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SOME PHYSICAL PROPERTIES OF APRICOT PITS 
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*
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ABSTRACT 

The physical properties of apricot pits and apricot kernel are necessary 

for the design of equipments for processing, transportation, sorting, and 

breaking. In this study, some physical properties of pits and kernels 

were evaluated as function of moisture content varying from 8 to 19 % 

for apricot pits and 24 % for apricot kernels.                                                      

Apricot pits, in this moisture range, pit length, width, thickness and 

geometric diameter increased from ( 20.81 to 22.53 mm), ( 17.44 to 

18.02 mm), (11.38 to 11.66 mm) and ( 15.9 to 16.1 mm ), respectively, 

the projected area increased from 2.90 to 3.21 cm
2
, the porosity 

increased from 49 to 58 %,the volume increased from 0.16 to 0.17cm
3
, 

the mass increased from 1.75 to 1.84 g, bulk and true densities 

increased from 507 to 570 kg/m
3
 and 1020 to 1160 kg/m

3 
respectively, 

the rupture force of apricot pits decreased from ( 1397.9 to 581..4 N), ( 

1177.2 to 341.97 N ) and ( 632.94 to186.39 N ) at X, Y and Z axes 

respectively, the angle of repose increased from 32.6 to 40.49º and the 

coefficient of static friction increased from ( 0.41 to 0.77 ), (0.65 to 0.80 

),( 0.43 to 0.55 ), (0.40 to 0.51 ) and ( 0.22 to 0.26 ) for cardboard, 

rubber, wood, iron and glass respectively.                                                   

The apricot kernels, dimension properties (length, width and thickness) 

were 15.29, 10.41 and 5.27 mm respectively, the mass was 0.48 g, the 

volume was 0.62 cm
3
, the bulk and true densities were 497 and 840 

kg/m
3
 respectively, the geometric diameter was 9.32 mm, the sphercity 

was 59 % and the porosity was 42%.  

I NTRODUCTION 

pricot (Prunus armeniaca L.) is classified under the prunus 

species of Prunaidea sub-family of the Rosaceae family of the 

Rosales group. 

Apricot has an important role in human nutrition and apricot fruits can 

be used as fresh, dried or processed fruit. It can be made into juice, 

marmalade, jam, and jelly. (Gezer et al., 2002)  
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The apricot kernel contains 17.38% protein, 48.70% crude oil, 3.68% 

Na, 1.06 ppm P, 0.58 ppm K, 0.11 ppm Ca, 0.24 ppm Mg, 42.8 pm Fe, 

42.35 ppm Zn, 1.10 ppm Mn, 2.09 ppm.Cu (Özcan 2000).  

Apricot kernel contains 40% oil which is composed of 30% linoleic acid 

(C18:2) and 60% oleic acid (C18:1). Linoleic acid is an essential fatty 

acid. Essential fatty acids and their longer chain-molecular products are 

necessary for maintenance of growth and reproduction (Eastwood, 

1997). 

The stone of apricot are used in the production of oils, Benz al de Hyde, 

cosmetics, active carbon, aroma perfume, and food after remove 

glycoside amygdaline, (Vursavus and Faruk 2004) 

 In Egypt the annual production apricot about 78500 tons apricot stone 

from this production, Most of the apricots are produced in Al-Qulybia 

and Al-Fayome. (FAO2007). 

Important applications of activated carbons are related to their use in 

water and industrial wastewater treatment for removal of flavor, color, 

odor and other undesirable organic impurities. Activated carbon has 

found increasing application in the field of hydrometallurgy, especially 

in the recovery of gold and silver from cyanide solutions (Dorbrowksi 

2001)   

Mohsenin ( 1970 ) reported that the physical properties of materials 

such as, shape, size, volume and surface area are important in many 

problems associated with design or development of a specific machine, 

analysis of the behavior of the product in handling of material, stress 

distribution in the material under load . 

Kaleem et al. ( 1993) reported that the angle of repose is very important 

in determining the inclination angle of the machine hopper tank. 

 Deshpande et al. (1993) found that the surface area of soya bean grain  

increased from 81.3 to 95.2 mm
2
, when the moisture content was 

increased from 8.7 to 25 % w.b. 



