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Abstract — Due to great demands i1n construction
business. the stone industry has been growing very fast
around the world. In fact, the technological
unproveients on the machinery of marble and granite
processing plant and quarry in recent years gives impulse
to the stone business. According to studies reported,
there are recognizable increments on both productions
and constructions. Natural stones become driving forces
in the countries economy. In this study. soine statistical
nuinbers for productions and consumption of natural
stones will be presented 1n a base of countries that
strongly involve in stone business. The importance of the
economical impacts of natural stone on countries
ecconoimy will be emphasized. Then, the future of natural
stones and 1ts business will be discussed.

I. INTRODUCTION

The usage of homogenous and compact stones, that can
bc easily polished, can be traced through thousands of
years of civilization. In the 19" century, the amount of
marble consumed generally increased. Until our own
century. which was the first to see industrialization
introduced to marble processing, marble was used not
only as a decorative element and as wall-facing but also
for 1t structural capacities|1].

The increasing demands to natural stones such as marble
and granite. caused to open new quarries all around the
world. In a small period of time, small or big hundreds
of marble and granite quarries private or state:owned
have becn operated[2]. In 1996, 94 million tons of
marblec and stone materials were produced weorld-wide
and 500 million square meters were used for cladding
and paving. The turnover of the stone industry was 2()
billion dollars, representing an increase in consuniption
of 9.7% compared to the previous years|3].
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Even though natural stone business 1s a risky business.
cither natural stone quarries or processing plants are
drastically increasing. According to government source,
the most successful branch in mining i1s marble sector.
During previous 10 years, export rate reached 90% of the
whole production amount. This does not mean that there
are no problems in marble business. Despite of it 1s
getting better when 1t 1s compared with previous years.
However, natural stone trading becomes very tuff in
recent years [4].

II. PRODUCTION OF NATURAL STONES
AROUND THE WORLD

The production of the world’s natural stones 1n 1995 was
totally 39.1 million tons. When the comparison i1s made
with the previous year. 1994, 1t can be secen the
continuing upward growth trend. up 3.2% from the
3.7%. European countries remain the world’s leading
manufacturers. They produce almost 57% of world
output. European production was only slightly up, with
four of the well-kknown producer countries 1n the
European Union (EU) - Portugal. Spain, Greece and
Finland — will showing less than 1% increases, while
Italy maintained output close to levels seen over the
previous years. Even though Italy is returned its position
as the world’s leading producer of 7.5 million tons, 1ts
sharing in market slightly declines to 19.2% in 1995. In
general. some former East Bloc countries such as

Bulgaria. the Czech Republic. Romania and Russia are
recovering|5].

In 1995, there 1s a mixed output trends in South
American countries. While Brazil’s production 1s 6% up.
Mexico’s production fell drastically by approximately
40%. In North American countries, the US production is
slightly increased while Canada’s production is its
previous position. In this region, there 1s significant
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production potential. Both countries arc looking for
opening new quarries. Since there is a great interest to

use natural stones as opposed to alternative materials
that have been dominated in the past[35].

As i1t seen 1n 1994, Turkey was showed a significant
increase in production, up to 20%, 1.2 million tons. In
Asia, India has the highest increase at 12%. The other
South East Asia country such as Malaysia. Indonesia and
Thailand continued their upward trends. Production 1n
Taiwan and China was steady. Output in Japan and
South Korea felt by 5% and 10% respectively. In 1995,
European countries were dominating in the world stone
production with 56.9%. This is more than the half of the
world stone production. Also, production of granite was
increased from 19% to 40% in 19 yecars. At the same
time. production of marble was decreased from 76% to
35% . Production of the other natural stones was remain
same 1n 19 years. As a result, there have been an
increasing demand for granite during the last two
decades. According to the world stone report. 1996, the
world stone production by country (1995) 1s given 1n

Table 1. It 1s remarkable to note that Turkey does not
exist in Table 1[5].

