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Plastics - Piping systems for non-pressure 
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Unplasticized poly(vinyl chloride) (PVC-U), 
polypropylene (PP), polypropylene with mineral 

modifiers (PPMD) and polyethylene (PE) � 
Design requirements for manholes in traffic 

areas and underground installations 
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¹Z¿�Ä]�Y|y  

ÊËZÀ�M Z] ½Y�ËY�{�Y|¿Zf�Y�Ê¸»�½Z»�Z� 

È��R» {�Y|¿Zf�Y Á cZ¬Ì¬ve Êf À� ½Y�ËY Ä] \mÂ» |À] �®/Ë �Ç{Z/»� �½Â¿Z/« �sÔ/�Y �¾Ì¿YÂ/« Á �cY��/¬» �È/��R» �{�Y|¿Zf/�Y �Á
cZ¬Ì¬ve Êf À� ,½Y�ËY [Â�» ¾¼Æ] ÃZ» ���� ZÆÀe �m�» Ê¼�� �Â�¯ d�Y Ä¯ Ä¨Ì�Á ,¾ÌÌ e ¾ËÁ|e Á ��/�¿ ��ÉZÅ{�Y|¿Zf/�Y

�Ê¸»�Ê¼����½Y�ËY Y� Ä] Ã|Æ� {�Y{.���
¹Z¿�ÃZnÀa�Á�|�°Ë�\mÂ»�Ä]�½Y�ËY�Êf À��cZ¬Ì¬ve�Á�{�Y|¿Zf�Y�Ä��Â»�Á���w�Â/»�É�Y{Y�Ê·Z��ÉY�Â��Ä�¸m�¾Ì»Á{��������Ä/]

�Ã�Z¼��Ä»Z¿�Ê��Á��ÌÌ¤e�½Y�ËY�{�Y|¿Zf�Y�Ê¸»�½Z»�Z�����������w�Â»�������d�Y�Ã|��¡Ô]Y�Y�mY��dÆm����
¾ËÁ|e {�Y|¿Zf�Y �{ Ã�Âu ÉZÅ ¦¸fz» �{ ½ÂÌ�Ì¼¯ ÉZÅ ÊÀ§ \¯�» �Y �½Z�ZÀ��Z¯�½Z»�Z�, \uZ� ½Y��¿ �¯Y�» Á ��cZ/��R»
,Ê¼¸� ,Ê�ÅÁ�a É|Ì·Âe Á É{Z�f«Y ÃZ³M Á �^e�» ¹Zn¿Y Ê» {Â� Ê��Â¯Á ¹Z´¼Å Z] t·Z�» Ê¸» Á Z] ÄmÂe �ËY���Ä] ��,É|/Ì·Âe
É�ÁZÀ§ Á É�Zne �d/�Y �Ä/¯ �Y �d¯�Z/�» �Ä/¿ZÅZ³M Á �È¿Z¨/�À» �½Z^uZ/� �ª/u Á �,�/¨¿ �¶»Z/� �,½Z³|/ÀÀ¯|Ì·Âe �¥�/�»��,½Z³|/ÀÀ¯

½Z³|ÀÀ¯�{Z� Á {�YÁ ,½Z³|ÀÀ¯ �¯Y�» Ê¼¸� Á ,Ê��ze ,ZÅ{ZÆ¿ ½Z»�Z� ÉZÅ Êf·Á{ Á �Ì£ Êf·Á{ ¶�Zu Ê» {Â�. �Ìa ���ËÂ/¿
ÉZÅ{�Y|¿Zf�Y Ê¸» ½Y�ËY ÉY�] ÊÅYÂy��¿ Ä] �mY�» É} �¨¿ Á ÉZ��Y ½ÂÌ�Ì¼¯ ÉZÅ �Ê/À§ ��Â/]�» �µZ/��Y �Ê/»�{Â/� Á ��/a ��Y

d§ZË�{ ZÅ��¿ Á ZÅ{ZÆÀ�Ìa �{ ÈfÌ¼¯ Ê¸» �^e�» Z] ½M Äf�� s�� Á �{ c�Â� \ËÂ�e Ä] ½YÂÀ� {�Y|¿Zf�Y Ê¸»��Ê¼��� ��½Y�/ËY
_Zq Á ��fÀ» Ê» {Â�.��
�Ìa �ËÂ¿ ÊËZÅ{�Y|¿Zf�Y Ä¯ cZ��R» Á ½Z»�Z� ÉZÅ Ä«Ô� |À» Á É} sÔ� �Ì¿ Z] dËZ�� �]YÂ� ¾ÌÌ e Ã|� ÄÌÆe Ê» ��|/ÀÀ¯

ÈfÌ¼¯�{ Ê¸» s�� Á Ê���] Á c�Â��{ ,\ËÂ�e Ä] �½YÂ/À� �{�Y|¿Zf/�Y �Ê/¸» �½Y�/ËY �_Z/q Á ��/�fÀ» �Ê/» �{Â/�. ���,\/Ìe�e�¾Ë|/]
ÊËZÅ{�Y|¿Zf�Y Ê¸» Ê¬¸e Ê» Â�¿| Ä¯ �] �Z�Y {Z¨» Äf�Â¿ Ã|� �{ {�Y|¿Zf�Y Ê¸» �½Y�/ËY �Ç�Z¼/� � �¾ËÁ|/e Á �{ �È/fÌ¼¯ ��Ê/¸»

