maximum operational speeds during

the ride cycle.

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.

If the speed of the device rises above the maximum operating speed, then the SRCS shall perform an

appropriate stopping runction.

The risk assessment shall evaluate the effects on the amusement device and passerigers
achjevable speeds.

If tlhhe maximum achievable speed is greater than the maximum operational speed, additiq
may be necessary to ensure that the maximum operational speed is not exceeded. The requil
intggrity of these means shall be determined by the risk assessment.

B.2l4 Passenger restraints

Where a control system is involved in the operating, interlocking ormonitoring of passenger

1ts

B.2

In a
pro

Bas
sha

unction and integrity shall be determined by a risk assessiment.

4.1 Safety integrity requirements

ccordance with [SO 17842-2:2015, 4.5 the attendant is responsible to ensure that the p
perly seated and restraint prior to enable a new ride cycle.

ed on the applicable restraint class the design requirements in Table B.1, Table B.2 an

due to any

nal means
ement and

restraints,

hssenger is

| Table B.3

1 be applied.

Table B.1 — Restraint lock/unlock control circuit

Restraint class
1 2 3 4

5

[s)

[L:n/aorPL;:a SIL:1 or PL:: b SIL: 1 or PLy: c SIL: 2 or PL;: d SIL: 3

br PL;: e

Add

itional requirementfer classes 4 and 5: Control circuit architecture shall be of dual channel or fault tole

rance of 1.

SIL |safety integrity level
PL, | (required) performance level
Table B.2 — Restraint position feedback circuit
Restraint class
1 2 3 4 5
None None None Single channel Single channel cir-
circuit without auto- |cuit with automated
mated diagnostic diagnostic prior to
new ride cycle start
NOTE Optional individual restraint position feedback indication not visible for seat checking attendant.
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Table B.3 — Restraint latching/locking device feedback circuit

Restraint class

1 2 3 4 5
None None Redundancy check | Redundancy check |Redundancy check or
direct lock position
monitoring

Redundancy check: The integrity of the redundant locking device shall be verified within certain time intervals, which have
to be determined by the mechanical design.

Direct lock position monitoring: Direct position monitoring of the mechanical locking device (“tooth engaged”).

B.2.4.2 Loss of power
Loss of the|power supply shall not
— cause the release of restraint devices,

— prever]t the intentional release of restraint devices when required to emsure the safety of|the
passerlger or for operational purposes, e.g. manual release.

B.2.5 Fall Prevention

Whereacoptrolsystemisinvolved inthe operating,interlocking or monitoring of passenger compartnpent
guards or doors, its function and integrity shall be determined by.a risk assessment.

B.2.5.1 Spfety integrity requirements

In accordapce with ISO 17842-2, the attendant is respensible to ensure that the passenger is propprly
placed insie the compartment prior to enable a new-kide cycle.

Guard/do¢r lock/unlock control circuit
The follow|ng minimum design requirements'shall be applied based on the max potential fall height:
— If max|potential fall height < 2m: SILn/aor PLra
— If max|potential fall height > 2m: SIL1orPLrc
Guard/do¢r position feedbaek circuit

The follow|ng minimum.design requirements shall be applied based on the max potential fall height:
— If max|potentialfall height < 2m: n/a

— If max|potential fall height = 2m: Single channel circuit without diagnostic

Guard/dogrilatching/locking device feedback circuit

The following minimum design requirements shall be applied based on the max potential fall height:
— If max potential fall height < 2m: Periodic check
— If max potential fall height = 2m: Redundancy check or direct lock position monitoring

Periodic check: The integrity of the latching/locking device shall be verified within certain time intervals,
which have to be determined by the mechanical design.

Redundancy check: The integrity of the redundant locking device shall be verified within certain time
intervals, which have to be determined by the mechanical design.
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Direct lock position monitoring: Direct position monitoring of the mechanical locking device prior to new
ride cycle start.

B.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 IEC 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:

Allproceduresofthistype mustbe performed under the authority and supervision of authorized personnel.

— |The number of personnel required, and method of muting safety function (key, code, etf.) depends
on the risk assessment.

— | After muting or inhibiting safety functions, the SRCS should limit the duratien of possible cycling
and/or inhibit the procedure to change operational mode, until safety functions have begn returned
to normal configuration.

— | After each of these procedures/interventions, functional testing offiormal mode operation must be
properly performed prior to running the attraction with passengers.

— | Effective and secure means to prevent manual suspension’itrthose operating modes where it is not
allowed;

In addition, consideration may need to be given to the provision of one or more of the follow]ng:
— |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 appropriate, an
enabling device. Where a portable station'is in use, motion may be initiated only from tHat station;

— |Limitation of the speed or the powerof motion.

