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FOREWORD

This Malaysian Standard was developed by the Technical Committee on Playground
Equipment under the authority of the Consumer Products, Personal Safety and Services
Industry Standards Committee.

This standard is based on BS EN 5696-1 : 1998, Playground equipment — Part 1. General
safety requirements and test methods.

This standard is one of the parts of series of MS 966 : Playground equipment. Other parts in
the series are as follows:

Part 1 : Specifications for materials
Part 3 : Test methods

This revised Malaysian Standard cancels and replaces MS 966 : Part 1 : 1986 which has been
technically revised.

Compliance with a Malaysian Standard does not of itself confer immunity from legal obligations.
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PLAYGROUND EQUIPMENT :
PART 2 : GENERAL SAFETY REQUIREMENTS
(FIRST REVISION)

1. Scope

This part of MS 966 specifies general safety requirements for the design, construction,
recommendation for installation and maintenance of playground equipment. It also specifies
loads and design criteria for members and components used in the construction of
playground equipment.

2. Referenced documents

The following referenced documents listed contain provisions which, through reference in this
text, constitute provisions of this Malaysian Standard. For dated references, subsequent
amendments to, or revisions of, any of these publications do not apply. However, parties to
agreements based on this Malaysian Standard are encouraged to investigate the possibility of
applying the most recent editions of the referenced documents. For undated references, the
latest edition of the publication referred to applies.

EN 59 Glass reinforced plastics - Measurement of hardness by means of
Barcol impressor

EN 335-2 Durability of wood and wood-based products - Definition of hazard
classes of biological attack - Part 2 : Application to solid wood

EN 350-2:1994 Durability of wood and wood-based products - Natural durability of
solid wood — Part 2 : Guide to natural durability and treatability of
selected wood species of importance in Europe

EN 351-1:1995 Durability of wood and wood-based products - Preservative-treated
solid wood — Part 1 : Classification of preservative penetration and
retention

EN 636-3 Plywood — Specifications - Part 3 : Requirements for plywood for use
in exterior conditions

EN 701 Fibre ropes for general service — General specification

EN 919 Fibre ropes for general service - Determination of certain physical

and mechanical

EN 1021-1 Furniture - Assessment of the ignitability of upholstered furniture -
Part 1 : Ignition source: Smouldering cigarette (ISO 8191- 1 : 1987
modified)

EN 1021-2 Furniture - Assessment of the ignitability of upholstered furniture -

Part 2 : Ignition source: Match flame equivalent (ISO 8191- 2 : 1988
modified)
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EN 1177:1997 Impact absorbing playground surfacing - Safety requirements and
test methods

EN 45001 General criteria for the operation of testing laboratories

ENV 1991-2-2, Eurocode 1: Basis of design and actions on structures — Part 2-2:

Actions on structures exposed to fire

ENV 1991-2-3 Eurocode 1: Basis of design and actions on structures — Part 2-3:
Actions on structures — Snow loads

ENV 1991-2-4, Eurocode 1: Basis of design and actions on structures - Part 2-4:
Actions structures - Wind actions

ISO 1834 Short link chain for lifting purposes - General conditions of
acceptance

ISO 5470 Rubber- or plastics-coated fabrics — Determination of abrasion
resistance

ISO 8793 Steel wire ropes — Ferrule-secured eye terminations

3. Definitions
For the purposes of this standard, the following shall apply.
3.1 Annual main inspection

Inspection, at intervals not exceeding 12 months, intended to establish the overall level of
safety of equipment, foundations and surfaces.

NOTE. Typical checks include the effects of weather, evidence of rotting or corrosion and any change in the level of
safety of the equipment as a result of repairs made, or of added or replaced components.

3.2 Barrier
Guardrail intended to prevent a user passing beneath.
3.3 Basic level mark

The basic level mark given by the manufacturer on the equipment shows the level of the
playing surface (Figure 1).

3.4 Climbing equipment

Playground equipment or equipment parts that have no areas on which it is possible to stand
unsupported and which, therefore, require the user to hold on with both hands.

3.5 Cluster

Two or more separate pieces of equipment designed to be installed in close proximity to each
other to provide continuity of the play activity.
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3.6 Collective use
Use by more than one user at the same time.
3.7 Crushing point

Place where parts of the equipment can move against each other, or against a fixed area so
that persons, or parts of their body, can be crushed.

3.8 Domestic equipment
Equipment designed for use in domestic situations.
3.9 Entrapment

Hazard presented by the situation in which a body, or part of a body, or clothing can become
trapped.

NOTE. The user is not able to free him/herself and injury is caused by the entrapment.

3.10 Falling space

Space in, on or around the equipment that can be occupied by a user falling from an elevated
part of the equipment (see Figure 8). The falling space commences at the free height of fall
(see 3.13).

3.1 Family of products

Modular systems or components that can be assembled in different ways.

3.12  Free space

Space in, on or around the equipment that can be occupied by a user undergoing a
movement forced by the equipment (e.qg. sliding, swinging, rocking).

3.13  Free height of fall

Greatest vertical distance from the clearly intended body support to the impact area below
(see Figure 14).

NOTE. The intended body support includes those standing surfaces to which access is provided.
3.14 Grasp

Holding of the hand a round part of the circumference of a support (see Figure 5).
3.15 Grip

Holding of the hand a round the entire circumference of a support (see Figure 4).
3.16  Guardrail

Rail intended to prevent a user from falling.
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3.17  Handrail

Rail intended to assist the user to balance.

3.18 Impact area

Area that can be hit by a user after falling through the falling space (see 3.10).
3.19  Infill

The material(s) used to fill in any space in the equipment to prevent the users from falling off
or through the structure.

3.20 Ladder

Primary means of access incorporating rungs or steps on which a user can ascend or
descend.

NOTE. A ladder is normally inclined at an angle between 60° and 90° to the horizontal (see Figure 16).

3.21 Minimum space

Space required for the safe use of equipment (see Figure 8).

3.22 Moving equipment

Equipment comprising apparatus which contains any moving components which support the
users. Such equipment is categorized according to the four fundamental forms of movement,
as follows:

a) Swinging apparatus

Apparatus which has swinging assemblies allowing the user to move backwards and
forwards in a pendulum action on either side of the rest position.

b) Rocking apparatus

Apparatus with seating positions for one or more users which are balanced about one
or more supports, resulting in an oscillating action of the user positions.

c) Rotating apparatus
Apparatus which rotates about a central axis.

d) See-saw
Apparatus on which two or more people sit evenly balanced on each end of a long
board which is balanced on a central support. The users move one another up and
down alternatively in a vertical plane.

3.23  Not easily accessible

Requiring a degree of difficulty in accessing the equipment.
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NOTE. For children under 36 months, this can be achieved, for example, by ensuring a clearance of 400 mm from
the playing surface to the lowest foothold on the equipment or a clearance of 600 mm from the top surface of a
platform.

3.24 Obstacle

Object, or portion of an object, that protrudes inside the equipment or extends into the path of
movement.

3.25 Operational inspection

Inspection, more detailed than routine visual inspection, to check the operation and stability of
the equipment.

NOTE. Typical checks include an examination for wear.

3.26  Platform

Raised level surface.

3.27  Playground equipment

Equipment and structures, including components and constructional elements with, or on
which, children can play outdoors or indoors, either individually or in groups, according to their
own rules or own reasons for playing which can change at any time.

3.28 Playing surface

Surface of a playground from which the use of the playground equipment commences.

3.29  Pre-school equipment

Equipment designed for use by children up to the age of 5 years in a school, a kindergarten or
in public playgrounds.

3.30 Public equipment
Equipment erected in parks, public playgrounds and schools.
3.31 Routine visual inspection

Inspection intended to identify obvious hazards that can result from vandalism, use or
weather conditions.

NOTE. Typical hazards can take the form of broken parts or broken bottles.
3.32  Shearing point

Place where part of the equipment can move past a fixed or other moving part, or past a fixed
area so that persons, or parts of their body, can be cut.

3.33 Stairs

Primary means of access incorporating steps on which a user can ascend or descend.
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NOTE. Stairs are normally inclined at an angle of up to 38° to the horizontal (see figure 17).
3.34 Zone

Two- and three-dimensional spaces occupied by both the playground equipment and the user
of the playground equipment.

4, Safety requirements
4.1 General

The dimensions and degree of difficulty of the equipment should be suitable for the intended
users or age group. The equipment should be designed so that the risk involved in play is
apparent and foreseeable by the child.

NOTE. For additional safety of equipment accessible to children under 36 months, specific requirements have been
included for the following areas:

- head entrapment (4.7.2 and MS 966 : Part 3);
- protection against falling:

- guardrails (4.4.3);

- barriers (4.4.4);

- stairs (4.9.2);

- ramps (4.9.3).

Enclosed spaces, including tunnels, should be designed so that they do not accumulate
water.

4.2 Structural integrity

Structural integrity, including stability, of the equipment shall be assessed by one of the
following:

a) calculation, carried out in accordance with Appendices A and B;
b) physical testing, in accordance with MS 966 : Part 3; or
c) a combination of a) and b).

When calculations are carried out in accordance with Appendix B no limit states shall be
exceeded at combinations of loads as given in B2.

When tested in accordance with MS 966 : Part 3, the equipment shall not show any cracks,
damage or excessive permanent deformation.

For some equipment, these specific calculations or tests are not always appropriate, but the
structural integrity shall be at least equivalent.

