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Abstract: The natural stones stand at a significant point of human life from the existence of human-life to present
time with their durable and persistent features. They have been used as an important construction material until the
recent past. Although the production of marble material is widespread in Turkey, the conversion to the final case
marble material is not observed prevalently. The aim of this study, the evaluation of the laminated marble material in
terms of being used in architecture and the types of the advantages presented by the material are all listed at the
end of the research. The results obtained from the architectural coating application carried out to examine the
preferable reasons between marble and laminated marble are thought to have advantages in terms of flawless
connection details, easy application, transportation and storage processes in comparison to the marble material for
the case of coating surfaces with similar quality. The laminated marble material is more durable by the effect of 9
mm porcelain ceramic at the bottom than the traditional marble plate of 3 mm thickness and is nearly 50% lighter
than the marble material having the same thickness and sizes with the laminated marble material that is clear that
nearly 50% decrease in transportation costs will be expected. When viewed from this aspect, the new construction
materials obtained by reconsidering and re-developing the natural materials in accompany with the innovative-
technological methods will contribute easy and eco-friendly to the architectural design-application projects especially
in terms of easy application and utilization.
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INTRODUCTION The objective of this research is to investigateehsy
utilization-opportunities provided by the laminated
marble material in architectural design-application
projects which was newly manufactured as a redult o
the combination of marble material together witk th
ceramic/porcelain material in accompany with innova
tive-technological methods. This research involtres
supply-chain of the laminated marble from the manu-
facturing process to the storage-transportation-
marketing stages and the evaluations related to the
utilization-application processes of laminated nerb
aterial.

Natural marble: The polishable rocks having various
appearances, textures and colors are commercially
called as "marble". Most of the rocks having thfese
tures are called either directly "marble" or "cafihe
limestone". The principal mineral of most of therma
bles is calcite (Ozgiil, 2010). It is possible tassify
marbles according to their formations such as genui
marbles, crystallized limestone, travertines angkes,
magmatic marbles and tuffs (Tsan, 2012).

There are two descriptions of marble in terms of
science of geology aspect and commercial aspeet. Th
\ . . . . stones formed by either the conversion of limesione
ple’s RePUbI'C of China. W'th'n this scope, the ‘.mr subjected to me);amorphism under high temperature
and laminated marblg matenals are ev.aluated.mster and pressure or the new structure of limestones
of ease of uge—appllcatlon potential in architeadtur (CaCQ) and dolomic-limestones (CaMg(GQ)
application projects. gained as a result of re-crystallization occurréegra
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The durability and persistency characteristics atiun
ral stone material have great importance in theéecdn
of utilization period-cost-efficiency depending tme
developments in material technology. Additionathe
use of natural stone materials is the most commbn s
ject discussed in sustainable architecture andbgiol
design concepts due to their ability of presentiig}
tinctive alternatives for environmentally-conscious
architectural designs. At this point, since Turkegs
40% of marble reserve on the world, the developmen
of marble material within the context of naturaldan
local construction material in company with techno-
logical-innovative comments will present a prospsro
alternative in terms of selecting-utilizing constiian
materials for sustainable and ecological architectu
design-application projects (Tosun and Tatar, 2007)
The method of the research is based on the evatuati
of the advantages and disadvantages in terms bfarc
tectural application projects which will be provitias

a result of the detection-observation studies arad o
interviews performed at Casvino laminated marble
production facility existing at the Xiamen city Bko-
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metamorphism under heat and pressure is called agchnology and easy surface treating techniquels wit
"marble" (Orangart al.,2006). fabrication.

The commercial definition; is given as "all typek o The factories producing laminated marble material
rocks that can be cut, polished and formed as ekblo take place in abroad that the laminated marble manu
appropriate to commercial standards or whose sairfacfactured in Canada, Italy, Malaysia and People's Re
can be treated and material properties are corvenie public of China is scattered all over the world.olur

for coating stone norms are called as "marble"nfFro country, since we have no research or study about
this point of view, whatever the type of rock ansl i laminated marble technology, we import laminated
contents, it is enough for us to accept a stone asnarble from People's Republic of China under differ
"marble” due to its cuttable and polishable chaa&t  ent brand names to take part in our constructiotema
tics and the opportunity of obtaining large sizechl rial market.

