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ABSTRACT

The study and development of ceramic tiles based on an interdisciplinary programme
that includes the fields of architecture, industrial design and materials engineering are
intended to support the creation of ceramic flooring for accessibility, prioritising
sustainable design, and attending to social, cultural, environmental and economic needs. The
application of the principles of Universal Design in the development of new ceramic tile
products for pedestrian flooring, considering accessibility to be an essential attribute of the
project, is intended to provide comfort and safetyfor handicapped users and contribute to their
social integration.

At the same time, requirements concerning production, quality and maintenance are
considered, with a view to achieving sustainable design. The flooring at issue has texture,
profiles, colour contrast and sound characteristics that enable people with a visual handicap to
perceive tactile, sound and visual stimuli, thus contributing to their autonomy and
independence in spatial orientation, providing accessibility on pedestrian paths. In addition,
ceramics is a high-performance basis material due to its physical and mechanical properties
and tribological system, as well as its means of application, enabling greater durability and
maintenance of its physical andfunctional characteristics.

To better understand the point at issue requires awareness of the dimension of the
problem in a global context. According to the UN World Action Program, as a result of
mental, physical or sensorial handicaps there are at present over 500 million handicapped
people worldwide, who should have the same rights and opportunities as other human beings.
These people are very oftenforced to live in disadvantageous conditions because of physical and
social barriers that prevent their access and participation. In this context, Universal Design
acts as a design process that ranges in its search from conception to the creation of spaces and
products with potential use and adaptation for all users, taking into account theirabilities and
limitations, thus promoting accessibility and integration.
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This research is based on a Design Process Methodology and Classification of Flooring
for Accessibility - MECLAPA, in which the principles of Universal Design have been applied
to the creation of new products. The stages of product design, prototype development, pre
industrial tests, technical certification and industrial production have been planned and are
currently being carried out. In thefield of architecture, formal studies havebeen conducted on
combining floorings and treating pedestrian paths, in which accessibility is the pivotal factor
of the project. In thefield of materials, in-depth studies are being conducted of Porcelain Tile
as a basic material for Ceramic Flooring for Accessibility - CFA.

Regarding the results to date, products have already been manufactured on a semi
industrial scale. This will befollowed by the creation of pilot areas in internal and external
environments, with application of ceramic flooring for accessibility, with testing on use by
groups of handicapped persons. It is hoped that the present study will help disseminate the
principles of Universal Design applied to the development of new products, particularly
ceramic materials, and contribute tofuture research.

Keywords: Universal Design; ceramic tile; accesibility.
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Figure 1. View of a street with alerting flooring in
concrete next to the kerb.

1. INTRODUCTION

Spatial accessibility can be understood as the set of environment conditions that
allows locomotion, reaching and undertaking activities in urban spaces in a
comfortable, individual and safe way!", which can be favoured by the flooring of
pedestrian routes. Individuals with limitations relating to mobility, perception,
cognition, and lack of appropriate environmental conditions can be seriously
restricted in their accessibility, adversely affecting their conditions of access to
citizenship. To better understand this point, according to the UN World Action
Program'", as a result of mental, physical or sensorial handicaps there are at present
over 500 million handicapped people worldwide, who should have the same rights
and opportunities as other human beings. These people are very often forced to live
in disadvantageous conditions because of physical and social barriers that prevent
their access and participation. Considering this global reality, in Brazil alone an
estimated 24,600,256 inhabitants have some type of handicap according to the IBGE[7I,
which corresponds to approximately 5% of the world population of handicapped
persons, according to the above UN data.

In this context, dealing with accessibility in pedestrian walkways is desirable for
all the user population, and particularly essential for bearers of some handicap, as
they are most affected owing to their special needs, which restrict their full access.
Thus the principles of Universal Design were applied in this studyt'", which can be
defined as the design of products and environments to be used by the greatest
possible number of people of all ages and abilities. Universal Design is consistent with
human diversity and promotes social integration of all people in all walks of life.