For a family of products, the structural integrity for the worst case of the intended
combinations shall be proved.
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Each structure shall resist both the permanent and variable loads acting on equipment and
parts of equipment as described in MS 966 : Part 3.

NOTES:

1. No allowance for accidental loads, i.e. loads produced by fire, collision by vehicles or earthquake, need be made
for playground equipment.

2. The loads associated with fatigue are in general much smaller than the loads in combination with the appropriate

load factors when calculated according to B2. Therefore playground equipment in general need not be verified for
fatigue.

Structural parts shall resist the worst case loading condition.

3. In order to achieve this, it can be necessary to remove that part of the user load causing favourable effects, as
shown in Figure 1.

4.3 Accessibility for adults

Equipment shall be designed to ensure that adults are able to gain access to assist children
within the equipment.

Equipment that is enclosed, such as tunnels and playhouses, with an internal distance greater
than 2000 mm from an entry point shall only be permitted if there are at least two access
openings that are independent of one another and situated on different sides of the
equipment. These openings shall not be capable of being locked and shall be accessible

without any additional aids (e.g. a ladder that is not an integral part of the equipment). These
access openings shall have no dimension less than 500 mm.

Because of the risk of fire, these two openings shall allow the user to leave the equipment
and exit to ground level by different routes.

4.4 Protection against falling
441 General

Impact attenuating surfacing shall be provided in accordance with the requirements of
MS 966 : Part 3.

NOTE. For impact attenuating materials, refer to MS 966 : Part 3.
Figure 2 shows the appropriate type of protection with different heights of equipment.

When installed on ramps, handrails or barriers shall commence at the lowest position on the
ramp.

4.4.2 Handrails

Handrails shall be not less than 600 mm and not more than 850 mm above the standing
surface (see Figure 3).
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4.4.3 Guardrails

For equipment not easily accessible by younger children (less then 36 months) a guardrail
shall be provided when the standing surface is 1000 mm to 2000 mm above the playing
surface. The height to the top of the guardrail shall be not less than 600 mm and not more
than 850 mm measured from the surface of the platform, stairs or ramp. Impact attenuating
surfacing shall be provided in accordance with the requirements of MS 966 : Part 3.

4.4.4 Barriers

Barriers for equipment accessible to children under 36 months shall be provided when the
standing surface is more than 600 mm above the playing surface. For equipment not easily
accessible by younger children (less than 36 months) the barrier shall be provided when the
standing surface is more than 2000 mm above the playing surface. The height to the top of
the barrier shall be at least 700 mm measured from the surface of the platform, stairs or ramp.
Impact attenuating surfacing shall be provided when the standing surface is more than 600
mm above the playing surface.

There shall be no immediate horizontal or near horizontal rails or bars that can be used as
steps by children attempting to climb. The design of the top of the barriers should not
encourage children to stand or sit on them, nor should any infilling encourage climbing.

4.4.5 Strength requirements

Barriers and guardrails shall fulfil the requirements given in 4.2.

4.4.6 Grip requirements

The cross section of any support designed to be gripped (see 3.15 and Figure 4) shall have a
dimension of not less than 16 mm nor more than 45 mm in any direction, when measured
across its centre.

4.4.7 Grasp requirements

The cross section of any support designed to be grasped (see 3.14 and Figure 5) shall have a
width not exceeding 60 mm.

4.5 Finish of equipment

Wooden equipment shall be made of wood with a low susceptibility to splintering. The
surface equipment made of other materials shall be non-splintering.

There shall be no protruding nails, projecting wire rope terminations or pointed or sharp-
edged components.

Rough surfaces should not present any risk of injury.
Protruding bolt threads within any accessible part of the equipment shall be permanently

covered, e.g. with dome-headed nuts. Nuts and bolt heads that project less than 8 mm shall
be free from burrs. All welds shall be ground smooth.

NOTE. Figure 6 shows examples of protection for nuts and bolts.
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Corners, edges and projecting parts within any accessible part of the equipment that project
more than 8 mm, and which are not shielded by adjacent areas that are not more than 25 mm
from the end of the projecting part, shall be rounded off. The minimum radius of the curve
shall be 3 mm.

There shall be no hard and sharp-edged parts within any accessible part of the equipment.
4.6 Moving parts

There shall be no crushing points or shearing points between moving and/or stationary parts
of the equipment in accordance with 4.7.

Impact forces shall be damped.

There shall be a ground clearance of at least 400 mm below moving equipment suspended
above the user by rigid supports.

4.7 Protection against entrapment
4.71 General

When choosing materials, the manufacturer should take into account the entrapment hazards
that can occur through distortion of materials during use.

NOTES:
1. Test methods for entrapment are given in MS 966 : Part 3.

2. Possible entrapment situations are illustrated in Appendix D.

Bound openings should have no parts that converge in the downward direction at an angle of
less than 60°.

4.7.2 Entrapment of the head and neck

Equipment shall be constructed so that any openings do not create head and neck
entrapment hazards by either head first or feet first passage.

NOTE. Hazardous situations in which this type of entrapment can be encountered include the following:

a) completely bound openings through which a user can slide head first or feet first;
b) partially bound or V-shaped openings; and
c) shearing or moving openings.

When tested in accordance with MS 966 : Part 3, if accessible completely bound openings,
with a lower edge more than 600 mm above the ground or standing surface, allow passage of
the small probe(s), the large probe shall also be able to pass through.

Partially bound and V-shaped openings with an entrance at 600 mm or more above the
ground shall be constructed so that either:

a) the opening is not accessible when tested in accordance with MS 966 : Part 3; or
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b) if accessible when tested in accordance with MS 966 : Part 3;

- the template apex contacts the base of the opening during the test (see figure
4 in MS 966 : Part 3); or

- the template contacts the sides of the opening at a height of less than 600
mm above the ground (see figure in MS 966 : Part 3).

Rigid circular openings shall not have an internal diameter of between 130 mm and 230 mm.

Non-rigid members (for example ropes) shall not overlap if, by doing so, they create openings
that do not conform to the requirements for completely bound openings.

Openings between the flexible parts of suspended bridges and any rigid side members shall

be not less than 230 mm in diameter under the worst case condition of loading (see 4.2). Both
loaded and unloaded situations shall be considered.

4.7.3 Entrapment of clothing
Equipment should be constructed so that hazardous situations including:

a) gaps or V-shaped openings in which a part of clothing can become trapped while or
immediately before the user is undergoing a forced movement;

b) protrusions; and
c) spindles/rotating parts;

in which clothing entrapment particularly concerning strangulation can be encountered are not
created.

NOTE 1. The toggle test is restricted to the free space as practical experience has shown that natural materials and
connections between different parts can vary over time. The definition of free space (see 3.12) does not include the
three-dimensional area in which the falling movement takes place.

Special consideration should be given when using elements of circular cross section to avoid
clothing entanglement within the falling space.

NOTE 2. This can be achieved by use of spacers or similar devices.

Slides and fireman’s poles shall be constructed so that openings located within the free space
do not trap the toggle when tested in accordance with MS 966 : Part 3.

Roofs shall be constructed so that they do not trap the toggle when tested in accordance with
MS 966 : Part 3.

Spindles and rotating parts shall have means of preventing entanglement of clothing or hair.

NOTE 3. This can be achieved by use of suitable covering or shields.

10
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4.7.4 Entrapment of the whole body

Equipment should be constructed so that hazardous situations including:

a) tunnels into which children can crawl! with their whole body; and

b) suspended parts which are heavy or have rigid suspension;

in which this type of entrapment can be encountered are not created.

Tunnels shall conform to the requirements given in Table 1.

4.7.5 Entrapment of the foot or leg

Equipment should be constructed so that hazardous situations including:

a) completely bound rigid openings in surfaces on which children can run or climb; and
b) footholds, handholds, etc. extending from these surfaces;

in which this type of entrapment can be encountered are not created.

NOTE. In the case of b) the entrapped foot or ankle can be severely injured if the user falls.

Other than for suspension bridges, surfaces inclined at up to 45° shall not contain any gaps
greater than 30 mm, when measured in one direction (see Figure 7).

Level surfaces intended for running/walking should not contain any gaps likely to cause foot
or leg entrapment.

4.7.6 Entrapment of fingers
Equipment should be constructed so that hazardous situations including:

a) gaps in which fingers can be trapped whilst the remainder of the body is moving or
continues in motion involuntarily, for example sliding, swinging, falling;

b) open-ended tubes or pipes; and

c) variable gaps (excluding chains);

in which this type of entrapment can be encountered are not created.

Openings within the free space, where the user is subjected to forced movement, and holes

which have a lower edge more than 1 200 mm above the potential impact area, when tested

in accordance with MS 966 : Part 3, shall conform to one of the following requirements:

a) the 8 mm finger rod (see Figure 8 in MS 966 : Part 3) shall not pass through the
minimum cross section of the opening and the profile of the opening shall be such

that the rod cannot be locked in any position when set in motion as given in MS 966 :
Part 3; or

11
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b) if the 8 mm finger rod passes through the opening, the 25 mm finger rod (see Figure
8 in MS 966 : Part 3) shall also pass through the opening, provided that the opening
does not permit access to another finger entrapment site.

The ends of tubes and pipes shall be closed off to prevent the risk of finger entrapment.

The closures shall not be removable without using tools.

Gaps whose dimensions change during use of the equipment shall have a minimum
dimension in any position of 12 mm.

4.8 Zones
4.8.1 Determination of zones
4.8.1.1 Minimum space

The minimum space (see Figure 8) shall consist of the following:

a) the space occupied by the equipment;
b) the free space, if any; and
c) the falling space.