B.2l7 Operating modes

B.2|7.1 General
Control systems shall have one or more operating modes, relevant for their application.
Opgrating modes gan-be divided into:

— |pre-operating modes (without passengers) such as for setting, adjustment, programmipg, testing,
cleaning, maintenance, trouble-shooting and repair;

— |opérdting modes such as manual, semi-automaticand automatic cycle, for operation with passengers.
There may be variations and combinations of operating cycles;

— non-operating modes where the pre-operating or normal operating mode is not possible due to
abnormal circumstances.

B.2.7.2 Operating mode selection
A change of operating mode shall not cause a hazardous condition. It may be necessary to:

— bring the ride to a stop, requiring an operator start command to restart the ride, following a change
of operating mode;

— prevent inadvertent change of operating mode; or

— bring a change of operating mode to the attention of the operator.
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The appropriate mode selector shall be located such that it can be operated safely - in particular, not
accidentally.

Mode selection by itself shall not lead to initiation of motion of any PU — a separate deliberate action
shall be required.

Indication of the selected operating mode shall be provided (e.g. the provision of an indicating light, or
a visual display indication).

B.2.7.3 Pre-operating mode

In pre-operating mode the following conditions shall be met:

hazarg
a singl

under

all sys

B.2.74 (

There may
only after 3

one authorized person shall be in overall control.

depengling on the risk assessment, the control of more than one subsystem which,eould cau

shall either be prevented by the safety-related control system or be under.the'Sole contr
e operator.

depengling on the risk assessment, safety-related functions shall either cantinue to operate o

Fhe sole control of a single operator.

rfem 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 supervision.

These modes are the only modes which are allowed fornormal operation with passengers, and all

safety fund
In general,

Manua

Autom

In operatin

The cy]
unload

Means
passer]

tions shall be active.
operating modes can include:

1, if all operating cycles are undér the control of the operator;

Semi-automatic, if part of the operating cycle is controlled by means of one or more automatic progrg

atic, if all operating cycles are controlled by means of one or more automatic programs.
g modes, the following requirements shall be met:

cle shall be injtiated by the operator unless in special cases (such as continuous loading
ing) where-the risk assessment allows it;

shall be-provided to prevent the cycle time exceeding a predetermined value based
ger«discomfort;

Se a
I of

" be

rate

the

ms;

and

on

The selection-oefothere

action of othar anarating nragrammac chall nat
TT ot g P o g eSS oo 1o

Amusement rides or devices in which loading and unloading occur without the device coming to

a stop, so that the device does not need a cycle start, shall be provided with a built-in device or
procedures to ensure that the operator maintains his supervision of the ride.

B.2.7.5 Non-operating mode

The amusement device is considered to be in a non-operating mode if, for example, the following occurs:

— loss of

power;

— restoration of power after a supply failure;

112
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— actuation of emergency stop;
— initiation of a safety stop.
The safety-related control system shall ensure that

— atany point in time, the state of the amusement device in non-operational conditions does not lead
to a hazard, and

— 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

11 4+
lllDLallaLlUll 101 CLul jgwavy LU ILD 11Ul lllal UPCI aLllls lllUuC

Durling the slowing and the stopping of the ride:
— |a safe sequence of events shall be followed;
— |the constraints set by the minimum operational speed, applicable at the timeyshall be conmplied with.

Where loss of power can result in a dangerous condition, a reserve of energy-for the control $ystem and
if ngcessary for the drives shall be available to provide the power necessary to enable thd ride to be
bropight to rest and remain at rest.

In the non-operating mode the following conditions shall be met{in addition to the ones requjred for the
prefoperating mode.

Opgrations, whose combination could simulate the operating'mode or could lead to hazardousonditions,
shall be allowed only in confirmed discrete steps by the'safety-related control system. Suitable means
sha|l be provided to ensure that each separate operation is deliberately actuated.

If the only way to recover passengers is to use;the built-in override of a safety function this special
profedure shall be performed by an authorized operator and be visually monitored eiter by that
opefrator or by a subordinate in good communication with him.

B.2l8 Collision prevention safety function

B.2|8.1 General
Where required by a risk assessment a means of preventing unintentional collisions shall bg provided.

An example of such means is given in Annex C.

B.2{8.2 Requitements
The collision'prevention safety function shall always be active in any passenger-carrying opergting mode.

Losp of\power (electrical, hydraulic or pneumatic) shall not lead to a loss of the collision [prevention
safgtyfunction.

On restoration of power a deliberate action shall be required for movement of any PU.