PROCESS ENGINEERING  

Misr J. Ag. Eng., January 2011 

 
- 151 - 

GÜner et al. (2004) reported that rupture strength values of apricot pit 

and apricot kernel, respectively. Rupture strength values of apricot pit 

and apricot kernel decreased as the moisture content increased.  

Gezer et .al (2002 ) reported that, various some physical properties of 

pits and kernels of Hacıhaliloglu apricots were evaluated as a function of 

moisture content varying from 6.79% to 36.19% d.b. for apricot pits and 

from 6.95% to 38.76% d.b. for apricot kernels . 

 In apricot pits, dimensional properties and weight increased; the 

sphericity decreased from 0.6537 to 0.6526; the thousand grain mass 

increased from 1720 to 2028 g; bulk density increased form 463 to 581 

kg/m
3
, grain volume increased from 1626 to 1746 mm

3
, volume weight 

increased from 1053 to 1161 kg/m
3
, terminal velocity increased from 

7.11 to 7.76 m/s; the projected area increased 

From 2.985 to 3.539 cm
2
, the porosity increased from 43.96% to 

50.03%; the rupture strength of apricot pits decreased from 514.03 to 

315.89 N; and the coefficient of static friction of apricot pits increased as 

the moisture content increased. 

In apricot kernels, however, dimensional properties and weight 

increased; the sphericity increased from 0.5879 to 0.7164; the thousand 

grain mass increased from 473 to 616 g; bulk density decreased from 

559 to 545 kg/m
3
, grain volume increased from 497 to 573mm

3
, true 

density increased from 1003 to 1094 kg/m
3
, terminal velocity increased 

from 5.37 to 6.68 m/s; the projected area increased 

From 1.293 to 1.519 cm
2
, the porosity decreased from 55.70 % to 49.70 

%; rupture strength of apricot kernels decreased from 63.28 to 44.13 N; 

and the coefficient of static friction increased as the moisture content 

increased. 

Baryeh(2000) found that the volume variation with moisture content., 

The volume increases with moisture content from 425 mm
3
 at 5% 

moisture content to 900 mm
3
 at 25% moisture content. After 25% 

moisture content, the volume changes very little. He added that the 

variation of the angle of repose with moisture content, The angle of 

repose increases non-linearly with grain moisture content from 19.8° at 
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5% moisture content to 23.5° at 20% moisture content and decreases 

gently thereafter to 21° at 35% moisture content  

Vursvus and Faruk ( 2004 ) reported that, various physical properties 

of apricot pits were evaluated as a function of moisture content varying 

from 6.38% to 39.33% d.b. for apricot pits and from 6.59 % to 41.46 % 

d.b. for apricot kernels. 

In apricot pits, the average length increased from 28.89 to 31.20 mm, the 

average the width increased from 15.92 to 17.43 mm and the average the 

thickness increased from 9.96 to 10.75 mm. They added that by 

increasing moisture content the thousand grains mass increased from 

1950 to 2590 g. 

In apricot kernels, the average length increased from 19.17 to 20.69 mm, 

the average width increased from 9.99 to 10.43 mm and the average the 

thickness increased from 5.74 to 7.08 mm. they added that by increasing 

moisture content the thousand grains mass increased from 480 to 650 g. 

Aydin (2002) reported that the porosity of hazel nut depend on the bulk 

as well as true densities; the magnitude of variation in porosity depends 

on these factors only. The porosity of nut was found to slightly increase 

with increase in moisture content from 2.87 to 19.98% w.b. The porosity 

of kernel was found to slightly increase with increase in moisture 

content from 2.77 to 19.89% w.b. He added that, the projected area of 

hazel nut increased by about 17.99%,with increase in moisture content 

of nut .Furthermore, the projected area of kernel increased by about 

16.4%,with increase in moisture content 

Aydin (2003) reported that the true density of almond nut at different 

moisture levels varied from 1015 to 1115 kg/m
3
 at the moisture range 

from 2.77 to 24.97% wb. The effect of moisture content on true density 

of almond nut showed an increase with moisture content. Effect of 

moisture content on true density of kernel showed an increase with 

moisture content from 900 to 995 kg/m
3 

at the moisture range from 2.77 

to 24.97%wb. 

