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Abstract

This study is on the some anatomical, physical and mechanical properties
of the Carob (Ceratonia siliqua L.) grovvn naturally in the mediterranean re-
gion of Turkey.

The physical properties were: 1) ovendry density 0,81 g/cm3; 2) air dry
density 0,86 g/cm3; 3) density value in volime 0,71 g/cm3; 4) radial shrinkage
4,39%; 5) tangential shrinkage 8,01%; 6) radial swelling 4,5%; 7) tangential
swelling 8,84%; 8) maximum moisture content 73,38%; 9) percentage of celi
wall 54,22%; 10) percentage of porosity 45,87% and 11) fiber saturation
point 17,41%.

The mean values of the mechanical properties are given belovv. Bending
strength 122,05 N/mm2 modulus of elasticity in bending 11458,35 N/mm2
impact bending 1,43 kpm/cm2, compression strength paraleli to grain 66,63
N/mm2 tensile strength perpendicular to grain 5,192 N/mm2 cleavage
strength (in radial direction) 1,207 N/mm2 janka hardness on cross section
109,83 N/mm2 radial section 91,5 N/mmz2 tangential section 85,18 N/mm2
static quality value 7,73 and dynamic quality value 2,18.

1. INTRODUCTION

Carob is a native species in Mediterranean Region. Its fruit, carob bean, has more eco-
nomical value in Turkey than its wood. For this reason, by product of Carob is more important
than its wood known as a main product. Carob bean has an important place in export of forest
products. Consequently, it should be examined from the forest-public relations point of view.

Carob, where it grows, has been protected by culturing and inoculation, improved and
extended. Especially these trees, were claimed to collect its fruits by persons living near vifiage.
Recently, Carob has especially been planted in private lands to produce its fruit (ONUR 1997).

1 This wortk was siipported by the Research Fund of the University of istanbul Project Number: 1320/050599.
2) University of istanbul, Forestry Faculty, Department of Wood Mechanics and Technology
Yayin Komisyonuna Sunuldugu Tarili: 23.03.2000
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Carob can be planted on the calcerous lands with low moisture content. It has a very
spread and grift root system. It has been used for planting activities in Israel. Carob develops its
roots in the splits, to maintain its life. For this reason, this species must be taken into account espe-
cially for reforestation on the arid districts of the Southern Region in Turkey.

The roots placed in soil liave large volime and prevents erosion. Additionaly, the roots
feed the soil with mineral and organic substances.

Technological properties of Carob have not been investigated before. its heartwood is
scarlet with attractive view. It may be used in furniture, as well as lathe and ornament goods manu-
facturing.

Carob belongs to Leguminosae family and grows naturally in Turkey. Being an evergreen
species, it has multiple bodies and its height can reach up to 10-12 m. Carob has a wide top and
short, horizontal branches. The bark is brown-grey and smooth on the young stems, dark grey and
in pieces on the old stems. Carob can be found as small or big groups in scrub plants.Today, Carob
trees have been grown generally in the Mediterranean countries such as Turkey, Greece, Spain,
Portugual, Morocco, Egypt, Syria, Israel. Additionally in South Africa, Australia and California,
itis planted. Native land of Carob is south Anatolia, Syria and Israel.

Carob tree grows in the vast areas from izmir to Antalya in Turkey horizontally and from
sea level to 650 m altitude. It has been generally found dense in the south Anatolia (Hatay, Adana,
Mersin, Silifke, Antalya) and Mugla in Aegean region.

Carob resists drought and high temparature and can easly grow in the area with 275
mm/year rainfall. Stony and rocky site conditions do not cause problems for this tree species.

It prefers sinny slopes protected from north-eastern winds. Acidity of places where Carob
grows ranges between pH 5,48-7,90. In the Carob’s habitat in Turkey, there are five different
zones that their acidity is lower than 7 (Kusadasi, Milas, Marmaris, Finike and Anamur). In the
other sites pH is higher than 7. Thus, although this tree prefers basic soils, it can also grow on the
acidic soils.

Sand percentage, silt percentage, clay content, salt content soluble in vvater at the same site
quality and soil, CaC03, phosphorus, potassium and least organic carbon content were measured in
grovving fields of Carob. According to the results of these measurements Carob can grow in wide
areas and there is not any particulary preference in terms of Chemical substance. Additionally,
there is not any limiting situtation from the point of view of phosphorus (YAGAN 1997).

