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1 INTRODUCTIO

Experience in th e investigation of floor-tile failures involving damaged tiles has
in di cated th at the major contributory factors to failures are high in tensity loa dings . and
im pa ct dam age. The damage usually takes the form of cracked or splin tered til es. and
complet e adhesion failure of whole til es has also been encountered. This type of fail ure is
in vari ably co nfi ned to heavy duty situa tions, such as factory floors. ba keries , industri al
kitch en s, and latterly. super mark ets .

It appears that load in tensit ies in these situatio ns are on the inc rea se , and th at more
and more demands are bei ng made on floor-tiling. Failures have been observed with all
typ es of tiled floors and fixing system s.

The support provided by the substrate is clearly a critical factor in this typ e of failure.
and it has long been cons ide red desirable to have a simple test to es tablish whether a floor
has adequate strength to withstand the in tended loads. Th is report describes the development
of such a tes t for assessing the imp act strength of til ed floors.
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2 COEFFICIENT OF RESTITUTION

CASTELLON (SPAIN)

A suitable property to measure would be the coefficient of restitution, e, between the
floor and a steel bal l. Th e coe fficie nt ofres titu tion between two impacting bodies is defined
as the relati ve veloc ity of dep arture divided by the relati ve veloci ty of approa ch . For a ball
im pacti ng a flat static surface

e = v / u

Now v = ~
and u = ~
therefore ,

fFe =
h,

where: h , = heigh t of drop
h, = heigh t of rebound

In a purely elas tic impact with no energy losses du e to heat , sound or fricti on, e woul d
equal 1. However, all impacts are less than perfect and a value of e less th an 1 is always
obtain ed. The lower the value the more energy has been perman ently lost at impact. If the
impa ct is not 100% elastic then energy will be used in rupturing the surface or causing a
perma nen t plasti c deformation . In the case of a steel ball impacting ceramic til es it can be
ass umed th at heat, sound, an d friction losses are constant an d so th e value of e will give a
measure of th e perman ent damage sustaine d at impact. Thus a quantitative assess ment of
the ability of th e til ing to withstand impact can be mad e.

3 APPARATUS

A di agram of the origina l appa ratus is shown in Figur e 1. It consis ts of a steel bar , 4 ft
(122 em) long, to which is attache d an elec tromagnet. Th e magn et slide s up an d down th e
bar and can be set to any desi red position. A scale , clamped to the bar, is calibrated in
centime tres an d it is also adjus table in height. The base of the appa ra tus is fitted with
levelling screws . A subs idiary part of the appara tus is a small stand with three sho rt stee l
cylin ders with hemispheri cal tops set at the apexes of an equilatera l triangle with sides 5
em long. This is to provide a standard base for testing individual til es or sma ll sam ples of
flooring not in situ. Th e magnet is capable of holding stee l balls of up to 2 inches (5 em)
diam eter. Th e standard base is sited so that on release the steel ball impacts th e exact centre
of the equilateral trian gle formed by the three studs.
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FIGURE 1 - Diagram of droppin g-hall appa ratus .

When conduc ting experiments th e ba ll is dro pp ed from a height of 1 m on to the
sample und er tes t. its tra jectory passing abou t 5 cm in front of the sca le. The height of
rebound is noted and read when the eyes are level with the top of the reb ound traj ect ory.
Thi s is quite easily do ne after an initial trial drop . good repeatabil ity being achieved in
practi ce. Alternati vely. when measuring small samples, the expe rime nt can be performed
in a da rk-room with a stro ng light illuminating the scale from the front. Th e reboun d heigh t
is read direct ly from the bottom of th e shadow of the bal l. Th e light is set sufficiently far
away (3 m) to eliminate parallax errors. With practice an accuracy of 0.5 cm is easily obtai ned .
When testing a floor an avera ge of 10 drops on different tiles for each type of ball is considered
su fficie nt to pro duc e a representative value for th e coe fficient of resti tution . When testing
individ ual tiles on sta ndard backings five samples are used , im pacts from the differen t
balls being obtaine d on each ti le although on different si tes . Drop s with the sma lle r balls
are done firs t as less damage is pro duce d on the tile. thus ensuring tha t there is no interference
on subs eque n t impacts from th e larger balls. Usually no more than three different sized
ball s are used : 1/2 inch. 3 /4 inch . an d 1 1/ 4 inch diameters.
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FIGURE 2 - Coe ffici ents o f restitution measu red with various s ize s o f stee l balls

PRELIMINARY EXPERIMENTS

In the course of research int o sys tems of fixing, standard BI un glazed floor tiles [9.5
mm thi ck] were used on a series of floors.

Steel ball s with various diameters were dropped from 1 m on to the ap proximate
centres of a large number of the til es and the height of rebound measured . The values of e
were calculated and are shown, related to the logarithm of impact ene rgy, in Figure 2.

FIGURE 3 . Hertzian cracks in vitrified ODor-tile surface (x36)

Each point is the mean of five readings. From thi s grap h three ball sizes were se lected
for use in future experiments - the 1 1/4 inch diameter ball for th e discrimination of stronger
floors and th e 3/4 inch diameter and 1/ 2 inch diameter balls for weaker floors. In testing
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a floor or a typ e of tile at least two adjacent sizes of these balls would be us ed . Close
examinatio n of the floors after these tests revea led that without exceptio n all impacts had
produced visib le permanent damage in the form of Hertzian crac ks of the type sho wn in
Figure 3. The smalle r impact ene rgies gave the more per fect circles . the greate r impact s
so me times pr oducing associa ted rad ial crac king. For any pa rticu lar size of ba ll the Hertz ian
crac ks are fairly constan t. For di fferent e va lues therefore. varyi ng da mage mu st be produced
that is not visib le. presumably to the bac king below the til e. It is possib le also tha t the rea r
face of the til e sus tains dam age. thi s face being in ten sion at im pact. We have no d irec t
evidence for th is , however.

