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�|ËM�{ÂmÂ]�½�Zz»��{(Chakraverty and Singh, 2001)�.��������ËY�/��d/ve��Ä/¿Y{�Ã{Â/e�¥�/���Y�Ã{�YÁ�ÉZ/ÅÁ�Ì¿�¾ÌÌ e�Y~·

Ê»�Y|Ìa�c�Á���¦¸fz»|À¯.��¾�¿Zm (Janssen)�µZ���{��Z]�¾Ì·ÁY�ÉY�]1987������É{Â/¼��Á�Ê/¬§Y�ÉZ/ÅÁ�Ì¿��Z/^e�Y��Â/�y��{�,

Á·|»���Z¼e�sÂ����]�Ä¿Y{�¥����Y�Ã{�YÊ�d�Y�Ã{Y{�ÄW�Y�Y��.�Ä]�Ê^¿Zm�Z�§�d^�¿�,Êm�Zy�­Z°��Y�\Ë���,Ä¿Y{��Z¨e�Y�µ|»�¾ËY��{

É{Â¼���Z�§�]�½�z»�¦¯�duZ�»�d^�¿Ä�|¿Y�Ã|��Äf§�³���¿��{�µ|»��{�¶Ìy{�¶»YÂ��Ä¸¼m��Y�½�z»�Ê^¿Zm�duZ�».�����Y�¶/¬¿�Ä/]

²ÀÌ��Á�Êe�ÁY�¯Zq(Chakraverty and Singh, 2001)���¾Ì/°¿Y��Á�É�/ËM�,(Airy and Rankine)����Y��ÊËZ/Å�µ|/»�,

�Y�½M��Y�Ê Ì�Á��Â�]��ÂÀÅ�Ä¯�|¿{Â¼¿�ÄWY�Y�ZÅÂ¸Ì��½�Zz»�ÊuY���ÉY�]fÊ»�Ã{Z¨{Â��.�������Y��Â¸Ì/��sÂ�/���/]�{�YÁ�ÉZ/Å�Á�/Ì¿�ZÆ·|/»

�\�u�]Ê¸yY{�­Z°��Y�\Ë��,�Ä¿Y{�Êm�Zy�­Z°��Y�ÄËÁY�Âe��Z¨e�Y�Á�Ä¿Y{�Ã{Âe��Â�z»�½�Á�,��Ì/a�Ä¿Y{�Ã{���Ê/»�Ê/ÀÌ]�|/ÀÀ¯.��

Y|À·Â»�Á�®Ì]Y�Å(Horabik and Molenda, 2000)���{�Â¸Ì��½�Zz»��{�Ä¿Y{�É�Z�§�ÉZÅÁ�Ì¿�É�Ì³�Ã�Y|¿Y�ÉY�]�Y��Ê¬Ì¬ve
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|��Ã{Z¨f�Y�lÀ�Á�Ì¿�.�½Â�ÀÌ]Y��Á�µY{(Dale and Robinson, 1990)��{�Â»��{�Ê¬Ì¬ve�Ê�����/]�Ä¿Y{�d]Â���ÉYÂfv»��ÌiZe

�Ä¿Y{�½�Zz»�sÂ���É�Z�§�ÉZÅÁ�Ì¿�|¿|Ì���Änf¿�¾ËY�Ä]�Ä¿Y{�d]Â���ÉYÂfv»�ÃZ³�Å�Ä¯w.b.4�%�����É�Z/�§�ÉÁ�/Ì¿�,|/]ZË��ËY�/§Y

�Ê^¿Zm6��É{Â¼��ÉÁ�Ì¿�Á��]Y�]4�Ê»��ËY�§Y��]Y�]|]ZË�.¸^¯���Âe�Ä¯�´Ë{�Ê¬Ì¬ve��{�Ê(Kebli, 1998)��½Z�¿�,d�Y�Ã|��¹Zn¿Y

�Ã�Y|¿Y�Ä]�Ê�ËY�§Y�Ä¿Y{�d]Â���ÉYÂfv»��{�ÃZ³�Å�Ä¯�|��Ã{Y{d.b.11�%�Ê^¿Zm�É�Z�§�ÉÁ�Ì¿�,|Å{�w�4�����É{Â/¼��ÉÁ�/Ì¿�Á��/]Y�]

�sÂ����]�{�YÁ2�Ê»��]Y�]{Â��.k��|¿Y�Á�Â°aÓ(Lapko and Prusiel, 1997)�����/]�Y��Ä/¿Y{�Ê^¿Z/m��Z�§��Y�¶�Zu��Àe��Ë�Âe�

�d/�Y�Ã{Y{��Y�«�¶Ì¸ve�{�Â»�c�Y�u�Äm�{��ËY�§Y��iY��{�Â¸Ì��Ã�Y|m�.����ËYÂ/»�Á�Z/faÂ³(Gupta and Muir, 1971)���ÉZÅ�Z/�§

����{�Â/»�½M��{�Ä/¿Y{�¦/¸fz»�ÉZÆ�Z¨e�Y�dve�Ä·Â·�d»Zz��Ä]���«�d^�¿�¦¸fz»��Ë{Z¬»�ÉY�Y��{�,ÊÀ¸ÌeY�Ê¸a�sÂ����]�Y��Ä¿Y{�Ê^¿Zm

|¿{Y{�Y�«�Ê���]�.��/]�Ä¸/�Zu�lËZf¿��b������¾/�¿Zm�µ|/»��Y�¶/�Zu�lËZ/f¿�Z(Janssen)����d/�Y�Ã|/��Ä/�ËZ¬»�.���½Y�Z/°¼Å�Á�Y|/À·Â»

(Molenda et al., 2007)���Ê���]��{ÊÀÌ»��É�Z�§�µÂ¸��®Ë�{�°¸¼�1�ZÅÁ�Ì¿��nÀ���{É��sÂ����]�{�YÁ��Z/¼e���½Z/�¿

�Ä¯�{Y{�Ä¸Ì�Á�Ã{�]��Z°]Ä]�Ã|���|¿YÂfÌ»�µ|^»�®Ë�½YÂÀ�Ã�Y|¿Y�ÉY�]�É�Z�§�ÉÁ�Ì¿�É�Ì³Å�Ä¿Y{|À¿Z¼��¶��{Â·(Load cell)��¶¼�

|À¯��.�s���¾ËY�ÉY�mY��Y�¥|Å��ÉYÂfv»�\�u�]��Â�¯��{�µÁY|f»�¹|À³�º«��Ä���{�sÂ����]�{�YÁ�É{Â¼��Á�Ê¬§Y�ÉZÅÁ�Ì¿�Ê���]

d�Y�Ã{Â]�½�z»��{�Ä¿Y{�Ã{Âe�d»Zz��Á�Ä¿Y{�Êf]Â���.��

ZÆ�Á��Á�{YÂ»��

�������ËZ»�M��{�Ã{Z¨f�Y�{�Â»�¹|À³¯�µÁY|f»�¹Z«�Y��Y�ZÅ��¶/Ì]{�Y�½Zf�Y��{�Ã|��d�)���}M�,É�Y{�/�2�½Ô^/��,�(���ÊeZ»|/y�d¯�/���Y

|��ÄÌÆe�É��ÁZ�¯�ÊfËZ¼u�.Ä¿Â¼¿�ÄÌ·ÁY�d]Â���µ|»�Ê·ZfÌnË{�lÀ��d]Â���ÃZ´f�{�Ä¸Ì�Â]�ZÅ)GMK-303�(|��¾ÌÌ e�.��

                                                 
1Earth Pressure Cell� 
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�ÉYÂfv»���Y�d�Y{�]��«Â»��{�¹|À³�Ä¿Y{�d]Â�12��Ê·Yw.b.�14��%Ê»��Ì¤f»Ìu��{�d�Y�¾°¼»�Êfu�Á�|�Z]�,ZÅÂ¸Ì���{�É�Y|Æ´¿�¾