Ozdemir and Akinci (2004) reported that the static coefficient of 

friction for hazelnuts and kernels was determined on the plywood 
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surface. These coefficient values varied from 0.212 to 0.296 and 0.298 

to 0.376, respectively. On the galvanized iron sheet, the static coefficient 

of friction for hazelnuts and kernels were found to be statistically 

insignificant, varying from 0.221 to 0.242 and from 0.271 to 0.297, 

respectively 

Yildiz (2005) reported that the variation of the coefficient of static 

friction with moisture content in mash bean seeds, for iron sheet and 

galvanized iron sheets. That the coefficient of static friction values on an 

iron sheet and one galvanized iron sheet increased with the increase of 

moisture content. The coefficient of static friction increased from 0.270 

to 0.322 and from 0.302 to 0.367 for galvanized iron sheet and iron sheet 

respectively. He added that the projected areas values of mash bean 

seeds at moisture contents of 6.66 and 18.59 % varied from 0.140 to 

0.213 cm
2
. 

MATERIALS AND METHODS 

To achieve the large of this experimental work, selected variety main 

namely   

( Almara ). The apricot pits samples were cleaned to removed all foreign 

materials and divided into three samples randomly order to obtain three 

different levels of moisture content. The apricot pits desired moisture 

content levels were achieved by incubated in water for 1 and 2 hours 

before the experiment (Inan 2001). 

A- Materials :  

The study was carried out using local variety namely (Alamar)  

B- Measuring instrumentation : 

1- Digital vernire  caliper : 

It was used for measuring the dimensions of apricot pits and apricot 

kernel. 

2- Electrical balance: accuracy 0.01 g . 

3- Electrical oven with forced hot air circulation. 

C- Experimental procedures :  
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The main experiments were conducted to determine and calculated the 

physical and mechanical properties of apricot variety under study. 

Apricot pit and apricot kernel dimensions ( length, width and thickness ), 

mass, volume, geometric diameter, bulk and real densities, percent of 

sphericity, projected area, angle of repose and coefficient of friction 

were measured and estimated . All the experiments were replicated three 

times. 

1- Physical properties of apricot pits and apricot kernels : 

Pits and kernel dimensions (L, W and T), mass, volume, geometric 

diameter, bulk and real densities, percent of sphericity and projected 

area . Standard deviation , coefficient of variation, maximum, minimum, 

and arithmetic mean .The calculated equations according to EL Raie et 

al. ( 1996 ) studies that, the size of apricot pits and kernels in terms of 

length ( L ), width ( W ) and thickness ( T ). The size was used to 

calculate geometric diameter ( Dg ), percent of sphericity ( S ) of the 

individual  pits and kernels . The following equations were used to 

calculate the values of the above mentioned properties: 

   V = π/6 
 
( LWT ) 

    Dg = ( LWT )
1/3

 

    S  = ( LWT )
1/3

/L 

- Volume of individual pit and kernel : 

The pit and kernel volume were determined using the liquid 

displacement method . Toluene (C7 H8 ) was used in place of water 

because it is absorbed by pit to a lesser extent . Also, its surface tension 

is low, so that it fills even shallow drips in a pit and its dissolution power 

is low ( Mohsenin 1980 ) . 

- Real density of pit and kernel : 

Real density or individual pit and kernel density ( ρr ) : random samples 

of pits and kernels were used to calculate the pit and kernel density as 

follows : 
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  Where : 

                   r = the real density of the individual grain, g/cm3; 

                   W = Weight of the individual grain, g;  

                    V = Volume of the individual grain, cm
3
.  

- Bulk density of pit and kernel : 

It was calculated for pits and kernels by dividing  the mass of a quantity 

of pits and kernels on its volume, which was measured by using a 

constant volume cylinder : 

          ρ b = Wb / Vb  

Where : 

             ρ b = the bulk density of pits and kernels , g/cm
3
 

             Wb = mass of the same quantity of pits and kernel, g 

              Vb = volume of the same quantity of pits and kernel, cm
3 

- The moisture content for apricot ( pits and kernels ) is evaluated 

according to the ASAE standards ( 1994 ) i.e., oven dried at 103ºC for 

24 hours . 

2- Mechanical properties of pits and kernel: 

- Repose angle θº : it is the angle between the horizontal base and 

inclined side of the formed cone due to free fall of pit or kernel sample . 

The horizontal base of the cone ( D ) and its height ( h ) were measured 

by a ruler and repose angle cab be calculated as follows : 

                     ton θº =  h/0.5 D 

- Friction angle фº : it was measured between different surfaces and 

apricot pits and kernels according to Mohsenin (1970 ). 