The magmatic rocks such as granite, syenite, gabbroThe production stages of laminated marble material
basalt, andesite and serpentinite, the metamorphiwary with respect to the demanded material that the
rocks such as marble and the sedimentary rocks sucproduction stages of the surfaces with single color
as limestone, travertine, dolomite, sandstone amd ¢ single type of marble and the surfaces formed lgy th
glomerate are industrially and commercially incldde combination of marbles of several textures andédr ¢

in the definition of "marble". Furthermore, the fgl&  ors differ from each other partially. After cuttirige
obtained from minerals such as calcite and aragonit marble blocks plate by plate, the marble platess pas
are called as "onyx marble" in the market. In tbene  through the quality-control process and are seedrat
mercial definition, the "marble" word does not defi for the porcelain ceramics to be stuck on the nearbl
the rock type (Caran, 2014). plates (Plates 1-4). The marble plates cut withmb6
Turkey with its dynamic population and significant or 20 mm thickness are then sized to desired dimen-
underground and ground natural sources increases isions. Then, 9 mm thick porcelain ceramic is stook
level of development day by day. Moreover, the mar-the marble material of 300 x 600 mm, 600 x 600 mm,
ble sector growing parallel to the fast-growing min 800 x 800 mm and 600 x 1200 mm dimensions on two
sector in Turkey develops with a rapidly increasing sides, and then the material is pressed and lejieto
acceleration and exists at the top of the miningjose  dry. Later, the marble material whose two sides are
for years. The marble sector has been born asuét res ceramic now is cut directly from the center to dabta
of natural stones having been used as construgtn two separate pieces (Plate 5). Then sticking toriks
terials for many years. Today, marble industry i@ o  surface, the same process is repeated. In thisfoary,

of the most important sector on the world especiall  pieces of 14 mm thickness formed by 9 mm porcelain
Italy, Spain, Portugal, Greece, Brazil, Republic of ceramic and 5 mm marble are obtained. After calibra
South Africa, China and in many countries wherehhig ing these pieces, full-sized material is obtainethte
technologies are used (Altingigek, 2001; led al., 6). If the marble plate is 16 mm, this size tumi ithe
2014). On the other hand, the first five countmes pieces of 4mm. The most interesting aspect of this
porting natural stone on the world are Turkey,yital material is the water jet embroideries. The models
Spain, Portugal and Egypt, and the countries talting in the factory with water jet are placed one by bge
highest share for the mined product can be listed athe relevant workers, and the ornamented matearals
Turkey, Italy and Spain. obtained. Since the manufactured material is obthin
Since the location of Turkey is at the Alpine- using piecewise material, the product sizes aresmea
Himalayan Orogeny Zone, there exist many types ofured at every turn and the full-size of the matega
natural stones in Turkey. Additionally, nearly #@% obtained. Furthermore, the material precisely pcedu

of the marble reserve of the world, i.e. 5.2 billio? one by one and stored in the factory can be stuzbeal
(13.9 billion tons) is estimated to be existingiurkey  whole to obtain larger motifs of 1600 x 1600 or @20
(Ozceliket al.,2014). 1200 mm sizes.

Laminated marble: The laminated marble is a new Comparison of natural marble and laminated
kind of construction material formed by the combina marble: Here, the natural marble and laminated mar-
tion of the natural stone at low sections with daim ble are comparatively evaluated in the contextppiia
material which presents various advantages of dmootcation process by considering the utilization opypor
surface, regular dimension and less cross-sectiin w  nity and easiness.

out losing the characteristics of the natural stone The marble material is produced with 20-30 mm thick
There is a special chemical combining the porcelainnesses; however they are used as the plates ofifh-5
material with marble material which prevents thé di thicknesses for the application processes, theis it
ferentiation by reaching the similar expansion ieef possible to talk about unfavorable effects in tewohs
cient. Many advantages of laminated marble materialenvironmental awareness based on overproducing and
were determined and the widespread use of marbleonsuming materials using natural sources. On the
again as a construction material was provided Iy th other hand, the laminated marble provides econamy i
aid of the formation of marble material using new terms of the surface obtained during the production
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Plate 2. Chemical applied on the marble plate

Plate 3. Sticking process of the laminated marble plates Plate 7. Application of the laminated marble plates

Plate 4. Pressing process of the laminated marble plates Plate 8. Application of the marble plates
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Plate 9. Wooden floor transition with laminated marble plat Plate 13. Ready-made floor produced by laminated marble

Plate 10. Jointless wall covering with laminated marble plate Plate 14. Cleaning and polishing process of the marble floor
(Source: Faroz Group, 2015)
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Plate 11. The jointless floor application with laminated Plate 15. Preparation of the moldings produced with lami-
marble plates nated marble at the factory

