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ACA DH.I1C BACKGROUND

BSc (Hon) ill Physics, Mallchester Ullillersity, 1964

Fellow, Institute of Materials

PROFESSIONAL EX l'EIUENCE:

He worked for 35 years at CERA M for lllerly kllOWII as British Ceralllic Research
Association.

lniiiallu, the research undertaken was ill the tablctnare department , Scucral papers 0 11 the
subjcc! were published.

Further research was dOlle Oil rheology and ptnetic forming, dry illg, distortion and process
efficiellcy.

The last 20 years at CERAM were spellI ill the Tile Research Section wllt,I'<' a rallge ofsimilar
projects was undertaken illto llariollS production topics. These included:

"Granulate characteristics"; "Pressillg parameters", "Dryillg cracks": "Fast fir illg",

A t the sallie titue, there was 1II0re and 1II0re elllplltlsis all tile performanceand the installation
of tiles.

This has led to membership of lIIallY British, EllrOp<'tl1l and World Standards conmtittecs and
ioorking. grollps all both tile tests ami all aspects of tile npplicntion.

MallY consuliancics hare been undertaken world-wide and he has lectured widely Oil Ih..
sllbjects of tile testing and tile installation Oller 1I1111ly years.

CURRENTLY: Tilillg Consultant
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1. INTR ODUCTI O N

As Q ua licer ha s becom e The world forum on tile quality, it see ms a pprop riate fo r
my add ress to try and enco mpass all the qu alit y aspects as they relate to the ultimate
end product. Th is end product is not, of course, the tile, but the tiled installation. Only
wh en the tiles a re in p lace on wa ll an d floor can they begin to do the job they we re
intended for. For my own part, it is the product testing and install at ion , which has
becom e my area of expertise . No ne of wh at I sha ll be talkin g abo u t is new technology
bu t I have to say that there are man y compa nies at all stages fro m manufactu re to
installation who are ' letting the side down ' and gi vin g the wh ole indust ry a bad name.
How often, for instan ce, have we all hea rd that tiles are ' no good' whe n in fact it is the
ins talla tion or design, w hich is at faul t.

Qua licer has beco me established as a confe rence for all fields o f tile qua lity and
encompasses not only ins tallation but also concentrates on process and manufactu ring
techno logy so it is essential for us all to be aware of all as pec ts of qu ali ty in ach ieving the
bes t quali ty installation .

I have often shown slides o f my concept of a tiled ins ta llation in lectures (Slide 1).
You can imm edi ately see how many factors go into the final p roduct! The desire to ensure
all qua lity aspec ts including design and installation is esse nt ial in a country like the UK.
This is becau se tile sales a re relat ively low com pa red with Spain for instan ce and we have
many strong com pe titors such as wood block, carpe t, viny l etc. They se ize on any
oppo rtunity they can to arg ue aga inst the tile industry. Hence it is in the interes ts of all in
the UK tile industry to ensure a qua lity prod uct an d qu ality ins ta llation. As a resul t of all
th is, the UK tiling ind ustry in all its facets has es tablished a trad e and technica l
organisat ion, The Tile Associa tion or TTA, to fu rther its own commercial interests and lay
down technical guida nce for installat ion, whi ch encourages use of all releva n t British ,
European and World Standards .

TILED INSTALLATION

SPECIFICATION I

I TILE IDESIGN I

IGROUT I TILER I
I MAINTEN ANCE I

I
I SAFETY I

B

Slide -1

Coupled wit h CERAM, the UK representati ve of CERLABS and official UK
approved tile and ad hes ives standa rds test hou se, the UK hopes to ens ure the h ighest
qu ali ty tiling cont ractors using best possible materi als (Slide 2).
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U.K. Institutions

.-The TIle Association(TIA)

.-CERAM

B

S/idt' 2

I' m sure thi s is the aim in all coun tries part icu larl y those represented here tod ay.

2. T HE ROUT E TO PERFECTION

In thi s talk, I have taken a slightly different app roach to achieving the goal of a high
qu ali ty installation . Rather than the different requ irements as shown in the firs t s lide. I
w ant to d iscu ss qu ality on a step by step basis.

