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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 m
electrotechnical standardization.

described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria neede
d|fferent types of ISO documents should be noted. This document was drafted in accordance
eglitorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Aftention is drawn to the possibility that some of the elements of this documént'may be the §
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. I
any patent rights identified during the development of the document will be’in the Introductiq
oh the ISO list of patent declarations received (see www.iso.org/patents),

Ahy trade name used in this document is information given for thé.convenience of users and
c¢nstitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific te
expressions related to conformity assessment, as well*~as information about ISO's adhe
the World Trade Organization (WTO) principles in the Technical Barriers to Trade (T]
ww.iso.org/iso/foreword.html.

W
This document was prepared by Technical Com#nittee ISO/TC 189, Ceramic tile.
Allist of all parts in the ISO 17870 series can-be found on the ISO website.
A

hy feedback or questions on this document should be directed to the user’s national standard|
copmplete listing of these bodies canbe’'found at www.iso.org/members.html.

atters of
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TECHNICAL SPECIFICATION ISO/TS 17870-3:2023(E)

Ceramic tiles — Installation —

Part 3:

Installation of large format porcelain tiles and panels by

echanical means onto a supporting structure

=

Scope

Classes Ala and Bla porcelain (as defined in ISO 13006) are now manufactured in much larger
than previously available and are increasingly being used as an external claddingmaterial for

Classes Alb, Al1a, and Allb extruded ceramics (as defined in ISO 13006) @re not covered by t
of this document. These materials, when specifically developed for external facade applicati
been used extensively for many years and established methodologies @lready exist.
L
0

hrge format porcelain tiles or panels are generally considered to be too large to be used e
h high buildings when installed by conventional adhesive, fixing methods (ISO/TR 178
I§0/TR 17870-2); therefore, mechanical fixings are used.

Ap there are currently no published standards or guideélines for these products to be installe
way, this document provides generic information on Some typical types of mechanical fixing
ir] use together with positive and negative wind.lead factors and typical testing procedures
bg used for evaluating anchor pull-out or edge fracture resistance. Also, because the currer
r¢sistance test method for ceramics tiles (1S©,10545-5) relates only to traditional (bedded)
tiling - which measures the coefficient of\restitution - it is not an appropriate test for u
(Unsupported) tiles, so alternative test:néthods (ISO 7892) are referred to for measuring h
anhd soft-body impact resistance.

Gpidance is provided regarding typical impact zones of vulnerability to hard and soft body im
r¢ference is made to anti-shatter mesh backings, which are sometimes applied to porcelain
tiles and panels.

Injstallation systems which rely upon the chemical adhesion of metal brackets, straps or
etc. onto or into large,format porcelain tiles or panels in conjunction with, or instead of, me
attachment, are notjincluded in this document.

The detailed ‘principles for the design and construction of the substructure of ventilated
also known\ds rain screens, used on the outside of buildings, are well documented in other
and international standards and are not therefore, included in this document, other than ix
r¢ference.

formats
uildings.

he scope
ns, have

kternally
F0-1 and

d in this
systems
that can
t impact
installed
nbedded
hrd-body

pact and
cladding

framing,
chanical

facades,
national
1 general

2 Normative references

There are no normative references in this document.

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and [EC maintain terminology databases for use in standardization at the following addresses:

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

© IS0 2023 - All rights reserved
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— IEC Electropedia: available at https://www.electropedia.org/

3.1
arris

sharp edge formed by the intersection of two surfaces such as the corner of a masonry unit text of the
definition

3.2

porcelain
ceramic with water absorption < 0,5 % (Class Ala or Bla according to ISO 13006)

3.3
large for
surface g

3.4

mat porcelain tile
rea >3 600 cm? and no tile edge >1 200 mm

porcelain panel

surface g

3.5

ventilat
system f
building
and an a

Note 1 to

3.6
drift
unintend

rea >1 m2 and any tile edge > 1 200 mm

pd facade

br cladding the exterior of a building that provides for the formatien of a cavity between t}
structure and the cladding to allow for the installation of a thermal/acoustic insulation lay
r cavity between the insulation layer (3.8) and the large format porcelain tiles (3.3) or panel

entry: Air cavity has a minimum of a 20 mm wide continuous dir flow cavity.

due to differential thermal expansion/contraction ofgomponents and/or gusting wind pressures

3.7

primary
subfram
mounted

3.8

support

insulatipn layer

layer inc

39
moveme
joint (3.1
accomm

3.10
joint

uded to obtain sound-er thermal insulation

nt joint
0) in large Sformat porcelain tiles (3.3) or panels, backgrounds or substrates, designed f{
date movement

ed sideways movement of large format porcelain tiles (3.3) or panels across a support structur

e or substructure, usually metal, onto which the large format porcelain tiles (3.3) or panels ar

L
T

space be

3.11

vveTooat e oT Y PoTrCCTOTT CIiiCo (o2 O PurttcT

undercut anchor
special type of stress-free mechanical anchorage system used to secure brackets or straps onto large
format porcelain tiles (3.3) or panels