B.2.8.3 Requirements for powered stopping devices
Powered stopping devices (e.g. brake) are allowed provided the following requirements are complied with:

— the control and command circuits (electrical, hydraulic or pneumatic) shall in their de-energised
state operate the stopping device;

— the control and command circuits (electrical, hydraulic or pneumatic) shall operate the stopping
device in the case of a failure of their components;
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— loss of power (electrical, hydraulic or pneumatic) from any unit shall not affect the operation of the
other stopping devices.

Powered lifting or shifting devices may 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.

— 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).

V a o ahy—cotrcror— ircatcSereeeica yarat e or-phetaacie—Ss1ia - at the
ger-carrying unitto stop within safelimitsin de-energised states, orifany elements are energjsed
to caude the stop, then an adequate level of safety should be provided by means such as reduridancy.

An electrohic device may be used to bring the motor speed to zero. Such motors shall be disconne¢ted
in accordahce with stop category 1 of IEC 60204-1. If the device has a safe torque off as specifiefl in
IEC 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

— also uged as a stopping device

B.2.8.4 Vjlidation
Validation ghall be in accordance with either ISO 13849-2 or JEC 62061.
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Annex C
(informative)

Control systems — Best practices

Securityu

C.1

The
on 4

EXA

C.2

Ab
blo

The
uns

In s
mot
allo|

DerTarIty

he attraction.

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.

ome devices, dependent on the risk assessment, closer spacing of the PUs may be allowe
e of the areas with safety being ensured by other'means. For example speed may be r¢g
w PUs to come into contact with each other at station areas or immediately before a liftin

A block-zone control system should be based,-a$ 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

Thd
On

bn the PU has left the block-zone, a signal should be sent to the control logic about the cle
he block-zonel

contrelisystem should prevent entry into a block-zone with a detected failure.

restoration of power including electrical, hydraulic or pneumatic, if there is no automati

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

d in one or
stricted to
h log flume.

nsition.

hred status

F system to

ens

kes unless

we‘the safe restart of block-zone npprqfinn’ the system should prevent the nppning of br

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.

C.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.

In any block-zone clearance sensors should be located such 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.
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The occupancy and clearance sensors should be located such that a block-zone in which a PU is entering
is indicated as occupied before the previous block-zone is indicated as cleared.

116 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=d747365e454ec239a49585b500b8b0ba

ISO 17842-1:2015(E)

Annex D
(informative)

Guidance on design of passenger containment

The passenger containment system needs to be designed to contain safely all passengers for whom

the Manual

Manual and Navical oactatacthat thao widaoic ot bhla Tho follovuing contine racomama
Heviee T OVWHIE-€6 e

ndations to

des

Containment systems have to ensure secure and safe accommodation for passengers at all|stage:
cycle and the operational situations specified in this document, e.g. the application of émerge

ridg
Safg
a)
b)

c)
d)
e)
The

Any
(sed

TITTCr oS o tO ettt tIro T I o ot e T T TOTT TIeCoTITy T CCOoOTTIITTT

gn safe passenger containments.

ejection;

moving into a position of danger, i.e. from where passengers could fall or be injured by ¢
static or moving parts;

physical injury within the confines of the passenger unit;

injury from powered restraints;

injury on boarding or leaving.

containment system is to be designed around:the passenger. The designer should:
specify the suitable population characteristics for the ride, e.g. maximum and minimum s
identify the size and direction of forges to be exerted on passengers;

identify the parts of the passengers’ bodies which require support for each anticipated f

using body size data appropriate to the specified suitable population, identify the
and minimum dimensions of the containment system necessary to contain passeng
Tables D.1 to D.3 ingnjunction with ISO 7250 and ISO/TS 17929 indicate some of the
dimensions. Statistical summaries of body measurements from national populations c3
in ISO/TR 7250¢2;

design the syStem to contain safely all passengers who are permitted by the Device Log to U

compenent that plays a role in directly protecting a riding passenger from the risks ident
a) to\e)) needs to be considered part of the containment system.

All

containment system necessary for their safety. Typical parts and their requirements are:

and secureaccommodation includes preventing injury from the following causes when used g

during the
ncy brakes.

sspecified:

ntact with

ze/weight;

oree;
maximum
brs’ safety.
important
n be found

se theride.

ified above

hasSengers within the size limits specified in the Device L.ag have to he ahle ta reach all parts of the

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;

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.
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The designer will need to submit for the device log the technical data on which the design of the

containment system are based.