Table 1. Requirements for tunnels

Open one end Open both ends
Inclination < 5° and upwards <15° >15°
only when
entering

Minimum > 750 > 400 > 500 > 750 > 750

internal

dimension'

Length <2000 <1000 | <2000 | None None

Other None None None None Provisions for

Requirements climbing, e.g.
steps or
handles

) Measured at the narrowest point.

4.8.1.2 Dimension of the free space
Unless stated otherwise, the free space is defined as a series of cylindrical spaces

representing the user (see Figure 9), originating from and perpendicular to the bearing
surface, along the forced path of the user.

12
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The cylindrical space is shown in Figure 10, and its dimensions are given in Table 2. In
determining the free space, the possible movements of the equipment and the user shall be

taken into account.

Table 2. Dimensions of the cylinder for the determination of the free space

Type of use Radius a Height h
Standing 1000 1800
Sitting 1000 1500
Hanging 500 300
NOTE. In case of hanging, h = 300 because of the possibility that the user pulls himself up.

NOTE. In certain cases, the dimensions of the free space can be altered. In some cases, these will be given in the
parts of this standard covering individual types of equipment.

4.8.1.3 Dimensions of the failing space
Dimensions of the impact area are shown in Figure 11.

In determining the impact area the possible movements of the equipment and the user shall
be taken into account.

In certain cases, such as a carousel giving the user a horizontal speed, the impact area may
be extended to provide adequate protection against falling injuries.

Examples of the falling space are given in Figures 12 and 13.
4.8.1.4 Free height of fall
Unless stated otherwise, the free height of fall shall be as given in Table 3. In determining the

free height of fall, the possible movements of the equipment and of the user shall be taken
into account In general, this means that the maximum distance shall be taken.

Table 3. Free height of fall for different types of use

Type of use Vertical distance from the surface of
Standing foot support to surface below
Sitting seat to surface below
Hanging hand support to surface below
(foot support)

4.8.2 Protection against injuries in the free space for users undergoing a
movement that is forced by the equipment

Unless stated otherwise, there shall be no overlapping of adjacent free spaces, or of free
space and falling pace.

13
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NOTE. This requirement does not apply to the common space between pieces of equipment in a cluster.

The free space shall not contain any obstacles. Parts of the equipment bearing or containing
the user, or helping the user to keep balance, shall be permitted within the free space, e.g. a
platform with a fireman's pole.

The free space shall not be intersected by main travelling routes at, or through, the
playground (e.g. a pedestrian pathway).

4.8.3 Extent of the failing space

Unless otherwise stated, the extent of the falling space shall be 1.5 m from a point directly
below the elevated part of the equipment.

This requirement can be varied in certain cases, e.g. increased, in the case of forced
movement or reduced, in the case of equipment installed on or against a wall.

In most cases there may be overlapping of falling spaces. Other cases, such as carousels
and swings, should not permit overlap of falling spaces.

48.4 Protection against injuries in the falling space
The free height of fall (h) shall not exceed 3 m (see Figure 14).

The following requirements apply to the falling space and the impact area if the free height of
fall exceeds 600 mm.

The falling space from elevated parts, including those that are not intended to provide support
to the user but which can easily be reached, shall comply with the following:

a) the falling space shall not contain any obstacles that could be hit by a falling user and
cause injuries;

b) the surface in the impact area shall meet the requirements for impact attenuation so
that the critical height of the surfacing according to MS 966 Part 3 shall be equal to or
greater than the free height of fall of the equipment; and

c) unless specific requirements are given the impact area dimension shall be as given in
Figure 11.

NOTE. For appropriate impact attenuating materials see MS 966 Part 3.

Examples for commonly used impact attenuating materials and critical fall heights are given in
Appendix A of MS 966 : Part 3.

If the free height of fall between adjacent platforms in the same structure is more than 1 m
impact attenuation properties in accordance with MS 966 : Part 3 shall be provided.

4.8.5 Protection against injuries due to other types of movement
The space in, on or around the equipment that can be occupied by the user should not

contain any obstacles that the user is not likely to expect and which could cause injuries if hit
by the user.
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NOTE. Examples of such obstacles are shown in Figure 15.
4.9 Means of access
4.9.1 Ladders

The spacing of the rungs or steps shall conform to head entrapment requirements given in
4.7.2.

Rungs and steps shall be non-rotating and equally spaced.

Wooden components shall have positive connection that cannot be undone or shifted. Nails
or wood screws shall not be used as the only form of connection.

To allow for the foot to rest correctly on the rung step there shall be an unobstructed space at
the rear of the ladder of at least 90 mm from the centre of the rung or step measured at 90° to
the ladder.

Rungs and steps shall be horizontal to within 13°.

NOTE 1. To assist the safe transfer from the ladder to the platform or its summit, the styles of the ladder without the
rungs or steps can continue vertically from the platform to the top the barrier (see Figure 14).

Ladders shall have rungs and/or styles that conform to the requirements for grasp given in
4.4.7 or shall have handrails that conform to the requirements o grip given in 4.4.6.

NOTE 2. For near-vertical ladders, it is recommended to apply the grip requirements to rungs and/or styles. See
Figure 16 for an example of a ladder.

4.9.2 Stairs

The inclination of stairs shall be constant and the stairs shall have at least three risers.
Openings shall conform to the entrapment requirements given in 4.7. The treads shall be

spaced equally, shall be of uniform construction, and shall be horizontal within + 13°.

In order to provide adequate space for standing, the minimum depth of tread shall be 140
mm.

The front of each tread shall be vertically above the back of the tread below, so that, when
viewed from above, no gap is visible.

Where the overall height of the set of stairs is more than 2000 mm above ground level,
intermediate landings shall be provided at height intervals not exceeding 2000 mm. The line
of the stairs shall not be continuous, but shall be offset by at least the width of the set of
stairs, or shall change direction by at least 90°. Intermediate landings shall be at least as wide
as the set of stairs and at least 1000 mm long.

Handrails shall be provided where a set of stairs is more than 1000 mm above the ground and
of a greater inclination than 45°, and shall conform to 4.4.2.

NOTE. Due to the inclination of stairs and ramps handrails are necessary as they help users keep their balance.

For equipment for children under 36 months, handrails shall be provided at the first step.
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4.9.3 Ramps

Ramps shall be of a constant gradient. Ramps shall be level within + 3° across their width. To
reduce the risk of slipping, ramps expected to be used by all children shall include means to
improve the grip of the foot.

NOTE. This can be achieved by use of suitable foot holds.

For equipment intended for use by children of less than 36 months, barriers shall be provided
for fall heights of more than 600 mm.

410 Connections

Connections shall be secured such that they cannot come loose of their own accord unless
specifically designed to do so.

Connections shall be safeguarded so that they cannot be undone without tools.
4.11 Consumable components

Components subjected to wear or designed to be renewed during the life of the equipment,
for example bearings, shall be capable of being replaced.

Replaceable components should be protected against unauthorized intervention and should
require little maintenance. Any lubricants leaking out should not soil the equipment or
adversely affect its safe use.

412 Ropes

4121 Ropes fixed at one end (swinging ropes)

For suspended ropes of less than 2 m in length, the distance between swinging ropes and
fixed equipment parts shall be not less than 600 mm and the distance between swinging
ropes and swinging equipment shall be not less than 900 mm.

Swinging ropes shall not be combined with swings in the same bay.

For suspended ropes of between 2 m and 4 m in length, the distance between swinging ropes
and other parts of equipment shall be not less than 1 m.

The rope diameter shall be between 25 mm and 45 mm.
4.12.2 Ropes fixed at both ends (climbing ropes)

Climbing ropes shall be anchored at both ends and the total amplitude of swing shall not
exceed 20 % of distance between the point of suspension and the surface level.

NOTE 1. This requirement is intended to remove the risk of strangulation.
The rope diameter shall be between 18 mm and 45 mm.

NOTE 2. Climbing nets are not included. For grip requirements, see 4.4.6.
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4.12.3 Wire ropes

Wire ropes shall be non-rotating and shall be made from galvanized or corrosion-resistant
wire. Ferrules shall conform to ISO 8793 and the rope end shall coincide with the edge of the
grip. Accessible wire rope clips, the thread ends of which protrude more than 8 mm, shall only
be used outside the minimum space or shall be covered by suitable means.

Turnbuckles shall have two closed loops (or double-lug head fittings) and shall be made from
corrosion-resistant material. It shall not be possible to undo turnbuckles without a tool.

NOTE. Figure 18 shows examples of ferrules, turnbuckles and double-lug head fittings.
4.12.4 Sheathed wire ropes

When sheathed wire ropes are used for climbing ropes, climbing nets, hanging ropes and the
like, each strand shall be sheathed with yarn made from synthetic or natural fibres.

Fibre-sheathed wire rope should be used.

NOTE. The wires inside the strands make it more difficult for the ropes to be damaged and thus reduce any hazards.
4125 Fibre ropes (textile type)

Fibre ropes shall conform to either:

a) EN 701 or EN 919; or

b) the manufacturer shall supply a works certificate stating the material used and the
safe working load.

In the case of climbing ropes, climbing nets, hanging ropes and the like, the strands shall
have a soft and non-slip covering, e.g. hemp or equivalent material.

Monofilament plastics ropes or ropes made from similar materials shall not be used.

413 Chains

Chains for playground equipment shall conform to ISO 1834 as a minimum and shall have a
maximum opening of 8.6 mm in any one direction except where connections are made where
the maximum opening shall be greater than 12 mm or less than 8.6 mm.

