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+{�= Äf� A Ê(Ì¿Z(» 2ZÌ� ?y �Y Êy�] OÌÌR!)79(
*ZÌ5)�� eÁ�Z_ 1†b� ,�Y|)# Ê¿Z¼u� ¾)|WY2,Ê7_�# #Y|u Ê¸�|¼v» 3

'|Ì() 
|ÌWÂe Z% *Y�)Y170 +^e� ,:Z- �# Á#�( ¾e ,-Y .#Y# �Z6/ Y #Â  +% Y� *ZÆ8 �# |ÌWÂe KÂ- ".¾)�2/¼Æ» +2YÀ)Y +2% +8Âe Z%

+¸u�» �Y#�% 'Y ZN ",-Y "�Á�O �Â<À» ¾)Y "Y�% ¾Y�Á#�( .Z=/-# , Z- Á ÊuY 4 ,,-Y +/-ÂN 'Y Va» "'Z-Y|8 Á#�( ,.+%
,)ZO� #�¯�Z¯ �Â<À» ?ÌN ¾Y�Á#�( .Z=/-# ÊuY�4 �# Á#�( ÊYÌ¿ZY» CZÌ!Â6  Ê-��% ,¾Ì�Z» ?;%+ÀÌ»' ,2-Y Ê2-Z-Y "Y .

C�Â! +% ?)Z»'M &) �Â<À» ¾)|%@Â¸% "�Z»M …�4 Ê_#Z6e Q»Z¯ "Z$"Á� �% �Â/¯Z_ +- Z% +2RUÀ» "Z$Á#�( KZ2n¿Y +2Ì»Á�Y "
|� .?¿�¯ �Y|R» ,,�Y� "Á�Ì¿ ?)Z»'M Ê4 �#4+<vW Ze Á#�2( �2$ ¾/�2Y� "Y�2% 'ZÌ¿#�Â» C�|^ Á Ê7¿�¯ "h�¿Y ,,�Y� "

.'Y|¿Y |� "�Ì( .fU2- +2- �# Á#�2( Ê2-|À$ P-Â/» �U^ :ÁY Q»Z� ,Q»Z� +- Z% Á#�( *Z�Y) ,%Â4� �# ?)Z»'M29,32Á35
Ê¸Ì» fU- +- �# "�Y](�Z% ,��- KÁ# Q»Z� ,�/»50,200 Á500Ê¸Ì  ,2Æ8 fU2- +2- �# KÂ2- Q2»Z� Á ,+2RÌ^# �% �/» "Z2$

"�Y](�Z% X,YÁZ,_�( KZn¿Y �Y�Ye �ZÆm Z% .Ê=/;Ì�2( "Y�% 'ZÌ¿#�Â» C�|^ Á "h�¿Y ,Á�Ì¿ �Y|R» ¾)�/7Ì% +¯ #Y# *Z7¿ M)Z/¿
 'ZÌ¿ ÊO�� Á ÊWÂ4 ,Æ8 �# Á#�( #�Y# 'ZÌ¿ "�/¼¯ C�|^ Á "h�¿Y ,Á�Ì¿ +% '�# "Á� �# Á#�( ¾/�Y� +¯ ÊWZu �# —,-Y .?)YV2_Y

 .'Y|¿Y Z% "Z$Á#�( �# "�Y](�Z% ,��- ?¿�¯ ÊU  ?)YV_Y h�Z% CÁZ5/» "Z$|�.�Y|2R» �# "�ÌLP2e "�Y](�Z% ,Æ8 +¯ ÊWZu �#
 +<vW Ze Á#�( ?¿�¯ ,�Y|¿ ,�Y� ".`$ "Z$Á#�( ¾)Y�%ZÀ% .'Y|¿Y +2<vW Ze Y� Ê¿Z�Y) QY��ÌÌae ,|¿Â� +/�Y� Ê/Æ8 �$ �#"