Male and female flowers are present on the separately trees. This affects negatively polli-
nation and hence fruit (carob bean) yield. Normally while every trees with female flowers requires
one tree with male flower, pollination and fruit production are affected negatively because trees
with male flovvers were cut since these trees do not bear fruits. While yield (carob bean) is mean
41 kg/tree the avarege in the trees grown naturally in Turkey, in some other countries yield from
trees cultured is 125 kg/tree.

Carob generally bears the fruit after 7-10 years old. Fruits ( carob bean) ripes at the end of
the summer of successive year. Fruits is 10-30 cm in length, 2 cm in width and broad bean in
shape. At first, fruits are soft and blackish brown violet. The fleshy part (mesocarp) of fruit is de-
lightful. There are a lot of brovvn seeds like lentil (15 number) inside mesocarp. Fruits ripe in
autumn. The bark of tree includes tannen. Bark is smooth in the young trees. (ONUR 1997)
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Carob grovvs up slowly. Annual rings are narrow and homogeneous. Heartwood is reddish
and can be poiished well. Wood of Carob is hard and strength. Percentage of heartwood in the
vvhole wood is very wide. Heat value of the wood is very much. Its wood can be used in furniture,
parquet, flooring manufacturing as well as latheing (BOZKURT / YALTIRIK / 0ZDONMEZ
1982; YALTIRIK/EFE 1994).

Instead of destructive harvesting methods on the trees during collecting of ripe fruits, suit-
able harvesting methods must be used.

2. OBJECTTVES

The objective cf this study is to ascertain some anatomical, physical and mechanical prop-
erties of the Carob (Ceratotiia siligua L.). It was also aimed to determine fields of use and fill-
ing the literatire deficiency in this subject.

3. MATERIALS AND METHODS

For the described objectives above, the test materials, 15 experimental Carob (Ceratonia
siliqua L.) trees were taken from the Mersin and Mugla forest districts. Tests samples vvere pre-
pared from the stems, 1.5 m in height and 15-20 cm in diameter, which were cut from these trees.

Some anatomical measurements and observations were done on the cross section and tan-
gential section prepared from the test materials. Vessel diameter, wall thickness of the vessel,
fibre diameter, wall thickness of the fibre, and number of the vessel per square mm were measured
on the cross section. Number of rays in axial direction and height in mm, number of ray in hori-
zontal direction and width in mm, and number of rays per square mm vvere also measured on the
tangential section.

The follovving tests vvere done on the specimens according to the standards presented.

Specific gravity TS 2472/1976
Shrinkage and svvelling TS 4083, TS 4084/1983
Bending strength TS 2474/1976
Tensile strength perpendicular to grain TS 2476/1976
Impact  bending TS 2477/1976
Modulus of elasticity in bending TS 2478/1976
Compression strength parallel to grain TS 2595/1977
Cleavage strength TS 7613/1989
Janka'hardness TS 2479/1976

In addition to the tests above, density value in volime , maximum moisture content, per-
centage of the celi wvali, percentage of porosity, fiber saturation point, dynamic quality value, and
static quality value vvere determined by using folloving formulas (BOZKURT/ GOKER 1987;
BERKEL 1970).

3.1 Density Value In Volume (R)

vvhere;
R = density value in volime (g/cm3or kg/m3
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WoO0=oven dry weiglit (g or kg)
VT =green volime (cm3or m3

3.2 Percentage of the Celi Wall (V¢)

where;

V¢= Percentage of the celi wall (%)
D0= Oven dry density (g/cm3)
Dg¢= Oven dry density of the celi wall (1,5g/cm3

3.3 Percentage of tlie Porosity (VH)

where,

VH=100-V¢

3.4 Fiber Saturation Point (Mp)

Bv
MF= (%)
R
where;
Bv=total volumetric shrinkage (%)
R = density valiie in volume (g/cm3or kg/m3)
M p=fiber saturation point (%)

3.5 Maxiimum Moisture Content (M nex)

Mrax= (/R )-0.667 (%)

R= density value in volime (g/cm3or kg/m3)

3.6 Static Quality Value
ZB

100 x D12
where,
Zg= compression strength parallel to grain in 12 % moisture content (N/mm?2)

Di2=air dry density (g/cm3
3.7 Dynamic Quality Value (ld)

[V ———
D21r
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where;
a= impact strength (kgm/cm?2)
D ]2=air dry density (g/cm3

4. RESULTS

4.1 Oven Dry Density, Air Dry Density and Density Value in Voliime

Aritmetic mean, number of specimens, variance, coefficient of variation and Standard
deviation in connection with the éven dry density, air dry density and density value in volurru. of
Carob wood were given on the Table 1.

