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INTRODUCTION

Slip and fall accidents are a significant problem given the frequency of the ir inciden ce
and the magnitude of the assoc iated costs'". Slips occur whe n the foot canno t achieve
ad equate effective contact or gri p on the fl oor surface. Thi s us ua lly occurs when so meth ing
has been spilt or when the shoe sole an d floor are unsuited . Th is pa pe r wi ll consider aspects
of assess ing the relati ve contribution of ceramic tiles to slip an d fall accidents.

Stud ies of several accident case histori es reveal that slips and falls can be d ue to
ma ny factors . The primary factors include the characteristics of the tile laid ; its cond ition
at th e tim e of the incident (reflecting bo th its degree of wear and the effec tiveness of any
maintena nce program ); the type of footwear being wo rn and its ph ysical cond itio n; the
p resence of any contaminant on the fl oor and its nature; the activit y that the victim was
undertakin g; the ph ysical an d mental state of the vict im at the tim e of the incid ent; the
qua lity of the lighting or the degree of visibility; and any changes of level or slopes.

Forensic engineers must determine whi ch factors are significant in any ind ivid ual
incident, and the rela tive extent to which each factor m ight have contr ibuted to th at
accident. If two people were to slip and fall on the same floor, the causal facto rs cou ld be
quite d ifferent ev en tho ug h the floor is a com mo n facto r.

In cases of litigation, judges rely heavily upon Sta nda rds, Gu ides an d local bu ildi ng
regulations . One shou ld thus consi der how we ll any Sta ndards serve the needs o f the
va rious ves ted interest g roups, e.g . the pub lic, property owners, manufactu rers and
forensic engineers.

[J I· E -";C L \ '.;n!:J<, F., H ODSO ...., T.] . \~[) T ERRFC ROSS..\ , R.A. ]. Fo ren sic Sci., 1Y96 , 4 1 (5 ), 733-74h.
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Tile manufacturers and suppliers logically seek compliance figures, and wo uld
accept one th at is high enoug h to allow for a reason able amo unt of wear and level of
mainten an ce, if th is is their sole contractua l obligation . They are not too con cerned wit h
the test method as long as it does not disad vantage the m. By contras t, municipal
autho rities and building ope rators and man agers are more concerned with the in-service
slip resistance ove r the design life of a facility. They are inte rested in portable testing
equ ipment and the establishme nt of appropriate criteria for di fferen t typ es of
env ironments. The forensic scientists are also interested in portable tes ting equipment,
altho ugh its cost may be a major concern for man y of the independent consultants. They
tend to have a greater focus on the shoe material. They might argue that their client
dese rves compensation becau se the defendants failed to use a tile that was safe for
someone wea ring shoes wi th soles that had inh erently poor slip resistan ce. Othe rs might
argue that it was not so much the shoe mate rials, but the design or condition of the sole
and heel. Aspec ts of sole and heel design can be most effectively assessed using
laboratory based equipment that allows releva nt biomecha nica l issues to be considered.

This pap er also briefly reviews the approach that has been taken in revising the
Aus tralia / New Zea land Standard for the slip resistance of pedest rian surfaces, as this
should provide a fairer assessment of the relative contribu tion to accidents than a simple
pass / fail criterion.

PRODUCT LIABILITY

Product liabili ty laws vary th rou ghout the wo rld . This section, based on an
Ame rican analysis!", is intende d to provide informa tion of genera l interest. It cannot
substitu te for in-depth ana lysis of particular scena rios.

"Su ppose your compa ny ma nufa ctures cera mic tile that is sold in retail stores to
cons ume rs. Now, also suppose th at a cons ume r purchases tile mad e by yo ur compa ny at
such a store and installs it herself on the floor of her kitche n. Sho rtly afterward, her
hu sban d slips on the tile floor, break ing his leg. Might your company be sued by the
husband claiming your company was somehow responsible for his broken leg?

Lawsuits resu lting from alleged injuries suffere d by those w ho use consumer
products are known as product liability sui ts. Such legal actions have received a great
dea l of attention in recent years as thei r number has grown . A major effort has been
lau nched in Congress to pu t some limi ts on the amount of dam ages tha t cou ld be
awarded and the time frame for instiga ting such suits.

Recently, a group of legal scho lars extensively reviewed the subject and d rafted
wh at is known as the 'Resta tement of the Law of Torts: Product Liability: Th is
resta teme nt is design ed to help lawyers and judges determine wha t the law is in the area
of product liability and how it sho uld be applied un der chang ing cond itions .

Those in the cera mic indust ry are not immune from such sui ts, and man agers at all
corpora te levels need to be aware of their natu re and poten tial.

Genera lly, if someo ne feels an inju ry was cause d by a cons umer product such as the

121. J.A. C\WER\\UOD; Ceramic Ill dllMry, October 1997, 2 7
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ceram ic tile on the floor mentioned earl ier, th ey have to show th at it was defective in
some wa y to be successful in a legal acti on. It could be alleged that the product was
defectively ma nu factu red (e.g., a nonskid coating wa s left off the tile the now-l itigious
consumer p urchased). The plaintiff may accu se the manufactu rer of defectively designing
the p rod uct (e.g., o the r tile manufacturers design the product with ripples to p revent
skids; the defendant did not). There ma y be an allegation that the manufa ctu rer did not
sup ply adequa te warn ings abo ut the p roduct (e.g., the installation ins tructions di d not
explain the bes t way to apply it to the floor to avoid slips by those walking on it).