,�Ì¿ "�Á�O ¾Y�Á#�( .Z=/-# �# Á�Ì¿ :Z¼�Y ,Æ8 :�/À¯ 9Ìe�e ¾)|% Á ,�Y# |À$YÂ  ,�Y� ."Y�2% 'ZÌ¿#�Â» C�|^ Á "h�¿Y
"�Y](�Z% ,��- ?)YV_Y Z% Á#�( Ê=/;Ì�( |� �/7Ì% .¾2)Y M)Z/¿ p%ZU» p2ÌRve,,��2- ¾Ì2% 'Y ,"�Y]2(�Z% "Z2$ ,��2- 500 

Ê¸Ì» Á#�( ¾/�Y� "Y�% Ê_�6» C�|^ Á "h�¿Y +% +8Âe *Á|% +RÌ^# �% �/»,Ê» +Ì!Âe #Â� .Ze "�/7Ì% ?¿�¯ ,��- ¾)Y �# Y�)'
+<vW Ê» #Zn)Y ,�Y� ",-Y �/7Ì% +/-ÂN "�)]N qZU3¿Y Á #Â� .,2-Y 'Z2n» .|ÀÀY2� .Z=/-# ÊU)Y�� ¾ÌÀm �#QY2� �2ÌÌae

 |$|% Á#�( +% Y� "�/7Ì% M *Á|% #Â� #�YÁ +»|! Va» +% +Y¿ ..'Y|¿Y ?)YV_Y "Y�2% K'A QY2��ÌÌae �Y|2R» �# ?)YV_Y h�Z% Á#�( "
Ê» Á#�( ,�Y�.'Y|¿Y Z% "Z$Á#�( +% �Ìa/» QY��ÌÌae :Z¼�Y ¾)Y�%ZÀ% —#Â� #�Y# C�Á�O CÁZ5/» ".

'*Y+|Ì,¯ :*Á�/�À)Y ,�e ¾Ì�Z» ,ÊYÌ¿ZY» CZÌ!Â6  ,Á#�( 

1-¾Ì�  &Ì¿ZY» "�/¯# "Ân7¿Y# +Ì»Á�Y .Z=7¿Y# "'�ÁZ7¯ "Z$&Ì¿Á�/YWY ,�N ,:faroogh.sharifian@gmail.com 
2-¾Ì�  &Ì¿ZY» .Á�( �Z)#Z/-Y ,+Ì»Á�Y .Z=7¿Y# "'�ÁZ7¯ "Z$ 
3-¾Ì�Z» &Ì¿ZY» .Á�( �Z)#Z/-Y ,+Ì»Á�Y .Z=7¿Y# "'�ÁZ7¯ "Z$ 

4 Specific deformation  
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+¿Â( Á#�( 'Y "Y.ÂÌ» Ê¸Ì8M "Z$)�Y#Va» (Z¿b(Áh ZÀ8 'Y Á1,-Y .+¿ZÌWZ- |ÌWÂe �Y|R» �Â7¯ �# Á#�( "168320 ,2-Y ¾2e 
]1.[,`^� ¾)Y11Ê» Q»Z� Y� *ZÆ8 Q¯ |ÌWÂe |!�# #Â� .,-Y *ZÆ8 KÂ- .Z=)Z8 �# Á#�( |ÌWÂe �<¿ 'Y *Y�)Y .2¯7Á ¾Ì2m "Z$�Â

 Z% 9Ìe�e +% ZY)�»Y28Á20e� Ê¿ZÆ8 |ÌWÂe |!�# +^.#Y# �Z62/ Y #Â2  +2% Y� KÁ# Á :ÁY "Z$ |2¿Y]9.[.Y� 'Y Ê2Y) ?)YV2_Y "Z2$
 CZÌ¸¼� *#�¯ .VÌ¿ZY» ,Ê/5¿ �Ì£ CY�#Z! "'�ÁZ7¯ CAÂ6v» ,�Y#�% 'Y ZN ).'Y|¿Y ,"�ÁM�_ +28�# ,"|2À% +/�2% Á "|2À% "|2À%