Plate 12. The jointed wall covering with marble plate Plate 16. Moldings produced with laminated marble
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Plate 17. Combination of the ready-made floor at the factory Plate 18. Calibration of the ready-made floor at the factory
produced by laminated marble material produced by laminated marble

Table 1. Laminated marble - Natural marble compressiSoufce: Laminated Marble (2015), Access daf&&il 2015

Description Laminated Marble Natural Marble
Thickness 12-14 mm 18-20 (up to 30) mm
Weight 32 kg/m 55 kg/nt
Tensile Strength 200 kg/ém 120 kg/cm
Bending Strength 25.9 MPa 12.1 MPa
Compressive Strength <100 MPa <100 MPa
Stuffing Quality 700 i TEU 350 ¥/ TEU
Cost 50-60 % 100 %
i
Y
-
Traditional Marble Plate Laminated Marble Plate

Fig. 1. Difference in Color — Tone of marble plat¢Source: Laminated marble (2015), Access ddfésil 2015)
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Traditional Marble Plate Application Laminated Marble Plate Application

Fig. 2. Easy Application. $ource: Laminated marble (2015), Access ddfesil 2015
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Traditional Marble Plate Laminated Marble Plate

Fig. 3. Durability — strength of marble plategSource: Laminated Marble (2015), Access daté@il 2015

Laminated

Traditional
Marble Plate

Fig. 4. Difference in weight of marble platgSource: Laminated Marble (2015), Access daf@il 2015

Traditional Marble Plate Laminated Marble Plate
380 m* 400 m’ L\ 800 m’- 918 m? | \J
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Fig. 5. Difference in transportation carrying capacity odirble plates(Source: Laminated Marble (2015), Access datesil 2015
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Laminated marble plate cross-section Marble plate cross-section

Fig. 6. Cross-sections of marble and laminated marble plé@esirce: Laminated Marble (2015), Access daf&il 2015;
Marmocer Turkey (2015), Access datBABril 2015
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Fig. 7 . Floor types constructed with laminated marble niakte(Source: Casvino MarbleCer (2015), Access dateApril
2015; Marmocer (2015), Access daté-/pril 2015

stage and the package sizes/dimension. Moreower, thproduction process in terms of sizing the marbléema
laminated marble production provides five times enor rial, there are met significant problems during the
surface than the surface obtained from a naturdblma packaging and application processes. On the other
block. In addition, it is understood that the laated  side, the ready-made material property of the lami-
marble material is more practical in comparison to nated marble material produced with 4-5 mm thicknes
natural marble material in terms of the opportesitof by joining marble and porcelain/ceramic materials
reparability where it may be necessary due to #re-d  together during the standard production period dbase
ages while cutting either during the productiorgstar ~ on fabrication processes provides saving on timpe-es
the application-utilization stages. This is an impot cially during the utilization and application pet®and
advantage affecting the material use and laborscostdecreases the labor cost due to easy applicalHity
directly. Therefore, it can be easily told that tami- 2, Plates 17, 18). Moreover, being the materiat pre
nated marble has significant advantages in terms opared with water jet during its continuous produeti
economical application costs and selecting andgusin stage, the laminated marble material causes to have
natural material in architectural design-applicatio easy application at the site only by using ceraamlice-
projects. sive and excellent connection details. The lamihate
In the context of tone and texture differences,biear marble material is stored at the factory by apmlyin
material is said to present restrictive alternativer transparent adhesive film on the surfaces of theema
tone transitions during the utilization-application rial which is peeled off after the completion oé thp-
processes. On the other hand, since laminated enarblplication, and the floor/wall becomes ready for.use

is produced as a result of a standard productioogss It is possible to say that the laminated marbleeniait
based on fabrication technique, it has rich altéivea  is more durable in comparison to marble material
in terms of providing harmony-unity for tone transi within the context of production technology that th
tions and tone-texture differences (Fig. 1). Inreps: marble material is produced up to 20-30 mm cross-
tion to these features of laminated marble, it é@s  section thicknesses while the laminated marble mate
siderable advantages in terms of the aesthetisabli rial has 4-5 mm thicknesses. Hence, the experirhenta
harmony and presentation of the material in thestudies prove that, in terms of compression, the-la
architectural design-application projects. Since th nated marble material is more durable by the efféct
standard calibration is not possible during the9 mm porcelain ceramic at the bottom than the {radi
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tional marble plate of 3 mm thickness (Fig. 3).