Basically, a p roducer of a product is held liable for personal injuri es res u lting fro m
the manu facture of a defective item. The producer is liab le if the p roduct rea ched the
consu me r wi tho ut a sub stantial chan ge from the cond ition it was in whe n firs t p rod uced .
In other words, as long as the product was not mat erially altered from the time of its
manufacture th rough its use by a con sumer, the producer is liable for injuries ca used by
defects eve n if the product pa ssed through the hands of numerous middlemen , such as
retail ers, before being used by the plainti ff.

Often an action for inju ry from use of a p roduct will allege that the ma nufacturer
wa s negligent in the way it tested the p roduct. A prod ucer has a d ut y to make prod ucts
tha t a re free from defects that raise an unreasonable risk of harm. Th is d ut y requires that
products be regularl y tested and inspected . Th is is es pecially important before a ceramic
p rod uct is first mar keted . It also means that the manufact urer need s to be awa re of all
tests that are ge ne rally accepted in the indust ry for the particul ar category o f produc t.
Th is can incl ude, for instan ce, tes ts promulga ted by organiza tions, such as the Am erican
Society of Testing Materia ls. Some companies hire ou tside laboratories to cond uc t at least
final -stage testing to be able to refut e la ter charges of corporate bias in test ing .

Product inspection during the manufacturing process is also important in order to be
able to deflect accusations of negl igen ce. The product design and materials used may be safe,
bu t if the prod uct itself is improperly made, it ma y cause problems leading to an injury.

Product liabi lity su its often nam e every one in the chain of di st ribu tion as a
defendant. Thi s means the manufacturer, importer, di stributor and retaile r. Issues rela ted
to one pa rty in the chain being respons ible for indemnifying othe rs in the cha in will the n
a rise . It is not u nus ual for re tai lers and othe rs to insist on an indemn ity cla use in any
contract for the purcha se of goods, whe reby th e seller of th e prod uct ag rees to pay an)'
legal judgme n ts aga inst the retai ler along with the retailer's legal fees if there is a p roduct
liabil ity sui t.

It may so metimes seem that a number of absurd product inju ry su its are filed (e.g.,
injury from a coffee spill at a fast food restauran t). Such litigation can be harrowing and time­
consu ming, but often plaintiffs eventua lly lose because the injury was simply too remote
from the product' s use. However, ceram ic ma nu facturers need to always be vigilant that
the ir prod ucts are designed and produced in a sa fe manner, or surely a suit will follow".

SLIP RESISTANCE TESTING

Calderwood's article" raises the question as to w ha t is adeq ua te tes ting for slip

[2]. J.A C'I.DFRI\l l(l[); Ceramic It llfI 4"l r.lI. October 199i, 2i
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resistance. An abundance of devices and test method s have been used to assess slip
resistance. However, all the investigations to date have been unable to find a simple
so lution to the problem of determining the relationsh ips between footwear and floors. As
Rowland" ha s stated 'Much time and effo rt ha s been expended on comparisons between
machi nes and arguments for and against dyna mic and static measurement, without
success. Yet regardless of thi s well d ocumen ted confu sio n there is a desire by those who
do not ha ve in depth knowled ge of the problem , to have on e ins trument which will give
one reading which will cover all situations for all floors, all shoes / heels, all seasons, all
contaminants, all ages, all infirmities, in fact for everybody, an ywhere, any time. It is
perhaps now tim e to forget the mu ch so ught after and now obviously mythical ' unive rsal
test machin e' tha t will, with one resu lt tell us all we need to know, and concentrate on a
composite so lu tion which might in itself be quite complex'

The abse nce of a universal solution is unlikely to be of much comfort to tile
manu facturers, who must determine which test or tests they should use. It appear s that
the re will be four test methods in ISO 10545.17 Ce ramic Tiles: Determina tion of coe fficient
of friction. These are a self-propelled mobile appa ratus described as a Floo r Friction Tester
(FFT); a static test method similar to ASTM C1028; the incl ined plat form (ra mp) as used
in DIN 51130; and the British Pendulum tester. Wh ile no man ufacturer would wa nt to use
all four test methods, this may so metimes be necessary. In some countries, there are codes
and regul at ions that must be complied with that stipulate the use of one or more of the
above test methods. In recogni sing that some test methods sometimes p rov ide mislead ing
resul ts, there is an obv ious advantage in using more than one test method to cha racterise
prod uc ts. It is obv iously preferable that the results should correlate well with subjective
assessmen t of floors, and it sho u ld be noted that the FFT does not provid e a goo d
correlation with wet slip resistance!", Proctor" found that the FFT and the Pend ulum we re
unsati sfactory for assessing the slip res ista nce of floo rs that incorpo rate a raised profile.