The present study is based on two researches conducted between 1996 and
1998, through a co-operative agreement
between Universidade Federal de Santa
Catarina (UFSC) and the Instituto de
Planejamento Urbano de Florian6polis
(IPUF), co-ordinated by professor Marta
Dischinger of the Department of
Architecture and Town Planning, in which
I participated with scholarship of scientific
initiation. The first stu dy, entitled
"Acessibilidade no Centro de Florianopolis " [41,

was designed to evaluate the accessibility
conditions in the historical centre district
of the city of Florian6polis, focu sing on
use by handicapped persons, particularly
those with visual and motor disabilities. In
1998, a second work was initiated in the
form of Technical Consultancy, aimed at
establishing and projecting a pilot area for
intervention to increase accessibility in the
pedestrian pathways of a pilot area. The
project, entitled "Proieio de Reoitalizaciio das
Ruas Esteves [unior e Alvaro de Carvalho",
led to the elaboration of an experimental
project for the reconstruction of the public
walkways of two streets in the centre of
Florian6polis.
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Figure 2.
Alertingflooring in concrete, broken piece with cuts, surface

stains and irregular setting.
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Figure 3.
Alerting flooring in concrete: broken profiles stains

and loss of colour.

The proposed technical solutions gave rise to the paging of the walkways with
the use of the profiled red alerting walk, set out along the kerb of the street to delimit
zones of architectural barriers and urban danger, focusing on use by bearers of a
visual handicap. The execution of the IPUF project initiated in 1999 brought to the city
a new urban landscape, illustrated in Figure 1, resulting in increased legibility and
spatial qualification of pedestrian walks by the use of alerting flooring.

Despite the landscaping improvements caused by the use of the alerting strip,
and despite its dissemination in other parts of Florian6polis by a spontaneous process
of acceptance by the community, we questioned its application with regard to the
material used -concrete slabs- for the present context, as this did not fully satisfy the
recommendations of the original project. This is because the flooring does not offer
sound contrast as a mechanism of strip identification, which alerts the visually
handicapped, since it is made of the same material as the rest of the flooring used in
the road. Moreover, the physical and mechanical properties of concrete have exhibited
service in urban environments with regard to durability, as shown the illustrations of
Figure 2 and Figure 3 This led to the search for a new material that could meet the
requirements of accessibility on pedestrian paths.

In view of the problems encountered, new flooring was developed in ceramic
material, that satisfied all the aspirations and requirements of accessibility, aiming to
achieve superior performance to that of concrete. Ceramic Flooring for Accessibility
-CFAIIIL was thus developed in the frame of an interdisciplinary Materials Science
and Engineering, Architecture and Design programme. In this context, our objective
is to present the application of Universal Design in the conception, materialisation
and application stages of CFA, attempting to achieve a greater understanding in the
possible use of ceramic tile.

2. DESIGN PROCESS METHODOLOGY AND CLASSIFICATION OF
FLOORING FOR ACCESSIBILITY - MECLAPA

The research conducted used the Design Process Methodology and
Classification of Flooring for Accessibility MECLAPAIIII -in the development of
Ceramic Flooring for Accessibility- CFA. This is based on the lifecycle stages of
products, i.e., the understanding that products go through stages like birth, life and
death!", The design stages of the flooring for accessibility proposed by the MECLAPA
include: conception, materialisation, application, evaluation, classification,
information, production, distribution, use, certification and rejection, as shown in
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Figure 4. The conception, materialisation and application stages proposed by the
MECLAPA are discussed below.

Design Process Methodology and Classification of Flooring for Accessibility
MECLAPA

Principles of
Universal Design

Birth

FLOORING L1FECYCLE

CertiIicaIion

life death

Figure 4. Design Process Methodology and Classification of Flooringfor Accessibility - MECLAPAlJI l.

