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1, INTRO D UCTI O N

Slip resistance is one of the cha racteristics included in Mandate M /1I 9 "F loo rings "
of the Co ns truction Products Directive (CPO 89 / 106), as a requirem ent for the CE
marking in cera mic tiles in tended for floorin g, altho ugh it will only be requ ired when
ap plicable regu lations exis t in the importing country. Althoug h the work d one in the
European Comm ittee for Standard izat ion (C EN ) has been d irected towa rd the ado ption
of a sing le va lid test met hod for every type of material, the difficul ty of estab lish ing the
necessary ag reements, both on a na tiona l leve l and among the representati ves of the
d ifferent cou ntr ies in volved, augurs a long transit ion period before having a harmonised
European method . Till that time comes, the Spanish floor tile manu facturers will be forced
to verify the slip res istance of the ir p roducts accord ing to the methods laid d own in the
di fferent national regu la tions o f the import ing cou nt ries .

2. EXPE RIMENTAL

To assess the equ ivalence among the four me tho ds se t ou t in the int ernation al
(ISO / DIS 10545-17) and European (prEN 13552) d raft s tand ards, measu rements have
been condu cted of th e wet coe fficient of friction on an extens ive se ries of cera m ic floor
tiles, w ith su rface cha rac teris tic ranging from polished tiles to materials w ith hi gh
roughness. Since slip resistance is not an int rinsic mater ial property, but depend s highly
on the sta te o f the surface (impregna tion , interm edia te veh icle, pollutant s ), it was decided
to unify testi ng cond itions for all the method s as d etailed in Table 1, w ith a view to
elim ina ting elements of erro r foreign to the testing equip ment.

1\ ,-. - '6



II QUAU "0?2002 CASTELL6 N (SPAIN )

Test method Type of slide r IRAD hardness Sur face

Self-propellin g slider
(Tortus-s apparatus)

Static slider 4S smooth rubber 96=2 Saturation with
(horizontal dynamometer) distilled water

Friction pendulum (TRRL) + surfactant

Ram p
Comme rcial footwe ar

55±5
with smooth rubber sole

Table 1.

Furthermore, in the case of th e ramp method (based on stand ard DIN 51130), the
stand ard safety boots were replaced by commercial footwea r wit h a fla t rubber so le, on
considering the actua l cond itions of use of the footw ear proposed by the stand ard no t to
be very representati ve.

3. RESULTS

Figure 1 p resen ts a comparative plot of the values of th e wet st atic coe fficient of
friction versus the results of the dynamic coefficient of friction found with th e Tortus
appa ratus.
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Figure 1. S tatic/dynamic comparison (ToriliS ) .

Dynamic coeficientof friction (Tonus)

Figure 2. Comparison lJetict't'li dynam ic methcds.

Com pa rison of the resulting va lues confirms th at the sta tic coefficient of friction
always exhibits higher values, as we ll as grea ter scatter. Th is is because th e friction
mechanisms under the tw o cond itio ns are quite d ifferent, so tha t it is im possible to
esta blish a correlation between th e two param eters.

In order to compa re the critical slip an gle values («) found in the ramp test w ith the
values of the d yn amic coefficient of friction (u), the assum p tion is made in a first
app roximation that the relati on ~ = tg u holds. As Figure 2 shows, there is no defined
correla tion between both test me thods, with higher values being found with the Tortus
apparatus for all the materials, except for the models wi th a very rough surface ( ~1>0.8).
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Simila rly, in spite of present ing a cer tain al ignmen t, the va lues found wi th the frict ion
pend u lum are lower than the resul ts w ith the Tortus apparatu s for all the types of tested
su rfaces .

With reg ard to the ad aptat ion of the dynami c methods to reprod uce actua l
conditions of use, com para tive st ud ies bet ween the va lues found in the tests and the
perception of slip risk estima ted by users '!' indica te tha t the pendul um method exh ibits an
adequate corre la tion, whi le the Tortu s ap paratus usu ally genera tes results that are too
optimistic unde r wet flooring cond itions . Keeping in mind tha t the Tortus apparatus
tr avels approximately I meter to determi ne the dynamic coeff icient of friction, the
res u lting value solely reflects an average for the surfa ce, mas king the exist en ce of areas in
th e piece w ith lower coe fficien t o f frictio n va lues (Figu re 3). As the risk of slip falls is
associa ted more closely with the min imum coefficien t of friction val ue tha n the average
for the surface, it would be appropriate to evaluate the res ults in te rms o f thi s value.
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In fact if we analyse the resul ts of the Tortus apparatus on the basis of the mini mum
value ( ~ l mi nj u rn = ~l 'HW<lKt' -20) defined to assu re a 95% prob ability o f being exceeded, and we
compare these with the results of the frict ion pendulum (Figure 4), the correlation
between both im proves across the whole range of va lues . Departu re of these results from
the correlation is only fou nd in the case of two floor ings wi th surface profiles. On th is type
of surface, the apparatus vibrates heavily, w hich biases the resu lts, prod uc ing high
standard deviation val ues .

4. CONCLUS IONS

- The study shows tha t it is no t possib le to establish a co rre lation bet ween the stat ic
and dynamic coefficient of friction va lues, probably due to the d iffe rences in the
mecha nism of friction o f both sit ua tio ns .

- Nor has it been possible to establish an adequate corre lat ion be tween the cri tical
ang le values fou nd by means of the ram p method and the results of the dyn am ic methods,
despite carrying ou t the test under equ ivalent wate r impregn ati on co ndi tions. Th ese
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d ifferen ces could stem from using sliders with rubber of differen t hardness, or from the
simplified interpretation of the critical angle values ( ~ l =tg a ), which fails to account for
the ergono mic aspects of human walking .

- The dyn ami c me thods (Tortus and friction pendulum) exhibit a certa in correlation
when they are used under equivalen t test cond itions (intermediate fluid, slide r type and
hardness, minimum value ana lysis), although the Tortus ap paratus is only appropriate for
measu ring surfaces with a flat geo metry.
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