Desp ite Kirne'" and Procto r" stating that FFT coefficien t of friction (COF)
measurem ents should not be evaluated against cr iteria developed for use with othe r
ins tru me nts, such evaluations still occasiona llv occu r. Proctor sta ted that on wet floo rs
using the Four S ru bber slider 'a reading ; bove 0.68 is required to ensu re safety',
significantly h igher than the 0.4 va lue that is often used.

As Proctor stated 'The interpretation of the results of measu remen ts of the slip­
resistance of floors is very complex. It is clear that architects and flooring contractors need to
be ad vised on correct interpretat ion . .. This information can on ly be supplied by the
organisation responsible for carry ing out the tests and should be included in the test repo rts'.
However, in view of the complexity of slip resistance, it is not su rp rising that test houses are
reluctant to volunteer unsolicited advice, given the potential litigious ram ifications.

REVISIO NS TO AS/NZS 3661

The joint Australian / New Zealand Standard for the slip resistance of ped est rian
su rfaces is currently being revised. While the draft is still subject to change, it is interesting
to consider aspects of some of the contemplated revisions. Par t 1, 'Slip resistance of new
ped estrian sur face materials', has been prepared so that it can be called up by the

131. F.J. Rt)\\·L\ :-.; n ; 5t1l ,VO KO BET EF Conference0 11 Protective Clothi llS, S.S Ma y 1997, Den m ark.
1·41. G. \V. H .\RRISAND S.R. Suow: J. Occup. Acridt'flfs, 9 (1988 ) 287.
151. T.O. PRCK::TOR: Snfi't.1I SCit'I/Ct', 1993, 16, 367
16). G.A . KIMF: J. Om_,), A ccid., 199 1, 1·1. 223
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ma ndatory Building Code of Australia . It provides a number of ways for manufacturers to
classify ceram ic tiles and other floor ing materials. Part 2, 'Guide to the assess ment and
reduction of ped estrian slip hazards' , reflects a cha nge in emphasis from measuring slip
resistanc e to evaluating slip hazards, whereby a wide range of facto rs need to be
consid ered . Thi s more holistic approach can be used for planning new installations, for
cons idering remedial measures in existing install ations, as well as in forensic investigations.

AS/ NZS 3661.1 will recognise fou r test methods: dry FIT; wet Pend u lum; and the
inclined plat form acco rd ing to DIN 51130 (slip resistance in indust ria l and comme rcia l
areas) and DIN 51097 (slip res istance in ba refoot areas). The inclu sion of these tests
recognise th at the ra mp is su itable for evaluating the slip resistance of p rofiled floors'".
The incl ined p latform is also cons idered to be more su itable for resi lient su rfaces. The
incl ined plat form also has the ad va ntage of two comprehe ns ive Ge rman classificatio n
systems that mandate the level of slip resistance req uired in specific a reas. The fact tha t
these classification svstems are contro lled bv the Centra l Office for Accid en t Prevention
and Ind ustrial Medi~ine (Main O rga nisation' of the Trade Organisations) and the Ge rman
Na tional Accid ent Insu ran ce Board provides an add itional level of con fidence .

Altho ugh these inclined platform tests are bo th German sta ndards, it is interesting
to note a difference in their approach . Since these test method s are based on a subjective
assess ment, both requ ire the use of two hu man tes t subjects to wal k on a sepa ra te set of
th ree calibration board s and on the tes t tiles. DIN 511 30 req uires that each tes t subject
d oes not dev iate out side p rescribed lim its w ith each of the calibra tion boards. Th is
standa rd uses a series of equations to ca lculate correction factors whi ch a re app lied to the
resu lts . O ne thus obtains a precise final angle. DIN 51097 does not prescribe deviat ion
limits. It req uires tha t each test sa m ple shou ld be compared with th e releva nt
classificati on tiles to determi ne whe the r the sample is, for example, as good as the A­
covering, or better tha n the A-covering but not as good as th e B-covering.

The deliberate use of tw o tes t met hods (the incl ined platform and the pe nd u lu m )
that may provid e conflicting ind ications as to the su itability of a p roduct wi ll no doubt
give rise to some interesting situa tions . It is quite probab le that Table 1 wi ll be used to
in terpret the pendulum results.

Class ~Iean Peni:lulum :"'"um ber (BP1') Contribution of the floor surface tu th e
Four S rubber TRR Lrubber risk of sliPP!!!& "ben wet

V > 55 > ~5 Very 10\\

W 45 - 54 40 - -1-1 Low -
X 35 - -1-l. - Moderate

y 25 - 34 - High

Z -c 25
I

Veryhigh

Xotc : It i:-. expected thai these surface.. \\ ill be more ..lip resistive \\ hen dry.

J'lbh· I. Cla:- :> ~fjlatiOll tIjlit-des /rim! ~ 1I ~ftl(t' mllterial:.' for it'd ~lil' rt':, i:.'tmlCl' according to tht' Pendulum k~/ .