3.12
support

system

metal brackets and rails used to form the subframe

© IS0 2023 - All rights reserved
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3.13
vapour membrane

impervious layer to resist the passage of water but which will allow vapour from the building structure

to escape

3.14
slotted edge system
kerf edge system

slots formed into the edges of large format porcelain tiles (3.3) or panels to receive clips which are

secured to the facade subframe

3|15

oyerlapping clip

visible clips which overlap the edges of large format porcelain tiles (3.3) or panels and.Secur
dcade subframe

3{16
hprd-body impact
ithpact by hard projectiles that may be thrown, blown or otherwise causéd-to impact the facad

3117
soft-body impact
ithpact from persons or other significantly heavy soft objects falling or pushing against the fag

3|18
negative wind load
negative load (suction) imposed onto the fagade by strong or gusting wind

3|19
ppsitive wind load
ldad imposed onto a fagade by strong or gusting wind

3|20
workshop drawing
project-specific detailed installatieh.drawing

41 Exchange of informiation

et

1} order for the correctlarge format porcelain tiles or panels ventilated facade system to be in
appropriate conditions, at the right time, etc., it is essential that all parties have a clear under]
of the requiremefts of the project. To ensure that this is achieved, it is essential that ther¢
consultation between all the parties involved in the project, including client, facade inst
aterials suppliers.

]
Ak each preject will be unique, it is impossible to give a definitive list of the information to be ex
bfit the\following are common examples:

bd to the

[¢)

ade

stalled in
standing
e is wide
Wller and

changed,

I 43 £l Y 43 H o
D}JCLAIILQLAUII- CIIC TTIITUT ITIAUIVUIT 1 C\.iull 4y,

b) special attendances: access, unloading, hoisting and storage facilities, heat, light and power, and

any additional items considered necessary to expedite the work;

c) large format porcelain tiles or panels mechanical fixing system: technical specification and

instructions for transport, storage, use;

d) backgrounds: type of facade subframe construction; location on the building and any
movement joints;

e) associated work: services in or passing through the fagade substructure and junctions w
adjacent finishes;

© IS0 2023 - All rights reserved
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hes: type, size, and colour of large format porcelain, tiles or panels and layout requirements;

g) installation: type and technique;

h) workshop drawing;

i) wind load: engineering calculations;

j) programme: a time schedule for the progress of the work.

5 Workmanship

The instfallation of large format porcelain tiles or panels requires efficient supervisionand the

employ
facade sy

The larg
from a s
and othe

6 Ventilated facades

6.1 Ge

Ventilate
specifier

The var
installat
drained

Usually 3
subfram

Primary

cavity dimension required, are securely fixed to the building structure and normally provide for songe

adjustme
aligning

A thermq
recomimg

Purpose

ent of skilled operatives properly trained to install large format porcelain tiles?er panels
stems to an appropriate level of competence.

e format porcelain tiles or panels facade installers should be properly trained-to work safely
affold or when using access equipment to work at height, including the use of a safety harnes
I equipment where necessary.

neral

d fagade systems vary in design, depending upon theperformance criteria required by the
e.g. drained and ventilated, pressure equalised, compartmented.

ous requirements and recommendations contained in this document relate only to the
on of mechanically fixed large format porcelain tiles or panels onto an appropriately designe
hind ventilated facade system subframe.

?—

W ventilated facade subframe will censist of primary support brackets that attach a metalljic
b to the structure of the building, which may be masonry or concrete/steel frame, etc.

support brackets, which are usually available in a range of sizes depending upon the facade

nt of the subframe, whieh\is appropriately attached to the primary support brackets after firt
jt to the required planarity and perpendicularity.

1l /acoustic insulation layer may be installed and covered by a waterproof vapour membrane|if
ended by the facade designer or required in accordance with national regulations.

designed_‘herizontal rails are then attached to the subframe in accordance with the

specification at the,correct levels and spacing to suit the setting out module of the large format porcelajn

tiles or

Some ventilated facade primary support systems are suitable for the mechanical attachment of large

nels;to-be mechanically attached to them (see Figure 1).

format porcelain tiles or panels directly onto the vertical support rails (See Figure 4, Figure 5 and
Figure 6).

In some

countries ventilated facade systems are classified as ‘construction kits’ consisting of all the

components necessary to construct the facade and tested to appropriate standards.

© IS0 2023 - All rights reserved
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7 Methods of mechanical fixing for porcelain

7.1 General

ISO/TS 17870-3:2023(E)

There are various methods of mechanically fixing large format porcelain tiles or panels. This clause
sets out details of some of the most popular types of mechanical fixing systems currently in use. It
is important that whichever mechanical fixing system is used, the fixing shall be able to sustain the
specified design load, without causing stresses within the large format porcelain tiles or panels.

712 Anchored systems

712.1 General

fdcade framework.

than being design-specific.