�|�Z]�Äf�Y{�Ê�uZ§��ËY�§Y�Ä¿Y{�d]Â���ÉYÂfv»(Chakraverty and Singh, 2001)�.�ºÌ¼�e�ªÌ¬ve�¾ËY�¹Zn¿Y�ÉY�]�Y~·

�¹|À³�Ä¿Y{�Êf]Â���¦¸fz»�sÂ����Y�|��Äf§�³)8�,12�,16�,w.b.�20�(%{Â��Ã{Z¨f�Y�.��ÉY�/]��ZÌ¿�{�Â»���¬»�[M��Y|¬»��Ë���]YÁ���Y

�Ä]�½{�¯�Ä§Z�YÄ¿Â¼¿Ê»�¾ÌÌ e�ZÅ{Â�(Stroshine, 1994).��
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�]YÁ��¾ËY��{�Ä¯�iw��ÄÌ·ÁY�d]Â���Z]�Ä¿Y{�Ä¿Â¼¿�¹�m)gr( �, fw�Y{�Ä¿Â¼¿�¹�m���ÊËZ/Æ¿�d/]Â���Z]�Ä¿)gr(�,ww�����/�¬»�[M�¹�/m

Ä¿Y{�Ä]�Ã|��Ä§Z�YZÅ)gr(�,im��Ä¿Y{�Ä¿Â¼¿�ÄÌ·ÁY�d]Â���|��{��e�ÄËZa��](w.b.)��Áfm�=�ÄËZa��]�Ä¿Y{�Ä¿Â¼¿�ÊËZÆ¿�d]Â���|��{

�e(w.b.)�Ê»|À�Z]�.Ä¿Y{| ]�¹|À³�ÉZÅ�Ä�Ì¯��{���¬»�[M�Z]�½|���Â¸z»��Y��ÉZ/»{��{�Á�|¿Â�Ì»�ÄfzË��Ê°Ìf�Ôa�ÉZÅ10���Ä/m�{

|¿|��É�Y|Æ´¿�µZrzË��{��Á��Á{�c|»�Ä]��ÂÌ�¸�)Reddy and Chakraverty, 2004�.(�����ËZ/»�M��Á�/���Y�¶/^«�Êe|»

Ä¿Â¼¿Ê»��Ã{�ÁM�½Á�Ì]�µZrzË��Y�ZÅ|¿Â��Z»{�ºÅ�ÃZ´�ËZ»�M��Ìv»�Z]�Ze�|¿Â��.ËZ»�M��b��Ê/»�¹Zn¿Y�ZÆ¿M�ÉÁ���]�ZÆ��{Â/��.���b/�

������c�Y�/u���/ »��{�¹Á�/·�c�Â/���{�Á�|Ì/��Ây��Â¿��]Ze��� »��{�ZÅ�Ä¿Â¼¿��ËZ»�M�dÆm��e�¾ÌËZa�Êf]Â���sÂ���¾Ì»Ze�ÉY�]

Ê»��Ë�Âe�¾·Z��®Ë��{�ZÅ�[ZeZ»�³|¿|��.�lÀ��d]Â���Ä¸Ì�Â]�Ä¿Y{�d]Â���µ�fÀ¯�¶¼��,Ã|���Ë�Âe�Ä¿Y{��Z¬¿�¾Ë|Àq��{�¹ÁY|»��Â�]

{Ê»�¹Zn¿Y�ZÆ¿M�ÉÁ��]�cZ�ËZ»�M��b���¼m�ZÅ�Ä¿Y{�[Â¸�»�d]Â���ÉYÂfv»�¾Ì»Ze�c�Â���{�Á�¹Zn¿Y�Ê·ZfÌnË|�.��

��

  تجهزات مورد استفاده براي اندازه گيري نيروهاي نرمال و جانبي از طرف توده دانه �°�1¶
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�e�,�Y{��°]�Ì³��ÂeÂ»Á�f°·Y�®Ë��Y�cZ�ËZ»�M�¹Zn¿Y�ÉY�]�Â»YÂy�|Ì¸¯�®Ë�Á��Âe�ÂÀËY�,¶�{Â·�ÃY�¼Æ]�lÀ�Á�Ì¿�,Ä°¸§�Á�Ä¼��¾�Á�

�¶°���{�Ä¯�Är¿M�ª]Z�»1�Ê»�Ã|Ë{|��Ã{Z¨f�Y�,{Â��.�Ze�ZÅ�Ä¿YÂf�Y�d¯�u�d�����ÅZ¯�ÉY�]mm/s�5�|��Ã{Z¨f�Y��Âe�ÂÀËY��Y.��

�Ì»��a�Ä¿Y{��Y�Á�d§�´Ì»��Y�«�Ä°¸§���¯��Ì�»�ºWZ«�{Y|f»Y��{�Ä¿YÂf�Y��ËZ»�M��Y�¶^«��Y�Ê§Z�Y�ÉZÅ�Ä¿Y{��¯��y�®Ë���Âe�Á�|�

Ê»�ÄfzË��½Á�Ì]�Ä]�Ä¿YÂf�Y�t���ÉÁ�|��.Ê»�¾�Á���Âe�ÂÀËY�Ä]��Â]�»�|Ì¸¯��ËZ»�M��Å�¹Zn¿Y�ÉY�]��Y�Äf�ÅM��ZÌ�]�d¯�u�Á�|�

�­�vf»�Ä°¸§�Ä]�Ä°¸§�Á�Ä¼�e�,��Y{��°]�Ì³��ÂeÂ»Á�f°·Y�)|Ì¨��²¿��Ä]�(�Ä¯��Ì�¯Â]�ºÌ��®Ë�Ä��YÂ]��b��Ã|��¶¬fÀ»�½M�Ä]

�d����Z]�Ä¿Â¼¿�,{Â]�Ã|��¶�f»mm/s�2����Âe�Á�Ì¿�Ä¿YÂf�Y�¶yY{��{��Z¨e�Y��Å�Ä]�½|Ì���c�Â���{�Á�Ã|��Ã|Ì�¯�ÓZ]�d¼�]

Ê»�d^i�Á�Ã|¿YÂy�{�§�®Ë���Âe�Á�É�Ì³�Ã�Y|¿Y�lÀ��Á�Ì¿|��.d�Y{��Y�«�¶�{Â·�Ä¿YÂf�Y�Äf�{�Á��Ì�¯Â]�ºÌ��¾Ì]�.�Äf�ÅM�d¯�u

Ã�Y|¿Y� Á�Ä¿YÂf�YÉÁ�Ì¿�É�Ì³�Ê»�ºÅY�§� Y��­Z°��Y�ÉÁ�Ì¿�É�Ì³�Ã�Y|¿Y� ,ZÅ�Ä¿YÂf�Y�½|Ì�¯�ÉY�]���¯{�¯� .��Y|¬»�½{�¯�º¯� Z]

�ZÅ�Ä¿Y{�Ä¯�Ê¬§Y�t����]�{�YÁ�µZ»�¿�ÉÁ�Ì¿�ZË�½�Á�Ä¿YÂf�Y��{�{ÂmÂ»�Ä¿Y{�Ã{Âe�½�Á�ÉÁ�Ì¿��Y��Ä¿YÂf�Y�Ã�Y|m�ÉÁ��­Z°��Y�ÉÁ�Ì¿

Ê»�d�|]� ,|Àf�Y{��Y�«�½M�ÉÁ���]|»M�.��Ì³�Ã�Y|¿Y�Z]�Ã{Âe�Êm�Zy�­Z°��Y�\Ë���¾ÌÌ e��Ì¿� Á�\Ìe�e�¾Ë|]�­Z°��Y�ÉÁ�Ì¿�É

|��Ä^�Zv»�Ä¿YÂf�Y�Ê¸yY{�Ã�Y|m��]�{Â¼��Ê^¿Zm�ÉÁ�Ì¿�,ºÌ�Àe�¶]Z«��Y{�\Ì��t���®Ë�Ä¸Ì�Á�Ä]�Ä¿Y{.��cZ�ËZ»�M�¹Zn¿Y��Â�À»�Ä]