  -The hardness device: 

The rupture strength values of stone were measured by forces applied 

through three axes (length, width and thickness). To determine the 

rupture strength of grains, hardness material test device has three main 

components (X, Y, and Z) which are stable upend motion bottom of 

platform. 
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RESULTS AND DISCUSSIONS 

 

Linear dimension: 

    The variations of length, width, thickness and geometric diameter the 

apricot pits and apricot pit moisture content are shown in fig. (2). 

Dimensions along the three principle axis were from 8 % up to 15 % 

moisture content, there is no appreciable dimensional change, thereafter 

all dimensions increase with apricot pit moisture content from 15 % up 

to 19 %. The pits probably retain some air voids as they absorb water 

which replaced with water from 8 % up to 15 % moisture content there 

by making the pits display no dimensional change. 

The total average was largest along the pit length and least along its 

width and thickness. 

While, the geometric diameter slightly increased with apricot pit 

moisture content increased. 

Fig. (1) Diagram of breakage taster 
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The dimensions of apricot kernel the length was ranged from 13.5 to 

17.5 mm with mean value of 15.29 mm , the width was ranged from 

8.25 to 12.75 mm with a mean value of 10.47 mm , the thickness  was 

ranged from 4.5 to 6.3 mm with a mean value of 5.27 mm  and the 

geometric diameter was ranged from 7.80 to 10.60 mm with a mean 

value of 9.32 mm at moisture content 24% 

Bulk density, True density and Porosity : 

Bulk density, true density and porosity were measured for apricot pits .  

The results as shown in fig. (3) and (4) were found to be dependent on 

moisture content . The following  linear regression equations described 

the relationship between each of bulk density ( ρbp ), true density ( ρbt ) 

and porosity (εp ) and moisture content in percent ( d.b ). 

          ρbp = 598.67 – 31.5 Mc         …………….  R
2
 = 0.9763 

          ρbt = 1233.3 – 70 Mc             …………….  R
2
 = 0.9932 

        εp  = 61.667 – 4.5 Mc             …………….. R
2
 = 0.9067 

These equations showed that each of bulk density, true density and 

porosity show in Fig. (5) for apricot pits. The bulk and true densities and 

porosity were evaluated as function of moisture content in the ranged 

from 8 to 19 % . The bulk and true densities and porosity increased form 

( 507 to 570 kg /m
3 

), ( 1020 to 1160 kg /m
3
 ) and    ( 49 to 58 % ) 

respectively . 
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While, bulk and true densities and porosity were measured for apricot 

kernel at moisture content of 24 % .The bulk density were ranged from 

445 to 535 kg /m
3
 with mean value 497 kg/m

3
, the true density were 

ranged from 795 to 895 kg/m
3
 with mean value 840 kg/m

3
 and the 

porosity ranged from 39.5 to 44.5 % with mean value 42 % . 

Mass : 

The dependence of grain mass of apricot pits on moisture content were 

found to be between 1.75 to 1.84 g . The apricot kernel mass were 

ranged from 0.40 to 0.63 g with a mean value 0.48 g . 

Volume : 

The dependence of grain volume of apricot pits on moisture content 

were found to be between 0.16 to 0.17 cm
3
. The apricot kernel volume 

were ranged from 0.50 to 0.72 cm
3
 with a mean value 0.62 cm

3
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Rupture force : 

The force required to initiate pit rupture at different moisture content and 

compression axes is shown in fig.(6  ) . 

It can be observed that the force required to initiate pit rupture decreased 

along the X , Y , Z - axes as moisture content increased from 8 to 19 

%wb. 

Apricot pit compressed along the X-axis required 1397.9 , 773.0 and 

581.4 N at moisture content of 8 , 15 and 19 % respectively . 

The relationship between moisture content and rupture force of apricot 

pit compressed along the X,Y and Z –axes can expressed equation as 

follows : 

    Fx = 100.93 + 403.25 Mc   ………………… R
2
 = 0.9142 

For compression along the Y- axis the rupture force decreased from 

1177.2 to 341.97 N with increase in moisture content from 8 to 19 % . 

The reason for this trend along the X and Y axes can be attributed to the 

fact   

that at higher moisture content , shell became soft and weak and this was 

responsible for the reduction in rupture force . 