{�Y|¿Zf�Y �Â]�»�Ä¯ �½Y�ËY�{�Y|¿Zf�Y�Ê¸»�½Z»�Z�¶Ì°�e Ê»|Å{ Ä] \ËÂ�e Ã|Ì�� |�Z].��
{�Y|¿Zf�Y�Ê¸»�½Z»�Z� ½Y�ËY �Y ÉZ��Y Ê¸�Y ½Z»�Z� �¾Ì/] �Ê/¸¸¼·Y ��{�Y|¿Zf/�Y(ISO)��,�½ÂÌ/�Ì¼¯ �¾Ì/] ���®/ÌÀ°eÁ�f°·Y�Ê/¸¸¼·Y

�(IEC)�Á ½Z»�Z� ¾Ì] Ê¸¸¼·Y Ã�Y|¿Y Ê�ZÀ� Ê¿Â¿Z«��(OIML)��d/�Y Á �Ä/]��½YÂ/À� �Z/ÆÀe ��/]Y�� �½ÂÌ/�Ì¼¯ ���ÊËY~/£��¯|/¯ 
�(CAC)��{ �Â�¯ dÌ·Z § Ê» |À¯.��{ ¾ËÁ|e ÉZÅ{�Y|¿Zf�Y Ê¸» ½Y�ËY ¾¼� ÄmÂe Ä] �ËY�� Ê¸¯ Á �É|/À»�ZÌ¿ �ÉZ/Å ��Z/y 

�Â�¯�, �Y ¾Ë�yM d§��Ìa�ÉZÅ ,Ê¼¸� ÊÀ§ Á Êf À� ½ZÆm Á ÉZÅ{�Y|¿Zf�Y ¾Ì]�Ê¸¸¼·Y Ã�Æ]É�Ì³ Ê»{Â�. ��
{�Y|¿Zf�Y�Ê¸»�½Z»�Z���½Y�ËYÊ» |¿YÂe Z] dËZ�� ¾Ë�YÂ» �Ìa ÊÀÌ] Ã|� �{ �,½Â¿Z/« �ÉY�/] �d/ËZ¼u �Y �¥�/�» ���/¨u�,½Z³|/ÀÀ¯ 

d»Ô� Á ÊÀ¼ËY É{�§ Á ,Ê»Â¼� µÂ�u ½ZÀÌ¼�Y �Y dÌ¨Ì¯ cÓÂ�v» Á cZ�uÔ» d�Ë� Ê�Ìv» Á ,É{Z�f«Y Ê� ]�ÉY�mY �Y 

ÉZÅ{�Y|¿Zf�Y Ê¸» ½Y�ËY Y� ÉY�] cÓÂ�v» É|Ì·Âe ¶yY{ �Â�¯ Á/ZË ¹Ô«Y ,ÊeY{�YÁ ]Z \ËÂ�e ÉY�Â� Ê·Z� ��É�Z/^mY�,{�Y|¿Zf/�Y 

|ËZ¼¿�� ½Z»�Z� Ê» |¿YÂe Ä] �Â�À» �¨u ÉZÅ�Y�Z] ¾Ì] Ê¸¸¼·Y ÉY�] �cÓÂ/�v» �,�Â/�¯ �ÉY�/mY �{�Y|¿Zf/�Y �ÉZ/ÅÓZ¯ �ÊeY�{Z/� �Á
Äm�{É|À] ½M Y� É�Z^mY |ËZ¼¿�� ¾ÌÀr¼Å ÉY�] ½ZÀÌ¼�Y ½|Ì�z] Ä] Ã{Z¨f�Y ½Z³|ÀÀ¯ �Y cZ»|y ½Z»�Z��ZÅ Á cZ��R» µZ § 

ÈÀÌ»���{ ,Ã�ÁZ�» ,��Â»M ,Ê���Z] É�Ì¼» Á ÊÅYÂ³�Á|� ºf�Ì� ÉZÅ dË�Ë|» dÌ¨Ì¯ Á dË�Ë|» d�Ë�,Ê�Ìv» �ÃZ´/�ËZ»�M 

ZÅ �¯Y�»�Á �½ÂÌ�Y�^Ì·Z¯�ÊnÀ�YÁ� ¶ËZ�Á ,�nÀ� ½Y�ËY�{�Y|¿Zf�Y�Ê¸»�½Z»�Z� ¾ËY Ä¿Â³ ½Z»�Z� ZÅ Á cZ��R» Y� ��/] ��Z/�Y 

�]YÂ� ¹Z�¿ dÌuÔ��|ÌËPe ½Y�ËY Ê]ZË��Y Ê» |À¯ Á �{ c�Â� �Y�uY �ËY�� ,¹�Ó È»ZÀÌÅYÂ³ |ÌËPe dÌuÔ� Ä] ½M ZÅ Z��Y Á �] 