Whilst the precise design of undercut anchoring systems may vary between différent manufpcturers,
thhe general intent is to achieve invisible and stress-free fixing of appropriatelyydesigned brackets or
clips, to the rear sides of large format porcelain tiles or panels, for their attachment to a supporting

Updercut anchor details provided in this clause are, therefore, for genenal information purposgs rather

N — 5
1 =
N —
NN
NN 6
No—
KT~
_——
7
=
(S \
2 - —
o
@
T 1§
9 8
o
3 =
\
/
4 \j
—
Kpy
1| facade systein brackets
2| undercutianchors
3| compression pads
4| facade system horizontal rail
5| Csubframe
6  building structure
7  vapour membrane
8  primary support bracket
9  insulation

Figure 1 — Typical anchored support brackets

The minimum thickness of large format porcelain tiles or panels to receive undercut anchors will be
determined by the facade system designer according to the size of the panel and the spacings between

the undercut anchors.

© IS0 2023 - All rights reserved
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7.2.2 Bracket and strap attachment

Bracket or strap attachment to the backs of large format porcelain tiles or panels is usually by means of
specially designed anchors which, when tightened, expand at their base into undercut recesses at the
bottom of holes, drilled to precise depths into the porcelain using specially designed drilling apparatus
(see Figure 2 and Figure 3).

When the anchors are fully tightened to a predetermined torque value, they should not exert any
pressure between the porcelain and the anchor but should fit precisely into the undercut hole in order
to be able to satisfactorily secure the brackets or straps to the large format porcelain tiles or panels.

Some lan
between

Undercu

The dian

porcelain tiles or panels, the anticipated wind loads and the frequency at which theranchor fixings ar

spaced.

Where 13
carrierr

One of th
any later

Small cu

ge format porcelain tiles or panels facade systems include compression pads which are fittsg
the large format porcelain tiles or panels and the bracket or strap attachment.

F anchors should be made of austenitic stainless steel.

neter and depth of the anchor will depend upon the thickness and weight of, the large form

rge format porcelain tiles or panels facade systems employ brackets which attach to horizont
hils, the top brackets should have adjustable bolts on them for finallévelling adjustment.

e top brackets should be secured to the horizontal carrier pail-by a suitable screw to preve
a1 drift of the large format porcelain tiles or panels.

[ porcelain returns/reveals are sometimes bracketed:and undercut anchored to large form

porcelain tiles or panels. The large format porcelain tiles or\panels and their fixings must be able {

support
that win

Undercu
controlld
recommy

Final ang
the instg
the purp

the additional loads created by the attachment ef‘the return, taking into consideration alj
l loads may increase at external corners of the building.

F drilling, anchoring and fabrication of thése units should only be carried out at qualit
d and appropriately accredited facilities in strict accordance with the facade designer
endations.

hor tightness checks should be €arried out on site by the facade installer immediately prior {
llation of large format porcelain tiles or panels using a torque testing hand tool designed f
pse

d

At

hl

Nt
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7.2.3 Undercut drilling

a|  Eccentric undercut drilling facility employed creates undercut recesses-dt base of drill holes.

Figure 2 — Example of undercut drill hole

Le—1+—1

Kpy

1| anchox
2| bracket or strap
3

anchor bolt

Figure 3 — Typical undercut anchor and bolt assembly

7.2.4 Anchorage - pull-out testing of undercut anchors and edge fracture testing of slotted
edge systems

There can sometimes be significant variations in the pull-out value of undercut anchors or slotted
edge wall strengths of some large format porcelain tiles and panels due to differences in tile or panel
manufacturing processes.

©1S0 2023 - All rights reserved 7
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It is important to evaluate anchor pull-out or slot edged strength to ensure that the values exceed the
minimum design requirements necessary for resistance to wind load.

— Pull

out resistance values - worked example:

Based on a 140 mph (max.) (225,3 kph) wind speed which produces a force of 2,4 kN/m? and taking

into

account a safety factor of 3:

Assume a 1 200 x 600 mm (0,72 m2) tile is used with four fixings.

NOTE

Additional undercut anchors can be installed to the f:\r;ndp dpcignm"c cppr‘ifir‘:\finn in order to

meef]
— Win

Calc

7.3 A

the required safety factor.

1 load calculation example

Vith a force of 2,4 kN/m? and a safety factor of 3, the system shall resist:
P,4 kKN/m? x 3 = 7,2 kN/m?

For the tile size 1 200 x 600 mm (0,72 m2):
7,2 kN/m? x 0,72 m? = 5,19 kN

Jsing four fixings per tile, each fixing shall achieve a minitnum pull out or slotted edge w{ll
‘racture value of :

b,19 k + 4 = 1,3 kN (each)
1lations for the proposed design should be provided by a qualified fagade designer.

ertured tile systems

Key

1 porcelain panel with apertures through body

2 clip/fixing

3 facade support subframe

Figure 4 — Typical aperture and clip fixing

© IS0 2023 - All rights reserved
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Some porcelain tile manufacturers produce large format porcelain tiles or panels, usually by extrusion,
which have apertures formed through their body, which are designed to receive mechanical end fixing
devices in order to facilitate attachment to a fagade substructure.

Where mechanical fixings are fitted into apertures formed through the body of large format porcelain
tiles or panels, the fixings should not fit so tightly into the apertures, so as to prevent anticipated
differential thermal expansion/contraction movement between the large format porcelain tiles or
panels and the fixings or metal support structure to which the clips are attached taking place, as this
may result in the development of stresses within the facade system.