4.14 Foundations

The foundations shall be designed such that they do not present a hazard (tripping, impact).
In loose fill surfaces, (e.g. sand) foundations shall be installed or laid according to one of the

following methods:

a) such that pedestals, footings and fixing elements on the equipment are at least 400
mm below the playing surface;

b) if the tops of the foundations are as shown in Figure 19 at least 200 mm below the
playing surface; or
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c) such that they are effectively covered by items of equipment or equipment parts (e.g.
the central foundation of a roundabout).

Any parts that protrude from the foundations (e.g the central foundation of a roundabout),
such as the ends of screws, shall be at least 400 mm below the playing surface unless they
are effectively covered and finished as described in 4.5.

Additional measures should be taken for equipment in which the stability depends on only one
cross section.

NOTE. When components are embedded in concrete there is a risk of corrosion or rotting. The high rate of corrosion
or rotting under dynamic loading endangers the stability of the anchorages of units in which the stability depends on
only one cross section, or in which the stability is provided by two-legged members or rows of members.

4.15 Surfacing

4.15.1 The surfacing shall be free from any sharp edged parts or any hazardous projections.
4.15.2 The surfacing shall be installed without creating any point of entrapment.

4.15.3 If loose particulate material is used it shall be installed to a layer with thickness of 200
mm more than found by the laboratory testing to be necessary to achieve the required critical
fall test.

NOTE. This is to allow for displacement through use.

4.15.2 Impact attenuation

4.15.2.1 Materials with no significant impact attenuating properties shall only be used
outside the impact area.

NOTE. Such materials include bricks, stones, concrete, bituminous material, macadam and timber.

4.15.2.2 Beneath all playground equipment with a free height of fall of more than 600 mm,
there shall be impact attenuating surfacing over the entire impact area.

The extent of this area is given in Figure 11.
Beneath playground equipment having a free height of fall not exceeding 600 mm, the
surfacing used should have some impact attenuating properties, but in such situations no test

of its critical height is required.

NOTE. Materials such as topsoil and turf have some limited impact attenuating properties and experience has shown
that, if well maintained, they are effective for fall heights up to 1 m and can be used without the need to conduct a
test. If not adequately maintained, their impact attenuation is significantly reduced.

When tested in accordance with the method given in MS 966 : Part 3, the critical height of the
surfacing shall be equal to, or greater than, the free height of fall of equipment.

18



MS 966 : PART 2 : 2001

4.15.3 Information to be provided by the manufacturer or supplier

4.15.3.1 The supplier of a playground surfacing shall provide instruction on the following:

a) correct installation;
b) maintenance; and
c) inspection procedures.

4.15.3.2 The surfacing shall be labelled by the manufacturer or supplier, or written
information shall be provided for its identification and performance.

5. Additional specific requirements for static equipment

5.1 Slides

Slides shall be in accordance with Appendix E.

5.1.2 Access

Where the height of the slide access platform is more than 2.5 m above ground level,
intermediate platforms shall, except where the access takes the form of a spiral staircase, be

provided in the access at height intervals not exceeding 2.5 m. The line of access shall not be
continuous but shall be offset at least the width of each access, or shall change direction by at

least 90°. Intermediate platforms shall be at least twice as wide as the access, and at
least

1 m long (see Figure 20).

The access shall be provided with handrails and guardrails in accordance with 4.4.

NOTE. Typical arrangements of access, handrails and guardrails for slides are shown in Figure 20.

5.1.3 Joints in slide surfaces

NOTE. It is recommended that surfaces contain no joints.

Where joints in surfaces are necessary the adjacent surfaces shall be joined by means which
provide a continuous surface, or be covered or lapped, so that no gap appears on the finished
surfaces when viewed in the direction of motion.

5.2 Swinging equipment

5.2.1 Operating mechanisms

Swinging equipment that requires operation of mechanisms by the feet or hands or both when

in use shall be designed so that the mechanisms can be operated while the user or the users
are seated.
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5.2.2 Foot rests

Any foot rest or pedal shall have a width of not less than 90 mm nor more than 125 mm where
use is intended by one foot, and not less than 150 mm nor more than 200 mm where use is
intended by two feet side-by-side. A minimum of 300 mm shall be provided between foot
rests or pedals where the foot rest is intended for use by more than one child (see Figure 21).

NOTE. The foot rest or foot position should be proportioned to give adequate purchase.
5.2.3 Handgrips

Where handgrips are fitted they shall have a grip diameter of not less than 18 mm nor more
than 40 mm and a clearance of not less than 100 mm above the upper surface of seats.

When an elevated bar is provided for children to suspend themselves from (as an alternative
to a seat for sitting on) it shall be not more than 2.0 m nor less than 1.8 m above ground level.

5.2.4 Ground clearance

At the lowest point the ground clearance of the seat or the multi-seat assembly shall be as
follows, as measured with each seating position loaded to 110 kg:

a) seating surface: not less than 455 mm and not more than 635 mm for open seats,
and not less than 455 mm and not more than 525 mm for cradle seats;

b) lowest part of seat: not less than 350 mm; each seating position shall be constructed
for use by one child only.

5.2.5 Deviation of swing seats in a lateral direction

When tested in accordance with MS 966 : Part 3 swing seats shall have a deviation, ¢, from
the equilibrium position, on application of the specified load, not exceeding L/2. Also, in the
equilibrium position the clearance, S, between adjacent seat or seat assemblies (side-by-
side) shall be not less than 2 + 100 mm, and the clearance, C, between a seat or seat
assembly and the adjacent structure shall be not less than t + 100 mm, where the symbols
are as defined in Figure 22.

5.2.6 Impact testing of swing seats

When tested in accordance with MS 966 : Part 3 there shall be no peak values of acceleration
greater than 50 g.

5.2.7 Dynamic load test for swinging equipment

When tested in accordance with MS 966 : Part 3 the consumable components in the
suspension system (such as bearings, hooks, eyes and chains) shall show no cracks,
permanent deformation or damage, and no connection shall have been loosened.
Additionally, there shall be no dimensional change in the components that can be seen with
normal vision (aided by glasses or contact lenses where these are normally worn).
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5.3 Rocking equipment
5.3.1 General
5.3.1.1  Grip handles

Each seating position shall be provided with a grip handle having a grip diameter of not less
than 18 mm nor more than 40 mm and a clearance of not less than 100 mm above the upper
surface of the horizontal seat.

5.3.1.2 Footboards

If footboards are fitted there shall be one on each side of the seat assembly for its full length,
and they shall project not less than 90 mm nor more than 200 mm from the sides of the seat
assembly. If individual foot rests are fitted, there shall be one on each side of the seat
assembly and they shall project not less than 90 mm nor more than 125 mm from the sides of
the seat assembly.

NOTE. The undersides and ends offootboards should be curved and/or angled to deflect away from the equipment
any article or part of a child's body underneath.

5.3.1.3 Accessible parts

The suspension mechanism shall be enclosed so as to prevent unauthorized access.
5.3.2 Rocking equipment with one fulcrum (e.g. simple see-saw)

5.3.2.1 Limits of motion

When the equipment is unladen and at rest in the equilibrium position, each seat shall be
horizontal and the upper surface shall be not more than 1 m above adjacent ground level.

The equipment shall have a maximum angle of elevation of 20° to the horizontal at the
extremity of movement.

NOTE. Motion should be progressively restrained towards the extremities of movement so that no sudden stop or
sudden reversal of motion can occur.

5.3.2.2 Ground clearance

To minimize the risk of entrapment the seat assembly shall have a ground clearance
throughout the range of motion of not less than 203 mm.

5.3.2.3 Rocking equipment with more than one fulcrum (e.g. rocking horse)

5.3.2.3.1 Limits of motion

When the equipment is in motion, no part of the moving assembly shall move to a height of
more than 1.8 m above ground level. When the equipment is stationary, the vertical distance

from ground level to the upper surface of any seat shall not exceed 1 m.

Throughout the range of motion no part shall move a distance greater than 620 mm when
measured horizontally.

The suspension points shall be interdependent.
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NOTE. Motion should be progressively restrained towards the extremities of movement so that no sudden stop or
sudden reversal of motion can occur.

5.3.2.3.1 Ground clearance

To minimize the risk of entrapment the rocking body shall have a ground clearance of not less
than 203 mm and at its limit of travel shall not expose the rocking mechanism.

Foot rests shall have a ground clearance of not less than 450 mm through the range of
motion.

5.4 Rotating equipment
5.4.1 Axis

The aids of support of the equipment shall be vertical or horizontal or inclined at an angle of
not more than 5° from the vertical or the horizontal.

5.4.2 Limits of motion

If oscillatory motion is provided in addition to rotary motion, the extremity of oscillation of the
equipment shall not exceed 12° either side of the equilibrium position.

NOTE. Oscillation should be restrained progressively towards the extremities of movement so that no sudden stop or
sudden reversal of motion can occur.

Seating surfaces on equipment that rotates about a vertical or near vertical axis shall be not
more than 1 m above ground level.

Except for ground clearance, the distance between moving parts of any equipment adjacent
to the position normally occupied by a child and any stationary part shall be not less than 500
mm, unless the stationary part is totally enclosed by the moving part. Any such enclosure
shall prevent unauthorized access to all parts where movement of one part relative to another
occurs.