Table D.1 — Containment system components

Component Description
Seatin e a |head rest height
g |.7.| 'g
b |seatback height
ﬁ ¢ |seat pan height
‘1 | D ﬂ | d |seat pan depth
- e |seatback width
g f |head rest width
g |high side suppoft height
VT h |low side support height
= || E i |side support depth
‘ __'_1 j |distance between side suppgrts
/ (per‘passenger)
Lap bar K| distance from seat back to iear
edge of lap bar
|
~ | |distance from seat pan to lopver
edge of lap bar
Handrail m |distance from seat back to fijont
edge of handrail
< n |diameter of handrail
Footwell o |length of horizontal floor ffom
seat to front of car
footrestlength
””””” q |distance from back of seat to ffont
R edge of footrest
r |footwell width (per passengg¢r)
Over shoulgler W s |distance from seat pan to botfom
v edge of shoulder supports
x t |distance from seat back to Hack
of trunk support
N~ =il u__|trunk support overall length|
j) > v |distance between inside edges of
. shoulder supports
|| w |distance between outside edges
f of shoulder supports
x |shoulder support width
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Table D.2 — Body dimensions

Measurement
(see Figure D.1)

Body dimension

a Shoulder - crown
b Sitting shoulder height
c Popliteal height
d Buttock - popliteal length d
e Shoulder breadth (bideltoid) N
f Head width '(‘1/\/
g Sitting shoulder height (deltoid) R
h 8/2 /\(bv‘
i Buttock - popliteal length . NY
Jj Shoulder breadth (bideltoid) K
k Abdominal depth (_S\\\
1 Thigh clearance /\<< N
m Forward reach R 4
n Grip diameter x\‘>\
0 Knee height \r\® K
D Foot length, Heel ba]&‘é’l\gth
q Hip height ’\\Q)‘
r Foot breadtbq@i;breadth
s Sitting 5@’h'}cfer height
Ches@h\)‘gh
u=b-1 (S\rg‘ing shoulder height - thigh clearance
v ([Head width
w ~ . |Interacromion
. %V Shoulder length (to acromion)
_0‘?‘ Thigh to toe length
N 2 Body height
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Figure D.1 — Body dimensions (Table D.2)
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Table D.3 — Body dimensions and suggested ranges

Measurement Body dimension Containment Percentile range
component
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 B1-deltold No ‘}!3}
f Head width No (\"agth
g Sitting shoulder height (deltoid) No '\o(}/v95th
h g/2 No . 95th
i Buttock - popliteal No 9 ' 95th
j Shoulder breadth (bi-deltoid) No__ NY 95th
K Abdominal depth Yes- 5th-q5th
l Thigh clearance A\%'s 5th-95th
m Forward reach ,\<( \S'(Ies (no) 5th-95th{ (50th)
n Grip diameter . QV No S5th
) Knee height &\§\ Yes 5th-95th
p Foot length, Heel ball length %) N No 95th
q Hip height A\}‘ No 95th
r Foot breadth, hip breadth ’\\Q)\ No 95th
s Sitting shoulder height XQ\‘ Yes (no) 5th-95th
t Chest depth N Yes 5th-95th
u Sitting shoulder @;%Il,t - thigh clearance Yes (no) 5th
v Head breadil\\’ . No 95th
w Interac;p@}\ﬁ No 50th
X Shop-l-c{é'{ength (to acromion) No 95th
4
%\%
O
Q~
v
RS
R
S
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Annex E
(informative)

Device log for an amusement device

The following example shows the minimum content of a device log.

TITLE
DEVICE LO
NAME ANI
DESCRIPT
RECORD O
NATIONAL
TECHNICA

DATA AVAILABILITY

RECORD A
REQUIRED

RECORD
EXAMIN4
AUTHORIT

RECORD
AFFECTIN

REVISION

F OWNERSHIP

Pqge

IDENTIFICATION
ON OF THE DEVICE

REGISTRATION DETAILS .. ..o pend
. DATA AND REQUIREMENTS

ND REPORTS OF INITIAL ACCEPTANCE TESTS
INSPECTIONS (NON DESTRUCTIVE TESTING OR VISUAL) (minimum 2 pages)

REPORTS AND RESULT OF EXAMINAPIONS; TESTS; THOROUGH
ATIONS AND INSPECTIONS CONDUCTED BY OR FOR PURPOSES OF
IES (minimum 10 pages)

OF ALL UNSCHEDULED MAINTENANCE; REPAIR AND MODIFICATION
; THE SAFETY OF THE DEVICE (minimum 10 pages)

(minimum 10 pages)

RECORD O

BLANK PA

MENTATION; CERTIFIC

A

Ly O L A Ly A L
; NOTES; ECT: (minimum 30 pages)

AN

DO NOT REMOVE ANY PAGE FROM THIS DEVICE LOG -

Device log no.:
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