Table 1. World Stone Production by Country

(1995)[5].
Country Production %o
(000 tons)
Italy 7,500 19.2
China 5.000 12.8
Spain 3.500 9.0
Greece 2.050 5.2
India 1,800 1.6
' Brazil |, 700 43
France 1,500 3.8
South Korea 1,400 3.6
| USA 1,400 3.6
Portugal 1.300 3.3
Sub Total 2.7, 150 69 .4
Others 11.950 30.6
World Total 39,100 100.0

111. CONSUMPTION OF NATURAL STONES
AROUND THE WORLD

As technical improvement, the different charactenstics
of various marbles. granites, travertine and the other
natural stones becomé available for construction
business. With regard to the building application of
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natural stones, stones are classified in four categories as
commercial matenals:

a) Marble, b) Granite. c) Travertine and d) The other
stones [3].

The construction business 1s still the largest user of
granite products, accounting for 75 % of total
consumption. Granite is ainly used for cladding
flooring and intenor decorative due its multi-colored
variation. 15 % of granite consumption i1s in the
monument and tombstone industry. Japan is the leading
country with 40 % of total. In different part of country.
different kind of granite are more popular(5].

During 1995, consumption of natural stone reflected the
mixed economic fortunes 1n the world’s leading

consuming nations. In Europe. demand for natural stone
become static. However, only Turkey (up 15 %) and
Portugal (up 10 %) showed some meaningful increment.
In Asia, China (up 20 %) and India (up 11%) are evident
of for the increment of the consumption. There 1s a slight
increment in North America. These countries are

expected to show continued growth with a different
speed.

In 1995, 63 % of the World natural stone consumption s
done by the 10 leading consuming countries. As in the
past. 37 % of the world natural stone consumption is
occupied by European countries such as Italy, Spain.
Germany. Greece and France. Italy remain the industry's
largest consumers of natural stone product at 6.3 million
tons. China 1s the second country with 3.0 million tons
of natural stone products. It seems world stone
consumption 1s heading for some sort of structurd
diversification due to the growth in the Far East markets
beside the European markets which has already have a
great demand. In both China and India. domesti
markets are demanding. The emergence of Taiwan and
South Korea as major granite processing nations could

still place the leadership of Italy under pressure in years
to come(s].

The significant end-uses of granite and sandstone i
1995 is tabulated in Table 2. Flooring and externa
facing are the leading application area for the naturd
stones. In Table 3. the apparent consumption in (e
world stone industry in 1995. is demonstrated. Italy is
the leading country 1n total production and both expor
and import. In 1995. the total production of Turkey i
1.200.000 tons. The world stone trade-export by countr
in 1995 1s given 1n Table 4. Again, Italy 1s in the firs
place in total stone. China is in the first place in gramt
with 1.154.000 tons. In Table 5. the world stone trade-
import by country is 1llustrated. In the total stone impot
Italy is the leading country again. But, Japan is following
[taly with a small difference. In the granite import. t¢
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leading country 1s Italy. Taiwan follows Italy with
1.198.000 tons of import of granites|5].

Table 2. Significant End-Uses Granite + Sandstone

(1995)[5].
Classes Equivalentm® | 000 | %

. (000) tons

Flooring 54.900 | 3.000 | 36.8
External Facing 29.300 1.600 | 19.6
' Stairs and Suinilar 8,250 450 %
Stnuctural Works 12.000 650) 8.0
Internal Facing 7.500 400 49
i Special Works 10.200 550 7
'Funeral Trade 22.500 1.200 | 14.7
' Other Uses 5.550 300 | 3.7
Total 150,200 8,150 | 100

Table 3. Apparent Consumption in the World Stone
Industry (1995)[5].

| Country | Prod. Exp. imp. | Appar. | %
| taly 7,500 | 3,127 | 1,965 | 6,338 | 16.2
 China 5,000 2.049 96 3.047 7.8
Spam 3.500 1,023 492 2.969 7.6
Japan 400 . 1.868 2,268 5.8
(USA 1,400 | 284 | 722 | 1,838 | 4.7
France 1,500 | 169 480 | 1811 | 46
Grecee 2.050 | 318 : 732 | 44
- Lanwan 350 49 1.376 i.677 4 3
| Gennany 600 236 | 1138 | 1,502 | 3.8
8. Korea 1400 | 223 309 | 1.486 | 3.8
 razil 1.700) 723 - 977 25
- Turkeyv. 1.200 273 - 027 2.4
Portugal 300 464 78 914 2
India 1.800 | 1304 - 496 | 1.3
S, Alfica 754 667 : 87 0.2
i ithers 8.650 Fol2 | 4297 | 11,035 | 28.2
Total 39,104 12,821 | 12,821 | 39,104 | 100.0