On the other hand, if marble and laminated marblebottom of the laminated marble causes the appticati
materials are compared with each other in terms off laminated marble to be performed with the same
their weights; the laminated marble material ofra ¢ Workmanship as carried out for the ceramic applica-
thickness is nearly 50% lighter than the marbleemat tions. At this point, full size material characsi¢ of

rial having the same thickness and sizes withahg-I  laminated marble provides the chance of makingjoin
nated marble material (Fig. 4). This situation pres  less i.e. integrated floor application (Plates®, 1
significant advantages related to easy utilizatomi ~ For a surface required to be covered with mariie, t

application processes and especially in termsanfstr ~ floor covering is completed by filling joint-sealainto
portation-storage costs. the joint spaces occurred due to the applied nateri

As a matter of fact, if a comparison was carried ou calibration differences. However, a continuous stoo

between marble and laminated marble in terms ofSurface can be obtained as a result of the joBds
transportation cost and Capacity; while maximum 380pllcablllty feature of laminated marble materiakth
m? of natural marble material can be carried by a con this ability and easiness of using laminated marble
tainer, this capacity rises up to nearly 918amount  Material became the most conspicuous propertyeof th
of laminated marble material for the same sizeosf-c ~ Material during the studies of this research (Plate
tainer. Therefore, depending on the increase inyear While the traditional marble plates are polishedito

ing capacity, it is clear that nearly 50% decreimse after the application, the laminated marble floe- b
transportation costs will be expected (Fig. 5). @n comes ready after the application only by removirgy
quently, these results can be seen as a signifadnt transparent films on the surfaces applied at totofg
vantage of laminated marble in terms of usabilitg a after cleaning and polishing the material at thetdey
widespread demanding. (Plates 13, 14).When the columns, moldings and fin-

Another subject within the context of demand-supply ishings are produced full of marble material, tiaeg
equilibrium is; whether the possible demand in thestrengthened with aluminum fasteners and again used
market will be fastly met on-time or not, which sty @S coating material by bringing the ceramic butto
be considered as an important criterion affecting t Plate (Plates 15, 16). At this point, instead &f fitied

cost and marketing opportunities in terms of themco Materials increasing the weight of the structure t
pletion of the architectural projects especiallyinig laminated marbles seem to be more advantageows to b
the application period. Therefore, it is determitieat ~ used as the coating material. Moreover, the fonati
the demands for the laminated marble material Iy co ©Of various textures and shapes by joining the nearbl
sidering the standard production with fabricatieanc Of various colors and textures together in theofacts

be met utmost two months period of time including t ©one of the biggest innovations gained by the latetha
production-transportation processes. From this @ispe Marble material. Beside this, the floors obtaingd b
it is understood that the laminated marble matesial repeating the same or different laminated martzéepl
produced in a shorter period of time. and the largest motifs formed by using small pieces
Coating applications of laminated marble: The char-  increase the quality of the laminated marble materi
acteristic of the laminated marble material thasiig- ~ considerably. The detail and floor shapes extremely
gested to bring innovations to marble applicaties difficult to be built using traditional marble péest are
well-explained in details by this research. Alkilhy the ~ €asily formed and applied using laminated marble ma
use of laminated marble reveals some advantages cof€rial (Fig. 7, Plate13).

sidering the instinct of a qualified-use of naturste-  AS a result, marble, one of the most significartra

rials whose formation takes a long period of timela Sources on the world, has been used by peopleefer ¢
the exhaustion risk of natural sources. Thus, thesq turies. Especially due to its durable structure laeau-
tioning of the quality of the advantages met duting  tiful natural appearance, the use of marble ineeas
application is explained by the photographs takem d Many sectors particularly in the construction secto
ing the application of laminated marble materiahivi ~ Today, the increasing use of natural stones also in
the scope of this research. In this context, thei-la creased the demand for marble, and therefore marble
nated marble incomparably comes into the forefeant Mining has reached to a conspicuous position in the
the application-sites due to elaborate materiatipco ~ Mining sector. On the other hand, since marble is a
tion (Fig. 6, Table 1). Especially the varying @os nonrenewable source, the continuously increasing de
section thicknesses of the materials facilitateléwel ~ mand for this source caused marble to become more
adjustment for the floor applications. valuable in our country which has limited reserves.
At the beginning of the application, the floor paeg- Hence, the fast-consumption of marble sources puts
tion process for two materials is demanded to hiage forward the obligation of using nonrenewable ndtura
same quality. In this context, while the marblelmgp  Material more effective in a qualified manner.