CAÂ6v» (Ê»|�Z% .+¸u�» ¾)�/¼Æ» +YÀ)Y +% +8Âe Z% 'Z-Y|8 Á#�( ,�Y#�% 'Y ZN ", Z2- Á Ê2uY�4 ,,2-Y +/2-ÂN 'Y V2a» "
,-Y "�Á�O �Â<À» ¾)Y "Y�% ¾Y�Á#�( .Z=/-# .+2¸u�» ,V2a» "AZ2% ,Ì5Ì¯ +% *|Ì-� �Â<À» +% Á#�( ¾/�Y� |À)Y�_ �ZÌ�2% "Y

 Ê» i)�‰ Á �Z|�Z% .?ÌN ¾Y�Á#�( .Z=/-# &) ÊuY�4 �# Á#�( ÊYÌ¿ZY» CZÌ!Â6  ¾ÌÌ3e ¾)Y�%ZÀ%+ÀÌ»' ,2-Y Ê-Z-Y "Y .
Z�b4Y Ê» Á#�( ÊYÌ¿ZY» Á ÊY)VÌ_ �YÂ  'Y +¸!Zu C.|ÀÀ¯Y|8 ¾Ì�Z» , Z- Á Êu 4 �# |¿YÂe .#Z5/-Y #�Â» VÌ¿ Va» Á +/-ÂN "
|�Z% .

Z(Y�%2*Y�ZY¼$ Á)1999(|¿#Y# �Y�^ "�Z7_ "Á�Ì¿ ,ve Y� Ê)ZÌWY�/-Y e|À_ ,."Á�2Ì¿ ,2Æ8 Á .'Y|2¿Y ,,%Â4� �Y|R» �LY *Z7)Y
 ?¿�¯ �Y|R» �% Y� .|� :Z¼�Y |¿#�¯ Ê-��% Y� +/-ÂN �# @�e ¾ÌWÁY #Zn)Y "Y�% 'ZÌ¿#�Â» "h�¿Y Á Á�  ,.,2Æ8 +2¯ |2À/_Z)�# *Z7)Y

 "�Y](�Z%).'Y|¿Y 'Y QR/�»+/-ÂN ,%Â4� �Y|R» Á e|À_ "(Á "h�¿Y ,Á�Ì¿ �Y|R» �% Y� �LY ¾)�/¼¯ #�Y# ?¿�¯]3[.

Ê)YV  3*Y�ZY¼$ Á)2002(+3WZU» �Â<À» +% ,"Á�Ì¿ CY�ÌÌae "KY#Z2% ,�2Y� "Y�% 'ZÌ¿#�Â» C�|^ Á Ê7¿�¯ "h�¿Y ,,�Y�
 |¿#Y# KZn¿Y *Á�/�À)Y .Z=/-# Z% Y� ÊeZ7)Z»'M .?)Z»'M ¾)Y fU2- �ZÆm �# "�Y](�Z% ,��- :ÁY Q»Z� ,Q»Z� +- Z% Z$5,100,200 

Á500 Ê¸Ì» .'Y|¿Y KÂ- Q»Z� Á Á�%Á� Á �ZÀ¯ fU- Á# �# "�Y](�Z% ,Æ8 KÁ# Q»Z� ,+RÌ^# �% �/» ,&2mÂ¯ fU2- +2- �# KY#Z2% "
@Â¸% 9WZ^ �# ‡�V% Á P-Â/» |� KZn¿Y Ê_#Z6e Q»Z¯ "Z$ .Á � 2À¯ ,2Æ8 Á# �2$ �# "�Y](�Z% ,��- ?)YV_Y +¯ |À/_Z)�# *Z7)Y