—

e large format porcelaln tiles or panels manufacturer’s advice should be followed.
7t4 Edge slotted systems

714.1 General

YO ﬂ

24

fixing clips fitted into slots eut'into the edges of porcelain
subframe

building structure

vapour membrane

primary supportbracket

o Ul A W N R R

insulation

Figure 5 — Typical horizontal edge slotted fixings

The i thickness of targe format porcetain tites or panels suitable for thistype of fixing will be
determined by the facade designer taking into account the size of the large format porcelain tiles or
panels and the anticipated performance requirements of the facade. After slots have been formed, the
remaining front and rear edges of the slot walls should preferably be minimum 5 mm thick, subject to
the large format porcelain tiles or panels facade system manufacturer’s recommendations.

This type of fixing may not be appropriate for very large porcelain panels where the spans between
perimeter fixing points may be too great to achieve adequate restraint against negative wind loading.

Clips should not fit tightly into slots that are formed into the edges of the large format porcelain tiles or
panels, to prevent anticipated differential thermal expansion/contraction movement between the large
format porcelain tiles or panels and the metal support structure to which the clips are attached, as this
may result in the development of stresses within the facade system.

©1S0 2023 - All rights reserved 9
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Due to climatic conditions, in some countries, the facade designer may consider that the slots formed in
the top edge of large format porcelain tiles or panels should be filled with silicone or other appropriate
substance to prevent water from reservoiring in the slot which may freeze and cause damage to the
large format porcelain tiles or panels.

7.4.2 Horizontal drift

Edge slotted clip systems should provide means for preventing large format porcelain tiles or panels
sideways movement, known as ‘drift’, along their horizontal support rails or clips.

The larg¢ format porcelain tiles or panels manufacturer’s advice should be followed.

7.4.3 ffect of frost

Due to climatic conditions in some countries where freezing temperatures are to be anticipated, water
should npt become trapped in joints or slots in the top edges of large format porcelaintiles or panels, as
subsequént freezing can cause damage that may adversely affect performance of the material and the
integrity] of the fagcade system.

7.5 Visible overlapping clip systems

:/7
\:
:/:
\—:
,/
R 4
) ::<\
1 —_— ;i/
o
@
@
S 5
2 =
—
Key
1  visible clips
2 sub ffame
3 building structure
4 vapopr membrane
5 primprysupport bracket
6  insulafion

Figure 6 — Typical overlapping clip fixing

Visible clips overlap the large format porcelain tiles or panels at positions around their perimeter where
the clips can be fixed to the facade support structure.

This type of fixing may not be appropriate for some very large porcelain panels where the spans
between perimeter fixing points may be too great to achieve adequate restraint against negative wind
loading, but this will be determined by the facade designer taking into account the size of the large
format porcelain tiles or panels and the anticipated performance requirements of the facade.

10 © IS0 2023 - All rights reserved
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The minimum thickness of large format porcelain tiles or panels for facades installed using overlapping
clips is determined by the span between clips without deflection or deformation of the large format
porcelain tiles or panels, when subjected to maximum wind load.

The large format porcelain tiles or panels manufacturer’s advice should be followed.

7.6 Off-site prefabrication

Undercut drilling of large format tiles or panels to accommodate fixing anchors for the attachment of
brackets or straps, etc. should be carried out off-site at a quality-controlled and appropriately accredited
f{cility.

The brackets or straps should also be attached to the large format porcelain tiles or panels'at 4 quality-
controlled accredited facility where the necessary quality control procedures can be ‘monitpred and
r¢corded.

Spme large format porcelain tiles or panels fagade system manufacturers can-also attach porcelain
r¢veals, soffits and cill pieces, by means of undercut anchored special bracketing onto the mpin large
fdrmat porcelain tiles or panels face units.

When slots or grooves are required to be formed in the edges of large-format porcelain tiles ¢r panels
tq receive edge fixing clips, this should be carried out in a quality.controlled accredited facility strictly
ir] accordance with the large format porcelain tiles or panels manufacturers’ recommendatiois as any
ifregularity in the thickness of the remaining side walls oftlie slots and grooves can advers¢ly affect
r¢sistance to wind load pressures and impact.

717 Cutting large format porcelain tiles or panels

717.1 Wet cutting

The recommended method for cutting large format porcelain tiles or panels for open jointed ventilated
fdcades is by wet cutting using appropriate diamond encrusted cutting blades.

Dy machine cutting of large format-porcelain tiles or panels is not recommend due to the release of
pptentially hazardous dust particles that this cutting method can cause.

717.2 Scribe and break

%]

‘ribe and break is,ah_appropriate technique for cutting some types of large format porce]ain tiles
- panels, but it should be taken into account that for open jointed ventilated facades, the cuf/broken
ges of the large\format porcelain tiles or panels will be visible through the open joints.