��Z¨e�Y�Á���«�Ä]�ÉY�Ä¿YÂf�Y�½�Zz»��Y25��Ácm�70�ÊÀ£Á��ÊÀÅM�,Ã�Ì¿YÂ·Z³�©�Á��Àm��Y�ÊÀ¸ÌeY�Ê¸a�Á��,|��Ã{Z¨f�Y��{�ZÆ�ËZ»�M

�¶»Z��Ä¿Y{��Z¨e�Y��Y�t�����20�,30�,40�,50�,60��Ácm�70��¶»Z��Ä¿Y{�d]Â���ÉYÂfv»��Y�t����ZÆq��{�,8�,12�,16�,w.b.�

20%�¶Ì]{�Y�½Zf�Y��{�µÁY|f»�¹|À³�Ä¿Y{�º«��Ä���ÉY�]�,)�|Ë�^ÌÅ�º«��Á�|Ë�YÁ�»�,d�|ÅÂ¯N-30-19��(|��Y�mY��.Z»�M��Å�lÀa��Ë

|���Y�°e��Z]�.½�z»��{�Ä¿Y{�t����Z¨e�Y�sÂ���{Y| e�ÄmÂe�Z]�dËZÆ¿��{)6�t��(�Ä¿Y{�Êf]Â���ÉYÂfv»�,)4�t��(�{�Â»�¹Z«�Y�{Y| e�,

��ËZ»�M�)3�t���(��Z¼e�sÂ����Àm�Á)3�t���(��ËZ»�M��Å��Y�°e�{Y| e�Á)5�t��(��,1080��ÉZÅ�Á�Ì¿��Y�¹Y|¯��Å�ÉY�Y��{�Ã{Y{

�µZ»�¿� Á�É�Z�§)Â¼�ºWZ«� ZË�É{� (|�� Ã{Z»M�¶Ì¸ve�Á� ÄË�ne�ÉY�]. ��Y� ZÆ�ËZ»�M� �Y� Ã|»M�d�|]�ÉZÅ� Ã{Y{�¶Ì¸ve� Á� ÄË�ne�ÉY�]

�\·Z«��{�¶Ë�Âf¯Z§��ËZ»�M�ÄËZa�s��Ô»Z¯"�|��Ã{Z¨f�Y�¾°¿Y{�ÉY�ÄÀ»Y{�|Àq�½Â»�M��Y�¾Ì´¿ZÌ»�Ä�ËZ¬»�ÉY�]�Á�Ê§{Z�e.��

hv]�Á�lËZf¿��

µZ»�¿�ÉÁ�Ì¿��

�ÉZÅ�Ã{Y{��¿ZË�YÁ�ÄË�ne�lËZf¿Ã�Y|¿Y��Y�¶�Zu�ÉY�Ä¿YÂf�Y�sÂ����]�{�YÁ�µZ»�¿�ÉÁ�Ì¿�É�Ì³)µÁ|m1�(�cY�iY�Ä¯�{Y{�½Z�¿

��{�º«��¶]Z¬f»�cY�iY��n]�¶»YÂ��¾ËY�¶]Z¬f»�cY�iY�ÄÌ¸¯�Á�Ä¿Y{�d]Â���ÉYÂfv»�,Ä¿Y{�Ã{Âe��Z¨e�Y�,�Z¼e�t���,º«��Ê¸�Y

�ºWZ«�ZË�µZ»�¿�ÉÁ�Ì¿��]�¶»YÂ��¾ËY�ÊËZe�ZÆq�¶]Z¬f»�cY�iY�Á��Z¨e�Yd�Y�Äf�Y{�É�Y{�ÊÀ »��iY�.�sÂ����{�º«���ÌÌ¤e�Z]�ÊÀ Ë

d�Y�Ã|�¿�¶�Zu�¶»Z��¾ËY�¾Ì´¿ZÌ»��Y|¬»��{�É�Y{�ÊÀ »��ÌÌ¤e�Ä¿Y{�Ã{Âe��Z¨e�Y.��

��

��

��
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µÁ|m1���Ã�Y|¿Y��Y�¶�Zu�ÉZÅ�Ã{Y{��¿ZË�YÁ�ÄË�ne�lËZf¿�Z¼e�sÂ����]�{�YÁ�µZ»�¿�ÉZÅÁ�Ì¿�É�Ì³��

cY�ÌÌ¤e��]ZÀ»��É{Y�M�Äm�{��cZ ]�»�¾Ì´¿ZÌ»���Y|¬»F 

º«�(V)  2��891/67�� **7808/5��

�Z¼e�t��(S) 2��693/6607��**6413/532��
¶]Z¬f»�cY�iYS )�(V × 4��529/332��**3146/28��
��Z¨e�Y(H)��5��188/41273�� **3881/3514��

¶]Z¬f»�cY�iYH )�(V ×��10��958/13��ns1885/1��
¶]Z¬f»�cY�iYH )�(S × 10��046/487�� **4717/41��
¶]Z¬f»�cY�iYS × H)�(V × 20��344/11�� 

ns9659/0��
�Ä¿Y{�d]Â���ÉYÂfv»(M) 3��277/15004�� **6055/1277��

¶]Z¬f»�cY�iYM )�(V ×��6��863/934�� **6030/79��
¶]Z¬f»�cY�iYM )�(S ×��6��742/2065��**8967/175��
¶]Z¬f»�cY�iYS × M)�(V ×��12��793/68��**8577/5��

¶]Z¬f»�cY�iYM )�(H ×��15��279/937��**8087/79��
Z¬f»�cY�iY¶]H×M )�(V ×��30��987/38��**3197/3��

¶]Z¬f»�cY�iYH×M )�(S ×��30��058/113��**6269/9��
¶]Z¬f»�cY�iYS×H×M )�(V ×��60��005/15��ns�2777/1��

Z�y��864������
�Â¼n»��1079������

**��µZ¼fuY�t����{��Y{�ÊÀ »��iY1��,�|��{ns���Y{�ÊÀ »��iY�¹|���

���������»�¶»YÂ��Ê¸�Y�cY�iY�¾Ì´¿ZÌ»�Ä�ËZ¬»�lËZf¿�µZ»�¿�ÉÁ�Ì¿��]�Ê���]�{�Â)�µÁ|m2�(����ËZ/»�M�{�Â/»�¹Z«�Y�¾Ì]��{�Ä¯�{Y{�½Z�¿

�µZ»�¿�ÉÁ�Ì¿��Y|¬»�¾Ë�f¼¯��Y�d�|ÅÂ¯�º«�)N�058/73�(����¾Ì/eÓ�º/«��Á�|/Ë�YÁ�»�º«��Z]��Y{�ÊÀ »��Ì£�¥ÔfyY�Z]N-30-19���Y

�µZ»�¿�ÉÁ�Ì¿�¾Ì´¿ZÌ»��Y|¬»�¾Ë�f�Ì])N�929/73�(d�Y�Ã{Â]��Y{Ây�]�.a��Z¼e�sÂ�����ÉÁ�/Ì¿�¾Ì´¿Z/Ì»��Y|¬»�¾Ë�f�Ì]��Y�¾¸ÌeY�Ê¸

�µZ»�¿)N852/77�(�µZ»�¿�ÉÁ�Ì¿�¾Ë�f¼¯��Y�ÊÀ£Á��©�Á�Á)N�288/69���(d�Y�Ã{Â]��Y{�Ây�]�.�¾Ì´¿ZÌ»��{�É�Y{�ÊÀ »�cÁZ¨e�ZÀ¼�

Ê»�Ã|ÅZ�»��ËZ»�M�{�Â»��Z¼e�t���Ä���Å�cY�iY{Â��.��

��

µÁ|m2�����{�Â»�¶»YÂ��Ê¸�Y�cY�iY�¾Ì´¿ZÌ»�Ä�ËZ¬»�lËZf¿�µZ»�¿�ÉÁ�Ì¿��]�Ê���](N)��

�º«����¾Ì´¿ZÌ»
cY�iY��

�Z¼e�t�����¾Ì´¿ZÌ»
cY�iY��

�Ã{Âe��Z¨e�Y
Ä¿Y{ )cm�(��

�¾Ì´¿ZÌ»
cY�iY��

�ÉYÂfv»
�d]Â��

Ä¿Y{(w.b.) 