Ê» ?$Z¯ Y� ,�Y� "Á�Ì¿ ,Á�%Á�|$# ..'Y|¿Y ?)YV_YÊ» ?)YV_Y Y� Ê7¿�¯ "h�¿Y Á ,�Y� "Y�% K'A "Á�Ì¿ ,KY#Z% "|$# ]6.[

Ân¿Â)Â¯4*Y�ZY¼$ Á)2004(+/)�YÁ "Á� ÊeZRÌRve ,ve ,Á#�( 'Y Ê!Z  ")YÂWZ)-35(,?¿�2¯ Á "h�¿Y ,Á�Ì¿ ¾Ì%Z» Y� ÊU%YÁ�
 Á#�( ÊY)VÌ_ �YÂ  Z% +/-ÂN �# @�e ¾ÌWÁY 'Y Q^^)Ê-|À$ P-Â/» �U^ Á +/-ÂN ,»Z;O (,Ì3^Â» �# "�Y]2(�Z% i2¸/;» "Z2$ 

)'�# ,Æ8 �# Á ÊO�� ,ÊWÂ46(|¿#Y# +0Y�Y .d¼$ �2U^ Á +/2-ÂN ,»Z;2O 'Y Ê3%Z2e *YÂ2À� +% Y� Va» *|»M *Á�Ì% ,Ì5Ì¯ ZÆ¿M ¾ÌÀ
 |¿#�¯ Ê-��% Ê-|À$ P-Â/» .?)YV2_Y Ê2U  �Â24 +2% Y� ,�Y� "h�¿Y ,+/-ÂN ,»Z;O ?)YV_Y +¯ #Y# *Z7¿ .|»M ,-|% M)Z/¿

Ê» |�Z% ÊWÂ4 C�Â! +% "�Y](�Z% +¯ ÊU)Y�� �# �=» ,|$# ./» �U^ ?)YV_Y Z% "h�¿Y ¾ÌÀd¼$ ?$Z¯ ÊU  �Â4 +% ,Ê-|À$ P-Â
Ê»|%Z) ]7[.

Ê» :Z^¿# pÌRve ¾)Y �# +¯ Ê_Y|$Y ¾)�/¼Æ» 'Y |Àe�Z^� ,|¿Â�:

 .'Y|¿Y+/-ÂN ¾/�Y� "Y�% K'A "Á�Ì¿ "�Ì(Á#�( "
 +/-ÂN �# .|� #Zn)Y ?¿�¯ �Y|R» ¾ÌÌ3e+<vW Ze Á#�( ",�Y� "
 +/-ÂN ¾/�Y� "Y�% 'ZÌ¿#�Â» "h�¿Y ¾ÌÌ3eÁ#�( "
 +^-Zv»Á#�( �$ ¾/�Y� "Y�% Ê_�6» C�|^ �Y|R» 
 +3WZU» .'Y|¿Y ÊYÌ¿ZY» "Z$�/»Y�ZN CY�ÌÌae ""�Y](�Z% i¸/;» P)Y�� ,ve .|� "�Ì(),2Æ8 ,"�Y]2(�Z% ,��2-

.'Y|¿Y Á "�Y](�Z%:Â6v» "(

1 Juglans 
2 Braga 
3 Khazaei 
4 Koyuncu 
5 Yalova  
6 Suture 
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+RUÀ» "Z$Á#�( 'Y pÌRve ¾)Y �#:Z- .Z» �Â)�Æ� �# +¯ +Ì»Á�Y "1385 ,|¿#Â% .|� ,�Y#�% |� .#Z5/-Y .Z$Á#�( C|2» +2%
 +/5$ &) |¿|� &7  [Z/_M "Â¸8 �# .|¿|� Y|8 `WZ- "Z$Á#�( 'Y .#�Â  @�e "Z$Á#�( Á Ê8�Z  #YÂ» Z„- .`WZ2- "Z2$Á#�(