@ O

8 Erection sequence

Theproject facade designer will normally be responsible for estimating the best time to install large
fdrmat porcelain tiles or panels. On low-rise buildings (up to five storeys), it is generally desirable to wait
until the main structure is complete before installation but on high-rise buildings enclosure of lower
storeys may sometimes be started before the structure is completed. This will enable lower storeys to
be weatherproofed and fitting-out of interior spaces to be started, but it does expose the enclosure to
the risk of damage from the hoisting of large structural items or from splashing by concrete.

If installation of the large format porcelain tiles or panels is delayed until the structure is complete,
there may be a choice of installing from the bottom up, or from the top down. If scaffolding is used,
there are advantages in installing from the top down. The enclosure may be fully weatherproofed and
finished, and scaffolding struck, as installation proceeds.

NOTE Some installation systems are non-sequential and allow large format porcelain tiles or panels to be

removed and replaced without damaging or interference with surrounding adjacent tiles or panels thus allowing
closure of the fagade as scaffold is struck and scaffold ties to the building structure are removed.
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9 Setting out

9.1 General

A benchmark or datum should be provided at each floor level for setting out the facade. Before
installation of large format porcelain tiles or panels is commenced, a survey of the building shell or

facade primary support framework should be made to ensure that it is within specified tolerances.

If

any specified tolerances have been exceeded, the designer, manufacturer and enclosure subcontractor
should be immediately informed, and steps taken to remedy the deficiencies before installation of the

4+ h - FiLA | h| h| . h | L | 1] 1 —+ 1 + + Faliia | ] -
large forpmat POTTETAIIT tII€s U paIIels DEZIITS, Oy EIUIET TEeIEUTdl WOT K UIT STCE, dUJUSUIIETIC O UIE UESTg

or both.

Setting dut of the large format porcelain tiles or panels will normally be predetermined by thelproje
architect/designer in order to align certain horizontal and vertical joints between large form
porcelain tiles or panels with other features e.g. windows, doors, columns, etc.

The facafle designer will normally specify that the joints between large format porcelain tiles should n
be less than 6 mm wide in order to provide sufficient space to allow for thermal eXpansion/contractid
movemeft of the large format porcelain tiles and the metallic support rails to which they are attache
Joints befween porcelain panels may need to be wider than 6 mm as specified by the facade designer.

9.2 Plumb and planarity

The pluhb and planarity of large format porcelain tiles or panelsare determined by the plumb ar
planarity of the subframe.

The large format porcelain tiles or panels systems are usually fixed directly to the subframe or 1
horizontpl carrier rails (usually aluminium) which are part of the large format porcelain tiles or pane]
facade system and should be secured to the subframe strictly in accordance with the large form
porcelain tiles or panels fagade manufacturer’s recomtthendations using stainless-steel rivets or screw
with appropriate shear and pull-out resistance.

Screws ghould be fitted by a specially designied power screwdriver with torque and speed control

accordarce with the screw manufacturer’ssinstructions. If drill speed and screw tightness torque ar

not withjn the manufacturer’s recommended parameters, the pull-out resistance of the stainless-ste
screw from aluminium components<«an be adversely affected.

Screws should be cyclic tested and certified to confirm their long-term durability.

10 Fixings

Close supervision should be exercised to ensure that the type and number of fixings are in accordan
with the|job spegcification, and that fixings are properly made, especially where they are hidden ar
cannot be checked at a later date. Where insulating bushes and washers have been specified to separa
dissimildr metals or to allow for sliding movement, a check should be made that they have bee¢

L

Ct
ht
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=5

d
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At

position¢d-Correctly.

Overtightening and bending of fixings to accommodate inaccuracies is not permitted.

11 Wind loads

11.1 Wind-load calculations

Project specific wind load should be calculated by the facade designer.
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11.2 Wind-load testing

Aero engine-driven propellers are normally used to replicate wind load and driven rain when testing
large format porcelain tiles or panels facade systems.

Some testing facilities use inflatable air bags placed within the cavity of the facade system to replicate
the effect of negative wind load in order to evaluate any deflection of the large format porcelain tiles or
panels.

Positive wind load and negative wind-load testing of the large format porcelain tiles or panels facade
syStem shoutd be carried out by anm accredited testing authority:

1/1.3 Components - wind-load resistance

The fagade designer should specify project specific maximum wind loads that the large format porcelain
tiles or panels and their fixing components shall be able to resist.

1.4 Operational forces

he size and position of operational forces acting on the facade depends on expected conditions of
e and position. The large format porcelain tiles or panels should®Be capable of accepting the likely
brizontal load applied on them without damage.

bads resulting from the operation of cleaning cradles should be obtained from the cradle manyfacturer
nd taken into account by the facade designer.

D= e g

%]

bme cleaning cradles have deformable rollers attached’to them in order to minimize the load that the
cradle may apply.

12 Impact criteria and performanceé testing

12.1 General

Ithpact criteria and performance testing is regulated in many countries. Some countries where|extreme
climatic conditions are to be ‘expected, for example, hurricanes in Florida USA, may requirp special
tgsting of large format porcelain tiles or panels facade systems to be carried out in accordajnce with
their own national standard test requirements by an accredited testing facility.