�¾Ì´¿ZÌ»
cY�iY��

d�|ÅÂ¯��b058/73��¾¸ÌeY�Ê¸a��a853/77��20��f828/49��8��a738/80��
N-30-19 a929/73��ÊÀ£Á��©�Á��c288/69��30��e735/63��12��b020/76��

»|Ë�YÁ���ab515/73��Ã�Ì¿YÂ·Z³�©�Á��b359/73��40��d389/72��16��c115/74��
��������50��c445/78��20��d127/63��
��������60��b629/84������
��������70��a973/91������

�cY�iY��Y{�ÊÀ »�¥ÔfyY�Ã|ÀÅ{�½Z�¿�Ä]Z�»��Ì£�¥Á�u)�µZ¼fuY�t����{5�(%Ê»�½Âf���Å��{�|À�Z]��
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��Y�Ä¿Y{��Z¨e�Y��ËY�§Y�Z]cm�20�Ê·Y cm70¿ZÌ»�,����Y|/¬»��Y�µZ/»�¿�ÉÁ�Ì¿�¾Ì´N�828/49���Ä/]N�973/91����ËY�/§Y

d�Y�Äf�Y{�É�Y{�ÊÀ »�.��Y�Ä¿Y{�d]Â���ÉYÂfv»��ËY�§Y�Z]8��Ê·Yw.b.�20%����Y|/¬»��Y�Ã{�YÁ�µZ/»�¿�ÉÁ�Ì¿�¾Ì´¿ZÌ»�,

738/80���Y|¬»�Ä]127/63�d�Y�Äf�Y{�d§Y�.���,Z/Å�Ä/¿Y{�d]Â���ÉYÂfv»��ËY�§Y�Z]�Ä¯�|�Z]�¾ËY�d�Y�¾°¼»�½M�d¸�

Y{d�Y�Ã|»ZÌ¿�|Ë|a�ZÆ¿M�É�ÅZ��Ê¼nu�¹�m��{�Ê�Â�v»��ËY�§Y�Á�Ã|��¹�Âf»�ZÅ�Ä¿.��

�Ä¿YÂf�Y��Z¼e�t���Á�º«��¶]Z¬f»�cY�iY�¾Ì´¿ZÌ»�Ä�ËZ¬»�lËZf¿)¶°�1��(���¾Ë�f/�Ì]�,º/«��Ä���Å�Z]��ËZ»�M��{�Ä¯�{Y{�½Z�¿

Z»�¿�ÉÁ�Ì¿�¾Ë�f¼¯�Á�¾¸ÌeY�Ê¸a��Àm��Y�Ä¿YÂf�Y�Z]��ËZ»�M��{�µZ»�¿�ÉÁ�Ì¿��Y|¬»���Ã|/��¶/�Zu�ÊÀ£Á��©�Á�Z]��ËZ»�M��{�µ

d�Y�.d�Y�Ã|��¶�Zu�µZ»�¿�ÉÁ�Ì¿��{�É�Y{�ÊÀ »�¥ÔfyY�Ä¿YÂf�Y��Àm��ÌÌ¤e�Z]�º«�Å��{�.��
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�¶°�1����µZ»�¿�ÉÁ�Ì¿��]��Z¼e�t���Á�º«��¶]Z¬f»�cY�iY�¾Ì´¿ZÌ»�Ä�ËZ¬»�lËZf¿(N)��

�cY�iY��Y{�ÊÀ »�¥ÔfyY�Ã|ÀÅ{�½Z�¿�Ä]Z�»��Ì£�¥Á�u)¼fuY�t����{�µZ5�(%Ê»�|À�Z]��

 

�����Ä/Ì¸¯�Z/]��ËZ/»�M��{�Ä/¯�{Y{�½Z�¿��ËZ»�M�{�Â»�ÉZÅ�Ä¿YÂf�Y��{�Ä¿Y{�Ã{Âe��Z¨e�Y�Á�º«��¶]Z¬f»�cY�iY�¾Ì´¿ZÌ»�Ä�ËZ¬»�lËZf¿

�����d/�Y�Ã|/��¶/�Zu�µZ/»�¿�ÉÁ�/Ì¿��{�É�Y{�ÊÀ »��ËY�§Y�,Ä¿Y{�Ã{Âe��Z¨e�Y��ËY�§Y�Z]�¹Z«�Y�.������{�¹Z/«�Y�Ä/Ì¸¯�Z/]��ËZ/»�M��{

¨e�½Z�°Ë�ÉZÆ�Z¨e�Y¿�Ã|ÅZ�»�µZ»�¿�ÉÁ�Ì¿��{�É�Y{�ÊÀ »�cÁZ|��.�����Z/§�¥Ôf/yY�¹|/���{�d/�Y�¾/°¼»�½M�d¸�u�/m����¹

|�Z]�¦¸fz»�¹Z«�Y��{�ZÅ�Ä¿Y{�Ê¼nu�)¶°�2(.��
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�¶°�2���µZ»�¿�ÉÁ�Ì¿��]�Ä¿Y{�Ã{Âe��Z¨e�Y�Á�º«��¶]Z¬f»�cY�iY�¾Ì´¿ZÌ»�Ä�ËZ¬»�lËZf¿(N)��

ÀÅ{�½Z�¿�Ä]Z�»��Ì£�¥Á�u�cY�iY��Y{�ÊÀ »�¥ÔfyY�Ã|)�µZ¼fuY�t����{5�(%Ê»�|À�Z]��

������Z/]�|/Ë�YÁ�»�Á�d/�|ÅÂ¯�¹Z/«�Y�Z/]��ËZ»�M��{�Ä¯�{Y{�½Z�¿�Ä¿Y{�d]Â���ÉYÂfv»�Á�º«��¶]Z¬f»�cY�iY�¾Ì ¿́ZÌ»�Ä�ËZ¬»�lËZf¿

��Y�Ä¿Y{�d]Â���ÉYÂfv»��ËY�§Y8��Ê·Yw.b.�20%d�Y�Ã|��¶�Zu�µZ»�¿�ÉÁ�Ì¿��{�É�Y{�ÊÀ »��ÅZ¯�,�.�{�Ê·Á��Z]��ËZ»�M

�¾ÌeÓ�º«�N-30-19���Y�Ä¿Y{�d]Â���ÉYÂfv»��ÌÌ¤e�Z]��¬§16��Ä]w.b.20�%���¶/�Zu�µZ/»�¿�ÉÁ�Ì¿��{�É�Y{�ÊÀ »��ÅZ¯

d�Y�Ã|��.|�Z]�ZÅ�Ä¿Y{�d]Â���ÉYÂfv»�Ä]�d^�¿�¹Z«�Y�Ä¿Y{�Ê°Ë�Ì§��YÂy��{�cÁZ¨e�d�Y�¾°¼»�Ã|Ë|a�¾ËY�¥ÔfyY�d¸�.��

,º«��¶]Z¬f»�cY�iY�¾Ì´¿ZÌ»�Ä�ËZ¬»�lËZf¿����ÉÁ�/Ì¿�¾Ì´¿Z/Ì»��Y|¬»�¾Ë�f¼¯�Ä¯�{Y{�½Z�¿�Ä¿Y{�d]Â���ÉYÂfv»�Á�Ä¿YÂf�Y��Àm