2.1. CONCEPTION

The conception stage proposed by MECLAPA is based on monitoring the
attributes of the idea'" and consists of defining the language, need for use, cultu ra l
assimilation, aesthetic forms and values, and manufacturing feasibility of the
products to be developed. This stage has been applied in the development of
coverings for accessibility, as described in Table 1.

Att ri butes ofthe idea Ceramic Flooring for Accessibility

Ceramic tile as a system of artificial communication for signalling conditi ons of
LANGUAGE access

Application context: external and internal environments of common and private
CONTEXT use.

Scientific context: Brazili an univer sities with research in ceramic tile and
renovation for bearers of handicaps.
Techno logical context : Brazil and its industrial ceramic districts.

Accessibility for all users. particularly bearer s of handicaps. in harmony with
NEED FO R USE Universal Design relating to the reality of bearers of handicaps.

Worldwide awareness of the reality of bearers of handicaps.
CULTU RAL ACCEPTANCE

Simple shapes that facilitate understanding by the user . Aesthetic value of
AEST HETIC FORMS AND porcelain tile superior to that of concrete .

VALUES
Comp ensation by social benefits. Global dem and by 500 milli on bearers of

MANUFACTURING handicaps. New commercial typology of porcelain tile for the industrial cera mic
FEASIBILITY sector.

Table 1. Conception stageof MECLAPA: CFAattributes of the idea'" ,

After sa tisfying each attribute of the idea in the ceramic FLOORING for
accessibility conception, we proceeded with flooring design through virtual
modelling. We began by elaborating the technical design with AutoCAD®200m in 2D
and 3D, Figure 5 and Figure 6, with a view to setting out the dimensions establishe d
by the standard and simulating a three-dimensional idea for paging stud ies . After
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concluding the virtual modelling in a CAD language, a file conversion was made
[cdr] using CoreIDRAW®11 software (Figure 7), which was subsequently altered
using ADOBE PHOTOSHOP® 7.0 software (Figure 8). The ADOBE programme was
an important tool in the conception to materialisation stages of the flooring, due to the
similarity of the reading through the numerical command (CNC) for 3D milling with
the general programme files, as illustrated in Table 2.

Figure 5. Simulation of cross CFAwith
AutoCAD®2000i en 2D.

I . ..111JQ e Q . ~__ _ • ..... . . Q

Figure 7. Simulation of cross CFA with
Core/DRAW'" 11 .

Figure 6. Simulation of CFA with
AutoCAD®2000i en 3D.

Figure 8. Simulation of cross CFA with
ADOBE PHOTOSHOP 7.0.

Table 2. MECLAPA conception stage: virtual modelling in 2D and 3DflJ /.

2.2. MATERIALISATION

The materialisation stage proposed by MECLAPA focuses on the formal
prop erties of the flooring for accessibility, which includes a group of external
structural and functional characteristics that are intended to ensure the flooring meets
the requirements of use for the user with comfort and safety, favouring the opening
of accessible spaces in which these are to be applied (Table 3).
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Formal prop erties Ce ra mic Flooring for Accessibil ity

This inform s the pedestr ian of the conditio ns of acces s along the route. It is
SIGI\A LLl I\G recom mendab le to simulta neo usly usc co ndi tions of danger (a lerti ng

floo ring and cross flooring ), atte ntion (s top flooring) and advance (guide
floor ing ). The information must be readable by all users, in accordance with
Universal Desian .
Thi s allows using the floor ing with comfort and safe ty, avo iding slipping by
the pedest rian when stepping on the floor ing, whethe r the user stands still or

NOI\-SLlP moves, with dry or wet floor ing. In accor dance with the ANS I A 117.1-
1998111, ADAAG 4.29.2 and ASTM C 1028 recommendat ions. we ado pted
the static coe fficient of fricti on and its va lue sha ll be above 0.6 for
horizontal surfaces and above 0.8 for inclined surfaces .
This serves to ident ify the floor ing and read the info rmat ion by touch . The