.'Y|¿Y Ê2-|À$ P2-Â/» �2U^ Z% +/-# +- �# Á |¿  "|À%1)17/0(29,)15/0(32Á)13/0(35Ê2¸Ì» |¿ 2� .#Y# �Y�2^ �2/» .¾2)Y

.'Y|¿Y "�Ì( ,^# Z% Ê/�Z- ZÌWÂ¯ &) Z% Z$01/0Ê¸Ì» ,_�( KZn¿Y �/» .+¿Â¼¿ ,%Â4� Z$8.'Y|¿Y �e *'Á "ZÀ^» �% |!�# |� "�Ì( .
.'Y|¿Y "Y�% *Y�ZY¼$ Á Ân¿Â)Â¯ BÁ� p%ZU» ,%Â4� "�Ì()2004(,10C|» +% �Y�Ye +- �# Á#�( 24&7  &) �# ,�Z- ¾2¯2

*M C�Y�u +¯Co1105 |¿|� .#Y# �Y�^ ,#Â% .|� `Ì<Àe ]7[.+2¿Â¼¿ [Â4�» *'Á Á &7  *'Á *|»M ,-|% Z% 9Ìe�e ¾)|% Z2$
 |)#�( +^-Zv» ,%Â4� |!�# .*Y�ZY¼$ Á Z(Y�% BÁ� p^4)1999(*Á�/�À)Y ,�e ¾Ì�Z» P-Âe +% Z$Á#�( ,3�Y�^ "�Z7_ �Z% ,ve 

|¿|� .#Y# ]3[..Z=/-# P-Âe Á#�( �$ Ê» �Y�^ �Z% ,ve Ê» ?)YV_Y *M +% .#�YÁ �Z% Á ,_�( .|$Z72» Z% Á ,_Z) �# @�2e ¾Ì2WÁY "
+/-ÂN Ê» C�Â! "�Y#�%�Z% Á#�( ",_�( ."�Y](�Z% ,��- +- ,+ÌWÁY CZ3WZU» "ZÀ^» �% pÌRve ¾)Y �#50,200Á500Ê¸Ì» �2/»

 �( ¾/�Y� "Y�% '�# "Á� Á ÊO�� ,ÊWÂ4 "�Y](�Z% ,Æ8 +- Á +RÌ^# �%|� [ ;/¿Y Z$Á# .QY�1,Æ8 �# Á#�2( "�Y](�Z% "Z$
 Ê» *Z7¿ Y� CZ6/;» .Z=/-# &) "Á�|$# .*Y�ZY¼$ Á Ân¿Â)Â¯ BÁ� Z% p^UÀ» Z$�Âv» "�Y]=»Z¿)2004(,-Y ]7[.�Â2v»X,

�Âv» Á ÊWÂ4 "�Y](�Z% ,Æ8Y,-Y .#Â¼¿ z;7» Y� ÊO�� "�Y](�Z% ,Æ8 ,.�Âv»ZÊ2» Á#�2( '�# "Á� 'Y ,2Æ8 Á #�]2( ,
Ê» *Z7¿ Y� '�# "Á� "�Y](�Z%|$# .

.'Y|¿Y ÊYÌ¿ZY» "Z$�/»Y�ZN �# @�2e ¾ÌWÁY #Zn)Y Ze 'ZÌ¿#�Â» C�|^ Á Ê7¿�¯ "h�¿Y ,?¿�¯ ,Ê=/;Ì�( "Á�Ì¿ Q»Z� .|� "�Ì(
+/-ÂNÊ» Á#�( "|À�Z% .Á�Ì¿ ÊÀvÀ» 'Y Á#�( �$ "Y�% Z$�/»Y�ZN ¾)Y �)#ZR»-/�À)Y ,�e ¾Ì�Z» 'Y .|� +/_�( QY��ÌÌae Q!Zu *Á�
|� .QY� �# +¯ ÊÀvÀ» ¾)Y �#2,,-Y .|� .#Y# *Z7¿ .ÂÌ» Ê=/�Y� |u )+UR¿ ,�2Y� "(+2UR¿ ,Á�2Ì¿ Ê2ÀvÀ» "Á� �# "Y-

Ê» +/�Y� Á#�( Á .#�¯ Y|ÌN ?)YV_Y QY��ÌÌae *YVÌ» Á�Ì¿ ?$Z¯ Z% Ê/u *M �# +¯ ,-Y QY��ÌÌae #Â� .Ê=/;Ì�2( ,+2UR¿ ¾)Y
Ê» *ZÌ% Y� :Â6v»|À¯ .# ¾)Y�%ZÀ%?)Z»'M �Á�Ì  �Y#Â¼¿ "Á� 'Y Z$-|� ,0Y�^ ,�Y� "Á�Ì¿ �j¯Y|u ,QY��ÌÌae .