�µZ»�¿)N�044/53�(�µZ»�¿�ÉÁ�Ì¿�¾Ì´¿ZÌ»��Y|¬»�¾Ë�f�Ì]�Á�,Ã�Ì¿YÂ·Z³�©�Á�,d�|ÅÂ¯�º«��Z]�cZ�ËZ»�M��{)N�810�/87�(��{

�|Ë�YÁ�»�º«��Z]�cZ�ËZ»�M)d�|ÅÂ¯�º«��Z]��Y{�ÊÀ »��Ì£�¥ÔfyY�Z](���Êf]Â/���ÉYÂ/fv»��{�Ã�Ì¿YÂ·Z³��Àm��Y�Ä¿YÂf�Y�,w.b.�

8�%d�Y�Ã|»M�d�|]�.ZÆq�cY�iY�¾Ì´¿ZÌ»�Ä�ËZ¬»�lËZf¿���µZ»�¿�ÉÁ�Ì¿�¶«Y|u�Ä¯�{Y{�½Z�¿�Ä¸»Z�)N�353/44�(�cZ�ËZ»�M��{

Ä¿YÂf�Y�,|Ë�YÁ�»�º«��Z]��Ä¿Y{��Z¨e�Y��{�Á�ÊÀ£Á��©�Á��Àm��Ycm�20�Ä¿Y{�d]Â���ÉYÂfv»�Z]�,w.b.�20��%��Y|¬»�¾Ë�f�Ì]�Á

�Ä¿Y{��Z¨e�Y�,Ã�Ì¿YÂ·Z³�©�Á�,d�|ÅÂ¯�º«��Z]�cZ�ËZ»�M��{�½Mcm�70��d]Â���ÉYÂfv»��{�Áw.b.�8�%d�Y�Ã|��¶�Zu�.��

µÁ|m��{�{ÂmÂ»�cÓ{Z »3��Z]��ËZ»�M��{�µZ»�¿�ÉÁ�Ì¿�cY�ÌÌ¤e�ÃÂv¿�,��������\/�u��/]�¦/¸fz»��À/m��Y�ÉZ/Å�Ä¿YÂf/�Y�Á�¹Z/«�Y

Ê»�½Z�¿�Y��Ä¿YÂf�Y��{�Ä¿Y{��Z¨e�Y�Á�Ä¿Y{�d]Â���ÉYÂfv»|Å{�.���Ê/�y�Z/^Ë�¬e��Z¨e�Y�\�u�]�µZ»�¿�ÉÁ�Ì¿�cÓ{Z »�ÄÌ¸¯�Äf^·Y
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|À�Z^Ì»�Ê�y��Ì£�{�YÂ»�Êy�]��{�Ä¿Y{�d]Â���ÉYÂfv»�\�u�]�Ê·Á�.�����Ä/¯�ÉY�Ä/·{Z »�Á�Ã|/��½Z/vf»Y�¦/¸fz»�cÓZu�Äf^·Y�

|¿Y�Ã|���ZÌfyY�,|�Z]�Äf�Y{�ÃY�¼Å�Y��¾ÌÌ^e�\Ë���¾Ë�f�Ì]�.��

�µÁ|m3���µZ»�¿�ÉÁ�Ì¿�cÓ{Z »(N)��Ä�Â]�»�¾ÌÌ^e�\Ë���Á(R
2
)���]��{�YÁ���Z¨e�Y�\�u�]��Z¼e�t(h)��ÉYÂfv»�Á

Ä¿Y{�d]Â���(m)��ËZ»�M�{�Â»��Z¼e�sÂ���Á�¹Z«�Y�ÉY�]��

��

Ê^¿Zm�ÉÁ�Ì¿��

Ã�Y|¿Y��Y�¶�Zu�ÉZÅ�Ã{Y{��¿ZË�YÁ�ÄË�ne�lËZf¿�ÉY�Ä¿YÂf�Y�sÂ����]�{�YÁ�Ê^¿Zm�ÉÁ�Ì¿�É�Ì³)µÁ|m4��(Ä¯�{Y{�½Z�¿��cY�iY

�cY�iY�ÄÌ¸¯�Á�Ä¿Y{�d]Â���ÉYÂfv»�,Ä¿Y{�Ã{Âe��Z¨e�Y�,�Z¼e�t���,º«��Ê¸�Y��{�º«��¶]Z¬f»�cY�iY��n]�¶»YÂ��¾ËY�¶]Z¬f»

d�Y�Äf�Y{�É�Y{�ÊÀ »��iY�ºWZ«�ZË�µZ»�¿�ÉÁ�Ì¿��]�¶»YÂ��¾ËY�ÊËZe�ZÆq�¶]Z¬f»�cY�iY�Á��Z¨e�Y�.�sÂ����{�º«���ÌÌ¤e�Z]�ÊÀ Ë

d�Y�Ã|�¿�¶�Zu�¶»Z��¾ËY�¾Ì´¿ZÌ»��Y|¬»��{�É�Y{�ÊÀ »��ÌÌ¤e�Ä¿Y{�Ã{Âe��Z¨e�Y.��

cY�iY�¾Ì´¿ZÌ»�Ä�ËZ¬»�lËZf¿�Ê^¿Zm�ÉÁ�Ì¿��]�Ê���]�{�Â»�¶»YÂ��Ê¸�Y�)�µÁ|m5�(�����º/«���ËZ/»�M�{�Â/»�¹Z/«�Y�¾Ì]��{�Ä¯�{Y{�½Z�¿

�Ê^¿Zm�ÉÁ�Ì¿��Y|¬»�¾Ë�f¼¯��Y�|Ë�YÁ�»)N�685/109�(���¾Ì/eÓ�º/«��Á��´Ë{�º«��Á{�Z]��Y{�ÊÀ »�¥ÔfyY�Z]N-30-19���¾Ë�f/�Ì]��Y

�Ê^¿Zm�ÉÁ�Ì¿�¾Ì´¿ZÌ»��Y|¬»)N�607/114�(d�Y�Ã{Â]��Y{Ây�].��Ê^¿Zm�ÉÁ�Ì¿�¾Ì´¿ZÌ»��Y|¬»�¾Ë�f�Ì]��Y�Ã�Ì¿Â·Z³�©�Á��Z¼e�sÂ��

)N530/126�(Ê^¿Zm�ÉÁ�Ì¿�¾Ë�f¼¯��Y�ÊÀ£Á��©�Á�Á)N�158/102���(d�Y�Ã{Â]��Y{�Ây�]�.�����¾Ì´¿Z/Ì»��{�É�Y{�Ê/À »�cÁZ/¨e�ZÀ¼/�

Ê»�Ã|ÅZ�»��ËZ»�M�{�Â»��Z¼e�t���Ä���Å�cY�iY{Â�.���Y�Ä¿Y{��Z¨e�Y��ËY�§Y�Z]cm�20�Ê·Y cm70����Y�Ê^¿Z/m�ÉÁ�/Ì¿�¾Ì ¿́ZÌ»�,

��Y|¬»N�270/28��Ä]N�647/202��d�Y�Äf�Y{�É�Y{�ÊÀ »��ËY�§Y�.��Y�Ä¿Y{�d]Â���ÉYÂfv»��ËY�§Y�Z]8��Ê·Yw.b.�20%�¾Ì´¿ZÌ»�,

��Y|¬»��Y�Ã{�YÁ�Ê^¿Zm�ÉÁ�Ì¿881/134���Y|¬»�Ä]N�495/99�d�Y�Äf�Y{�d§Y�.��

��

º«����Z¼e�t�����Z¨e�Y�\�u��](cm) d]Â���\�u�](w.b.) 