Table 1: Oven Dry Density, Air Dry Density And Density Value In Voliime
Tablo 1: Tamkuru Yogunluk, Hava Kurusu Yogunluk ve Hacim Agirlik Degeri

Oven dry density Air dry density Density value in volime
Statistical values Tamkuru yogunluk Havakurusu yogunluk Hacim agirlik degeri
istatistik degerler (g9/cm3) (g/cm3) (g9/cm3)
Number of specimen 100 100 100
Ornek sayisi
Aritmetical mean (g/cm3) 0,81 0,86 0,71
Aritmetik ortalama
Standard deviation 0,04 0,04 0,08
Standard sapma
Variance-Varyans 0,0018 0,0021 0,0065
Coefficient of variation (%) 5,29 5,38 11,35

Varyasyon katsayisi

It was determined that the maximum moisture content is 73,58%, while percentage of the
celi wall is 54,12%, and percentage of porosity is 45,87%.

4.2 Shirinkage and Swelling

Aritmetical mean, number of specimens, variance, cofficient of variation and Standard
deviation concerning the percentage of shrinkage and svvelling of Carob wood were given on the
Table 2.

Table 2: Shrinkage and Swelling
Tablo 2: Daralma ve Genisleme

Statistical values Shrinkage-Daralnia Svvelling-Genisleme
Istatistik degerler

Statistical values Radial Tangential Radial Tangential
istatistik degerler Radyal Teget Radyal Teget
Number of specimen 32 32 32 32
Ornek sayisi

Aritmetical mean (%) 4,39 8,01 4,51 8,84
Aritmetik ortalama

Standard deviation 0,47 0,78 0,59 0,94
Standard sapma

Variance - Varyans 0,22 0,61 0,35 0,89
Coefficient of variation (%) 10,77 9,76 13,11 10,71

Varyasyon katsayIsi

Fiber saturation point was found as 17,41%.
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4.3 Bending Strength

Aritmetic mean, number of specimens, variance, cofficient of variation and Standard
deviation in connection with the bending strength of Carob wood vvere given on the Table 3.

Table 3: Results of the Bending Strength
Tablo 3: Egilme Direnci Sonuglari

Statistical values Bending strength
istatistik degerler Egilme direnci
Number of specimen 30
Ornek sayisi

Aritmetical mean (N/mm2) 122,05
Aritmetik ortalama

Standard deviation 17,719
Standard sapma

Variance 313,9774
Varyans

Coefficient of variation (%) 14,51

Varyasyon katsayisi

4.4 Modulus of Elasticity in Bending

Aritmetic mean, number of specimens, variance, cofficient of variation and Standard
deviation in connection with the modulus of elasticity in bending of Carob wood were given on the
Table 4.

Table 4: Results of The Modulus of Elasticity in Bending
Tablo 4: Egilmede Elastikiyet Modili Sonugclari

Statistical values Modulus of elasticity in bending
istatistik degerler Egilmede elastikiyet modiilu
Number of specimen 30

Ornek sayisi

Aritmetical mean (N/mm2) 11458,35
Aritmetik ortalama

Standard oeviation 2092,580

Standard sapma

Variance 4378893,39

Varyans

Coefficient of variation (%) 18,26

Varyasyon katsayisi

4.5 Impact Bending Strength

Aritmetic mean, number of specimens, variance, cofficient of variation and
Standard deviation in connection with the impact bending strength of Carob wood were
given on the Table 5.
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Table 5: Results of the Impact Bending Strength
Tablo 5: Sok Direnci Sonuglari

Statistical values Impact bending strength
istatistik degerler Dinamik egilme direnci
Number of specimen 30

Ornek sayisi

Aritmetical mean (kpm/cm2) 1,43
Aritmetik ortalama

Standard deviation . 0,34

Standard sapma

Variance 0,12

Varyans

Coefficient of variation (%) 24,31

Varyasyon katsayisi
Dynamic quality value of Carob wood was found as 2,18.