The relationship between moisture content and rupture force of apricot 

pit compressed along the Y –axis can expressed equation as follows : 

  Fy = 417.65 Mc – 172.37  …………………. R
2
 = 0.8617 

The relationship between moisture content and rupture force of apricot 

pit compressed along the Z –axis can expressed equation as follows : 

  Fz = 223.25 Mc – 70.3  …………………….  R
2
 = 0.9369 

Angle of repose : 

Dynamic angle of repose for apricot pits as shown in fig ( 7 ) showed 

linear relationship the apricot pit moisture content . The following linear 

regression equation described the relationship between the dynamic 

repose angle ( θ ) in degree and moisture content percent . 
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Θ =  43.973 – 3.945 Mc  ……………………  R
2
 = 0.9605 

The angle of repose was evaluated as function of moisture content range 

of 8 to 19%. The average the angle of repose increased from 32.60 to 

40.49º. 
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Static friction coefficient : 

The static coefficient of friction for apricot pits of the investigated on the 

selected materials surface including Carwboard , Rubber , Plywood , 

Iron sheet and Glass as shown in fig ( 8  ) appeared to be linearly 

dependent on the moisture content. 

The relation ship between moisture content and static coefficient of 

friction carwboard ( μc ) , rubber (μr ) , plywood (μp ) , iron sheet (μI ) 

and glass (μg ) can be represented by the following linear regression 

equations : 

    μc = 0.79 – 0.10 Mc  ………………….. R
2
 =0.9643  

    μr  = 0.8933 – 0.075 Mc ………………  R
2
 = 0. 848 

    μp = 0.6133 – 0.06 Mc   ……………….  R
2
 =0.9908 

     μI = 0.5767 – 0.055 Mc ……………….  R
2
 =0.8811 

     μg = 0.2833 – 0.02 Mc  ………………..  R
2
 = 0.9231 

The equations showed that the static coefficient of friction for apricot 

pits of the studied variety increased with increasing the moisture content 

at the studied range on each of the five material surfaces. At all moisture 

content levels for apricot pits, the highest values of static coefficient of 

friction were on rubber followed by cardboard , iron sheet and lowest on 

glass . 
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CONCLUSION 

- The dimensional properties and mass of apricot pit increased 

depending on moisture content as following length, width, thickness and 

geometric diameter increased from ( 20.81 to 22.53 mm), ( 17.44 to 

18.02 mm), (11.38 to 11.66 mm) and ( 15.9 to 16.1 mm ), respectively . 

- The mass, bulk, true densities and volume increased with 

moisture content as following, from 1.75 to 1.84 g, from 507 to 570 

kg/m
3
, 1020 to 1160 kg/m

3 
and from 0.16 to 0.17cm

3 
respectively. 

- The rupture force on both axes decreased with moisture content 

in apricot pit as following: 

- The relationships  between moisture content and rupture force of 

apricot pit compressed along the X,Y and Z –axes can expressed 

equations as follows : 

Fx = 100.93 + 403.25 Mc   ………………… R
2
 = 0.9142 

Fy = 417.65 Mc – 172.37 …………………. R
2
 = 0.8617 

Fz = 223.25 Mc – 70.3 …………………….  R
2
 = 0.9369 

- The porosity and angle of repose increased with moisture content 

in apricot pit as following from 49 to 58 %, and. from 32.6 to 40.49º 

respectively. 

-The coefficient of static friction increased from (0.41 to 0.77), (0.65 to 

0.80), (0.43 to 0.55), (0.40 to 0.51) and (0.22 to 0.26) for cardboard, 

rubber, wood, iron and glass respectively.      

  The apricot kernels, dimension properties (length, width and thickness) 

were 15.29, 10.41 and 5.27 mm respectively, the mass was 0.48 g, the 

volume was 0.62 cm
3
, the bulk and true densities were 497 and 840 

kg/m
3
 respectively, the geometric diameter was 9.32 mm, the sphercity 

was 59 % and the porosity was 42%.  
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 الملخض العربي