d�|ÅÂ¯��¾¸ÌeY�Ê¸a��98.0,46.34957.0
2 =+= RhFN

��
1,19424.27013.2047.0 223 =+−+−= RmmmFN��

ÊÀ£Á��©�Á��98.0,10.38710.0 2 =+= RhFN
��98.0,28.97945.1 2 =+−= RmFN

��
Ã�Ì¿YÂ·Z³�©�Á��94.0,82.39704.0

2 =+= RhFN

��
98.0,2.106476.2

2 =+−= RmFN
��

N-30-19 ¾¸ÌeY�Ê¸a��98.0,1.34948.0 2 =+= RhFN
��1,4.14764.18525.1038.0

223 =+−+−= RmmmF N
��

ÊÀ£Á��©�Á��98.0,64.37714.0 2 =+= RhFN
��99.0,21.34622.6264

22 =++−= RmmFN
��

Ã�Ì¿YÂ·Z³�©�Á��93.0,46.41749.0 2 =+= RhF
N

��95.0,63.64546.3181.0 22 =++−= RmmFN
��

|Ë�YÁ�»��¾¸ÌeY�Ê¸a��98.0,54.35970.0 2 =+= RhF
N

��1,17463.22752.1043.0
223 =+−+−= RmmmFN

��
ÊÀ£Á��©�Á��98.0,92.37668.0 2 =+= RhF

N
��93.0,9.106398.2 2 =+−= RmF

N
��

ÁÃ�Ì¿YÂ·Z³�©���95.0,05.39761.0 2 =+= RhFN
��1,8.61416.3192.0 22 =++−= RmmFN

��
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��

��

�µÁ|m4��Y��Y�¶�Zu�ÉZÅ�Ã{Y{��¿ZË�YÁ�ÄË�ne�lËZf¿Ã�Y|¿�Z¼e�sÂ����]�{�YÁ�Ê^¿Zm�ÉZÅÁ�Ì¿�É�Ì³��

cY�ÌÌ¤e��]ZÀ»��É{Y�M�Äm�{��cZ ]�»�¾Ì´¿ZÌ»���d^�¿F 

º«�(V)  2��47/2202�� **920/32��

�Z¼e�t��(S) 2��182/58023��**161/867��

¶]Z¬f»�cY�iYS )�(V × 4��886/163��*450/2��
��Z¨e�Y(H)��5��197/798237�� **099/11931��

¶]Z¬f»�cY�iYH )�(V ×��10��254/86��ns289/1��
¶]Z¬f»�cY�iYH )�(S × 10��316/3698�� **278/55��
¶]Z¬f»�cY�iYS × H)�(V × 20��873/23�� ns357/0��

�Ä¿Y{�d]Â���ÉYÂfv»(M) 3��006/71341�� **320/1066��
¶]Z¬f»�cY�iYM )�(V ×��6��093/4444�� **425/66��
¶]Z¬f»�cY�iYM )�(S ×��6��188/5855��**516/87��
¶]Z¬f»�cY�iYS × M)�(V ×��12��413/457��**837/6��

¶]Z¬f»�cY�iYM )�(H ×��15��108/3669��**842/54��
¶]Z¬f»�cY�iYH×M )�(V ×��30��713/199��**985/2��
¶]Z¬f»�cY�iYH×M )�(S ×��30��755/330��**944/4��
¶]Z¬f»�cY�iYS×H×M )�(V ×��60��600/45��ns681/0��

Z�y��864��904/66����
�Â¼n»��1079������
**�Z¼fuY�t����{��Y{�ÊÀ »��iY�µ1��,�|��{*��µZ¼fuY�t����{��Y{�ÊÀ »��iY5�,�|��{ �ns���,�Y{�ÊÀ »��iY�¹|���

µÁ|m5�����ÉÁ�Ì¿��]�Ê���]�{�Â»�¶»YÂ��Ê¸�Y�cY�iY�¾Ì´¿ZÌ»�Ä�ËZ¬»�lËZf¿Ê^¿Zm�(N)��

�º«����¾Ì´¿ZÌ»
cY�iY��

�Z¼e�t�����¾Ì´¿ZÌ»
cY�iY��

�Ã{Âe��Z¨e�Y
Ä¿Y{ )cm�(��

�¾Ì´¿ZÌ»
cY�iY��

�ÉYÂfv»
�d]Â��

Ä¿Y{(w.b.) 

¿ZÌ»�¾Ì´
cY�iY��

d�|ÅÂ¯��a571/112��¾¸ÌeY�Ê¸a��b176/108��20��f2770/28��8��a881/134��
N-30-19 b607/114��ÊÀ£Á��©�Á��c158/102��30��e850/55��12��b328/113��
|Ë�YÁ�»��c685/109��Ã�Ì¿YÂ·Z³�©�Á��a530/126��40��d706/90��16��c448/101��
��������50��c025/129��20��d495/99��
��������60��b228/167������
��������70��a647/202������

�cY�iY��Y{�ÊÀ »�¥ÔfyY�Ã|ÀÅ{�½Z�¿�Ä]Z�»��Ì£�¥Á�u)�µZ¼fuY�t����{5�(%Ê»�|À�Z]��

��

�Ä¿YÂf�Y��Z¼e�t���Á�º«��¶]Z¬f»�cY�iY�¾Ì´¿ZÌ»�Ä�ËZ¬»�lËZf¿�Ê^¿Zm�ÉÁ�Ì¿��])¶°�3��(����º/«��Z/]��ËZ/»�M��{�Ä¯�{Y{�½Z�¿

�Ê^¿Zm�ÉÁ�Ì¿��Y|¬»�¾Ë�f�Ì]�,d�|ÅÂ¯)N�195/128��(�¿YÂf/�Y�Z]��ËZ»�M��{�����ÉÁ�/Ì¿�¾Ë�/f¼¯�Á��Ã�Ì¿YÂ·Z/³�©�Á��À/m��Y�Ä

�Ê^¿Zm)N�915/99�(d�Y�Ã|��¶�Zu�|Ë�YÁ�»�º«��Á�ÊÀ£Á��©�Á��Àm��Y�Ä¿YÂf�Y�Z]��ËZ»�M��{�.������À/m��/ÌÌ¤e�Z/]�º«�/Å��{

d�Y�Ã|��¶�Zu�µZ»�¿�ÉÁ�Ì¿��{�É�Y{�ÊÀ »�¥ÔfyY�Ä¿YÂf�Y�.��

Page 216Page 216

-٢٠٥٥-



 

d
c

def ef
g

a a
b

0

20

40

60

80

100

120

140

kohdasht N-30-19 morvarid

no
rm

al
 f

or
ce

(N
)

tested varites

polyethylen

mild sheet

galvanized 

sheet

��
¶°�3��Y�iY�¾Ì´¿ZÌ»�Ä�ËZ¬»�lËZf¿Ê^¿Zm�ÉÁ�Ì¿��]�Ä¿YÂf�Y��Z¼e�t���Á�º«��¶]Z¬f»�c(N)��

�cY�iY��Y{�ÊÀ »�¥ÔfyY�Ã|ÀÅ{�½Z�¿�Ä]Z�»��Ì£�¥Á�u)�µZ¼fuY�t����{5�(%Ê»�|À�Z]��

��ËZ»�M�{�Â»�ÉZÅ�Ä¿YÂf�Y��{�Ê^¿Zm�ÉÁ�Ì¿��]�Ä¿Y{�Ã{Âe��Z¨e�Y�Á�º«��¶]Z¬f»�cY�iY�¾Ì´¿ZÌ»�Ä�ËZ¬»�lËZf¿)�¶°�4�(�{Y{�½Z�¿

]��ËZ»�M��{�Ä¯�d/�Y�Ã|»M�|Ë|a�Ê^¿Zm�ÉÁ�Ì¿��{�É�Y{�ÊÀ »��ËY�§Y�,Ä¿Y{�Ã{Âe��Z¨e�Y��ËY�§Y�Z]�¹Z«�Y�ÄÌ¸¯�Z�.���Z/]��ËZ/»�M��{

��{Â/�Ì¼¿�Ã|ÅZ/�»�µZ»�¿�ÉÁ�Ì¿��{�É�Y{�ÊÀ »�cÁZ¨e�½Z�°Ë�ÉZÆ�Z¨e�Y��{�¹Z«�Y�ÄÌ¸¯�.������¹|/���/iY��{�d/�Y�¾/°¼»�½M�d/¸�

Z§�¥ÔfyYum���|�Z]�¦¸fz»�¹Z«�Y��{�ZÅ�Ä¿Y{�Ê¼nu�¹.��

f¿������Z/]�|/Ë�YÁ�»�Á�d/�|ÅÂ¯�¹Z/«�Y�Z/]��ËZ»�M��{�Ä¯�{Y{�½Z�¿�Ä¿Y{�d]Â���ÉYÂfv»�Á�º«��¶]Z¬f»�cY�iY�¾Ì ¿́ZÌ»�Ä�ËZ¬»�lËZ