5.4.3 Grip handles

Each seat or other user position shall be provided with a handgrip which shall have a grip
diameter of not less than 18 mm nor more than 40 mm. Individual handgrips shall be not less
than 100 mm above the surface of the seat. Where elevated handgrips are provided for
children to suspend from (as an alternative to seats for sitting on) such handgrips shall be of
equal height and shall be not more than 2.0 m nor less than 1.8 m above ground level.

5.4.4 Ground clearance

Moving parts of equipment that rotate about a horizontal or near horizontal axis shall not
approach closer than 150 mm to ground level and shall not rise to more than 2.5 m above
adjacent ground level.

Equipment that rotates about a vertical or near vertical axis shall have a ground clearance at

the perimeter of not less than 75 mm nor more than 125 mm which is maintained for at least
300 mm towards the axis, or have a ground clearance throughout of at least 500 mm.
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5.4.5 Speed of rotation
Rotating equipment shall be fitted with a means of limiting the speed of rotation, such that a

force of 1 kN cannot raise the speed to a maximum of 30 rotation/min or 5 m/s (measured at
the periphery) whichever is the greater.

NOTE. The force exerted by two, fit, adult males, when applied to either side of the periphery of the equipment have
been found to be approximately 1 kN.

The device shall be so designed as to discourage unauthorized tampering and shall operate
in a smooth, progressively increasing manner.

6. Information to be provided by the manufacturer/supplier

6.1 General product information

The manufacturer/supplier shall provide instructions in the appropriate language(s) of the
country in which the equipment is to be installed and used.

The instructions shall comply with the following:

a) instructions shall be printed legibly and in a simple form;
b) illustrations shall be used wherever possible; and
c) instructions, which shall include at least the following information
1) details of the installation, operation, inspection and maintenance of the
equipment;
2) a clause or note drawing the operator's attention to the need to increase

inspection/maintenance if the equipment is subject to heavy use; and

3) advice to take care, in relation to specific hazards to children, due to
incomplete installation or dismantling, or during maintenance.

6.2 Pre-information

The manufacturer/supplier shall provide information concerning the safety of the installation
prior to the acceptance of the order, e.g. a catalogue data sheet.

This information shall include at least the following, where relevant

a) the minimum space;

b) surfacing requirements (including free height of fall);
c) the overall dimensions of the largest part(s);

d) the mass of the heaviest part/section in kilograms;
e) the intended age range;
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6.3

if the equipment is intended only for indoor use or under supervised conditions;
the availability of spare parts; and
certification of the conformity with the standard.

Installation information

The manufacturer/supplier shall supply an equipment delivery part list with the equipment.

The manufacturer/supplier shall supply installation instructions for the correct assembly,
erection and placing of the equipment.

The information shall include at least the following:

1)

the minimum space requirements and safety clearances;
the equipment and parts identification;
the erection sequence (assembly instruction and installation details);

matching aids where necessary, e.g. signs on parts accompanied by appropriate
instructions;

the need for any special tools, lifting devices, templates or other assembly aids to be
used and any precautionary measures to be taken, where necessary, torque values
should be given;

the constructional space required to install the item of equipment;

the orientation, where necessary, in relation to sun and wind;

details of the required foundation under normal conditions, anchorage in the ground
and the design and location of the foundation (with a note that care should be taken

concerning abnormal conditions);

specific instructions if a particular landscape profile is necessary for safe operation,
e.g. falling height;

free height of fall (for impact attenuation surfacing needs);
need for and details of the application of any painting or treatment; and

the removal of assembly aids before the equipment is used.

Drawings and diagrams shall clearly specify the principal dimensions of the equipment and
the relevant space, heights and areas required for installation.

The manufacturer/supplier shall supply the details necessary for inspection of the playground
equipment prior to its first use.
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6.4 Inspection and maintenance information

6.4.1 The manufacturer/supplier shall provide instructions for maintenance (marked with
the number of the standard), which shall include a statement that the frequency of inspection
will vary with the type of equipment or materials used and other factors, e.g. heavy use, levels
of vandalism, coastal location, air pollution, age of equipment.

Drawings and diagrams necessary for maintenance, inspection and checking of correct
operation and, when appropriate, repair of the equipment.

6.4.2 The instructions shall specify the frequency with which the equipment or its
components should be inspected or maintained and shall include guidance on the following,
where relevant:

a) routine visual inspection (see 3.31);
NOTES:
1. For playgrounds subject to heavy use or vandalism, daily inspection of this type can be necessary.

2. Examples of visual and operational inspection points are cleanliness, equipment ground clearances, ground
surface finishes, exposed foundations, sharp edges, missing parts, excessive wear (of moving parts) and structural
integrity.

b) operational inspection (see 3.25);

This should be carried out every 1 to 3 months, or as indicated by the manufacturer's
instructions.

Special attention should be given to “sealed-for-life" parts.
c) annual main inspection (see 3.1).

Special attention should be given to “sealed-for-life" parts.
3. The annual main inspection may require excavation or dismantling of certain parts.

6.4.3 The instructions shall also specify the following:

a) where necessary, the servicing points and methods of servicing, e.g. lubrication,
tightening of bolts, re-tensioning of ropes;

b) that replacement parts shall comply with the manufacturer's specifications;

c) if special disposal treatment is required for equipment or parts;

d) identification of spare parts;

e) any additional measures to be taken during the run-in period, e.g. tightening of

fastenings, tensioning of ropes;
f) the need to keep drainage holes clear;

9) surfacing shall be maintained; in particular, the levels of loose fill materials.
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7. Labelling and marking

7.1 Labelling

7.1.1  The largest components of equipment of Malaysian manufacture shall be legibly and
indelibly labelled with the following information:

a) manufacturer's registered name and address; or
b) manufacturer’s trade-mark and address; or

c) manufacturer’s brand/mark;

d) weight limitation (maximum possible load); and
e) year of manufacture.

7.1.2 The largest component of equipment of overseas origin shall be legibly and indelibly
labelled with the name and address of the Malaysian distributor.

7.2 Marking

The equipment shall be marked legibly and permanently with at least the following:

a) name and address of manufacturer or authorized representative;
b) equipment reference and year of manufacture;

c) basic level mark (see Figure 19), and

d) the number and date of this Malaysian Standard.
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Figure 2. Protection against falling
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2 600

1 Standing surface (tread)
2 Handrail

Dimensions in millimetres

Figure 3. Guidance on measurement of height of handrail above standing surface

28



MS 966 : PART 2 : 2001

Figure 4. Grip

Figure 5. Grasp
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Dimensions in millimetres

Figure 6. Examples of protection for nuts and bolts
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7™

Figure 7. Inclined surface gap limit of 30 mm
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1 Space occupied by equipment
2  Falling space

3  Free space

1+ 2 + 3 = Minimum space

Figure 8. Minimum space
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Figure 9. Determination of the free space; example of a slide

a radius
h  height

Figure 10. Cylindrical space
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y=(1,5)x-0,75

Ify>0,6<1,5then x=1,5
If y=1,5then x=2/3y+0,5

y  Free height of fall
x  Minimum dimension of impact area

Dimensions is metres

Figure 11. Extent of the impact area
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1 Space occupied by the equipment
2 Falling space

Figure 12. Example of falling space of a platform
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Figure 13. Example of falling space of a fireman's pole
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Figure 14. Examples showing free height of fall
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Figure 15. Unexpected obstacles
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Figure 16. Example of a ladder
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Figure 17. Example of stairs
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Turnbuckle
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Double-lug head fitting

Figure 18. Examples of ferrules, turnbuckles and double-lug head fittings
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Post

Playing surface
Top of foundation
basic level mark

BNV N G R

Linear dimensions in millimetres

NOTE. The basic level mark given by the manufacturer on the equipment shows the level of the playing surface. This
basic level should be maintained.

Figure 19. Example of foundations
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Guardrail

Handrail

2.5 m max.

For recommendations
for handrails and
enclosures for slides
see appendix H
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Figure 20. Typical arrangements of access, handrails and guardrails for slides
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Figure 22. Deviation of a typical swing seat in a lateral direction
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Appendix A
(normative)
Loads
A1. Permanent loads
A1.1  General
The permanent loads consist of:
a) self weight of the structure and of the assembilies;
b) prestressing loads, e.g. space nets, cable ways; and
c) mass of water if any water containers are involved.

A1.2 Self weight
The self weight of the structure and assemblies shall be assessed.
A1.3 Prestressing loads

Prestressing loads are considered to be permanent loads. The maximum and minimum
prestressing loads have to be considered.

NOTE. Because of creep or relaxation, prestress is time dependent. It can be necessary to verify two situations:
a) initial prestress; and

b) the end prestress.
A1.4 Mass of water

The highest and lowest possible water levels in the container shall be considered.

A2. Variable loads
A2.1 General

The variable loads consist of:

a) user loads;

b) snow loads;

c) wind loads;

d) temperature loads; and
e) specific loads.
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A2.2 User loads

The load caused by users of playground equipment shall be based on the following load
system:

a) total mass
G, =n* +164% h (1)
where,

G is the total mass of n children, in kilograms;

n is the number of children on the equipment or part thereof, as given in A3;
m is the mean mass of a child in a specified age group;

) is the standard deviation of the age group concerned.

NOTES:

1. For public and private playgrounds or any other playground open to children of all ages, the following values can
be used:

- age up to 14 years: m = 53.8 kg o =9.6 kg.

2. For playgrounds with supervision open to well defined age groups only (day-care centres), the following values can
be used:

- age up to 4 years: m=16.7 kg o=2.1Kkg.
- age up to 8 years: m=279kg o =>5.0kg.
- age up to 12 years: m=41.5kg o=7.9Kkg.