Th is tab le is a marked departu re from that of the widely used Grea ter Lond on
Council (GLC) criteria given in Table 2, in that it recognises that the floor su rface is only
one of the potential cau sal factors in a slip and fall accide nt. It should also be noted that
the GLC crite ria were appa rent ly based on a very limited nu mbe r of resul ts, and that
measuremen ts we re be ing mad e bo th in the wet and the d ry'".

[31. F.]. R, l\\I.N\n: 5th ,\ 'O KO BETEF COII/ i.'rt'IIn ' till Protective Clothing, 5-8 ~ldY 1997, Denmark.
[i l. Greater London Council (A rchitect's De pt ): D t'l 'd 0l'lIIt'/lf and A1a/t'rilll.. R/lfll'lill-lJ (2nd Series). 1471, ltcrn 3.
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Dangerous - 19 or below . This condit ion is quite unsafe and. whe re it exists. immediate action should be
taken to replace or treat the surface to an acceptable standard.

I

Marginal - 20 to 39. The surface is below the recommended safe level and methods of improving the
condition should be considered and carried out as soon as reasonably possible. Some remedial treatments
have only temporary effect and wi ll need to be repeated at required intervals; in the long term. the
substitution of an alternative finish may be more eco nomical. In the meantime . warnings should be given to
all using the building that care must be observed.

Satisfactory - 40 to 74 . As the consequences of a fall by the e lderly are generally serio us and frequently
fatal. the slip resistance of floors, stairs and pavings designed for their use should be well within the
'satis factoryrange .

Excellent - 75 and above. This condition, thoughdesirable in many situations, is required in certain special
cases. such as railway platform edges andcrowded publicstairs.

Table 1. Classificatitm of pedestrian surface materials for slip resistance according to tlrt' Greata Isnuion Council USlrl8 ti't'
TRRLStift rubber slider in tilt' Pendulum.

The use of both the Four S and the TRRL rubber in AS!NZS 3661.1 recognises that
the TRRL rubber can provide bette r discriminati on on rough surfaces, such as clay and
concrete pavers'", where such discrimination is requi red . However, when the GLC crite ria
are used, the soft TRRL rubber tends to class most smooth floors as marginal or unsafe.
The Four S (Simulated Standa rd Shoe Sole) rubber is harder. When used in the pen dulum
test, this rubbe r was reported to d isting uish the very roug h floors at one extreme, put
polished marble and smoo th stain less steel at the other, and to d ivide the rema ining floors
in a very clear fashion:", At the levels of roughness normally encountered indoors (i.e.
excluding pave rs), the Four S rubber was reported to give greater discrimination than the
TRRL rubber. Although the use of the TRRL rubber has been restricted to the higher slip
resistance categories, V and W, it is evident from some of the tests that ha ve been
conducted, that the use of the two rubbers will sometimes lead to d ifferent classi fications
(Table 3 and Figure 1). One has to qu estion whethe r the confusion that might arise from
the use of two rubbers is justifiable, when the TRRL rubber is only being used to
discriminate amongst highly slip resistant products.

Claultk... oltOn ..... dw 'oar S ,.bber

TRRL basedcjassif canon Z y X W v
v - - - 2 II

IV - - 2 9 I

- 9 24 IR IR 1

Table 3. Comparison of haw the 95 tiles ill Figwv 1 u'en'classified IlCCOrdlrlS to Tablt, 1
wlren tested ll'ith both til(' Four 5 and TRRL rubbers.

It is obvious that the shoe sole material will also have a significant effect. One might
conside r the situa tion of a glazed tile with a highl y textu red surface which has a Four S
pendulum number of 40 (which just passes the current AS/ NZS 3661.1 wet area
requiremen t). However, when the tile is tested accord ing to DIN 51097, it just fails to ge t
an A classification. This indicate s that while the tile mav be suitable for some wet area s
where shoes are being worn, it is inappropriate for ba refoo t areas such as public showe rs
and pool surrounds, where a class B tile is required .

(81. JM,IES. 0 .1. : in Clay Palling Bricks (Proc. +toThe Institu te of Ceramics), 198Y, 49-60.
(91. JAMES. 0 .1. : Po!."mt·' Tt~ ti"g, 1989, 8.9-1 7.

P. GII -166



CASTELL6 :-: (SPAr;.;)

12

-" Mj.D
.D

"::,:
0.6...1

::,:
::,:

0.4f-

02 -

0

0

II QUAU I'm 98

•

• •
•
• -•

0.1 02 0,3 0.4 0.5 0.6 0.7 0.8 0.9

Four S Rubber

Figure 1. Comparison OjhOl!' 95 tilt?~ were classified wll1.'1l tested .eW, both the FOIi T 5 mid TRRL rubbers.