Hence we can have a basic route as shown here (Slides 3 and 4) ranging from th e raw
materi a ls th rough many stages to ac tua lly applying the tiles.

Steps to Achieve Success

Raw Materials

Manufacturing Processes

Selection IQuality Assurance

Product

B

stu; 3

Steps (continued)

Other Relevant Materials

Correct Choice of Material

D-
Design Considerations

D-
Installation

Slide -1

B

My talk w ill dea l with all these stages looking at the subject as a journ ey sta rting
wi th raw materi a ls and end ing wi th the final install ati on. I wi ll spend so me time at the
p roduct testing stage to di scuss so me of the inad eq uacies of the tile tes ts as I see them. At
the end, after the final assessment I shall make some com me nts on maintenance.
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3. RAW M AT ERI ALS AND MANUFACTURE

At the outset, it should be stressed that the situa tion is never sta tic. Good qua lity
tod ay may not be adequate tom orrow. Certa inly comme rcia l pressures particularly on the
manufacturing of tiles will always ex ist in an ever-chan gin g world. Thus, in manufacturing,
we w ill be seeing continuous demands for reduced unit costs / new body
/ g laz e / decorati on dev elopment /bigger tile s / random pattern application / enhanced
technica l characteri stics / environmental /legal requirements as sh own in Slide 5. I'm sure
yo u can think of man y more.

Production Demands

• Reduced unit costs

• Bigger tiles
• New body/glaze/decoration

development

• Random pattern application

• Enhanced technical properties

• Environmental/legal requirements

B

Slidl' 5

Basicallv therefore we need , raw materials w hich are cons isten t a nd precisely
specified (Slid e 6).

Raw Materials

• Precise specification

• Regular supply

• Assured quality

• Assessment of new raw materials

B

Slide 6

Th is app lies to all raw materials from the body materia ls to co lours and oxides used
to crea te the decora tive effect.
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The same press ures outlined above also affect the man ufactu ring p rocesses as see n
in Slide 7.

Manufacturing Processes

• Preparation of raw materials

• Tile forming

• Firing
• Decoration processes

B

Slide 7

The con tro l of these p rocesses is as critical as the con tro l o f raw materials. Slide 8
shows some key areas . All these areas need control and as p rocesses are speeded u p so
the con tro l needs to be more precise.

Control of Processes

• Proportioning

• Mixing
• Spray-dry ing and other granulation

• Press settings
• Firing temperatures and profiles

B

Slide 8

All facto ries are aware of this and have a pprop riate quality cont rol chec ks in p lace.
When all of thi s is under con trol, then we can pass to the next stages of the jou rney.

4. PRODUCT QUALITY AND PRODUCT STANDARDS

In prod uc t qualit y, the in-hou se quality control will include contro l o f such thi ngs as
colour an d speckling i.e. control of ind ividual patterns accord ing to in-house limi ts. Th is
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is outsid e na tional s tanda rds work bu t even stand ards limits are exceeded by man y
factory standards. For instan ce d imen sion s and flatness are often checked using much
narrower limit ed than the standard would allow. Slide 9 reinforces these tw o points.

Product Qua lity

• Factory standa rds - often tighte r than
nationa l standa rds

• Colou r a nd pa tte rn co nsiste ncy

B

Slide 9

We come now to the subject of the internat ion al product standard s. I want to ask
some questio ns abo ut the cu rrent tes ts and req uirements at thi s point.

I d id say I would make so me comments here and I also sa id th at we we re in and
ev er-chang ing situation. This ap plied equally to p rod uct tes ts as it does to the
ma nufactu ring processes. In pa rt icu lar I hope my comments promote d iscussion. O ne
ve ry im por ta nt part of a grea t conference like Qua liccr is to air views w ith everyone and
promotes positiv e d iscussion. We should never ass u me that eve ry thing is fine an d
imp rovements are not necessary. As a basis for th is discussion on the standard tests, Slide
10 as ks two qu estions. Followi ng on from these, I now wa nt to conside r so me of the
actual tes ts.