3. The mass of children up to 14 years is based on the anthropometric data of age group 13.5 to 14.5 years, including
2 kg for clothing. For the other age groups, the mass includes 0.5 kg, 1 kg and 1.5 kg for clothing for 4.8 and 12 years
respectively.

b) dynamic factor
Cayn=1+1/n 2
where,

Cqyn is a factor representing the load caused by movement (running, playing, etc.)
of the users, including material behaviour under impact loading;

n is as given in a).
c) total vertical user load
Fioty = g x Gn X Cdyn (3)
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where,

Forv  is the total vertical user load on the equipment caused by n children, in

newtons;
g is the acceleration due to gravity (10 m/sz);
G, is as given in a);

Cdqyn  is as givenin b).

4. Calculated examples are given in Table A1 for information.

Table A1. Total vertical user load for playgrounds intended for use by
children of all ages

Number of Mass of n Dynamic factor Total vertical Vertical load
users users Cayn user load per user
N Gn Ftot;v Fy R
kg N N
1 69.5 2.00 1391 1391
2 130 1.50 1948 974
3 189 1.33 2516 839
5 304 1.20 3 648 730
10 588 1.10 6 468 647
15 868 1.07 9 259 617
20 1146 1.05 12 033 602
25 1424 1.04 14 810 592
30 1700 1.03 17 567 586
40 2 252 1.025 23 083 577
50 2 801 1.02 28 570 571
60 3 350 1.017 34 058 568
) 1.00 538

NOTE. At infinity the vertical load per user equals the average mass.

d) total horizontal user load

The total horizontal user load is 10 % of the total vertical user load according to A2.2c) and
acts on the same level, together with the vertical load:

Ftot;h =0.1 Ftot;v (4)
5. This load allows for movement of children playing and inaccuracies in the structure.

e) distribution of user loads

The user loads are uniformly distributed over the element considered as follows:

1) point loads: F=F in newtons; (5)
Fis acting on an area of 0.1 m x 0.1 m;
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2) line loads: q= Fu/L in newtons per metre; (6)
where:
L is in accordance with A3.3;

3) are loads: p= Fu/A in newtons per metre squared; (7)

where,
A is in accordance with A3.4;

4) volume loads: q= F/L in newtons per metre: or (8)
p= Fo/A in newtons per metre squared; (9)

6. Volume loads are expressed either in line loads or area loads, depending on the type of elements that form the
structure.

A2.3 Snow loads

Snow loads shall be taken from the Eurocode for Actions on Structures (ENV 1991-2-3),
allowing for a reference period of 10 years.

A2.4 Wind loads

Wind loads shall be taken from the Eurocode for Actions on Structures (ENV 1991-2-4),
allowing for a reference period of 10 years.

A2.5 Temperature loads

Temperature loads shall be taken from the Eurocode for Actions on Structures (ENV 1991-2-
2), allowing for a reference period of 10 years.

A2.6 Specific loads
A2.6.1 Swings

The number of users non a swing in motion shall be calculated from:

a) for a traditional swing n = 2;

b) for a gondola, n shall be calculated as given in A3;

c) for a single point swing n= L/0.6 with n= 2;

where,

L is the total length of the outer edge of the swinging platform in metres.

The forces caused by motion of swings shall be considered for all the most onerous positions
relevant for the element being considered.

The user loads according to A2.2c) and d) need not be considered.
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NOTES:

1. In the case of swings, the mass can be considered as being uniformly distributed on the equipment between the
points of support.

The maximum swing angle amax.considered for swings suspended from ropes or chains is 80°
from the vertical position.

2. In Appendix B the method to be used for calculating the forces resulting from the motion of a swing is included. A
worked example is also given.

A2.6.2 Carousels

The number of users on a carousel shall be the highest number calculated from:

a) the number of seats, as given in A3.3 where L, is the total length of the seats; or
b) the platform dimensions, as given in A3.4 where A, is the area of the platform.
For carousels, two load cases shall be considered for the user loads:

c) the load Fy is evenly distributed over the entire carousel;

d) the load Fiot (VLo Or 2Ay) is evenly distributed over one half of the carousel.

NOTE. Vertical and horizontal user loads act at the same time. Centrifugal forces need not be considered
additionally, as this is covered by the horizontal user load.

A2.6.3 Cableways

The maximum tension in the cable of a cableway shall be calculated for the situation where
the users are swinging in a vertical direction in the middle of the cable.

The user loads as given in A2.2c) and d) need not be considered.

The maximum forces in the foundation of the cableway can be based on the static situation
with the users in the middle of the cable.

The number of users non a traditional cableway is n = 2.

NOTE. In Appendix B, a method that can be used for calculating the forces resulting from the motion of users
suspended from a cableway is included. A worked example is also given.

A2.6.4 Space nets

The number of users in a space net shall be calculated according to A3.4 on the basis of the
volume V defined by the periphery of the space net.

a) the load Fi (V) is equally distributed over the entire structure;

b) the load Ft (12V) is equally distributed over one half of the structure.
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A2.6.5 Access ladders and stairs

The number of users on an access ladder or stair shall be calculated as given in A3.3 on the
basis of the length of all rungs or treads.

A2.6.6 Barriers and guard rails

The horizontal load on barriers and guard rails is 750 N/m acting in a horizontal direction on
the top rail.

A2.6.7 Seats
The number of users on a seat is the highest value of the following:
a) one user; the load to be treated as a point load;

b) the number specified in this standard for specific equipment; the load to be treated as
a distributed load; or

c) the number calculated as given in A3.2.

A3. Numbers of users on the equipment
A3.1 General

The number of users for each structural element likely to be loaded by users shall be
calculated.

The calculated number shall be rounded up to the next whole number.

NOTE. Rounding up in this context means that 3.13 becomes 4.00, for example.
A3.2 Number of users on a point

Unless stated differently elsewhere in this standard, the number of users, n, on a point is as
follows:

n=1
Every single point of playground equipment for standing, walking or climbing upon, or a flat

surface greater than 0.1 m wide and which has an angle less than 30° from the horizontal,
shall be able to carry the load caused by one user.

NOTE. This also applies to rungs or steps for supporting the user’s feet.

A3.3 Number of users on line type elements

The number of users, n, on a line shall be calculated from the following:

a) line elements with an inclination up to and including 60°: (10)

n= Lyl0.6;
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b) line elements with an inclination greater than 60°:

n=1/1.20 (1)
where,

L is the length of the element in metres;

Loy is the length of the element projected down to a horizontal plane, in metres.

Line type elements are rungs in ladders and in climbing frames, poles and ropes.
A3.4 Number of users on an area

The number of users, n, on a surface area shall be calculated from the following:

a) planes with inclination up to and including 60°: (12)
n= Ay/0.36;
b) planes with inclination greater than 60°:
n= Al0.72 (13)
where,
A is the area, in metres squared;
Ao in the area projected down to a horizontal plane, in metres squared.

Area type elements are platforms, lattice type platforms, ramps and nets.

The width of the plane shall be greater than 0.6 m. Planes having a smaller width shall be
treated as line type elements.

Where these types of element can be used from both sides, e.g. nets or grids, the number of
children, n, shall be based on the area of one side only. These types of element will not be
loaded as densely as platforms.

A3.5 Number of users in a volume

The number of users, n, in a volume shall be calculated from the following:

- for volumes V< 4.3 m% n= V/0.43; (14)

- for volumes 4.3 m® < V<128 m% n=10 + (V- 4.3)/0.85; (15)

- for volumes V > 12.8 m* n= 20 + (V- 12.8)/1.46. (16)
where,

v is the volume defined by the periphery of the playground equipment in cubic metres.

The volume is used to determine the maximum number of users on playground equipment,
e.g. climbing frames,
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NOTE. The volumes mentioned are based on the following dimensions:

a) 0.60 m x 0.60 x 1.20 m = 0.43 n*;
b) 0.75m x0.75x 1.50 m = 0.85 m’;
c) 0.90 m x 0.90 x 1.80 m = 1.46 .
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Appendix B
(normative)

Method of calculation of structural integrity

B1. General principles : Limit state
B1.1  Limit state

Each structure and structural element, e.g. connections, foundations, supports, shall be
calculated taking into account the load combinations of B2.

The preferred method of calculation shall be based on the general principles and definitions
for limit states as specified in the appropriate structural Eurocodes.

Well established technical rules and methods of construction practice, other than this method,
may be used provided that the level of safety is at least the same.

NOTE. Limit states are states beyond which the structure no longer satisfies the requirements of this standard.

In symbolic form, a limit state can be written as:

Ve X S< Rlym (1)
where,

v is a partial safety factor far loads;

yM is a partial safety factor for materials;

S is load effect;

R is the resistance of the structure.

In order to allow for uncertainties in the actual loads and in the model used for determining loads, loads are multiplied
by a partial safety factor for loads (yw).

In order to allow for uncertainties in the actual material properties and in the models used for determining forces in
the structure, the strength of the structure is divided by a partial safety factor for materials (yw).

In most cases, the symbolic representation given here cannot be used to represent the limit
state because the actual formulation is often non-linear, e.g. in cases where loads have to be
combined.

B1.2 Ultimate limit state

Ultimate limit states requiring consideration include:

a) loss of equilibrium of the structure or any part of it, considered as a rigid body;
b) failure by excessive deformation, rupture, or loss of stability of the structure or any
part of it.