��Y�Ä¿Y{�d]Â���ÉYÂfv»��ËY�§Y8��Ê·Yw.b.�20%d�Y�Ã|��¶�Zu�Ê^¿Zm�ÉÁ�Ì¿��{�É�Y{�ÊÀ »��ÅZ¯�,�.�Z]��ËZ»�M��{�Ê·Á

�¾ÌeÓ�º«�N-30-19��d]Â���ÉYÂfv»��ÌÌ¤e�Z]��¬§��Y�Ä¿Y{16��Ä]w.b.20�%���¶/�Zu�Ê^¿Z/m�ÉÁ�Ì¿��{�É�Y{�ÊÀ »��ÅZ¯

d�Y�Ã|��.��|/�Z]�ZÅ�Ä¿Y{�d]Â���ÉYÂfv»�Ä]�d^�¿�¹Z«�Y�Ä¿Y{�Ê°Ë�Ì§��YÂy��{�cÁZ¨e�d�Y�¾°¼»�Ã|Ë|a�¾ËY�¥ÔfyY�d¸�

)�¶°�5�.(��

��
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�¶°�4���e��Z¨e�Y�Á�º«��¶]Z¬f»�cY�iY�¾Ì´¿ZÌ»�Ä�ËZ¬»�lËZf¿�Ê^¿Zm�ÉÁ�Ì¿��]�Ä¿Y{�Ã{Â(N)��

�cY�iY��Y{�ÊÀ »�¥ÔfyY�Ã|ÀÅ{�½Z�¿�Ä]Z�»��Ì£�¥Á�u)�µZ¼fuY�t����{5�(%Ê»�|À�Z]��
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�¶°�5���Ê^¿Zm�ÉÁ�Ì¿��]�Ä¿Y{�d]Â���ÉYÂfv»�Á�º«��¶]Z¬f»�cY�iY�¾Ì´¿ZÌ»�Ä�ËZ¬»�lËZf¿��

��Y{�ÊÀ »�¥ÔfyY�Ã|ÀÅ{�½Z�¿�Ä]Z�»��Ì£�¥Á�u�cY�iY)�µZ¼fuY�t����{5�(%Ê»�|À�Z]��
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����Y|/¬»�¾Ë�/f¼¯�Ä¯�{Y{�½Z�¿�Ê^¿Zm�ÉÁ�Ì¿��]�Ä¿Y{�d]Â���ÉYÂfv»�Á�Ä¿YÂf�Y��Àm�,º«��¶]Z¬f»�cY�iY�¾Ì´¿ZÌ»�Ä�ËZ¬»�lËZf¿

�Ê^¿Zm�ÉÁ�Ì¿�¾Ì´¿ZÌ»)N�824/85�(������Ä/¿Y{�Êf]Â/���ÉYÂ/fv»�Z/]�,¾¸Ì/eY�Ê¸a��Àm��Y�Ä¿YÂf�Y�,d�|ÅÂ¯�º«��Z]�cZ�ËZ»�M��{

w.b.�20�%�Ê^¿Zm�ÉÁ�Ì¿�¾Ì´¿ZÌ»��Y|¬»�¾Ë�f�Ì]�Á)N�875/162��(���º/«��Z/]�cZ�ËZ»�M��{N-30-19�����À/m��Y�Ä¿YÂf/�Y�,

��Ä¿Y{�Êf]Â���ÉYÂfv»��{�Ã�Ì¿YÂ·Z³w.b.�8�%d�Y�Ã|»M�d�|]�.ZÆq�cY�iY�¾Ì´¿ZÌ»�Ä�ËZ¬»�lËZf¿���¶«Y|u�Ä¯�{Y{�½Z�¿�Ä¸»Z�

�Ê^¿Zm�ÉÁ�Ì¿)N�513/16�(�|ÅÂ¯�º«��Z]�cZ�ËZ»�M��{�Ä¿Y{��Z¨e�Y��{�Á�¾¸ÌeY�Ê¸a��Àm��Y�Ä¿YÂf�Y�,dcm�20���ÉYÂ/fv»�Z/]�,

�Ä¿Y{�d]Â��w.b.�20��%��Ê^¿Z/m�ÉÁ�Ì¿�¾Ì´¿ZÌ»��Y|¬»�¾Ë�f�Ì]�Á)N�339/286�(����º/«��Z/]�cZ/�ËZ»�M��{N-30-19�©�Á�,

�Ä¿Y{��Z¨e�Y�,Ã�Ì¿YÂ·Z³cm�70��d]Â���ÉYÂfv»��{�Áw.b.�8�%d�Y�Ã|»M�d�|].��

�µÁ|m��{�{ÂmÂ»�cÓ{Z »6��������\/�u��/]�¦/¸fz»��À/m��Y�ÉZ/Å�Ä¿YÂf�Y�Á�¹Z«�Y�Z]��ËZ»�M��{�Ê^¿Zm�ÉÁ�Ì¿�cY�ÌÌ¤e�ÃÂv¿�,

|Å|Ì»�½Z�¿�Y��Ä¿YÂf�Y��{�Ä¿Y{��Z¨e�Y�Á�Ä¿Y{�d]Â���ÉYÂfv»�.���Ê/�y�Z/^Ë�¬e��Z¨e�Y�\�u�]�Ê^¿Zm�ÉÁ�Ì¿�cÓ{Z »�ÄÌ¸¯�Äf^·Y

|À�Z^Ì»�Ê�y��Ì£�{�YÂ»�Êy�]��{�Ä¿Y{�d]Â���ÉYÂfv»�\�u�]�Ê·Á�.·Y������Ä/¯�ÉY�Ä/·{Z »�Á�Ã|/��½Z/vf»Y�¦/¸fz»�cÓZu�Äf^

|¿Y�Ã|���ZÌfyY�,|�Z]�Äf�Y{�ÃY�¼Å�Y��¾ÌÌ^e�\Ë���¾Ë�f�Ì].��

�µÁ|m6����Ä�Â]�»�¾ÌÌ^e�\Ë���Á�Ê^¿Zm�ÉÁ�Ì¿�cÓ{Z »(R
2
)���]���Z¨e�Y�\�u�]��Z¼e�t(h)��d]Â���ÉYÂfv»�Á

�ËZ»�M�{�Â»��Z¼e�sÂ���Á�¹Z«�Y�ÉY�]�Ä¿Y{��

��

º«�����Z¼e�t����\�u��]��Z¨e�Y(cm) d]Â���\�u�](w.b.)��
d�|ÅÂ¯��¾¸ÌeY�Ê¸a��99.0,76.48465.3

2 =−= RhFh

��
1,6.12047.10377.1038.0 223 =++−= RhhhFh

��
��

ÊÀ£Á��©�Á��99.0,84.3916.3 2 =−= RhhFN
��99,18.2972.2390.2053.0 223 =++−= RhhhFh��

Ã�Ì¿YÂ·Z³�©�Á��99.0,8.51996.3 2 =−= RhFN
��1,9.12077.10268.1038.0

223 =++−= RhhhFh��
N-30-

19 

¾¸ÌeY�Ê¸a��99.0,34.49575.3 2 =−= RhF
N

��
99.0,0.56626.88573.5117.0 223 =+−+−= RhhhFh

��

ÊÀ£Á��©�Á��99.0,61.41237.3 2 =−= RhFN
��99.0,3.57740.28276.1014.0 223 =+−+−= RhhhFh