TACTILE CONTRAST signalling information is read by contact of the feet or walkin g sticks. The
information contained in the floorin g can be provid ed throu gh profile s in the
surface. ntaking the di ffer ence in texture noticeable betwee n sta ndard
floorinc of the public walk and the desiuned path .
Thi s serves to identi fy the floori ng and read the information through sound

SOU tn CONT RAST sig nals. The walking stick or lo ot contact extrac ts differen t sou nds from the
sig nalling floorin g and the walkway. Materials that have a hig h coellic ient
of restitution prov ide a greater sound contrast. Exam ple: porcela in t ile.
Th is allo ws iden tify ing the floo ring and read ing its information by vis ible

VISUAL COI\T RAST sig nals. Individuals with poo r sig ht use the dar k versus ligh t visual contrast
be tween the signall ing strip and the walkway . The red colour is
recomm endable for the alert ing and cross flooring , because it has a longer
wavclengtb !" and can he held longer by huma n sigh t, du ring the mov emen t
of pedestrians or dr ivers of vehicles .
The sig nalli ng strip must he dimensio ned such that the pedestrian can

I>/MENS IOI\ identify it with out any problems as he wa lks. In accordance with the exten t
o f human ga it. the ac t of dimen sion ing the single or grou ped pieces shall
lim n a siunallinu strip at least 40 em wide (ISOrrC 173).
It must provide useful life with regard to the replacemen t of pieces damaged

n URABILITY by use or ageing. Specia l attent ion to frost and impac t resistance is required
for the integri ty of the profiles. Materials resistant to wear b~ deep friction
(mrrr') with hig h bendi ng str ength are reco mmen ded ( 10101- ) for a longer
service life of the flooring.

Table 3 - MECLAPA materialization stage: CFA formal properties'".

The graphic computation enables interpreting the att ribu ted flooring surface
treatment values, and also allows defining the nominal height of the profiles for the
preparation of the moulds. Fina lly, it allows defining the milling approach for the
physical p rototype in the green mass that will serve as a negative for the preparation
of mould in a polymer matrix. Initially we prepared samples of green mass foreach
type of CFA, which we re mill ed in dimensions of 0.5x33x33 em in a CNC machine. We
then deposited liquid res in on the surface of the samples, which after drying yie lded
the mould for pressing the prototypes, as shown in Figure 9.

Whe n the res in mould was finishe d, we made the
samples with a porcelain tile body, characteri sing a pre
indust rial production. In order to make the physical
prototypes we used 800 kg of commercial porcelain
body in the form of spray-dried powder, of which 400
kg was red and 400 kg was yellow, We pressed the
pieces measuring 380 0.5x40x40 em at kgf / em" with a
SACMI model PH 555 industrial press, with a cavity
and punch of 40x40 em. The porcelain tile samples were
then fired in a roller kiln and subsequen tly rectified to
measure 33x33 em, which characterises the preparation
of the prototypes.
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2.3. APPLICATION
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The proposed MECLAPA flooring application stage is in accordance with the
paging system and the principles of Universal Design. It serves essentially for tests
and evaluation and is characterised as the end of the materialisation stage. The
application of the flooring for accessibility can be judged as a project only in
theoretical form and must be assessed in its true form in actual conditions, i.e., with
the pieces installed in a pilot area for performance assessment.

2.3.1. Paging system

The paging system is a process of study and application of flooring for
accessibility with a coherent layout, a regular tile ins tallation and good state of
conservation. It is a project tool and execution for correct application of the flooring
in order to create accessible spaces, as a result of its relation with surroundings, by
offering comfort and safety to the users. Through the paging system we better
understand the condition of signalling established by the formal properties and the
coherence that must exist between the types used on the pedestrian routes. The
paging system is shown in Figure 10.

The paging system for urban environments considers the relation between
vehicles and pedestrians, zones of great da nger for pedestrians, and this accessibility
must be controlled. In these situations, in open air zones and areas wi th public
facilities, we must apply the alerting flooring. In the pedestrian strip free of obstacles
and with free circulation we have used the guide flooring. In the zones with directing
points'!" in the pedestrian route we must indicate them with cross flooring. Some
examples of situations of the paging system are shown in Figure 11 and Figure 12.