There will also be anomalies when it com es to public commercial and industri al
areas . The German regulations permit class R9 tiles to be used in retail stores, hospital
rooms, sick roo ms, entrances to buildings, corr idors and stairs in administrative
bu ildings, hospi tals, banks, etc. There have been some instances where tiles with an Rll
classificati on (required in areas such as commercia l laundries and drink bottling rooms)
have just failed the current AS/ NZS 3661.1 wet area requirement, but would achieve the
X classification in Table 1. There are other products that pass the current AS/ NZS 3661.1
wet area requirement, that wou ld also obtain an X classificat ion , that have been
associated with slip and fall accidents. This may reflect upon the victim's footwear, an
alteration of the inherent slip resistanc e of the product due to wear or inappropriate
mainten ance, a contamina nt othe r than water, or some othe r contributing cau sal factors.
It certainly reflects upon the di fficulty in wholly relying upon a sale number as a relia ble
indicator of the potential cont ribu tion of a tile to the risk of slipping.

Th is limita tion has bee n partl y recognised in the Germa n sys tem for classifying
various commercial and ind us tr ial areas [ZH 1/371] where there are also vo lumetric
di splacement requirements for areas such as some cater ing, food processing and vehicle
repair worksh op areas . The volu metric displacement is a measure of the open space
between the upper walked-on surface and the d rainage level of highly textured or
profiled surfaces. Volu metric displacement requirements allow for adequate sub-surface
drainage or entrapment of spilt materials. AS/ NZS 3661 is also adopting volumetric
di spl acement requirements.

Th e Briti sh Health and Safety Executive (HSE) has been advoca ting su rface
roughness measurem ents as a secondary means of as sessing the sli p resistance of
floori ng ma terials . Harris and Shaw" concluded that a R'm su rface ro ughness of
between 8 and 10 11m was requi red for walking in water wet con d itions (ROn measu red
over a traverse length of 4.0 mm which was spli t into five cu t off lengths of 0.8 mrn).
More recent work has shown that the numerical va lue of ro ughness increa ses with an
increase in the cut off length (to 8.0 mrn) of the mea surernent'", and that a measure of
the roughness peaks above the datum line (Rpm) gave a better correlation for slip
resist ance with the DIN ramp test than the maximum peak to tr ou gh (ROn) readings

13J. EJ. ROWL\.\[ D; 5th .'\;OKOBETEF CCIII/eYe/ICt' VII Protectioe Clothing, 5-8 May 1997, Denmark.
I-lj. G. \V. H~R IU5 AJ'\D S.R. SHA\\": J. Occur . Accidents. 9 (1988) 287.
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alone' '". This work indicat ed that , for enha nced slip sa fety in wet con ditions, a
minimu m Rpm was required , of 8 11 m for so ft (resilient) floors and 25 11m for ha rd
floors. It was concluded tha t both roughness and hardness shou ld be cons idered w hen
eva luating floo r su rfaces and foot wear.

CSIRO has been determi ning and rep orting the R'msurface roughness over a 0.8 mm
cut off leng th on its slip resistance website [http:/ / www.dbce.csiro.au /pubs / slip ].
Alth ough surface roughness measurem en ts may be very usefu l for products wi th
hom ogeneous su rfaces, they may also di scriminate ag ainst p rod ucts that have a
heterogeneou s su rface . Th is is particu larly so when the surface contains a limited amo un t
of embed ded particles that p rovide slip resistance, but which may not be included in the
path of the surface roughness measurement. The surface roughness of such products may
exhibit high sta ndard deviat ions about a low mean.

FLOORING PRODUCT SELECTION QUANDARIES

The slip resistance characteristics of buildi ng s vary enormo us ly, depending on
factors such as the activities carried ou t in the building, the clea ning methods used , and
the types of footwea r that are being worn. The activ ities that are cond ucted within a
build ing are well covered by the German classification systems . Thus, use of the ramp test
results simplifies the process of product selection. However, one area that may need to be
consid ered fu rther is tha t of en trance foyers. It may be more approp riate for class RIO or
Rl l tiles to be used , depending on the design provisions that are made fo r the exclus ion
of water. Ano ther application that requ ires further considerat ion is that of stairs, where
some convention is necessary to establish whe the r or not the relevant portion of a sta ir
tread is slip resista nt or not.

Slip res istance is only one of a number of criteria tha t must be considered when
se lecting a ceramic tile. Durability is obviously im portant, and it can be read ily
appreciated that the slip resistan ce is likely to alter as the surface becomes worn. The Clay
Brick and Paver Inst itute anticipa tes that pavers will polish with wear and allows for an
ul timate reduction of some 10 to 15 BPN units when the prod uct is in se rvice. However,
the slip resistance of some glazed cera mic tiles will increase with wea r. The Standard
conta ins no req uirements for slip res istance testin g after an accelerated polish ing or wear
trea tment, becau se d ifferen t types and patt erns of wear are d icta ted by various
env ironmenta l and usage cond itio ns. One migh t expect high gloss tiles to become more
slip resistant as the surface is scratched, while the slip resistan ce of some tiles will
decrease as eithe r the upper surface is worn away or fine matter collect s in the troughs
below the surface . Any coating, whether in tentiona lly app lied, or present as a
conseq uence of vapo ur deposition or poor mainten ance, will also influence the slip
resistance. A mar ked decrease in the COF of some cera mic tiles has been observed where
tiles have been used as second ary standards to determ ine whether the Pen dulum is
properly calibra ted . It ha s not been conclusively determi ned whether th is is d ue to wear
of the tiles, deposition of rubber on the tile su rface, or some other factor.