V. ECONOMICAL IMPACTS OF NATURAL
STONES

Natural stones are the dnlling forces 1n the world
cconomy. In 1996. 94 mullion tons of marble and stone
matcrials were produced world-wide and 500 nutlion
squarc meters were used for cladding and paving. The
turnover of the stone industry was 20 billion dollars.
representing and increase in consumption  of 9.7 %
compared to the previous year. 17 million tons of natural

Table 4. World Stone Trade-Exports by Country

(1995)[3].

Country Total Stone Granite

000 | % | (000 tons | Yo

tons)
Italy b 3027 24 .4 178 Y
China 2.049 16.0 1. 154 19.0
India 1.304 10.2 1.039 17.2
Spain 1.023 80 | 519 | 86
Brazil 723 | 5.6 633 10.5
S. Africa 667 5.2 667 11.0
Portugal 64 | 36 | 141 | 23
Greece 318 ZD - 0
USA 284 . i 210 3.5
Finland 283 2 262 4.3
Others 2.579 20.1 }.250 20.6
Total 12,821 | 100.0 6.058 100.0

Table 5. World Stone Trade-Imports by Country

(1995)[5].

Country Total Stone Granite

[ (000 tons) | Yo (000 tons | %
Italy 1965 | 153 | 1645 | 272
Japan }.868 14.6 821 13.6
Taiwan |  1.376 10.7 [.195 19.7
Germany 1,138 8.9 325 5.4
USA T2 5.6 118 1.9
S. Arabia 502 3.9 10 .2 . |
Spain 492 3.8 276 4.6
France 4380 Vs | 244 4.0
Hongkong 358 2.8 44 0.7
Belgium 326 2.5 160 2.6
Others 3.594 28.0 1.220 20. 1
‘Total 12,821 100 6.058 | 100

stone and marble were imported/exported. Most of the
stone products were 1n the form of finished stone rather
than raw material. The 44 % of the used marble and
stone materials were used 1n countries different from the
producing one. This indicates how the stone industry has
became a fully global business and has an cconomical
impact on countrv's economy |[3].

There 1s a great demand for natural stones in the United
States. The U.S's natural stone export from diffcrent
country 1s increasing everv vear. However. this
increment 1s not enough for this kind of important and
big market. On May 1995. total marble mmport of the
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U.S. was 20,908,825 $ (25.608 tons). On may 1996. total ~ [5]P. Murphy and M. Wuth. “The Global Stom
marble import of the U.S. became 23,514,475 $ (26.628 Market”. World Stone Report. 1996.

tons). When one looks at those numbers and Turkey’s

import to the U.S. on May 1996 (603.807 $). it is [6] “ABD: islenmis iriin dis saiminda hedef iitke™. Ta
possible to say that this is low number. On the other Dinyasi, Sayr 2, 1997.

hand, Italv which is the leader of the world natural stone

exported 1.380.018 tons (11.256.,2319%) of marble to the

U.S. on May 1997 Beside this, Italy already exported

6.534 tons (7.598.478 $) of granite and 40 tons (108.371

$) of the other natural stones to the U.S. Even though

Turkey owns one of the biggest resource of natural

stones, the natural stone exports to the U.S. does not

reflect Turkey's real position. If one looks into the

reality, Turkey 1s young and un-experience country in

the natural stone industry. After some times. Turkey can

compute with the other country such as Italy. Spain and

etc. in every stone market. It is better to keep in mind.

America 1s one of the biggest and promising country for
natural stone export[6].