tion process on the wall or floor is performed ohjy ~ In other words, the natural stones including marble
using marble adhesives, the application of lammhate are re-preferred after being considered using @eh-t
marble material can be made using both marble andological methods, and the production increased ac-
ceramic adhesives (Plates 7, 8 and 12). The ceramieordingly. This situation played a great role fbet
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development of the laminated marble material and However, the main reason for not preferring thmiia
increased the utilization areas of the marble riadter ~ nated marble material is the importation necedsity
It is clearly determined that the laminated manbiz-  the supply of this material, since this new techggl
terial has some advantages in comparison to tia tra does not exist in our country yet. Therefore, aur i
tional marble material according to the criterimsid-  ternal dynamics should develop this technology in
ered within the scope of this research. These advanour country as soon as possible by the help of the
tages and disadvantages would help to decideinstinct of using our sources in a qualified manner
whether it would be needed to use laminated marbldJnfortunately, our country cannot use its natural
instead of marble. sources qualitatively; then the foreign investaiset
There is enormous amount of waste generated duringhe control of our stone quarries. As a resultios t
the cutting process of the marble tiles. When nesrbl handover process, the foreign investor exporting
are caught up and put on the floor, then therelas af raw material to his own country can use his coun-
wastage, which can be called collateral damage, butry's labor force by producing the material notstixig
nevertheless it makes you lose money. Hence, itdvou in his country and make more money on the finatipro
be a better idea to use to any other sort of coatia- uct. The exportation of raw materials from our doyn
terial that can actually have substituted laminated-  that can produce many technologies and produds is
ble, as well as cost less. serious problem on which we should think earnestly.
Inserting marbles in floors is a time consumingcpro Consequently, the desired goal for our countnyh o€
ess, and it would require only skilled techniciaihgt  natural sources, is to come to a point of exporfingl
requires a lot of money. Contrary to this, the yead product instead of exporting block raw material by
made material property of the laminated marble pro-well-managing our own sources and bringing the
duced with 4-5 mm thickness by joining marble and qualified raw material with the qualified workman-
porcelain/ceramic materials together during then-sta ship together.
dard production period based on fabrication prazess In the light of all these information, the lamindte
provides saving on time especially during the zgii marble material should be produced in our country
tion and application periods and decreases ther laboto make its supply process easier, and its usgin a
cost due to easy applicability. plication should be made widespread. However,
Marble floors are known to be extremely heavy, ttue beside the widespread use of the laminated marble,
the marbles that have been inserted onto it. Idstéa the use of natural sources should be qualitative an
marble, you can choose laminated marble is mucthe natural degradation should be prevented by tak-
more lighter than the same marble material. If fearb ing precautions during the production and consump-
and laminated marble materials are compared withiion processes of the material.
each other in terms of their weights; the laminated
marble material of 2 cm thickness is nearly 50%
lighter than the marble material having the sanekth  In conclusion, the laminated marble material isea n
ness and dimensions. material developed in many aspects in comparison
In addition to this, the laminated marbles providedto the traditional marble in Turkey. Therefore, the
marble to take its place in current use once afiin  laminated marble having advantages compared to
thinner sections together with the porcelain materi marble in terms of excellent joint details, easy
By this research, the advantages and disadvantdges application, eco-friendly structure, transportation
the laminated marble material are aimed to be -{ntro and storage is also an environmentalist, innovator
duced which are thought to have advantages in termand technological material. The advantages of
of flawless connection details, easy applicatioans-  laminated marble are- Cost effective; cost savifig o
portation and storage processes in comparisongo thnearly 50% from the solid natural marble. Lower
marble material for the case of coating surfaceh wi installation cost; installation can be carried by
similar quality. Besides many advantages, the onlytilers with reduced labour cost as much as amount
disadvantage of the material is said to be the I[gupp 30-50% as compared to marble installer Easy
process of the material, i.e. the necessity of itgpo  installation and time saving High impact strenggh u
tion. In this context, the evaluation of the lantedh  to 45 MPa with high attachment strength Light
marble material in terms of being used in architec-weight for site handling and low transportationtcos
ture and the types of the advantages presented bWore consistent color tone and veins matching; the
the material are all listed at the end of the redea coverage of the laminated marble is 80baompare
Finally, the application of laminated marble becameto 200 nf for solid marble per block. Sizes available
a successful process by gaining qualification ® th are 300 x 600 mm, 600 x 600 mm, 800 x 800 mm
marble and making the material prominent. Marbles,and 600 x 1200 mm.
the earliest construction materials, come in sight
the last time after being laminated and take itc®l REFERENCES
among the modern construction materials. Altincicek Atilla (2001). Regional and local critais
based on opening of the marble quarries, Turkey Il
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