Product Standards

• Are they a true reflection of what the
custome r wa nts?
>- Not enti rely

• Do the te st give the qua li ty guarantee
that is cla imed?
>- Yes and no

B

Slidt' HJ
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4.1 DIMEN SIONS AND DEVIATIO NS

Slide 11 d eals with one test, Dimensio ns and Deviations.

Dimensions and Deviations

• Deals in percentages
• Can lead to unacceptable variations in

surface flatness
• Factory limits often much tighter

B

Slidl' 11

This test deals in pe rcentages.

The concern is that larger an d larger tiles can have larger and la rger va ria tions,
wh ich could lead to d an gerous lipp ing, where one tile corner is several millimetres above
the next one. Moreover size variation with in the standard cou ld lead to ve ry var iab le
grou t lines. Grou l line va ria tion is often much criticised by both the installers an d the
cus tomers in the UK. In so me cases insta llat ion in accorda nce wit h the UK installat ion
standa rd is not possible.

4.2 TILE STRENGT H

Slide 12 deals with this cha racteristic as measured by Modulus of Ruptu re. O ther
facto rs - bri ttleness for instan ce - can also lead to fai lure. Th is aga in is often see n in m an y
ins ta lla tions and sho ws the absolu te need for cont inuous bed d ing of the tiles.

Tile Strength

• Modulus of rupture
• Brittleness
• Fully vitrified tiles are glass- like
• Need for good installation

B

S/id" 12
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I sha ll of course be spea king more on the subject of till' bedding later, but this
referen ce here indicates how completely the vari ou s aspec ts of goo d tilin g are linked
together. So Modulus of Rupture is just one aspec t of streng th.

4.3 IMPACT TEST

This test is one newcomer of the ISO series over the EN series of tests and claims to
ind icate resistan ce to impact by measurement of coefficient of resti tution (Slide 13). It is
seen in Slide 14 an d I'm sure vou have all seen it. Does the test as described in ISO
actua lly tell us mu ch? Slide 15 has some details based on my own expe riences and Slide
16 suggests some other factors wh ich can in fact alter the coefficient of rest itut ion by larger
amou nts and can show typ es of damage possible wi th poor ad hesive contact.

Impact Res istance

• New test

• Measures Coefficient of Restitution

• Relates this to damage resistance

B

Slide 13

Impact Resistance Apparatus
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Impact Test

• All tiles bonded with acrylic to concrete

• Test values all very similar

• No surface damage assessment

• Potential for other tests

B

S/idt' 15

Impact Test

• Gives information on many types of
fixing arrangements
~Type of adhesive

~Adhesive percenlage contact

~Type of background

• Gives information on surface damage

B

Slid.. 16

In conclusion, as seen in Sl ide 17, the standard test give little useful in formation bu t
can g ive lots of interesting resul ts w hen used in other ways.

Impact Test

In summary, this test has the potential to
give many interesting resul ts

but

Not in the standard form of the test

B

Slid.. 17
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4.4 WEAR ASSESSMENT

There are of course two tests (Slide 18) for glazed and un glazed floor tiles. In this
talk, I am not conce rn ing myself w ith the un glazed, d ee p abrasion test, altho ugh it is
alway s possib le that there might be a hard su rface sk in es pecially wi th extrude d tiles
when the sur face will be highl y orientate d .

Wear Assessment

Two tests

• Deep a brasion - Ungla zed tiles

• S urface abrasion - Glazed tile s

/ B

/,
Slide 18

1am much more conce rned wi th the surface wear test (Slide 19) where we actu allv
have a test for visib ility of wear not actual wear. This visibility is greatly enha nced by
darker colo ur s and greatly hi dden by pa ttern and mottlin g as opposed to plain.

Surface Abrasion

• Tes t of wear visibility

• Much more visible on dark glazes

• Much less visible on patterns an d
ma Uling

B

Slide 19

Thus a test on a light coloured tile might give class VI for instance but a sim ilar d ar k
tile wo uld only be class I or II. Such tiles will be ide ntical in terms of absolu te hard ness
so how can the test and its guid ance d ocument on typi cal uses for the d ifferen t classes be
of any real help to po ten tial custome rs?