V. FUTURE PROSPECTS OF NATURAL STONES

In the constriction industry. ceramic products are the
major competitors of natural stones. The consumption of
ceramic tiles is four times higher than of natural stone
products such as marble and granite. It 1s unlikely that
ceramic products will replace dimension stone products
in application such as memorials and the external
cladding of buildings. For interior decorative of the
buildings. It may possible to see increased consumption
of natural stone in markets previously dominated by
ceramic. Any major inroad by granite into the ceramics
market could see the worldwide use of natural stone
increasc 40 % by the year of 2000 [5].
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STOKASTIK, MINIMUM ZAMANLI, ARALIKLI TASIMA PROBLEMI
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Ozet-Tasima zamam stokastik oldugunda. aralikh
tastma problemine zaman-tivat etkilesimine bagl olarak

bir ¢ozum Onerilimistir.  Arahkli  tasima  problemi
asagidaki sekilde tanumlanir:
Depolarda  tasinacak  mallar  sabit.  fakat talep

merkezlerindeki taleplerin bir alt sinir. bir de st siniri
vardir.

Abstract-When transportation time 1s stochostic. a
solution 1s proposed depending on a time-cost tradeoff
for the interval transportation problem. The interval
transportatton problem is defined as follows:

The goods transported in the warehouse are constant but
demand centers have lower and upper bounds.

. GIRIS
Modelin Elcmanlars
Bilinenler:
I} . depo savisi
) . talep merkez sayisi
a, 1. depodaki mal miktan

b, (b,) 1. merkezdeki talep miktarinin alt ve

St SIniri

Ci -1 den j ve birim tasima fivati

M, 1 den | vc ortalama tasinia siiresi

T -1 .den ) ve tasuna siiresindeki standart
Sapma

Parametre:

Ko : F(.). Normal dagilim egrisinin kiimulatif fonksivonu
ve oo olasilik parametresi olmak tizere

F(k,)=a = 0.5

seklinde tanimlanmistir.

Aranan:

Nij o 1 denj ve tasmacak miktar

Amaclar:
Oncelikli Amac: Tastmamn minimum siirede vapilimast

[kincil Amag ; Tasimanin minimum fivatla yapilmasi

Kisitlar:
Depo kisitlan: Bitiin depolardaki mallarin taginmasi

Talep merkezi kisitlart: Merkezlerdeki talebin alt ve ust
sinirlar arasinda tatmin edilmesi |
Pozitif kisitlar: Tasimacak miktarlaran  ve
surelerinin pozitif deger almasi

tasima

Modelin Matematik Yapisi

Amacglar:

Oncelikli Amac
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Stokastik, Minimum Zamanli, Aralikit Tagima Problemi

i (1)

min qmax t

Ng. > )
WS

tkincil Amag
minz Z CiiX,; (2)
1)

Kisitlar:

Depo kisitlan:

lejza!. 1=1.....m (3)
]

Talep merkez1 kisitiar:

b, <> x;<b;,  j=1l...n (4)
Pozitif kisitlar:
XUZO (1=1,....m J=1.....n) (3)

1. ALGORITMA

Stokastik minimum zainanh, aralikl1 tasima problemini
adim-adim  ¢Oziip. alternatif  ¢Oziimler Oneren
algoritmannz asagidaki sirada verilmistir.

Adim 0: =m.n tane t;=p;+K,o; dogrularinin
4 N 3\

ikiserli kesisimleri ile bulunan [J(CL) tane
\ /

elemandan non-negatif K, degerler, t; lerdeki
siralamalar1 degistiren degerlerdir. Bu sebeple

Kae>0 degerlerine [0..c) arah@mnin  kirilma

noktalar1 demir. K, lar arasinda olusan bu
araliklarin her birindeki t;; lerin sirasi degismez.
Bu nedenle i¢erisindeki herhangi bir noktayr K,
nin temsilcist olarak secgebiliniz. Ancak araliklar
degistiginde t;; 'ler arasi sira degisir. Bunun i¢in
incelemelerimizi her bir aralik 1¢in ayn ayri
yapacagiz.
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Adim 1 [Ka,_,~ Ka!] (=1, 2, ... ) arahklanm

olustur,ve her bir aralik 1¢in

K, aralik

temsilcilerini belirle.