Exper iments on small test samples ofsemi-dry mortar flooring with similar tiles showed
that the e value of the sys tem increased rap idly d uring the first few days a fte r fixing. The
res ults for an av erage semi- dry mix ar e shown in Figure 4. The importance of a «waiting
time» before heavy loading on the floor is at once obv ious from the graph.

lO
Dc"

FIGURE 4 - Change in the coe fficie nt of restitu tion w ith maturing for test
unit co nsi sting of tile on se mi-dry mortar.

There is no do ubt that man y reported cases of dam age are caused by initia l care lessness.
Wh en a pro blem is under in vestigati on after months or even years it is di fficult to prove
that hea vy trucks or machin ery we re moved over tiles within 2 days afte r they were la id .
Thi s has nevertheless been observe d d irectly, an d there has been suffici en t ev ide nce in a
few other cases to be ce rtain that loading too ea rly has been resp on si ble for da mage. Th e
measuremen t of the im pact res istan ce on undamaged areas may in many instances show
that the floors are so und and that the damaged pa rts must have resulted from un usu al
trea tm ent.

5 RESU LTS

Apart from a series of experime nts on floors in-s itu it was decided to measure a range
of floor-ti les in «standard » condit ions of fixing and base. Tiles were fixed with a ceme nt­
based thin-bed ad hes ive to a 5 ern thi ckness of compressed concrete paving sla b. All sam ples
were a llowed to age for 7 days before testing.

Table 1 gives a se lec tion of results for floor-til es under co ns tan t cond it ions of fix ing
and base.
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TABLE 1
Examples of Coeffici ents of Rest itution (e) for Tiles in Standard Test Un its

Description e(lIz ) e(J/4 ) e(l114) Comments

7 mm Buff vit 0,87 0,73 Similar body. Increased
th ickness improves e(1 1/4 )

10 mm Buff vit 0.87 0.79

8 mm Grey fu lly vit 0.91 0.76 Improvement with increased
th ickn ess.

11.5 mm Grey fully vit 0.93 0.79
16.5 mm Grey fully vit 0.94 0.88

7 mm Red vit 0.90 0.76 Differen t manufacturers.
11 mm Black vit 0.91 0.82 Similar typ es of ti les from all

sources give similar results.

3.5 mm Glazed 0.70 0.59 0.38 Simi lar bod y. Improvem en t
5.5 mm wall- 0.73 0.66 0.46 with in creased thi ckness
7 mm tiles 0.73 0.69 0.54

8.5 mm Glazed 1100r- tiles 0.82 0.73 0.59

8.5 mm Engobed vit 0.93 0.91 0.78

Some of these values are remarkably high. Many of these test specimens approa ch
what can be regarded as an id eal flooring sys tem. Even on suc h a sturdy backing as pressed
concrete there is an increase in the coefficients of restit uti on with an increase in the thi ckness
of til es. Th is effect will be even more marked on weaker flooring,

It appea rs from these results that the thicker the tile the more the system behaves like
a monoli thic layer. As might be expected this beh aviour becomes more obvious the sma ller
the impa cting ball.

For rebounds from smooth surfaces th e coefficients of restitu tion reduce as the
dimensions ofthe steel balls are increased . That is, e (1/ 2 ) > e (3/ 4) > e (11 /4) . Occa sionally
th is orde r has not been maintained and examination of the surface ha s sho wn that it was
rough. In overco ming th e roughness a subs tantial fracti on of the energy is abs or bed .
Successive impacts on rough parts would therefore be likely to produce fractures or chipping.
This conforms with observations in pra ctice.

6 ISOIDIS 1054 5-5

Measurement of the coefficient of resti tution requires onl y a simple technique and
pro duces single values which could be used to classify 1100rs in terms of their suitabili ty for
various se rvice conditions .

Compa riso ns are clearly also possible betw een different typ es of til es or in deed
ad hes ives or any other layer within the total 1100r sec tion. The results for test spe cimens
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given in this paper were obtaine d wit h tiles fixed to the so lid suppo rt of dense concre te.
These results are therefore nea r to the maximum attainable va lues and this should be
remembe red in any compariso ns that may be made.

Thus it is seen how the ISO standa rd 10545-5 has evo lve d. It was th ou ght that the use
of th e 3/4 inch (19 mm) ball would be most su itable . Smaller ba lls would not differentiate.
larger. and the test would be a destru ctive test.

We put forward the follow ing class ifica tio n.

TABLE 2
Tenta tive Clas sifica tion of th e Impact Resistance of Floors

Floor I Mini mum Coeffici en t of Restitution for
Steel Ball of Diam eter 19 mm

Heavy duty 0.85
Norma l duty 0.70

Light duty 0.50

Cer tain changes have been in trod uced in to the standard and the design of the apparatus
has been upgraded. Figure 4 shows a diagram of the modern appara tus and figure 5 a
pho tograp h. The main improvem ent of course is the use of an electro ni c tim er to obta in an
accurate measure of the rebound heigh t.
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Figure 5 Schematic of Appa ratu s for Determin ing the Coefficient of Restitution of Ceramic Tiles
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Figure 6 Coefficient of Restituc ion Apparatus
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7 CONCLUSIONS

Measurement of the coefficient of restitution by means of the dropping- ba ll procedure
is useful for assessing the impact resistance of tiled floori ng and also for testing in divid ual
floor-ti les.

In the standard however, it must be remembered that th is is a mean s of different iati on
of tiles for various environments. The measurement is not sensitive enough say to differentiate
between tw o equal thickness fully vitrified tiles from different manufacturers.
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