Where Pendulum resu lts are used as the basis for se lecting cera mic tiles, one might
p resume that th is wi ll mainl y be for areas that the public have access to. These might be
categorised as externa l areas (that must be expected to become wet ), in ternal wet areas

[101. r~ lC ll ,' RDSO_'J , ?v1.T., R O\\ I.i\ 'J lJ , F.J., B RO CCIf IO I\., R.A. A~D G RIJ-f1 nrs, RS .: •All UJ1datt' 011 Reeearcn in to Pedes t rian Slil' l 'il/g', 19% .
To be published .l l-l ]. K O U J II\.E, A.A. At\ D B ARQ LI ,,"S, ~.I. : J. Adhesion Sci. Tecunoi., 1996, 10 (10 ), 95 1-96 1.
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(that sho u ld be expected to becom e wet d uring use), tran sitional areas such as food cou rts
(that should be expe cted to become wet on occas ions) and d ry areas (that m ight
occasionally become wet due to routine maintenance or u nforeseen sp illages ). In terms of
the Pen dulum results, the requ irements in Table 4 m ight app ly. One sho u ld note,
howev er, that the use of so me of the more slip res ista nt (class V and W) p rod ucts may
require the use of ind ustr ial clea ning machi nes. It may be d esirable for less slip res istant
p roducts to be used in so me circu ms tances, for instance, hotel bathrooms.

r Careacrv Perm itted classes I
Exte rna l areas v. w -
Inte rnal wei areas v.w

ITransit ional areas V.\V.X

Dry slo pes V. W. X. Y as dete rmined to be appropriate

Dry level areas V. w, X. Y, Z wi th FFT > 0.4

Austra lian Stan dards are meant to rep resent minim um acce ptable performance and
not best practice. Provision of the proposed classification system allows those wi th a
knowledge of a project to specify accord ing to their perception of the appropria te level of
risk. If AS/ NZS 3661.1 becomes referenced in the Building Code of Australia, this w ill
ha ve the effect of making the Standard part of the guida nce on how to comply with the
p rovision s of the Code. The ma nne r of incorporation would determine w hich of the
Standa rd 's req uirements an d recommendations form par t of the Code and, therefo re,
wo u ld have ev identiary status. Regard less of how the Standard is referenced, the
Co mm ittee is docu menting a consensus agree ment th at is hopefu lly compatible wi th the
spec ific need s of the Au stralian Build ing Codes Board . It is a technical document, written
by people with tech nical expertise, to be interpreted in a tech nical, not a legalistic, manner.

It can be see n that ad opt ion of Tab le 4 would nea tly av oid any requ iremen t for a
classification for d ry slip resistance. Thi s is probab ly fortu itous since Dravitzk i and
Potter?" found that most of the d ry FIT CO F resu lts were clustered between 0.6 and 0.9.
Furthermore, rou nd robin stud ies by Bowrnan!'" and AlTAR [personal communication,
1997Jha ve indi cated that there can be a high vari ance associa ted with the resu lts for some
ceramic tiles. It should be noted that the re is no external cal ibration proced ure for the FFT.

Rubbe r ca n develop Schallama ch waves and exh ibit s tick-slip behaviou r on clean
smooth flat surfaces such as floa t glass , d ue to in terfacia l ad hes ion'!" 1"[. AST:VI G 115,
Standa rd Guide for Measuring and Reporti ng Frict ion Coefficient s, sta tes that w hen stick­
slip beh aviou r occu rs, the COF of the system is so variable that it is commo n practice to
sim ply report ' s tick-slip behaviou r ' for the test result rather than a numerical resu lt.

Extreme caution sho u ld be exe rcised in interpreti ng indi vid ua l FFT resul ts becau se
sligh t conta m ina tion, as will foreseeably occur in d ry areas, wou ld significantly alter
so me resu lts. Another complicating facto r with dry slip resistance measuremen ts is that
some are d ep e ndent on the prevai ling relative hum idity.

(I l l· ! ) R·\ \ l l / KI, V I( . A:-.IlJ Pt -r-rr «, 5.\1.: J. o f 'fi.'_~lillg all,' El'1111llItillll . 11,147, 25 ( I), 127-134.
(121· Bl,, )\ \-\l :\ ~ , R.: in Ceramics. Adding the Vllhlt': AUSTCERA lv1 42, CSIRO Pubs, 1442, pp. 107 1-6 .
(131. Gll:l~ 'H , K.A.: Nature, Ma rch 2 1963, Vol 197, :\'0 4Hi O, SSR.
(141· KOLDI'F, A.A . A~U B,-\RQUI:\.S, \1.: J. AlliJt'~ itlll Sci. Tt'd",o/ ., 1996 , 10 (10), 95 1~9h 1 .
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If an autho rity we re to specify that floors in public shopping ma lls must have a dry
FFT COF in excess of 0.6, this wou ld exclude some cerami c tiles, terrazzos, stones and
vinyls. The slip resistance of some of these exclude d products in dry service conditions
may be vastly superior to so me of the products that might be permitted to be used . It is
also highl y probable that di fferent test hou ses wo uld obtain conflicting results. In such
circumstances it would appea r logical not to have a classi fication system for dry slip
resistance as this could bring the entire Standa rd into disrepute, as well as unju stly
penalising some manu factu rers, merchants and consumers.