NOTE. Ultimate limit states are those associated with collapse, or with other forms of structural failure which can
endanger the safety of people.
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B1.3  Serviceability limit state

Where serviceability requirements are made, the preferred method of calculation shall be
based on the principles for serviceability limit state as specified in the appropriate structural
Eurocodes.

The deflection criteria for serviceability limit states mentioned in the appropriate Eurocodes do
not apply to playground equipment.

NOTE. Serviceability limit states correspond to states beyond which specified service criteria are no
longer met.

B2. Load combinations for static analysis
The following load combinations shall be used for verification:

YG;c X G+ Ya;c X Q

where:

G is the permanent load as given in Af1;

Q is one of the variable loads as given in A2.2 to A2.6;

Yac is a partial safety factor for permanent loads to be used in calculations;
Ya:c is a partial safety factor for variable loads to be used in calculations.

The following partial safety factors for loads shall be used:
Ya:c 1.0 for favourable effects;

Yaic 1.35 for unfavourable effects;

Yaic 0 for favourable effects;

Ya:c 1.35 for unfavourable effects.

NOTE. It is not necessary to combine independent variable loads such as wind and user loads. Related loads acting
in different directions, such as vertical and horizontal user loads, are combined.

B3. Worked example of the calculation of user loads (without safety
factors)

B3.1 General

The application of the load system based on the number of users is demonstrated for a
platform with ladder access (see Figure B1).
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B3.2 Platform

The number of users on the platform is calculated from A3.4 (equation 12 of Appendix A):
n= Ap/0.36 =1.0/0.36 = 2.77 rounded off upwards to n = 3.

The total vertical load on the platform follows from Table A1
Fiotv = 2516 N.

The horizontal load on the platform (calculated from equation 4 of Appendix A) is:
Frot;h = 0.1Fory = 252 N,

B3.3 Barrier

For the barrier, a line type element, two load cases are considered: the user load and the
barrier load.

The number of users on one barrier (calculated from equation 10 of Appendix A) is:
n= Ly/0.6 = 1.0/0.6 = 1.67 rounded off upwards to n= 2.

The total vertical load (taken from Table A1) is Fygy =1 948 N.

The line load on the barrier is: Qv = Fioty/Lor = 1 948 N/m.

The horizontal load on the barrier is: Gh=0.1g, = 195 N/m.

NOTE. This load is overruled by the barrier load and need not be considered further.

In accordance with A2.6.6, the horizontal barrier load is 750 N/m.

B3.4 Ladder

In accordance with A2.6.6, each rung shall be able to carry one user:
Fiotv = 1 391 N.

The ladder in this example is an access ladder. In accordance with A2.6.5, the number of
users shall be calculated on the basis of the sum of the length of all rungs.

The total length of all rungsis: 6x0.35m=2.1 m.
The number of users is calculated in accordance with A3.3 (equation 10 of Appendix A):
n= L,/0.6 =2.1/0.6 = 3.5 rounded off upwards to n = 4.

The ladder shall be able to carry a load of four users (see A2.2c) :

Fioty =10 (4><53.8+1.64 x9.6x«/1)x (1 +%):3084N
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For convenience, Table A1 may also be used:
Fioty = 4 x 839 = 3356 N.
B3.5 Complete structure
The load on the complete structure may be taken as the sum of the individual elements.

However, it is permissible to take into account the reducing effect on the load of the increased
number of users.

Platform: n=277

Barriers (4): n=4x1.67=6.68
Ladder: n=3.5

Total: n=12.95
Rounded off upwards to: n=13

The total vertical load on the structure in accordance with Table A1 is:

Fioty =13 x 674 = 8 762 N.

NOTE 1. A more exact calculation on the basis of A2.2c) can also be made.

The total horizontal load on the structure, calculated in accordance with equation 4 of
Appendix A, is:

Ftot;h = 0-1Ftot;v =876 N.

NOTE 2. The total horizontal load consists of three (platform, barrier, ladder) smaller horizontal loads acting on
different levels.

B4. Calculation of forces acting on a swing

For the swing shown in Figure B2, the forces caused by motion are :

Frn=Cixgx (G, + Gg) (3)
F=Gxgx(G+ Gs) (4)
Fr=Gx gx(Gy+ Gs) ®)
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where:
Fn is the horizontal load on the assembly (in newtons);
F is the vertical load on the assembly (in newtons);
F is the resulting load on the assembly (in newtons);
g is the acceleration due to gravity (= 10 m/sz);
Gs is the mass of the swinging assembly (in kilograms);
G, is in accordance with A2.2a);
n is the number of users on the swing according to A2.6.2.
G, G, G are load factors depending on the maximum swing angle amnax and

the swing angle a of the considered position according to Table B1.

The mass of the swinging assembly consists of the mass of the swinging platform and half of
the mass of the cables, ropes or rods.

The specific load for swings is a variable load that contains the self weight (normally to be
considered as a permanent load) of the swinging assembly. The effect resulting from the
difference in load factors for permanent and variable load (see B2) is not significant in this
case.

Fn, F, and F, shall be treated as variable loads.

Table B1. Load factors for swings

amay = 80°
a G G G
80° 0.174 0.030 0.171
70° 0.679 0.232 0.638
60° 1.153 0.577 0.999
50° 1.581 1.016 1.211
42.6° 1.950 1.494 1.253
30° 2.251 1.949 1.126
20° 2.472 2.323 0.845
10° 2.607 2.567 0.453
0° 2.653 2.653 0.000

B5. Worked examples for forces acting on a swing (without safety
factors)

B5.1 Swinging platform

The swinging platform consists of a rubber tyre with an infill steel wire net, which is
suspended from four chains (see Figure B3).

Diameter: 1.0m
Weight of tyre and net: 50 kg
Weight of chains: 10 kg
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B5.2 Calculation
Mass of the swinging assembly:
Gs = 50 + (Y2 x 10) = 55 kg.
Outer circumference of the swinging platform:
L=mx D=3.14x1.0=3.14 m.
Number of users:
n=L/0.6 =3.14/0.6 = 5.23
Rounding off: n = 6.
Mass of n users (see equation 1 of Appendix A):
Gp =nxm+1.64 x +/n=6x538 +1.64 x9.6 x/6 =361 kg
Maximum swing angle amax:
The swinging platform is suspended from chains; therefore
8max = 80°
The maximum force in the chains is reached when the resulting force, F, is at maximum
valug (see equation 5 of Appendix B). For a = (°, the load factor for resulting force is
maximum:
G = 2.653
Fenains = Gr X g X (Gn + Gs) = 2.653 x 10 x (361 + 55) = 11 036 N.

The maximum vertical force on the assembly is reached when the load factor G, reaches a
maximum (see equation 4 of Appendix B). For a = 0°, the load factor C, = 2.653.

F =G xgx(G,+ Gs) =2.653 x 10 x (361 + 55) = 11 036 N.
The load factor for the horizontal load, acting at the same time, is:

C=0
Fn=0N.

The maximum horizontal force on the assembly is reached when the load factor G, reaches a
maximum (see equation 3 of Appendix B). For a = 42.6°, the load factor G, = 1.260.

Fr=Cnix gx (Gn+ Gs) = 1.260 x 10 x (361 + 55) = 5 242 N.
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The load factor for the vertical load, acting at the same time, (see equation 4 of Appendix B)
is G =1.372.

F =G xgx (Gh+ Gs) = 1.372 x 10 x (361 + 55) = 5 708 N.

B6. Calculation of forces acting on the cable of a cableway

The maximum tensile force in the cable of a cableway is calculated below. The deflection of
the cable is assumed to be linear (along straight lines) (see Figure B4).

No calculation is necessary when Table B2 is used.

Calculate half of the cable mass from:

G =2 Gole (6)

where:

G; is half of the cable mass in kilograms;

Uy is the static initial deflection of the cable due to the self weight of the cable and the
rolling assembly (G. + G;) in metres (see Figure B4);

u is the dynamic deflection of the cable under a swinging mass (G; + G + G,) in metres
(see Figure B4);

oA is the mass of the cable per metre in kilograms;

I is the suspended length of the cableway in metres;

G; is the mass of the rolling assembly in kilograms;

G, is the mass of n users according to A2.2a);

n is the number of users. (For a traditional cableway, n = 2)

NOTES:

1. A small value of the static initial deflection, w, leads to high tension in the cable and consequently to high forces
on the supports and foundation. Moderate temperature effects can no longer be neglected since they can cause a
significant change in the tension of the cable. Little deflection results in little reduction of the rolling speed near the
end of the cable, which can cause additional hazards.

The total tension Ty in the cable can be calculated from:

Tot= Tor+ T (7)
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where

Tot is the maximum tension in the cable in newtons;

Tor is the static cable tension due to self weight of the cable and roller and pre-tensioning
in newtons;

T is the tension in the cable caused by the users in newtons.

Calculate the pre-tensioning of the cable from:

Tor= (G + G) x g/2a (8)

where:

g is the acceleration due to gravity (= 10 m/sz);

a is the relative initial deflection = uy/("2k) 9)

where:

Uo is the static deflection in the middle of the cable due to self weight, weight of the

rolling assembly and pre-tension.

2. After some time, the initial deflection, u,, can become bigger due to stretching of the cable. This will decrease the
maximum tension in the cable (which is safe).