المشمش نوىبعض الخواص الطبيعيت ل  

 أ.د سمير أحمذ طايل *                       أ.د عبذ القادر علي النقيب*                      

 ***ل احمذم. أحمذ نبي               د. أشرف كامل زعلوك**                          

 ؽٞش رغزٙ عيٚ ّ٘ٙ اىَطَص اىزٜاىعَيٞبد  إٌٔرعزجز عَيٞخ رنسٞز ّ٘ٙ اىَطَص ٗاؽذح ٍِ 

سْ٘ٝب فٜ عَيٞبد  ّ٘ٙ  أىف ـِ 03ك اىَطَص فٜ ٍػز ٍب ٝقزة ٍِ ٝزخيف عِ اسزٖلا

ؽٞش َٝنِ اىزػْٞع فقف  ٗاىزٚ رعزجز ٍِ إٌ عَيٞبد اعبدح رذٗٝز ٍخيفبد اىزػْٞع اىغذائٚ 

 -: الأسزفبدح ٍِ ّ٘ٙ اىَطَص فٜ الأرٜ

ٝسزطٞع أُ ٝشٝو اىَي٘صبد  ؽٞش اىَطَص ْطف عبىٜ اىنفبءح ٍِ ّ٘ٙاىنزثُ٘ اىرؾؿٞز  -1

ٝعذ ٕذا اىنزثُ٘ اىْطف ٍِ أضٖز ٍ٘اد  ٗاىعَيٞبد اىػْبعٞخ ٗاىغذائٞخ ٍٗٞبٓ اىطزة  رغخ عِاىْب

ٕذا أخٞزا  ٔاسزخذاٍ ٗ ساد  اىَخزيفخ ٍْذ عذح عق٘د اىزْقٞخ فٜ اىعَيٞبد اىػْبعٞخ ٗاىغذائٞخ

إٌٔ ٍ٘اد ٍعبىغخ اىَزجقٞبد  ٍِ إَٔٞزٔ ثسجت سٝبدح اىزي٘س فٜ اىَبء، مَب أّٔ ٝعذ ٗظٖزد

ٗىذىل ٝػو الاسزٖلاك اىعبىَٜ  نفبءرٔ اىعبىٞخ لإساىخ عطزاد اىَزمجبد ٗاىَي٘صبد،ى ئٞيخاىؿ

أىف عْٞٔ ٍػزٛ، ٗرسز٘رد ٍػز  03أىف ـِ ٗٝززاٗػ صَِ اىطِ ؽ٘اىٚ 083ٍْٔ اُٟ إىٚ 

 اىػْبعٞخ ٗرْقٞخ ٍٞبٓ اىطزة . ؽبىٞب مو اؽزٞبعبرٖب ٍْٔ ٍِ اىخبرط ىلاسزعَبلاد

مسز ـجقخ الاّذٗمبرة اىػيجخ ٍع اىؾزظ عيٚ ألا ٝؾذس  ٍِ لاثذ عْذ سراعخ اىَطَص -0

 .ثبسزعَبه ضبم٘ش أٗ اىٔ ٝذٗٝخ  ثنسزٕباىػيجخ  ٙىْ٘ارشاه  ؽٞشرح( ذؾزر ىيغِْٞ )اىج

 ٗر اىَٖزٗسخ ٗاىَعػ٘رحذاسزخزاط سٝذ اىي٘س اىَز ٕٗ٘ سٝذ عطزٛ ٝسزخزط ٍِ اىج  -0

ٗثبد اىغٞز مؾ٘ىٞخ ٗاىغٞلارٚ عشئٞب ٗٝسزعَو سٝذ اىي٘س اىَز فٜ إمسبة اىْنٖخ ىيَطز

 .ٗاىج٘دّظ ٗاىف٘امٔ اىَسنزح 
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رؤمو ثعذ إساىخ اىطعٌ اىَز اىْبرظ عِ عيٞن٘سٝذ الاٍغذاىِٞ أٗ ثئؾبفخ مَٞخ قيٞيخ ىيز٘اثو  -4

 مَطٖٞبد أٗ رذخو فٜ غْبعخ اىؾي٘ٙ.