Spme countries wheteseismic activity is to be expected, for example, Japan, may require specidl seismic
tgsting of large format porcelain tiles or panels facade systems to be carried out in accordajnce with
their own natienal standard test requirements by an accredited testing facility.

In} countri€s‘where facade impact criteria and performance test requirements are not defjned in a
nptionakstandard, the following impact criteria and performance testing (see 12.2 - 12.5) shal] be used.

12.2 Performance category

The vulnerability of large format porcelain tiles or panels to impacts varies considerably with location,
both location on an individual building and the use of the building itself.

Larger and more frequent impacts will tend to occur on lower level vertical surfaces adjacent to public
areas where accidental pedestrian, trolley or perambulator impact may occur, or from thrown objects,
as compared with privately used areas. For those with access to a vertical surface, the degree of
incentive to exercise care will also be an important factor in determining the likely impact loads. This
provides a wide spectrum of use which the facade designer should consider when specifying the size
and/or thickness of the large format porcelain tiles or panels, but for practical purposes four categories
may usefully be considered for vertical surfaces up to 1,5 m above pedestrian level (A to D in Table 1).
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Above this level the vulnerability to damage is reduced giving two possible further categories (E and F
in Table 1).

In addition, special consideration is given to fagades adjacent to areas used by vehicular traffic. The use

of guardrails is often appropriate in this situation.

12.3 Impact resistance

Minimum test impact values for large format porcelain tiles or panels, as described in Table 1 should

be as suggested in Table 2 and Table 3. The intention is for the large format porcelain tiles or panels, to
provide fesistance to all of the impacts shown for the relevant category. Some large format porcelajn
tiles and| panels may have a lower resistance than those values indicated in Table 2 if they are-easily
replaceaple.
Table 1|— Categories associated with impacts on surfaces of the vertical enclosuré te buildings
Category Description Examples
A Readily accessible to pub- |External wall of housing
lic and others with little  |and public buildings in
incentive to exercise care. |vandal prone areas
Prone to vandalism and
abnormally rough use.
B Readily accessible to pub- |Walls adjacent to-pédes-
lic and others with little trian thoroughfares on
incentive to exercise care. |playing fields.when not in
Chance of accident occur- |category A
ring and of misuse.
- - - - - Zone of wallup to 1,5 m
C Accessﬂ?le prlmarlly to. Wallsadjacent to private | jpgve pedestrian level
those with some incentive |opén gardens, back walls
to exercise care. Some ofbalconies
chance of accident occur:
ring and of misuse.
D Only accessible, butmot
near a common fouite, to .
those with high,incentive \fNallsda((ii]acent to small
to exerciseteare. Small enced decorative garden
X with no through paths
chance,of accident occur-
ring and.of misuse.
E Aboye zone of normal
impacts from people but |1,5 m to 6 m above pedestrian or floor level at location
Hable to impacts from categories A and B
thrown or kicked objects.
F Above zone of normal
impacts from people and |Wall surfaces at higher position than those defined by
not liable to impacts from |category E
thrown or kicked objects.
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Table 2 — Test impacts

Wall category Test impact energy for impactor shown
(See Table 1) H1 H2 S1

[Nm] [Nm] [Nm]

A a

B 10 120

C 120

D b

E 6

F 3

[

(@]

hrefully assessed and appropriate impact values determined.

o

With category D walls the risk of impact is minimal and impact test values are therefore notappropriate.

If large format porcelain tiles or panels become damaged when subject to impacts in Table 2,’"but remain attachd
npesh reinforcement/backing and to the supporting structure and no fragments that dre.of a size that may cau
damage or injury fall from the supporting structure (see 12.6) and the large format porcelain tiles or panels
rgplaceable, the test result may be recorded as - failure (aesthetic only).

No test impact values are given for category A walls. In each case the type and severity of vandalism ndeds to be

d to their
ke serious
are easily

The results of tests should be defined as follows:

— failure;

- failure (aesthetic only);
—+ no damage.

Where the damage is a chipped edge or corney; this should be quantified although the crit
dilure may be an aesthetic one only. The sizecof a chipped corner or edge which is acceptablg
depends on the characteristics of the material, its finish and location.

Table 3 —Test impacts to ensure safety to persons

erion for
visually

Wall category Test impact energy for impactor shown
(see Table 1) H2 S1
[Nm] [Nm]

A a
H and C external and-indoor surface 10 500
I b
H external andrinhdoor surface 10
Hand F external surface if access is 350
required-for regular cleaning and
maintenance

a v e oIV e O CPOTY O W

NO—te pa a a a TS
carefully assessed and appropriate impact values determined.

b With category D walls the risk of impact is minimal and impact test values are therefore not appropriate.

12.4 Hard body impact testing

12.4.1 General

The test procedure described below is based on ISO 7892.

© IS0 2023 - All rights reserved
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12.4.2 Equipment

Hard body tests are carried out with a steel ball of 50 mm diameter with an approximate mass of 0,5 kg
or 62,5 mm diameter with an approximate mass of 1 kg. The ball is suspended from a cord at least 3 m
long. An eyebolt may be used to provide a connection between the steel ball and the suspension cord.
The mass of the impactor shall be taken as the total mass of the ball and any connection rigidly fixed to
it.