I(�1-Y/\ 2Z?fZ» 'ZPf�{ ®Ë É+� �{ +{�= É�Yg=�Z] ÉZÅ 

6,V/¿Y�N Q Y# #|� Ê» *Z7¿ Y� �ZÌ3» qY�v¿Y �Y|R»|$# .
2 Oven 
3 Instron testing machine 
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Ê7¿�¯ "h�¿Y �Y|R»)U(Ê¸Ì» 9�u �% .'Y|¿Y Z% ˆZ¼ÌR/�» ,:Áh Á�Ì¿ ÊÀvÀ» �)' ,uZ�» "�Ì(-� +/_�( QY��ÌÌae ¾Ì�Z» 'Y .|
 |»M ,-|% *Á�/�À)Y ,�e]2,3,7.[

2
lFU '



+U%Y� ¾)Y �#FÁ ¾eÂÌ  9�u �% ,�Y� "Á�Ì¿ �j¯Y|u ,l¾QY��ÌÌae �Y|R» ,:Â6v»+<vW Ze Ê2¸Ì» 9�2u �2% ,�Y� "�2/»
,-Y ..'Y|¿Y"�Ì( -UÁ�Ì¿ ÊÀvÀ» �)' f-QY��ÌÌae Ê¿bN &) P-Âe +% �/»1,^# Z% 2/0|2� KZn¿Y |!�# .�¿Â2(2*Y�Z2Y¼$ Á

)2003 (.'Y|¿Y �# VÌ¿Ê¿bN 'Y ÊÀvÀ» �)' fU- "�Ì(|¿#�¯ .#Z5/-Y �/» ]5[.
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+<vW Ze Á#�( ?¿�¯ �Y|R» ,�Y� ")c(+U%Y� 'Y |»M ,-|% �)' "]2,3,7.[
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+U%Y� ¾)Y �#DuÁ "�Y](�Z% 'Y Q^^ :Â6v» �U^ ,DfÊ¸Ì» 9�u �% "�Y](�Z% 'Y ZN :Â6v» �U^ ,|À/�$ �/».

,�Y� "Y�% 'ZÌ¿#�Â» C�|^Á#�( �$)P(+U%Y� 'Y CYÁ 9�u �% |� +^-Zv» �)' "]6.[

l60000
VUP
'




,+U%Y� ¾)Y �#Uh�¿Y �Y|R» ,Ê¸Ì  9�u �% Ê7¿�¯ "Á :ÁhVÊ¸Ì» 9�u �% "�Y](�Z% ,��- ,,-Y +RÌ^# �% �/».

+¿Y# QY� +¯ Zn¿M 'Y.'Y|¿Y ,|À/�$ `<À»Z¿ ˆAÂ¼3» "'�ÁZ7¯ CAÂ6v» �)Z- Á Z$ +¿Y# "*Z2Ì% Ê2-|À$ P2-Â/» �2U^ Z% Y� Z$
Ê» |ÀÀ¯ .Ê-|À$ P-Â/» �U^)mD(Ê¸Ì» 9�u �%Z% �/»+U%Y� 'Y .#Z5/-Y +^-Zv» �)' "|�]5Á7.[

3/1
m )lbt(D 

1 Planimeter 
2 Güner 

Qv» ¾ÌWÁY@�e

ÊÀvÀ» �)' fU-="h�¿Y
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+U%Y� ¾)Y �#l, ÊWÂ4 �U^ ,bÁ ÊO�� �U^ ,tÊ¸Ì» 9�u �% Á#�( '�# "Á� �U^ ,|À/�$ �/».