The fact is that wear will occur at the sa me rate on bo th.

Con - 30
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In terms of thi s test, as in some others, the only two ca tegories for tiles are glazed
and unglazed as identifi ed many years ago. I owadays the demarcation is no lon ger so
clear cu t as a wide variety of new coati ng and finishing techniqu es find the ir wa y into the
ma nufactu ring p rocess.

Polished tiles are a case in point. As a high ly reflective su rface it bear s mu ch more
similarity to a glazed surface and wear ma rks will show on a polished tile just the same
as a glazed item. Therefore, should th is polished tile be subjected to the su rface wear test?

There is no doubt that in service, such polished tiles do di spl ay the scratch ing a lso
see n in glaze d products.

Th is br ings me back to our cus tome rs. (Slide 20) They always wa n t to know how
long the tiles will last. Arch itects need to know the sa me for the es tima te of the life of the
bu ildi ng. The surface wea r test only par tly answe rs this.

Customer Concern

How long will the tiles las t?

• Wear test only part of the answer

• Wear in service so variable
• Most factors outside the control of the

tile su pplie r
~footwear

~contam inants

B

siu. 20

To be fair, the qu estion cannot be answered eas ily an yw ay due to vast number o f
variables. Since there are so man y factors ou tside the control of the tile supplier, all that
can be done is to try and ca tego rise the tile.

\Vall tiles can also show the same wear variat ions. Dar k colo urs can sho w grou t
scra tches more eas ily than light colours, the scra tches appearing from careless clea ning off
of excess grou t.

4.5 CRAZING

Th is phenomena is most co mmon on porous bod y glazed tiles where some mo istu re
expansion can be expe rienced . (Slide 21) The problem is that craz ing can occur at any
time. Again it is more visible on darker colours and appears to occur more read ily on

Con· 31
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ra ised profile or 'da do' edge tiles. It is remarkable how variable custome rs' reaction to
crazing is. For some, it is the ideal ' rustic texture', for others, the worst fau lt imaginable.
Many tiles where crazing is apparen t on the new tiles do not d isp lay the standards mark
which remai n at this time an optiona l standard.

Crazing

• Porous body problem
• Speed of appearance
• More visible on da rk colours
• More common on raised profile or

'dado' edge tiles

B

Slide 21

4.6 STAINING

Here aga in cus tome rs see this problem differen tly than man u factu rers and
suppliers. In the firs t place, cus tomers often do not think of this subject at all until the tiles
area laid and stains occur. In the case of wa ter sta ining where dam pers in the tile body
can be seen through the glaze, there is no test. If they knew of th is problem I believe most
people would not buy tiles which show water sta ins.

Ung lazed tiles in class BIb and polished fully vitrified tiles RIa can be more
vulnerable to staining due to some ope n pores at the surface .

Some points abou t this test can be seen in Slide 22.

Staining and Chemical
Resistance

• Not always a clea r-cut test
• Sta ining test only for glazed tiles
• Can occ ur on any unglazed tile

(exce pt class B1 a)

• Custo mer finds out too late

B

Slid" 22
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5. TESTS NOT CO VERED BY THE STANDARDS

Apart from tests confined to just glazed or unglazed tiles, there are a couple of
others which do not feature in the stan dard test list. As migh t be expected they are either
d ifficu lt to assess or ve ry conten tious or bo th.

Firstly there is ed ge damage (Slide 23). Tile edges va ry enormous ly in terms of the
chamfer, squareness, amount of glaze etc. but the resistance to damage is also affected by
the gro u t fill and joint width.

Tests Not Covered
by the Standard

• Edge chipping

• Water marking

• Slip resistance

B

Slide 23

The seco nd charac teris tic on th is list is slip resistance. The next fou r Slides (24-27)
shows some of the key points which are d iscussed at length in the lecture.