12.4.3 Procedure

The balllis placed at the impact point in such a way that, when it is suspended from the cord, itjupt
touches the surface of the panel. The ball shall then be drawn away from the panel surface such thatthe
maximuin angle to the vertical subtended by the movement of the rope shall be not greater than 63°.
The ball phall be raised to the required height of drop h measured vertically from the impact point. The
ball is then released and allowed to swing freely in an arc onto the face of the panel.

Three sthndard levels of impact energy are 3], 6 J and 10 J. 3 ] and 6 ] impacts are carried out with the
50 mm diameter impactor and 10 ] impacts are carried out with the 62,5 mm diameter impactor. The
drop height should be calculated based on the actual mass of the impactor including any hooks rigid|y
attached|to it to allow connection to the suspension cord (See Figure 7).

Hard body impact testing should be carried out at an appropriately accrédited testing facility.

302
450
1
g 3
§ 2
<
Q///
- L —]
[N/
Key
1 cabld
2 rope
3 suppprt
L  length
h  droplheight

Figure 7 — Example of test apparatus using a small hard impact body

12.5 Soft body impact testing

12.5.1 General

The test procedure described below is based on ISO 7892.

16 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=39e06c3f165d2aadfb8cc7b3f0c67101

ISO/TS 17870-3:2023(E)

12.5.2 Equipment

The equipment is shown in Figures 8 and 9. The impactor is a coarse canvas bag containing a thin
polyethylene bag of the same size which, when filled with hardened solid glass spheres each having
a diameter of (3 + 0,5) mm shall have a mass m of (50 # 02) kg. The dimensions of the bag when filled
are those of a volume composed of a sphere of 400 mm diameter inscribed in a cone, the top of which is
located at a distance of 400 mm from the centre of the sphere. The bottom of the bag is strengthened
by a circular piece of leather of 120 mm diameter sewn into it. The top of the bag is slightly truncated in
order to make an opening of 80 mm diameter. This opening is strengthened by a leather strip sewn onto

the bag, to which are fixed four equidistant rings held together by a suspension ring.

400

600

Kpy

1| leather straps
2

3

eight sections \O
leather bottom N~
W

@0 . Figure 8 — Spheroconical bag

—
<

low tests to be c d out at different locations on the sample.

5]

The bag is suspended by@jope at least 3 m long in such a way that, while vertically at rest, t
st touching the pa Q}Urface at the point of impact. The suspension point needs to be moj

he bag is
yeable to
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rope and

height

ire required for:

12.5.3

Before an impact load is applied;the bag shall be rolled to loosen the spheres. The bag is placed at the
int in such a waythat, when it is suspended from the rope, it just touches the surface of the
panel. The bag shall then-be-drawn away from the panel surface such that the maximum angle to the
ubtended by the movement of the rope shall be not greater than 65°.

impact
vertical s

The bag
The bag

Three st

rocedure

see/Table 4).

heights (|

Figure 9 — Soft body test arrangement

ing the impactor to give the required drop height;@nd
intaneously releasing the bag.

e that the drop height can be consistently maintained a mechanical means of holding the
before release is required. The method of holding the impactor immediately before releage
e such that the centre of gravity of the'bag is vertically below its connection to the suspensiqn
with the suspension rope taut.

chall be raised to the prescribed height of drop, h, measured vertically from the impact point.
s then released and allowed to swing freely in an arc onto the face of the panel.

andard levels of impact energy are 120 ], 350 ] and 500 ] which require the following drap

Table 4 — Impact energy and drop height

Impact energy Drop height
[mm]
120 245
350 715
500 1020

The effect of the impact shall be described.

18
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Soft body impact testing should be carried out at a testing facility meeting the requirements of
ISO/IEC17025.

12.6 Mesh backing

Whilst having exceptional surface hardness, some large format porcelain tiles and panels may,
depending upon their thickness, prove to be rather brittle when subjected to heavy impact. Therefore,
the facade designer should consider specifying an appropriate mesh, e.g. fibre glass or other adequate
protective layer is sometimes bonded to the backs of large format porcelain tiles and panels so that in

the-event-ofimpact-damage/fracturing-the tilesor panels showld remainlargely-intactandin position
uptil replacement which should be carried out without delay.
NPTE Some facade installation systems allow large format porcelain tiles or panels to'be removed and
rgplaced without damage or interference with surrounding adjacent tiles or panels.
13 External corners and edge treatment
Spme large format porcelain tiles or panels are through-body coloured, therefore exposed [edges at
external corners are usually aesthetically acceptable. Edges can als¢. be mechanically polished, if
necessary, to match the polished face surface of the porcelain tiles orpanels.
Apy reinforcement mesh applied to the back of the large form@at porcelain tiles or panels should be
appropriately dressed back from their edges for use at lappediexternal corners or where aesthetically
appropriate.
When large format porcelain tiles or panels are coloutdecorated on their face surface only, theg edges of
the porcelain may be a noticeably different colour. Ithese circumstances, it may be necessary| to mitre
the edges of the porcelain tiles or panels, to form‘external corners (see Figure 10).