fU2- +2- �# Á#�2( Ê2-|À$ P2-Â/» �U^ :ÁY Q»Z� ,Q»Z� +- Z% Q)�Â/¯Z_ "�Z»M …�4 �Z-Y �% pÌRve ¾)Y29,32Á35
Ê¸Ì» fU- +- �# "�Y](�Z% ,��- KÁ# Q»Z� ,�/»50,200Á500Ê¸Ì» fU2- +2- �# "�Y]2(�Z% ,Æ8 KÂ- Q»Z� Á +RÌ^# �% �/»

X,YÁZ@Â¸% 9WZ^ �#|� KZn¿Y �Y�Ye �ZÆm Z% Ê_#Z6e Q»Z¯ "Z$ ..#Y# Z¿Z2)�YÁ +2)Vne K�2¿ Z2% Z2$ �YV2_YSAS +�2)ZR» Á"
¾Ì=¿ZÌ» Z% Z$MSTATC,_�( C�Â! .

<ËZf¿:;] +

iWY-.'Y|¿Y ÊYÌ¿ZY» "Z$�/»Y�ZN �% Á#�( .'Y|¿Y Á "�Y](�Z% ,��- �LY .|� "�Ì( 

Ê» Á#�( .'Y|¿Y Á "�Y](�Z% ,��- 'Y Ê3%Ze Á#�( ¾/�Y� "Y�% 'ZÌ¿#�Â» C�|^ Á "h�¿Y ,?¿�¯ ,Á�Ì¿ �Y|R»|�Z% .Ê2ÀvÀ» "Z2$
QY� "Z$3-a,3-b,3-cÁ3-d:Á|8 Á1SZ^e�Y ¾)Y Ê» *Z7¿ Y� Z$ |À$#.

QY�3-aÊ» *Z7¿ Ê2» ,�2Y� "Á�2Ì¿ ?$Z2¯ h�Z% Á#�( .'Y|¿Y +- �$ "Y�% ,��- ?)YV_Y +¯ |$# #Â2� .:Z2u �2$ �#
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Determination of some mechanical properties of walnut shell 
 

Faroogh Sharifian, Allaeddin Rahmani Didar and Mohammadali Haddad Derafshi 

Abstract 
 
Iran is ranked third in the world with 170000 tones of walnut production. The most important 
process after walnut harvesting is the separation of the kernel from the shell. It seems that the 
determination of the mechanical properties of different walnut varieties is the pre-requisite step 
for satisfactory design of a cracking machine. For this reason, an experiment was conducted on 
walnut fruit common in Urmia region. In this experiment, 108 walnut samples with equal 
moisture content were selected. These samples were compression loaded by an Instron test 
machine until the shell rupture was initiated. During the experiment, rupture force, specific 
deformation, required energy and power for shell rupture, were determined. The acquired data 
were analyzed on the basis of completely randomized block design with three factors. The 
results of these experiments indicated that, the highest force, energy, and power values, required 
for walnut rupture, occurred when the force was applied at the length and width direction of the 
fruit and the lowest of these values were required at suture line. Specific deformation of walnut 
shell increased with increasing loading velocity, regardless of geometric mean diameter. 
However, specific deformation appeared to be the same at all loading positions. This suggests 
that, there is no need to control applied force direction in a walnut cracker when fruits are of 
similar size, which would greatly simplify the design of the cracking machine. Increasing the 
loading velocity increased the required rupture energy, power and specific deformation. 
Increased specific deformation is an indication of more flexibility in walnut shell. Flexible shell 
may protect the fruit against fracture in the walnut cracking process. Therefore the highest 
loading velocity (500 mm min-1) suggested for cracking process. Increasing the walnut 
dimensions causes higher deformation for rupture. Therefore, the cracking machine should be 
designed in a way that it can provide variable deformation, accordingly.  
 
Keywords: Walnut, Mechanical properties, Instron test machine 