PAGING SYSTE M

TY POLOGY

D

APPLICATI ON

ALERTING
FLOO RING

UH (or delimiti ng
architectonic barrien

CROSS
FLOO RING

Use for dclimitin~ cha ns:n
ot dlreetio n

in the pedestrian route

STOP
FLOO RING

UK for dclimilin~ arEU
ohojoum

GUIDE
FLOO RING

UK for ddimit i n~

prdcrT nlia l pedestria n routes

PAGING VECTORING

)

Figure 10. MECLAPAapplication stage: CFA paging systemrlli .
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+--+-- - - - Car highway

Alerting flooring forming a strip
signalling urban danger

Stop flooring delimi ting the area
of pedestrian sojourn

Cross flooring delimiting change
of pedestrian direct ion

Guide flooring forming a strip
signalling an obstacle-free route

Figure 11. MECLAPA application stage: paging system for the location of a public telephone in urban surroundinge'".

Guide flooring
+cross flooring

in the pedestrian route

Strip signalling danger
with alerting flooring

Figure 12. Example of CFA application in urban surroundings, according to the Paging System'lll .
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2.3.2. Principles of Universal Design
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Based on the principles of Universal Design''" we have developed a relation
between the user and the environment, favourable for the creation of accessible
spa ces. The application of the CFA in terms of eigh teen principles is intended to
encourage access ibility for the greatest number of persons. The seven principles of
Unive rsa l Design are set out in Table 4.

Princ iples of Un iversa l Des ign Ceram ic Flooring for Accessi b ility

Th e ceramic floor tile is usable by people with diff erent abilities. The meaning
EQ IT ABL E USE of the signals must be identical fo r all users : when ever possible the meaning

must be the same and equivalent if iden ti ty is not possible. For exa mple, the
cross flooring with brai lle for those with a vis ua l hand ica p. The floor ing
sho uld not allow segregation or stigmatisation of the users . It e nables
individuality, sa fe ty and protection in an equitable form and is att ractive for all
users . .
Ceramic flooring respects and fu lfi ls indivi dua l pre ferences an d abi litie s.

FLEXI BL E USE The re are diffe rent forms of the application (co ntac t w ith the fee t, walking
sticks, and wheelc hair ). It facilitates the positi on and acuity of the use r.

Understa nd ing the language of ceramic flooring is ver y simple; it doc s not
S IM PL E AN D I T UITIV E depend on the leve l of concentrati on or the lingu ist ic abilities of the user. In

USE co ntrast, it fulfil s the expectat ions and intuition o f the user. It orga nises the
info rma tion according to its importance : danger , atte ntion and advance . It
dis plays e ffec tive and fast res ponses during and alt er executing a task.
The ceramic flooring co mm unicates the information of the signa ls that the

R EADI LY PER C EI VABLE user nee ds and does not de pen d on environment co nd itions or the sensoria l
INFORMA TION abi litie s of the indiv idua l. It offers di fferen t forms of com municati on (v isua l.

sou nd. tac t ile) to ass ure present ati on of essenti al informatio n. It favo urs the
readin g of essential in formation .
Th e ceram ic floo rin g m inim ise s the risk s a nd negat ive con sequences of

TOLER A NC E TO E R RO R possible accidental or non-intentional actions. It organi ses the path s that might
contai n erro rs and risks: alerting floor ing at the kerb, stop flooring for area of
perma nence. guide flooring for safe a reas . The risk and error warnings are
associated with the alert ing and cross flooring. They emphasise sa fety agains t
hum a n mistakes . T hey stim ulate unconsc io us acts in task s tha t demand
watc hful ness.
Ceramic floor ing offers co mfort and e ffic iency with minimum effort. It allows

R ED CED I'H YSI CAL the user to hol d a neutra l corporal posit ion . The user does no t become tired
E FFO RT when usin g it. It reduces repetit ive ac tions. It reduces the durat ion of physic al

efforts.
The d imension and paging space of the flooring are consistent with access,

DIM E 'S IO N AN D SPACE reac h, opera tion and use, independen tly o f the size o f the bod y of user s, the ir
FOR APPI~OXIMATION posture or mob ility . They ass ure reaching all the components in a com fortab le

AND US E way for all the users. wh ether seated or sta nd ing . They are equipped for
differences in the size of feet, wa lking sticks and hum an gait.