4.6 Compression Strength Parallei to Grain

49

Aritmetic mean, number of specimen, variance, cofficient of variation and Standard
deviation in connection with the compression strength parallei to grain of Carob wood vvere given

on the Table 6.

Table 6: Results of The Compression Strength Parallei to Grain
Tablo 6: Liflere Paralel Basing Direnci Sonuglari

Statistical values

istatistik degerler . ; :
Liflere paralel basing direnci

Number of specimen 50
Ornek sayisi

Aritmetical mean (N/mm2) 66,63
Aritmetik ortalama

Standard deviation 2,959
Standard sapma

Variance 8,7570
Varyans

Cofficient of variation (%) 4,44

Varyasyon katsayisl

Static quality value of Carob wood was found as 7,73.

4.7. Tensile Strength Perpendicular to Grain

Compression strength parallei to grain

Aritmetic mean, number of specimens, variance, cofficient of variation and Standard
deviation in connection with the tensile strength perpendicular to grain of Carob wood vvere given

on the Table 7.
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4.8 Cleavage Strength (in radial direction)

Aritmetic mean, number of specimens, variance, cofficient of variation and Standard
deviation in connection with the cleavage strength in radial direction of Carob wood were given on
the Table 8.

Table 7: Tensile Strength Perpendicular to Grain (in Tangential Direction)
Tablo 7: Liflere Dik Cekme Direnci (Teget Yonde)

Statistical values Tensile strength perpendicular to grain
istatistik degerler Liflere dik cekme direnci
Number of specimen 30

Ornek sayisi

Aritmetical mean (N/mm?2) 5,19

Aritmetik ortalama

Standard deviation 0,717

Standard sapma

Variance 0,5146

Varyans

Coefficient of variation (%) 13,81

Varyasyon katsayIsi

Table 8: Cleavage Strength (in Radial Direction)
Tablo 8: Yarilma Direnci (Radyal Ydnde)

Statistical values Cleavage strength
istatistik degerler Yarilma direnci
Number of specimen 50
drnek sayisi

Aritmetical mean (N/mm?2) 1,207
Aritmetik ortalama

Standard deviation 0,1
Standard sapma

Variance 0,01
Varyans

Coefficient of variation (%) 8,29

Varyasyon katsayisl

4.9 Janka Hardness i

Aritmetic mean, number of specimen, variance, cofficient of variation and Standard devia-
tion in connection with the Janka Hardness of Carob wood were given on the Table 9.
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Table 9: Results of Janka Hardness
Tablo 9: Janka Sertlik Sonuglan
Cross section

Statistical values Radial section

istatistik degerler Enine kesit Radyal kesit
Number of specimen 50 50
Ornek sayisi

Aritmetical mean (N/mm2) 109,83 91,5
Aritmetik ortalama

Standard deviation 9,025 11,00
Standard sapma

Variance 81,4658 121,0085
Varyans

Cofficient of variation (%) 8,21 12,02

Varyasyon katsayisi

4.10 Microscopical Properties

51

Tangential section
Teget kesit
50
85,18
11,510

132,4975

13,51

Results of the microscopical measuraments were given on the Table 10.

Table 10: Results of The Microscopical Measuraments
Tablo 10: Mikroskopik Olgme Sonuglan

Diameter of vessel (micrometer)

Trahe ¢api (mikrometre)

Thickness of celi wal! (micrometer)
Ceper kalinhgi (mikrometre)

Height of ray (as number of celi)

Oz 1ginlari yiiksekligi (hiicre sayisi olarak)
Height of ray (micrometer)

Oz 1ginlari yiiksekligi (mikrometre)
Width of ray (as number of celi)

Oz 1sinlari genisligi (hiicre sayisi olarak)
Width of ray (mirometer)

Oz 1ginlari genisligi (mikrometre)
Diameter of fibre (micrometer)

Lif capt (mikrometre)

Thickness of fibre wall (micrometer)
Lif ceper (tek) kalinhigr (mikrometre)
Number of vessel per square mm
mm2deki trahe sayisi

Number of ray per square mm

mm2deki 6z 1sin1 sayisi

106,29

13,31

min. 2, max. 40, mean 20

403,94

min. 1, max. 5, mean 3

2,66

17,62

8,09
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5. BISCUSSION

Oven dry density, air dry density and weight in voliime of Carob were given on the
Table 11 as comparison with some similar hardwoods.