Slip Resistance

• Not just a problem for ceramic tiles

• EU demand a test for all surfaces

• So the subject cannot be ignored

• Variation with wear in service also has
to be addressed

B

Slide 24
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Slip Resistance (continued)

• Many countries have national standards

• U.K. have guidelines
• Huge variations
• Desire for some simplification

B

Slide 25

Slip Resistance (continued)

• Commercial implications

• Contribution of footwear to slip

• Little information from the U.K. footwear
industry

B

Slide 26

Slip Resistance (continued)

• Barefoot assessment

• DIN Ramp test

• No suitable on-site test

• Problems of site monitorin g

B

Slide 27
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Having di scussed at length some problems, as I see it, with the standard tests, it mu st
be said that I a m not suggesting that we aba ndon the existing tests. The tests we have a re
not bad considering the diff iculties of agreeing tes t methods than have acce ptable
reproducibility. My main message is that we should not be complacent and, in pa rt icu lar,
we should continue to consider test modifications when and where ap pro p riate.

6. DESI GN AND APPLICATION

If we look at Slides 3 and 4 again at this point to remind ou rselves of the posi tion we
have reached. We now have a tile of good quality. What else do we need . Obviously
ad hes ive, bedding materi al, grou t, su itable background . These of cour se need to co mply
with approp riate standa rds and ad hes ives and grouts in particul ar now have substantial
Euro pean standard .

Steps to Achieve Success

Raw MaterialS

Manufacturing Processes

Selection IQuality Assurance

Product

B

Slide 3

Steps (continued)

Other Relevant Materials
JJ.

Correct Choice of Material

Design Considerations

Installation

Slide -I

B

Both tile and ad hes ive man ufacturers offer wide ran ges of products for different
ap plications and someon e has to decide wha t exactly to specify in each case . How of ten
do we see imprecise specifica tion . Tiles to EN8? or 856431 for instan ce or ad hesives to
855980. Such broad sta tements do not narrow the specification at all.

Considerable det ai l is needed for the tiles as in Slide 28. The same ap plies to other
materi als as in Slide 29.

Tile Choices

• Aesthetic/technical

• Wali lfloor

• Porous/vitrified

• Glazed /unglazed

• Domestic/commerciallindustrial

• Enhanced characteris tics

B

Slide 28
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Other Materials

• Adhesives

• Grout

• Background

- cementitious
- reaction
- rigid
- flexible
- concrete
- compound
- timber
- plaster

B

Slide 29

Ad hesive manufactu rers in particular see m to be heavily involved in specification
and can have grea t influe nce on correct choice of materi al. They also give strong guidance
on othe r aspects of design as shown in Slide 30.

Des ign

• Movement joints

• Tanking
• Tmber bracing
• Background stability
• Underftoor heating

• Damp
• Time-sca les

B

Slidc30

Fina lly we come to installation itsel f. Tiling Contrac tors are very variable if the UK
is any thing to go by. Any thing from a reputable and long-established compa ny to
indi viduals to tile their own kitchen, thin k it is easy and set them selves up as tiling
contrac tors. Some countries have we ll-established train ing and certification sche mes and
the UK is tryin g to move in this direction th rou gh TTA and the ad hesive manu facturer s'
training schools. Nevertheless, there are st ill man y peopl e out there wh o are not
compe tent to do tiling wo rk.

The fina l Slide (31) gives some basic points on ins tallation. Mu ch of thi s would see m
to be fairly obvious but so ofte n the basics are ign ored in the qu est for speed, cost-cutt ing
and tight deadlines.

There are still some important factors to any installation even after it has been
accepted an d handed ove r to the client. Maintenan ce mu s t be adequa te for the particular

Con ·M
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installation . Two main points in mainten an ce are to keep the tiles looking good and to
maintain safety. The latter is essent ial in public areas of course and slip resistance in
particula r can be greatly reduced by a build-up of contamination.

Installation

• Use materials as spec ified

• Planning and selting out

• Basic application techniques

• Proper adhesion bond
• Adequate liIe/adhesive contact

• Precise and neat detailing

• Correct grout filling

• Correct cleaning up

Slide 3 1

B

Performan ce can also change over a lon ger time wi th use and wear. Again slip
resistance is a key cha racteristic which can change. Stain resistance also com es into th is
catego ry. Legislation in many countries puts respon sibi lity for maintaining and
mon itoring any public access floor di rectly on the owne rs.
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