Adim 2: [KQH. Ka,] araliginda tfj = py +Kyo

stokastik tasima surelerini belirle.  Tasima
siiresinin bir alt sinir
1; = max{max nun tfl, max min tfj}
1 i ' J 1
dirr  t. den bivik ve farklh zamanlan

P

t; < t;H < t;+3 ... seklinde kiigiikten bityiige sirala.

Adim 3: tfj < t; olan gozlern atamaya ag¢. Uygun atama

yapabilmek i¢in, elemanlari

- - U ool
imin(a;,b,) U, <ty
I - °
p -
M; =
F oo gl
0 L > 1,

! | E
olan [My] (i=l. .., m: j=l. ... .n) atamalar matrisin:

olusturalim. Tasima problemine uygun bir ¢oziim olmas
i¢in biitiin arzlarnn karsilanmas: kosulu

4}
l .
ZM:?_a,; I = [
)1
biitiin taleplerin alt sinirlarinin karsilanmasi kosulu

ST

< /
ZM”:"bJ : i=1.....n
=3

sartlari1 birlikte gerceklenmelidir. Gereklilik koguit

araligindaki stokastik

siirenin yeterliligi icin Adum 4'e geg.

gergeklenirse [KQH, Ka,]

{
P

den bir biiyiikk tasumci siireli gozlerinde tasimaya agmak
icin p=p+1 al ve Adim 3'e don.

En az bir gereklilik kosulu bile geréeklenmezse {
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Adim $4: /. alt problem icin

f s ol
<
C; fig = &
I _
L =1
P o
‘M i B

tasiina fiyat matrisi  olusturulur. Burada M sonsuz

meriebesinde buyuktir. Dolayisiyla tasimaya agilmamis
gOzlere ataina yaptirmaz.

ij fivatlarivla yapilan tasiina problemi iki asamada

coziilecekur.

1. Asama : Bu asamada talep merkezlerinin alt sinirlari,
minimuin maliyetle tatinin edilecektir.

Buniun i¢in (2) amact; (3), (4) iin sol yani ve (5) kisitlar
altinda optiiize edilir. Yani. talebin alt sinirlarina gore
kurulmus tasima problemi. yapay talep merkezi ilavesi
ile dengeh halc getirilir. Eger problemin ¢éziimiu yok 1se
1; den biiviik tasima siireli gozlen tasimaya agmak 1¢in
p=ptl al ve adim 4' ¢ don. Optimal ¢6ziim bitin

merkezlerdeki talebin alt simirlarimi tatmin eder. Yapay
talep merkezlerine (p+1). sirayr verirsek 1 depodan

vapay talep merkezine atanan miktar X!’ . ile

L0+

gosterilecektir. Gergekle bu miktar 1.c1 depoda kalmastir.
Bunun ¢in biitin depolardan yapay talep merkezlerine
vapilan birtin tasunci ucretleri sifir alinmastir.

2. Asama: 1. asamada yapilan tasumadan sonra
depolardaki kalan mallar ile talep merkezlerinin ilave
laleplerini yeniden belirleyelim.

1. Asamanin optimal Coziimii :

X' i inci depodan j. inci talep merkezine tasinan

miktari1 gostersin.

a =X ,, . i inci depodakalan mal miktari

m
b,=b; —Z ij” - J. inci merkezde kalan talebin
=1

st siniri

Ama¢: mnz-= Z C.fjxij

1]

Kisitlar :

A / !
(.‘.lj lu < lp
L
CU -9
M 15
. 1] P

olustur ve adim 4'e don. Eger problemin optimal ¢6ziimii

ngz) (1=1,...,m j=1, . .n)ise aralikh tasima

probleminin optimal ¢6ziimler.

* _ (D (2)
R =X +Aj

. Y- - ¥ _
oncelikli amag degert. (, =,

, olmak tzere

ikinci amag degeri. Z, = Z Z ij Yo
)

* *

{. aralikta optimal ¢oziun (Zaman-Maliyet) (tp = 2, /)
dir.

Adim 5: Eger biitiin araliklar bitmedi ise bir sonraki
araliktaki ¢oziim igin /=/+1 al ve adim 2'ye don.

Adim 6: Bitiin araliklar bitt1 1se dur. Tim ¢6ziim
takimlan elde edilmustir. |
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