Table 11: Oven Dry Density. Air Dry Density And Density Value in Volime Of
Carob And Other Hardwoods

Tablo 11: Harnup ve Benzer Tirlerin Tamkuru ve Hava Kurusu Yogunluk ile Hacim
Agirhik Degerleri

Species Oven dry density Air dry density Density value in volime

Tarler Tam kuru yodunluk  Hava kurusu yogunluk Hacim agirlik degeri (g/cm1)
(g/cm3 (g/cm3

Cemtoniu siliqua 0.81 0.86 0.71

Robinia psendoacacii 0.72 0.76 0.65

Juglans regia 0.64 0,68 -

Fanus orientalis 0.63 .0.66 0.53

Quercus dschorochensis 0.68 0,73

Eitcalyptus marginata 0.85 0,88 -

Carpinus betulus 0.79 0,83 0.64

As sliown Table 11 above, Carob has quite high density because of high percentage of celi
wall and high exractive content. Density closely correlates with physical, mechanical, hardness,
transportation, heat value of wood, abrasion resistance, machining, electrical, acoustical and
drying properties. Machining of high density wood is relatively difficult. Increasing the wood
density reduces the porosity, increases the ratio of celi wall (percentage of celi wall 54.12 %, and
percentage of porosity 45.87 % ). Consequently, maximum moisture content was found 75.58 %
which can be considered as a low value.

Radial and tangential shrinkage of Carob were given on the Table 12 in comparison with
various species below.

Table 12: Results Of Radial And Tangential Shrinkage Of Carob And Other Species
Tablo 12: Harnup Ve Diger Bazi Tirlerin Radyal Ve Teget Daralma Degerleri

Species Oven dry density Slirinkage-Daralma (%)
Tirler Tamkuru yogunluk Radial Tangential
(g/cm3 Radyal Teget
Ceratonia siliqua 0,81 4,39 8,01
Ostria carpinifolia 0,87 7.8 10,9
Fagus orientalis 0,63 5,0 10,5
Quercus dschorochensis 0,68 7,3 10
Carpinus betulus 0,79 6,8 115
Robinia pseudoacacia 0,72 47 6,9 '
Eucalyptus marginata 0,85 6,2 9,9

Juglas regia 0,64 5,4 75
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In spite of the iligh density of Carob, radial and tangential shrinkage and swelling vvere
found lovver than that of similar species. Carob resembles Acacia in low vvorking characteristic. In
general, the higher the density of wood, the greater the shrinkage and svvelling. But, this is not
valid for Carob. This property provides very important advantage in different use of fields as
parqiiet. The reason for low vvorking is that Carob has vvide heartvvood and contains relatively
more extractive subslances. Formation of tyloses in Carob heartvvood reduces the wvvater
absorption and desorption, hence, vwood wvorks lovver.

Fibre saturation point in Carob was also determined to be a very low value (17.1 %).
Having a vvide heartvvood causes a low fibie saturation point. This property is important for kiln
dryiirg caracteristic.

The bending strength and moaulus of elasticity in bending of Carob vvere given at the table
13 in comparative with similar species belovv.

Table 13: The Bending Strength And Modulus Of Elasticity in Bending Of Carob And
Other Similar Species
Tablo 13: Harnup Ve Diger Benzer Tirlerde Egilme Direnci Ve Egilmede Elastikiyet Modulu

Species Oven dry density Bending strength Modulus of elasticity

Turler Tainkuru yogunluk Egilme direnci Elastikiyet modiilii
(g/cm3 (N/mm?2) (N/mm?2

Cerutonia silic/na 0,81 122 11458,3

Robirnia pseudoacacia 0,72 136 11270

Fanus orientalis 0,63 105,2 12500

Onerclis dschorodiensis 0,68 127,8 .

Juglas regia 0,64 147 13000

As presented on the Table 13, while modulus of elasticity of Carob wvas slightly lovver than
that of the Beech (Fagus orientalis), the bending strength of Carob wvas higher than that of Beech.
In spite of the high density of Carob, lovver modulus of elasticity is interesting property and is
probably due to its anatomical structure and Chemical composition.