Table 4. Principles of Unioersal Design for CFAllJI.

The principles of Uni versal Design are ap p lied in the conception,
materiali sation and application s tags of Ceramic Flooring for Acc essibility.
Figure 13 shows the list of eighteen principles with the application of the
ceramic flooring in the "Urban Transport Terminal of Florian6polis", based on
th e paging syste m.
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Application of the principles of Universal Design

Figure 13. MECLAPA application stage- simulation at the urban transport terminalof Fiorianopolis'".

3. RESULTS AND DISCUSSION

After the efforts devoted to solving the problems of accessibility of handicapped
persons and enabling the greatest number of persons to benefit from the increased
accessibility, the Ceramic Flooring for Accessibility - CFA was developed. Table 5,
Figure 14, Figure 15, Figure 16 and Figure 17 show the CFA prototypes in porcelain
tile, resulting from the MECLAPA materialisation stage.

Figure 14. Alerting CFA. Figure 15. Cross CFA Figure 16. Stop CFA Figure 17. Guide CFA.

Table 5 - Illustrations of the Ceramic Flooring for Accessibility - CFA- developed in porcelain tile/ Il l.
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CFAs are ceramic tiles fitted with tactile, sound and visual devices that signal
access conditions and order the architectural barriers in the path of pedestrians, with
a projected service life that will favour accessibility for all the users based on the
application of the Principles of Universal Design'!", Their use in pedestrian walkways
can essentially favour accessibility for bearers of handicaps through surrounding
conditions that compensate their mobility, sensorial or cognitive limitations,
increasing their opportunities for full social participation.

The discussion of the reality of the handicapped persons in society reflects the
social importance of the research. Based on these discussions, ceramic floor tiles were
developed that promote increased accessibility in the paths of pedestrians, thus
promoting social integration.

The technical and scientific importance of the research, specifically for Materials
Science and Engineering, consists in relating the social and environmental needs of
handicapped persons to the structure, properties, processing and performance of
ceramic materials. In Architecture and Town Planning, it serves as an instrument for
use and evaluation of the correct application of the flooring for accessibility in given
urban settings. Design contributes understanding of the ceramic tile design process
and the projected service life of the product. In sum, the interdisciplinary approach of
the research shows the possibility of treating complex social problems -i.e.,
disabilities- in areas of knowledge with different perspective, which are however
scientifically related in their search for a common solution.

The economic importance of this work is reflected in the wide range of end
products, particularly the Line of Ceramic Flooring for Accessibility. New types of
Porcelain tile, whose technical dissemination is widespread in Brazil, with uses
destined for human health based on real demand with urban applicability on a city
scale, are the strong points that are likely to drive the industrial manufacture of these
technological products. The ceramic sector will then have increased economical
support in the future commercialisation of CFAs.

4. CONCLUSION

The present study enables concluding that Universal Design applied to ceramic
flooring for accessibility - CFA - contributes in attending to a greater number of people
with regard to their special mobility, cognitive and sensorial needs. In this way, CFAs
contribute to the process of social integration, increasing the opportunities of bearers
of handicaps, and thus enabling full access to their citizenship.

On the other hand, the principles of Universal Design applied to ceramic tiles in
the industrial field can contribute to disseminating the idea of accessibility in this type
of flooring, which will stimulate the development of products with superior technical
characteristics to the products currently available in the market relating to comfort
and safety.
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