Calculate the cable tension caused by the users from:

T = Y(p’ — &) EA (10)
where:

E. is the elasticity of the cable in N/mm?;

Ac is the nett cross-sectional area of the cable in square millimetres;

P is the relative maximum dynamic deflection = u/(Y2L,);

find the value for p that satisfies the relation:

p’+ap’+(4B-&)p+4ap-a—-C=0 (11)
where:

B is the pre-strain = T/ (EcAc); (12)
C is a constant = 4 (G; + G: + G;,) x g/(EAc). (13)
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3. A safe value for pcan be found from:

3 (14)

p=3 -a~ -C

B7. Worked example for forces acting on a cableway (without safety

factors)
Data:
Cableway:
length: 60 m
static initial deflection: 1 % of span
Cable: 6 x 36 WS steel core strand
nominal diameter: 12 mm
mass: 0.602 kg/m
nett steel area: 66.24 mm?
elasticity: 105 000 N/mm?
ultimate load: 101 kN
Roller : mass 10 kg
Users: mass of two children: 130 kg
Calculation

Static deflection (see Figure B4):

U, =0.01x60=0.6m

Relative initial deflection (see equation 9 of Appendix B):
a = Uy/(Y2k) = 0.6/("2 x 60) = 0.02

Half of cable mass (see equation 6 of Appendix B):

G. = Vgck = 2 x 0.602 x 60 = 18 kg

Mass of the rolling assembly:

G =10 kg

Mass of two children:

Gn = 130 kg
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Pre-tension of the cable (see equation 8 of Appendix B):

Tor = (Ge + G) x g/2a = (18 + 10) x 10/(2 x 0.02) = 7 000 N

Pre-strain (see equation 12 of Appendix B):

B = Tol(E-A;) = 7000/(105 000 x 66.24) = 0.001 006 44

Constant (see equation 13 of Appendix B):

C=4(Gs + G + Go) X g(EAs) = 4(18 + 10 + 130) x 10/(105 000 x 66.24) = 0.000 908 67
Equation 11 should be solved as follows:

p’+ap’+(4p-&)p+4ap-a-C=0

P’ +0.020° + 0.003 625 8p — 0.000 836 154 8 = 0

The value of p that satisfies the above equation is:

p=0.076 25

Now the additional dynamic tension (see equation 10 of Appendix B) can be calculated:
T = Va(p° — &)E.Ac = ¥2(0.076 252 — 0.022) x 105 000 x 66.24 18 828 N

The total tension Ty in the cable (see equation 7 of Appendix B) is:

Tot= Tor+ T=7000 + 18 828 = 25 828 N

In the B2, the maximum tensile cable forces are calculated for a number of cases. The table
may be used in all cases where:

- mass of the cable: <0.75 kg/m;

- elasticity of the cable: <110 000 N/mm?;
- nett cable area: <80 mm2;

- mass of the rolling assembly: < 25 kg;

- mass of the users: <130 kg.

Table B2. Maximum dynamic tensile cable force in kN

Span Initial deflection
m 1% 2 % 3 % 4 % 5 %
20 28.0 23.6 19.5 16.2 13.6
30 28.3 23.8 19.7 16.4 13.8
40 28.6 24 1 20.0 16.6 14.0
50 29.0 24.3 20.0 16.8 14.1
60 29.3 24.6 20.4 17.0 14.3
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Data: Platform: dimensions: 1000 mm x 1 000 mm
Ladder: length: 1770 mm number of rungs: 6
external width: 388 mm internal width: 350 mm
angle: 76°
Barrier: length: 4 x 1000 mm

Dimensions in millimetres

Figure B1. Platform with ladder
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Figure B2. Loads acting on swing
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Figure B3. Single point swing
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Figure B4. Deflection of a cableway
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Appendix C
(informative)

Spiral and helical stairs

C1. Al steps on spiral and helical stairs should be of uniform dimensions and should
conform to Table C1 (see also Figure C1).

Table C1. Range of dimensions for spiral and helical stairs

Going A 140 min.
Rise B 275 max.
Width W 110 min.

230 max.
Handrail H 500 min.

900 max.
Headroom 1 830 min.
Angle of taper for spiral stairs Not less than 20 °

C2. The headroom above the steps should be not less than 1 830 mm when measured
vertically above the pitch line from the centre line of the tread.

C3. Handrails should be provided on both sides of the stairs for their entire length and
should conform to 4.2.3.
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Appendix D
(informative)

Overview of possible entrapment situations

Completely bound openings | Partially bound . Moving parts
Rigid Non-rigid openings | V- Shapes | Protrusions | of equipment
T
|
A Whole | 4
body |
g | Head/neck
head first
¢ | Head/neck
feet first
D Arm and
hand
E| Legand
foot
F Finger
G| Ciothing
H Hair
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Appendix E
(informative)

Recommendations for slides

E1. Slide fall height

The sliding surface of an embankment slide should be not more than 500 mm vertically above
adjacent ground level at any point along its length.

Normally accessible parts of other slides (e.g. access, platforms, sliding surface) should be

designed so that a child cannot fall freely from the slide to the ground or other adjacent
surface, a distance greater than 2.5 m.

E2. Types of slide
Straight slides permit the user to descend in a path confined to the vertical plane. The path of
motion should be described by a straight line in the starting section, a smooth (but not

necessarily constant radius) curve in the transition section, and a straight line in the run-out
section (see figure E.1).

NOTE. Slides other than straight slides permit the user to descend in a path that either deviates from the vertical
plane, or has more than one transition and hence more than one reversal or curvature of the transitional sections.
Such slides are, typically, spiral slides (helter-skelter), elbow slides or wavy slides (see figure E.1).

E3. Allslides

E3.1 General

Slides should conform to E3.2 to E3.6.
E3.2 Angle

Slides should not be inclined at an angle greater than 37° to the horizontal and should be
designed to restrict speed at the end of the run-out section.

E3.3 Sliding surface

The sliding surface of the run-out section should be horizontal to — 2.5° in the direction of
motion and should be not more than 420 mm above ground level.

At the commencement of the starting section a short length of horizontal surface may be
provided to enable a child to sit down before sliding.
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E3.4 Slides

Retaining sides should be an integral part of the slide. They should extend from the top of the
slide to the point which is 1.5 m above ground level (or the equivalent position for
embankment slides, where the level is taken as the ground level below the run-out section) or
to the start of the transition section (see figure E.1), whichever is the lower, from which point
they may be diminished gradually.

Sides need not be fitted to the run-out section. The sides may be perpendicular to the sliding
surface, or curved or angled at an obtuse angle to the sliding surface.

E3.5 Handrails

Where handrails are provided at the top part of each slide, they should be infilled or solid to
prevent wedge traps in the direction of motion (see 4.2.3.4).

E3.6 Run-out

For guidance, the following recommendations apply to 37° slides (see E3.2), with a total
sliding length, L (see figure E1). For slides up to 2.5 m high, the run-out should be at least 0.2
L; for slides over 2.5 m and up to 5 m high the run-out should be at least 0.25 L; for slides
over 5 m high the run-out should be at least 0.3 L. For the purposes of these
recommendations the height should be taken as the height of the starting section above
ground level at the run-out section.

NOTE. Slides of angles less than 37° may not require the full lengths of run-out indicated.

E4. Straight slides and wavy slides
E4.1  Height of sides

Sides of embankment slides should be not less than 110 mm high when measured
perpendicular to the sliding surface.

Sides of other slides should be not less than 123 mm high for slides up to 6.5 m long and not
less than 140 mm high for slides over 6.5 m long when measured perpendicular to the sliding
surface.

E4.2 Slides for two or more children

Slides intended for use by two or more children seated side-by-side should be not more than
3.5 m long.

E5. Platforms and enclosures

When a roofed enclosure is provided on access platforms, the interior should have a clear

headroom of not less than 1.25 m and not more than 2.0 m; any part of the exterior at a
height of more than 2.5 m from ground level should be designed to discourage climbing.
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Each platform, or floor of each cabin, should be designed to withstand a load distributed over
the floor area of not less than 5 kN/m” The roof of any enclosure should be designed to
withstand a load of not less than 1 kN/mz, calculated from the projected plan area of the roof
and suspended as a single point load.

When a slide is intended for use by only one child at a time any platform or cabin should have
only one entrance and one exit per slide, each of which should prevent the passage of more
than one child at a time.

When a slide is intended for use by two or more children sliding side-by-side the exit from any
platform or cabin should be designed for the same number of children as the slide. To avoid
overcrowding it is recommended that the entrance to the platform or cabin be restricted. The
height of the uppermost surface of a platform or slide in this case should not exceed 2 m.
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- Access

Outline of straight slides

a) Spiral slide b) Elbow slide c) Wavy slide

Figure E1. Outline of straight and non-straight slides
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Appendix F
(informative)

Examples of commonly used impact attenuating materials and
corresponding critical fall heights

Table F1 lists some materials with the related critical fall heights, tested and measured partly

on site and partly in the laboratory with different test conditions.

Due to the inaccurate composition and definition of tested material, Table F1 can only give
guidance for the rough estimation of playground surfacing. Material in the frozen condition is

not included.

Table F1. Examples of commonly used impact attenuating materials and
corresponding critical fall heights

Materials " Description Min.” Max. height of fall
mm depth Mm
Mm
Turf/topsoil <1000
Bark 20 to 80 grain size 300 <3000
Woodchip 5 to 30 grain size
Sand” 0,2 to 2 grain size
Gravel” 2 to 8 grain size

Other materials

As tested to HIC

Critical fall height as tested

" Materials suitably prepared for use in children’s playgrounds.

4 This is to allow for displacement through use.
¥ No silty or clay particles.
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