The impact bending strength of Carob was given on the Table 14 in comparison wvith
similar species belowv.

Table 14: The impact Bending Strengthis Of Carob And Other Similar Species
Tablo 14: Harnup Ve Diger Benzer Tirlerde Sok Direnci Degerleri

Species Oven dry density impact Bending strength

Tarler Tam kuru yogunluk Dinamik egilme direnci
(g/cm3 (kpm/cm?2)

Ceratonia siliqua 0,81 1,43

Robillia pseudoacacia 0,72 1,35

Juglas regia 0,64 1,40

Faguis orientalis 0,63 0,45

Quercus dscliorochensis 0,68 0,65
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Wood materials of aircrafts, sporting goods, tool handles as well as elements in building
construction are exposed to more the influence of impact stresses than static loadings. Impact
bending strength of Carob was higher than that of the species given on Table 14. In terms of
dynamic quality value, Carob has a medium quality. It resists to the impact stresses and can be
used under the impact stresses.

The compression strength parallei to grain of Carob was given on the Table 15 in
comparison with similar species below

Table 15: The Compression Strengths Parallei To Grain Of Carob And Other
Similar Species
Tablo 15: Harnup Ve Diger Benzer Tirlerde Liflere Paralel Basing Direnci Degerleri

Species Oven dry density Compression strength parallei to grain
Tirler Tam kuru yogunluk Liflere paralel basing direnci
(g/cm3) (N/mm2

Ceratonia siligiia 0,81 66,6

Robinia pseitdoacacia 0,72 73

Carpinus betulus 0,79 82

Jitglas regia 0,64 72,5

Fagus orientalis 0,58 76,3

Encalyptus marginata 0,85 67

Although density of Carob is higher than those of other species , compression strength
parallei to grain of Carob was lower than those of other species. Carob has a good quality class
from the point of view of static quality value.

The cleavage strength in radial direction of Carob was given at the table 16 in comparison
with similar species.

Table 16: The Cleavage Strength In Radial Direction Of Carob And Similar Species
Tablo 16: Harnup Ve Benzer Tirlerde Radyal Dogrultuda Yarilma Direnci Degerleri

Species Oven dry density Cleavage strength in radial direction

Tarler Tani kuru yogunluk Radyal dogrultuda yarilma direnci (N/mm?2)
(g/cm3

Ceratonia siliqua 0,81 1,207

Pyrus communis 07 m 0,8

Carpinus betulus 0,79 0,6

Acer pseudoplatanus 0,59 1

Quiercus dschorochensis 0,68 1,17

As presented on the Table 16, cleavage strength in radial direction of Carob is higher'than
that of other species. Because, density of Carob is higher. The tensile strength perpendicular to
grain of Carob is found to be higher than that of other species to be compared (Table 17).
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Tablo 17: The Tensile Strengths Perpendicular To Grain Of Carob And Similar
Species
Tablo 17: Harnup Ve Benzer Tirlerde Liflere Dik Cekme Direnci Degerleri

Species Oven dry density Tensile strength Perpendicular to grain
Tirler Tam kuru yogunluk Liflere dik cekme direnci
(g/cm3 (N/mm2

Ceratonia silicjua 0,81 5,192

Ouerclis robur 0,65 4

Ulmus campestris 0,64 4

Juglans regia 0,64 3,5

Quercus dschorochensis 0,68 45

Rays affect significantly the cleavage strength and tensile strength perpendicular to grain
of wood. Increasing the amount of rays in wood decreases the these strengths. These strengths are
also affected by the density of wood.

Janka hardness value of the Carob was given on the Table 18 belovv in comparison with
different species.