��
Ã�Ì¿YÂ·Z³�©�Á��99.0,9.53064.4 2 =−= RhF

N
��1,2.30639.23692.0 22 =+−= RhhFh��

|Ë�YÁ�»��¾¸ÌeY�Ê¸a��99.0,89.52526.3 2 =−= RhFN
��98.0,3.147391.2037.0 22 =+−−= RhFh��

ÊÀ£Á��©�Á��1,12.37030.3 2 =−= RhFN
��1,9.20128.20314.1028.0

223 =+−+−= RhhhFh
��

Ã�Ì¿YÂ·Z³�©�Á��99.0,1.52898.3
2 =−= RhFN

��99.0,58.4092.27378.2057.0 223 =++−= RhhhFh
��

��

É�Ì³�ÄnÌf¿��

������/]��Z/Æ¿M�¶/]Z¬f»�cY�/iY�Ê¸¯��Â�]�Á�Ä¿Y{�d]Â���ÉYÂfv»�Á�Ä¿YÂf�Y��{�Ä¿Y{��Z¨e�Y�,�Ä¿YÂf�Y��Z¼e�sÂ����Àm�,º«��Ê¸�Y�cY�iY

e�sÂ����]�{�YÁ�Ê^¿Zm�Á�µZ»�¿�ÉZÅÁ�Ì¿|�Z^Ì»��Y{�ÊÀ »�Ä¿Y{��Z¼��.���¾Ì/eÓ�º/«� N-30-19�����ÉÁ�/Ì¿�¾Ì´¿Z/Ì»�¾Ë�f/�Ì]�ÉY�Y{

�Z¼e�t����]�{�YÁ�µZ»�¿)N�926/73�(�¾Ë�f¼¯�ÉY�Y{�d�|ÅÂ¯�º«��Á)N�058/73�(���d/�Y�Ã{Â/]�Ä/¿Y{�µZ»�¿�ÉÁ�Ì¿�¾Ì´¿ZÌ».����{
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��{�\Ìe�e�Ä]�Ã{�YÁ�µZ»�¿�ÉÁ�Ì¿��¾Ë�f¼¯�Á�¾Ë�f�Ì]�,Ã|���ËZ»�M��Z¼e�t���¾Ì]���¶/�Zu�Ê/À£Á��Á�¾ÌeY�Ê¸a�Ä¿YÂf�Y�Z]��ËZ»�M

d�Y�Ã|�.���Y�Ä¿Y{�d]Â���ÉYÂfv»��ËY�§Y�Z]w.b.�8�%�Ê·Yw.b.�20�%��Y|¬»��Y�µZ»�¿�ÉÁ�Ì¿�¾Ì ¿́ZÌ»N�738/80�����Y|/¬»�Ä/]N�

127/63�d§ZË��ÅZ¯.���Y�Ä¿Y{��Z¨e�Y��ËY�§Y�Z]cm�20��Ê·Ycm�70�����Z/^Ë�¬e�t�/���/]�{�YÁ�µZ/»�¿�ÉÁ�Ì¿�¾Ì ¿́ZÌ»�,85�%��/§Y��ËY

d�Y�Äf�Y{.���¹|À³�Ä¿Y{�Ã{Âe�¥����Y�t����]�{�YÁ�µZ»�¿�ÉÁ�Ì¿��Y|¬»�¾Ë�f�Ì])N�126/117�(�©�Á�,d�|ÅÂ¯�º«��Z]�cZ�ËZ»�M��{

�Ä¿Y{��Z¨e�Y�,Ã�Ì¿YÂ·Z³cm�70��d]Â���ÉYÂfv»��{�Áw.b.�8�%d�Y�Ã|��¶�Zu��.�¾ÌeÓ�º«� N-30-19��¾Ì´¿ZÌ»�¾Ë�f�Ì]�ÉY�Y{

¼e�t����]�{�YÁ�Ê^¿Zm�ÉÁ�Ì¿�Z)N�607/114�(�¾Ë�f¼¯�ÉY�Y{�|Ë�YÁ�»�º«��Á)N�685/109�(d�Y�Ã{Â]�Ê^¿Zm�ÉÁ�Ì¿�¾Ì´¿ZÌ».����{

¿YÂ¸³�Ä¿YÂf�Y�Z]��ËZ»�M��{�\Ìe�e�Ä]�Ã{�YÁ��Ê^¿Zm�ÉÁ�Ì¿��¾Ë�f¼¯�Á�¾Ë�f�Ì]�,Ã|���ËZ»�M��Z¼e�t���¾Ì]Ì���¶/�Zu�Ê/À£Á��Á�Ã�

d�Y�Ã|�.���Y�Ä¿Y{�d]Â���ÉYÂfv»��ËY�§Y�Z]w.b.�8�%�Ê·Yw.b.�20�%��Y|¬»��Y�Ê^¿Zm�ÉÁ�Ì¿�¾Ì´¿ZÌ»N�831/134���Y|¬»�Ä]N�

495/99�d§ZË��ÅZ¯.��Z]���Y�Ä¿Y{��Z¨e�Y��ËY�§Ycm�20��Ê·Ycm�70��]Y�]����Z^Ë�¬e��Z¼e�t����]�{�YÁ�Ê^¿Zm�ÉÁ�Ì¿�¾Ì´¿ZÌ»�,

d�Y�Äf�Y{��ËY�§Y.��¹|À³�Ä¿Y{�Ã{Âe�¥����Y�t����]�{�YÁ�Ê^¿Zm�ÉÁ�Ì¿��Y|¬»�¾Ë�f�Ì])N�339/286��(�¾ÌeÓ�º«��Z]�cZ�ËZ»�M��{ 

N-30-19�Ä¿Y{��Z¨e�Y�,Ã�Ì¿YÂ·Z³�©�Á�,cm�70��d]Â���ÉYÂfv»��{�Áw.b.�8�%d�Y�Ã|��¶�Zu�.��

��
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��
Abstract 

The grain wheat mass exert pressure on contact surfaces of silos. These forces are 

applied for designing of silos.  The aim of this research was determination of lateral and 

normal forces acted on contact surfaces.  Tests are accomplished with three grain 

varieties (Kohdasht, N-30-19 and Morvarid), at four levels of grain moisture content (8, 

12, 16, 20 w.b.%), at three levels of contact surface materials type (polyethylene, mild 

steel sheet and galvanized sheet in cylinder)  and at six levels of grain mass height (20, 

30, 40, 50, 60 and 70cm) at five replications. cylindrical contact surfaces had diameter 

and height 25 and 70cm, respectively. Apparatus to measuring of forces were included 

digital force meter, gearbox electromotor, rotational speed decreasing mechanism, 

inverter, connector wire and cylinders. Gearbox electromotor was used for raising of 

cylinders slowly. To analysis of obtained data, completely randomized design was used. 

For comparing of effects mean, Duncan's Multiple Range Test was used.  The results of 

data variance analysis showed that effects of each four factors and interactions were 

significant probability on normal and lateral forces. The most normal and lateral forces 

means (73.853 N and 114.607N, respectively) obtained at tests with N-30-19 variety. 

The most normal and lateral forces with mean values 73.926 and 126.530 N obtained at 

tests with polyethylene and galvanized material cylinders, respectively. In general, with 

increasing of grain mass into cylinders from 20 to 70 cm, the normal and lateral forces 

means increased 49.828 to 91.973 N and 28.27 to 202.647 N, respectively. With 

increasing of grain moisture content from 8 to 20%w.b., the normal and lateral forces 

means increased significantly from63.127 to 80.738 N and 99.195 and 134.8814 N, 

respectively. The results of mean comparison of four factors interactions showed that 

the most of lateral force mean (284.339 N) obtained at tests with N-30-19 variety, grain 

moisture content 12%w.b., contact surface material of milled steel sheet and grain mass 

height of 70cm.  The most of lateral normal mean (117.126 N) obtained at tests with 

Kohdasht variety, grain moisture content 8 w. b. %, contact surface material of 

galvanized sheet and grain mass height of 70cm.  
Keywords: Contact surface, Grain wheat, Lateral force, Moisture content and Normal 

force  
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