 ٝذخو فٜ رزمٞجبد ثعؽ الأدٗٝخ . -5

اىَطَص  ٗىت رٖذف ٕذٓ اىذراسخ إىٜ ر٘فٞز قبعذح ٍعيٍ٘بد ىيخػبئع اىطجٞعٞخ ىْ٘ٙ

% . أٍب  11% ،  15% ،  8ٗعلاقزٖب ثبىَؾز٘ٙ اىزـ٘ثٚ عْذ صلاصخ ٍسز٘ٝبد رـ٘ثخ ؽ٘اىٜ 

فنبّذ اىخػبئع اىجعذٝخ ٗ رطَو ـ٘ه ٗعزؼ ٗ سَل اىْ٘ٙ اىخػبئع اىطجٞعٞخ اىَذرٗسخ 

ٞخ ىيْ٘ٙ مغٌ / ًٗ اىنضبفخ اىظبٕزٝخ ٗاىؾقٞق
0

ساٗٝخ اىَن٘س ٗ  ق٘ح اىنسز ٗ ٗ ْ٘ٙٗٗسُ اى 

لاسزبرٞنٜ ىيْ٘ٙ عيٜ خَسخ اسطؼ ٍخزيفخ ٗ ٕٜ اىنزرُ٘ ٗ اىَطبـ ٗ ٍعبٍو ا لأؽزنبك ا

 اىخطت ٗ اىؾذٝذ ٗاىشعبط . 

ىيقطزح اىخبرعٞخ َٗٝنِ ريخٞع ٍز٘سف اىْزبئظ اىَزؾػو عيٖٞب ىيخ٘اظ اىطجٞعٞخ ٗاىَٞنبّٞنٞخ 

ٌٍ ٗاىنزيخ  11.80ٌٍ ٗاىسَُل  14.44ٌٍ ٗاىعزؼ  03.81َص  مبلارٚ اىط٘ه ىْ٘ٙ اىَط

مغٌ/ٍزز  534% ٗاىنضبفخ اىظبٕزٝخ 3.45عٌ ٗاىنزٗٝخ  1.45
0

 1303ٗمضبفخ ؽقٞقٞخ   

مغٌ/ٍزز
0

سٌ 3.16ٗاىؾغٌ    
0

  , ٌٍ 15.1% ٍٗز٘سف اىقطز اىْٖذسٚ  41ٗاىَسبٍٞخ  

ٌٍ 01.0ٍٗسبؽخ اىسطؼ 
0

 رـ٘ثٍٚؾز٘ٙ عْذ  1.45ٗدىٞو اىطنو    00.63ٗساٗٝخ اىزنً٘   

 عيٚ اىززرٞت. ٪ 8

ْ٘ٙ اىَطَص عيٚ اىضلاس ارغبٕبد ٗاىْزبئظ اىقطزح اىخبرعٞخ ىرٌ دراسخ ق٘ح اىنسز اى٘اقعخ عيٚ 

ّٞ٘رِ ٗارغبٓ اىسَُل   1144.0ّٞ٘رِ ٗفٚ ارغبٓ اىعزؼ   1014.1مبلارٚ فٚ ارغبح اىط٘ه 

 عيٚ اىززرٞت . يْ٘ٙى٪  8 رـ٘ثٍٚؾز٘ٙ ّٞ٘رِ عْذ   600.0

ٍجِٞ ٕ٘ مَب  ٗاىعلاقخ ثِٞ رـ٘ثخ اىْ٘ٙ ٗق٘ح اىنسز عيٚ اىضلاس ٍؾبٗر ىْ٘ٙ اىَطَص

  ثبىَعبدلاد الارٞخ:

Fx = 100.93 + 403.25 Mc   ………………… R
2
 = 0.9142 

Fy = 417.65 Mc – 172.37 …………………. R
2
 = 0.8617 

Fz = 223.25 Mc – 70.3 …………………….  R
2
 = 0.9369 

 

دراسخ اٝؿب ىيخ٘اظ اىطجٞعٞخ ىيت اىذاخيٚ ىْ٘ٙ اىَطَص ٍٗز٘سف اىْزبئظ اىَزؾػو رٌ  . 

عٌ  3.84ٌٍ ٗاىنزيخ  5.04ٌٍ ٗاىسَُل   13.44ٌٍ ٗاىعزؼ  15.01عيٖٞب  مبلارٚ اىط٘ه 

مغٌ/ٍزز 414% ٗاىنضبفخ اىظبٕزٝخ  3.40ٗاىَسبٍٞخ 
0

مغٌ/ٍزز  843ٗمضبفخ ؽقٞقٞخ    
0

   

سٌ  3.60ٗاىؾغٌ 
0

عْذ ٍسز٘ٛ    ٌٍ 1.00%  ٍٗز٘سف اىقطز اىْٖذسٚ 3.51خ ٗاىنزٗٝ 

 % .04رـ٘ثخ 

  