Table 18: Janka Hardness Values Of Carob And Similar Species
Tablo 18: Harnup Ve Benzer Tirlerde Janka Sertlik Degerleri

Species Janka hardness-Janka sertlik
Tarler Oven dry density (N/mm2)

. Cross section Edge

Tam kuru yogunluk . .
Enine kesit Kenar
(g/cm3

Ceratonia siliqua 0,81 109,8 88,3
Acer pseudoplataniis 0,59 67 52
Carpinus betulus 0,79 89 75
Juglans regia 0,64 72 54
Fnvcinus excelsior 0.65 76 -

Being considered among technological properties Janka hardness, in the Carob was very
higher than that of other species because of the high density of Carob. Therefore, Carob can be
used in fields vvhere hardness and abrasion are important.
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Bu arastirma, Tirkiye’de Akdeniz bdlgesinde dogal olarak yetisen Har-
nup (Ceratonia siligiia L.)’un bazi anatomik, fiziksel ve mekanik 6zellikleriyle
ilgilidir.

Fiziksel ozelliklerden tam kuru yogunluk 0,81 g/cm3, hava kurusu
yogunluk 0,86 g/cm3 hacim agirlik degeri 0.71 g/cm3, daralma yuzdeleri
radyal yonde %4.39, teget yonde %38.01, genisleme ylzdeleri radyal %4.51
teget 9%8.84 olarak bulunmustur. Maksimum su miktari %73.58, hicre
ceperi hacmi %54.12, hava boslugu oram %45.87 ve lif doygunlugu noktasi
%17,41 olarak tespit edilmistir.

Mekanik 06zelliklere ait ortalama degerler sunlardir: Egdilme direnci
122,05 N/mm2 E-moduli 11458,35 N/mm2 dinamik egilme direnci 1.43
kpm/cm2, liflere paralel basing direnci 66,63 N/mmz2 liflere dik ¢ekme di-
renci 5,192 N/mm2, yarilma direnci (radyal ydnde) 1,207 N/mmz2 janka
sertlik degeri enine kesitte 109,83 N/mm2 radyal ylzeyde 91,5 N/mm2, teget
ylzeyde 85,18 N/mm2 statik kalite degeri 7,73 ve dinamik kalite degeri
2,187dir.

1 GIRIS

Harnup, Akdeniz yoremizde dogal olarak yetisen bir bitki tirimiizdir. Yurdumuzda Kegi-
boynuzu adi verilen meyvesinin parasal getirisi odunundan daha fazladir. Boylece Kecgiboynuzu
olarak isimlendirilen yan druni Asli Urin olan odunundan daha 6nemlidir. Harnup meyveleri or-
man yan drunleri ihracatimizda cok 6nemli bir yer tutmakta olup, ilgin¢ kullanis yerlerine sahiptir.
Bu nedenle Orman-Halk iliskileri bakimindan tzerinde durulmasi gerekir.Toprak i¢cinde genis bir
yayihs gosteren kokleri erozyonu 6nleyici etki yapmakta, ayrica topragl mineral ve organik mad-
delerle besleyebilmektedir.Mobilya ve Tornacilikta, sis esyalari tretiminde kullanilabilecegi dti-
siinillmelctedir.Bugiin Diinya iizerinde Tirkiye, Kibris, Yunanistan, italya, ispanya, Portekiz, Fas,
Tunus, Cezayir, Libya, Misir, Suriye ve Israil gibi Akdeniz iilkelerinde, baskaca Amerika’da Kali-
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forniya’da, Avusturalya’da, Gliney Afrika’da genis oranda yetistirilmektedir. Anavatani Giiney
Anadolu, Suriye ve israirdir.Yurdumuzda izmir’den Antalya’ya kadar uzanir ve deniz seviyesin-
den 650 m. ylkseklige kadar cikararak, yaklasik 1750 km’lik kiyr seridinde dogal olarak yetisir.
Yogun olarak bulundugu yerler Giiney Anadolu, Hatay, Adana, Mersin, Silifke, Antalya (Gulnar-
Anamur) dolaylari ve Ege bélgesinde Mugla cevresidir.

Bu ¢alismada Akdeniz tlkelerinin dogal agaci olan Harnup odunun bazi fiziksel ve meka-
nik 6zelliklerinin saptanmasi ve s6z konusu olabilecek en uygun kullanim yerlerinin belirlenmesi
amaclanmistir.  Ayrica gerek ulkemizin ve gerekse bu turln yetistigi diger ulkelerde (Dolayisi ile
Dinyada ) bu konuda mevcut olan bir literatir boslugunu doldurmak diger bir amagtir.