It wo uld seem preferable not to have a classification system than to have one whi ch
might be misleading and cause contention. It should be recognised that accidents on dry
floors a re more likely to occur when dust is present as a contaminant. The FFT will often
demonstrate the effect of dust and other contamina nts most effectively: when the FFT is
used on site , the COF wi ll p rogressively decline as the slide r becom es more
contaminated . Since laboratory testing does not seek to de termine the influe nce of dust (a
contamina nt that is unavoidable in most circums tances), the FFT result does not
ade qua tely d iscriminate and sho uld not be expec ted to indi cate the relative contribution
of the d ry floor surface to the risk of slipping when the Four S rubber is used . However,
a di fferent situa tion migh t apply if a less slip resistant 'shoe' ma teria l were used .

ASTM F 802, Standard Guide for Selection Election of Certain Walkway Surfaces
When Conside ring Footwear Traction, contains useful information that is i~tended to
assist in the selection of walkwa y surfaces where the presence of foreign mate rials may
prod uce the danger of a slip or a fall. ASTM F 1637, Standard Practice for Safe Walkin g
Surfaces, covers design and cons truction guidelines and mini mum ma intena nce crite ria
for new and existing bu ildings and structures. While it is intended to provide reasonably
safe wal king surfaces for pedest rians wearing ordinary footwear, it may not be ade qua te
for those with cer tain mobility impairmen ts.

The Germa n classificat ion of comme rcial and industrial areas may be split into two
broad catego ries: class R9 tiles are used on floors whe re the use of the area is such that
there is not a high risk of slipping; and class RIO to R13 tiles are used in areas where there
is an increased risk of slipping due to grease, oil, water, foods, left-overs, dust, flour, plan t
clippings, etc. Public toilets and washrooms require class RIO products. Altho ugh
entrance a reas to buildings only require class R9 products, the regu lation s require that the
introduction of dirt and water is minimal due to appropriate preven tative measures.
While the German regu lations stipulate that floors must be designed to prevent slipping,
they must also be easy to clean . The prop osed techn ical solutions do not exclude othe r
acceptable safe solu tions, and the classifications may be varied after due consideration of
specific prevaili ng or anticipa ted conditions.

The French UPEC sys tem for classifying floor coverings and rooms d raws attention
to slip resistan ce problems, but, pending development of a slip resistance test method ,
only assesses prod ucts on their resista nce to wear, impact, water and che micals.
Neverthe less, it is interesting to note that the class ification covers some 193 types of
rooms. ISO 10545 resu lts can be used to dete rm ine whe the r or not a particu lar type of tile
is suitable for specific room s, altho ug h a certain flexibility has also been int roduced in the
classificat ion of some room s to allow for varying levels of usage.

MEASUREMENTS ON SITE

One should conside r that on-site slip resistance measurements will generally be mad e
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for one of two pu rposes: as part of a rou tine floo r mainten an ce risk management program,
or to invest igate an accid ent. The results may thus be as sessed in ve ry d ifferent ways.

When a slip and fall accident has occu rred, it is log ical that one shou ld seek to
determine the slip resistance of the floor, and to compare it with bo th the slip resistance
of the sa me product when new and an y mandatory requ irements. Th is presumes th at the
product has cons istent s lip resistance charac te ristics and tha t any published va lue is
ty pical for the tiles that were installed . A number of p rod uct ranges have been found to
ex hib it ve ry wide COF limits.

Post-incident sl ip resistance mea surements ma y yield little useful in fo rmati on as to
the cause of a specific accid ent. The coe fficien t of frict ion th at is obta ined with any test
method is a fun ction of the tes t method, the floor materia l, the ' shoe' materia l and the
na tu re of any contamina tion. A d ifferen t result would be obta ined if one were to
subs titute a d ifferent shoe mat erial, allow for the tread pattern and the relevant wear,
ad just for the pa rticul a r pedestrian ga it, as well as simu la ting the conta minat ion leve ls.

If we cons ider the case of ' ca libration' tiles p rogressively yie ld ing lower Pendu lum
values w ith continui ng use in a controlled laboratory environment , one shou ld no t ex pect
tha t prod uct s in service w ill y ield compa rable resul ts to those obta ined w he n they were
first produced. Thi s presu mes tha t the tiles are not worn , and that the ir su rface can be
restored to an 'as manufactu red ' cond ition by an approp riate clean ing reg ime . However,
there is no com monly accepted mean s of ver ify ing that the tiles are sa tisfac to rily clean.
The situa tion beco mes more complex if the slip resis tance was not ori g inally d ete rmi ned
by the Pendu lum method.