\

-

o

1 ‘ 3
=
\ : [ o H—
2 — ¢ = T
Ky
1 I Ctul 1T yallc}
2 6 mm birds mouth mitre
3  prefabricated with a special bracket (if required)
Figure 10 — Birds mouth mitre detail
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14 Thermal moisture and structural movement

14.1 General

All components forming the exterior walling are subject to movement owing to the action of heat,
moisture, imposed loading or vibration. Some of these movements, such as those resulting from
temperature changes or sudden imposed loading (e.g. by wind) may reach their maximum in minutes.
Others, such as settlement or creep in concrete, may take years to reach their maximum. Some
movements may be cyclic in that there is continuous oscillating movement between maximum and
minimuny white others ray bea steadity progressive icrease or decredase:

14.2 M¢vement

14.2.1 General

Failure tp provide for movement leads to stressing of components and this may produce one or more pf
the folloyving results.

a) The fomponent will fracture.

b) The [component will remain stressed and therefore be unable to dccept the normal design lodd
it wpuld otherwise withstand. For example, a component may become over-stressed owing to
thermal movement and fail under wind load.

To prevgnt such failures, the large format porcelain tiles oripanels facade system and supporting
subframe should be designed so that components can move reldative to their fixings and so that space fis
availabld at joints to take up movement.

The recmmended minimum width of joints, othertthan movement joints, between large format
porcelain tiles is 6 mm.

Joints befween porcelain panels may need to be‘wider than 6 mm, as specified by the facade designer

Additionplly, suitably wide movement joints.in large format porcelain tiles or panels should be specifigd
by the fdcade designer to coincide with movement joints in the facade’s supporting subframe and the
backgroyind structure.

14.2.2

The temj
The majimum designssurface temperature depends on the exposed material and its colour. The
maximu

installation will usually take place at a temperature between the extremes. The amount of thermal
movement to be accommodated should, therefore, be calculated in two parts, a positive movement
between installed temperature and highest surface temperature and a negative movement between
installed temperature and lowest surface temperature. There may also be movement between similar
materials if the mass of each varies to any extent.

Where large format porcelain tiles or panels fagcade systems include metallic vertical or horizontal
support rails, the rails should not be longer than 6 m per rail and there should be a minimum 8 mm
wide gap between each rail.

Where movement joints are to be installed, the project architect/designer should specify the width of
the movement joint and its design.
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14.2.3 Moisture movement of a masonry structure to which a facade supporting metal
framework is to be attached

Two types of moisture movements should be considered:

a) the initial change in dimension that occurs when the moisture content of the component adjusts to
become in equilibrium with its climatic conditions in use; and

b) reversible movement due to fluctuating moisture content in use.

irfto consideration by the facade designer.

In concrete structures, especially those cast in situ, the drying shrinkage of the structure is|likely to
have the most serious effect on the facade especially if this is accompanied by thermal or moisture
xpansion of the facade components. In particular, it should be noted that clay’brickwork hgs a long-
tgrm irreversible moisture expansion and special care should be taken when_these two matgrials are
combined. The attachment or building-in of walling to concrete structures.should be delayed gs long as
ppssible to allow as much drying shrinkage as possible to take place.

¢

14.2.4 Permeability to water

The overall performance of the large format porcelain tiles or/panels should not be adversely| affected
by water vapour which is allowed to penetrate to the interior.of the facade or by condensation resulting
flom the presence of vapour. If water vapour or condensate'is allowed into the interior of the facade, the
mponents should be so designed as to allow it to disperse harmlessly.

(o)

aterials most seriously at risk due to build-up efimoisture vapour within the fabric of the fdcade are
thermal-insulating materials, which are usually“not only able to absorb water but whose performance
i thereby, seriously affected. This may result’in a decrease of internal surface temperaturq and the
consequent surface condensation which, jn turn, may cause damage.

The method of avoiding damage due to;water vapour may vary from excluding vapour entirely|from the
wjall to allowing it to escape through-the external surface.

15 Durability and design life

15.1 General

The durability and-design life of large format tiles or panels, when used for facades, should bg related
tq, but not necessarily the same as, the design life of the completed building.

The fagadeumay be independent of structure and it may be possible, therefore, to replace the whole or
pprt dusing the life of the building. The designer should, nevertheless, assess as precisely as pogsible the
re¢gquired minimum life of the large format porcelain tiles or panels facade as a whole (with maintenance
censidered), during which period it should, subject to routine maintenance, repair and replacement,
meet the criteria given in this section. This information should be made known to the building owner in
order that the facade is properly maintained.

Some large format porcelain tiles or panels installation systems allow large format porcelain tiles or
panels to be removed in order to facilitate inspection of services and to be replaced without damaging
or interfering with surrounding adjacent tiles or panels.

15.2 Durability

All fixing components should be able to retain their properties with little or no maintenance and should,
therefore, possess a high degree of resistance to corrosion.
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