2. MATERYAL VE METOD

Harnup (Ceratonia siligita L.) odununun bazi anatomik, fiziksel, mekanik ve teknolojik
Ozelliklerini saptamak igin Mersin ve Mugla Orman Bo6lge Midurligu mintikalarindan alman 1.5
metre uzunlukta ve 15-20 cm caplarinda 15 adet gdvde odunu deneme materyali olarak kul-
laniimistir.

Harnup orneklerinden alman enine ve teget kesitler (zerinde mikroskopik 6lgme ve
gozlemler yapilmistir. Enine kesitlerde trahe ¢api, trahe ¢eper kalinligi, lif capi, lif ceper kalinhgi,
mm2’deki trahe sayisli, teget kesitte 6z 1sinlarinin hiicre sayisi ve mikrometre olarak yiiksekligi, 6z
isinlarinin hiicre sayisi ve mikrometre olarak genisligi ve mm’deki 6z isini sayisi bulunmustur.

Deneme materyali Gizerinde ilgili Tlrk standartlarina gore Birim Hacim Agirhigi,Daralma
ve Genisleme, Egilme Direnci, Liflere Dik Cekme Direnci, Dinamik Egilme Direnci. Egilmede
Elastikiyet Modulu, Liflere Paralel Basing Direnci, Yarilma Direnci, Janka Sertlik denemeleri
yapilmistir. Ayrica hacim agirlik degeri, odunun igine alabilece§i maksimum su miktari, hiicre
¢eperi hacmi, hava boslugu orani, lif doygunlugu noktasi, dinamik kalite dederi ve statik kalite
degeri belirlenmistir

3. BULGULAR

Fiziksel ve Mekanik 0Ozelliklere ait ortalama degerler asagidaki tabloda toplu halde
verilmistir.

Tablo 19: Fiziksel Ve Mekanik Ozelliklere Ait Ortalama Degerler

Ozellikler Ortalama degerler
Tam kini yogunluk (g/cm3) 0,81
Hava kurusu yogunluk (g/cm3) 0,86
Hacim agirhik degeri (g/cm3) 0,71
Daralma orani (%) Radyal yonde 4,39
Teget yonde 8,01
Genisleme orani (%) Radyal yonde 4,51
Teget yonde 8,84
Dinamik egilme direnci (kpm/cm?2) 1,43
Radyal yénde yarilma direnci (N/min2 1,207
Teget yonde liflere dik cekme direnci (N/mm2) 5,19
Liflere paralel basing direnci (N/mm2) 66,63
Egilme direnci (N/mm2) 122,05
Egilmede elastikiyet modulii (N/mm2) 11458,35
Janka sertlik (N/mm2) Enine yizey 109,83
Radyal yizey 91,5
Tegdet yiizey 85,18
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Odunun igine alabilecegi maksimum su miktari % 73,58, Hiicre ¢eperi hacmi % 54,12, ha-
va boslugu oram % 45,87 olarak hesaplanmistir. Ayrica yapilan mikroskopik élgiimler sonucunda
ortalama trahe “ap1 106,29 pm, hiicre ¢eper kalinhgi 13,31 pm, 6z isinlari ortalama yiiksekligi ve
genisligi hiicre sayisi olarak sirasiyla 20 ve 3 hiicre, mikrometre olarak 403,94 pm ve 2,66 pm,
ortalama lif ¢cap1 17,62 pm, ortalama lif ceper kalinhgi 8,09 pm, mm2’deki trahe ve 6z 1sini sayilari
sirasiyla 5 ve 6 adet olarak tespit edilmistir.

Harnup odunu yiiksek olan yogunlugunu ve icerdigi silisli maddeler nedeniyle nispeten zor
islenir. Ayrica, bu agag tiriinin dizgiin ve kalin ¢apli govdeler yapmamasi dider bir islenme
guclugind olusturmaktadir. Yogunlugu yiksek olmasina karsilik ¢alisma degerleri diisiik bulun-
mustur. Yani odununun kullanim yerindeki stabilitesi iyidir. Bu da kullanim degeri agisindan
onemli bir avantaj teskil eder. Harnup odunu yiiksek dinamik egilme direncine sahiptir. Buna bagl
olarak alet saplari ve spor aletlerinin yapiminda degerlendirilebilir. Genel olarak tornacilik, mobi-
lyacilik parke ve yer désemesi yapiminda degerlendirilebilir.
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