Where com pe nsa tion is being sought for an accident , th e vic tim 's shoe may be
unavailable to the ' defend ant', and the so ling material s may thus be unkn own to the
person whom they ha ve engaged to assess the slip res istance of the floo r. Although there
may be seve ral unknown facto rs, one can sti ll obta in much data that may be useful in
evalua ting a sl ip and fall accident. ASTM F 1694, Sta nda rd Guide for Composing
Walkway Surface Eva lua tio n and Incident Report Forms for Slips, Stumbles, Trips and
Falls is particula rly usefu l in th is regard .

Experts are often engaged several months after accidents have occ urred and it is
often the case tha t the floo r is then be ing mainta ine d in a d ifferen t way. Howeve r, one
should still try to ascertai n the nature and tim ing of the last main tenance process before
any measurements are ma de.

The FFT can be used to help determine whe the r the slip resistance of the floo r is
consisten t, and if there are contaminants on the floor that are not immediately apparent.
Measu rem ents sho uld be made in both highly trafficked and ligh tly trafficked areas, as well
as in the vicinity of the incid ent. Measurem en ts might also be mad e with one or more so le
materials. Measu rem en ts can be made on the tiles in the cond ition that thev are found, as well
as after various cleaning procedures. Anci llary measurements such as ~"u rface roughness,
slope, ligh t cond itions, weather conditi ons, su rface conditions, and hardness of material s
migh t a lso be mad e, together with a record ing of the time, deta ils of any wa rn ing signs or
handra ils, and a description of traffic paths, pedestrian density an d lighting cond itions .

Where a test dev ice or configuration is used, o ther than the proced u res nominated in
the Stand ard, it is the responsibility of the individ ual using the equ ip me nt to confirm, using
standard scientific and stat istical methods, that the 'other' test equipme nt or methodology
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gives results consistent with those ob tained by means of the Standard . There are many
'ex perts' using a variety of non-stand ard sled-based test devices, which can produce a
range of confl icting resu lts. Results only become mea ningful when they are assessed
aga inst crite ria tha t can be demonstra ted to be relevant. One must have a fine apprecia tion
of the inherent and poten tial defi ciencies that are associated w ith any test procedure before
one is in a sound position to use or interpre t test resul ts. Hopefu lly there will eventua lly be
a general appreciation of any limitations of test methods tha t are adopted in Standards.

It is worth reflecting upo n the fact that some resilient materials have a kine tic COF
of 0.8 when tested wi th heavy steel sleds. This indicates excellent slip resistance.
However, when tested with the Pendulum, the sa me products only obtain a lowly Y
classification (according to Table 1). The stipulated test methods may not be appropria te
to some on-site applications.

A FINAL ANALYSIS

Slip res is tance is a complex mu lt ifactorial area. Individual slip resistance
measu rem en ts, taken in isolatio n, can be misleading. A consideration of both slip
resistance and surface roughness measurements wi ll generally enable more appropria te
product se lections, but the re are other factors that still need to be considered . Howeve r,
high ly deta iled an alyses are perhaps too academic to be generally useful. Product
selection is not as simple a matter as spec ifiers would like it to be. While the German
classificat ion system provides useful guidance, particularly for spe cific industria l areas,
one should always consider whe ther it might be appropriate, for a particu lar p roject, to
specify in excess of the minimum requiremen ts. The French UPEC system provides a far
mo re detailed classification of rooms in private hou ses, ad ministra tive and commercial
buildings, ho tels, schools and hosp itals. It will be interes ting to see wha t slip resistan ce
requireme nts are u ltimately applied to these areas.

Spec ifying appropria te p roducts is obvious ly an important step in preventing
accidents. Monitoring the condition of floors in buildings can be based on slip resistance
measu rem ents. If one obtains an on-site pendulum resu lt of 34 BPN (Four S rubber), does
th is indica te that some form of remedial treatment is required ? The answer will always
be dependent on the circumsta nces. One has to consider how the area is used, whether
the footwear is subject to control, aspects of visib ility, and a myr iad of othe r factors. In all
cases, it ultimately boils down to a matter of risk man agem ent. To take a pa rallel exam ple,
on roads, we may be able to accept a low COF on straigh t sections, bu t not at tight corners
and busy inter sections. If an car accident occurs at an intersection , we must cons ider more
than the COF of the road when investigating its cause . Similarly, there is no simple
general solution to assessing the relevant contribution of a ceramic tile to a specific sli p
and fall acciden t.

AS! NZS 4360, Risk man agem ent, provides a generic framework for identification,
analysis, assessment, treating and monitoring of risk. Whil e referen ce to it, in conjunction
with AS!NZS 3661.2, sho uld provid e assistan ce in the design and maintenanc e of
pedestri an su rfaces, it may also be a useful too l in forensic invest igation s.

It has been suggested that there is more concern about slip resistance in Australia than
elsewhere. If so, this may reflect the importance placed on provid ing safe, equitable and
dignified access to a building and its serv ices, as well as occupational health and safety
matters. Standards are vital to improving public health and safety, and have a role in assessing
and limiting any risk. However, su itably focused research is evidently still required .
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