{�°¸¼� ½M�ZÅ Ê»�c�Z�¿ |À¯.�lËÁ�e ÃZ´f�{ ¾Ì] Ê¸¸¼·Y ,ZÅZ°Ë �½ÂÌ�Y�^Ì·Z¯�ÊnÀ�YÁ� ¶ËZ�Á ,�nÀ� �¾Ì/Ì e ��Z/Ì� �cY�/¸§ 

ZÆ^¿Y�³ Á ¹Zn¿Y É{�]�Z¯�cZ¬Ì¬ve ÉY�] ÉZ¬e�Y t�� ÉZÅ{�Y|¿Zf�Y Ê¸» ½Y�ËY �Y �´Ë{ ¦ËZ�Á ¾ËY ½Z»�Z� d�Y.� 

� �
                                                 

1- International Organization for Standardization 
2 - International Electrotechnical Commission 
3-  International Organization of  Legal Metrology (Organisation Internationale de Metrologie Legale)  
4 - Contact point 
5 - Codex Alimentarius Commission 
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cZm�|À»�d��Æ§��
½YÂÀ���Äv¨���

� �
½Y�ËY�Êf À��cZ¬Ì¬ve�Á�{�Y|¿Zf�Y�Ä��R»�Z]�ÊËZÀ�M��[��

{�Y|¿Zf�Y�¾ËÁ|e�ÊÀ§�½ÂÌ�Ì¼¯��k��
�Ìa��Zf¨³�����

���Á�¥|Å{�]�Z¯�ÄÀ»Y{�����
��Ê»Y�·Y��mY�»�����
���¦Ë�Z e�Á�cZuÔ��Y�����
��ÊuY���cZÌ��§�����
��{YÂ»�����
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��®Ìf�ÔaÂ»�e�ÉZÅÁ��¹{M�ÉY�]�ÊuY����Á������

�¦·Y�d�ÂÌa�ÊeZ�Ô�Y���Zy�½Â�Âa�d^�¿�Á�²¿ZË�µÁ|»�ÉY�]�Ê·Z¼fuY��Ë{Z¬»������
�[�d�ÂÌa�ÊeZ�Ô�Y���Á��¹{M�ºËZ¼�������
�_�d�ÂÌa�ÊeZ�Ô�Y���^�Zv»��Y�ÉY�Ä¿Â¼¿cZ������
�c�d�ÂÌa�ÊeZ�Ô�Y���Ä»Z¿�[Zf¯������
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aÌ�Zf¨³����
��

{�Y|¿Zf�Y"�ZÅ�®Ìf�Ôa��Ä¿Z»Z��ZÅÉ��Y~³�Ä·Â·É�Y�]É�ZÅ�Ä°^�É��ÁM��¼mÉ���µZ/¬f¿Y�Á��/�°Å��Á�[Ô/�Z§Ê�
¸¬iÊ��Zy��{�½Â§|»±��aÊ�ÁÉ��Ê��dz��PVC-U�¸a�,Ê�aÁ�aÌ�¾¸�PP�¸a�,Ê�aÁ�aÌ�¾¸�sÔ/�Y����Z/]�Ã|/�
{YÂ»�¿| »Ê��PPMD��¸a�ÁÊ�eYÌ�¾¸�PE��±ÊuY���cZ»Y�·Y�§Y�e�ª�ZÀ»��{�Á��¹{MÌ°Ê��Pe�ÁÌ��cZ�Ë»��ÌÀÊ 

"�Ä¯ aÌ� Â¿Ë� ½M ¼¯�{Ì�Ì½Â ZÅÉ �Â]�» ������Â/�¯�[M�d À/��Ê/À§�ÉZ/Å�ZÌ »�Á��]YÂ��ÄÌÆe�s���Ä]±�
�Á�Ì¿�c�Y�Á�ÉZ¨]M�Á�[M�ÊÀ§�ÉZÅ�ZÌ »�Á�Ê�|ÀÆ»��f§{ÆeÌÄ Á Á|eË¾ Ã|� Á �{ |�f�Å��Á{Zf�Å��Á¾Ì¼°Ë 

�ÔmY ¼¯ÌÈf ¸»Ê {�Y|¿Zf�Y��Ì¼ÌZÊË�¸aÁÌ�¼�w�Â» ���������{�Â» Â�eË\ �Y�« Äf§�³ d�Y , YË®À Ä] 

{ZÀf�Y |À] Ë® Ç{Z» � ½Â¿Z« sÔ�Y ¿YÂ«Ì¾ Á È��R»�cY��¬» {�Y|¿Zf�Y Á ¬veÌcZ¬ �f À/�Ê Y�/Ë,½Y� �[Â/�» 

¾¼Æ] ÃZ» ����, Ä] ½YÂÀ� {�Y|¿Zf�Y ¸»Ê YË½Y� »���fÀ»Ê{Â����
Y�]É �¨u »Z´¼ÅÊ Á ´ÀÅZ¼ÅÊ Z] cÓÂve Á aÌd§�� ZÅÉ ¸»Ê Á ¿ZÆmÊ �{ »�ÌÈÀ ZÀ�Ë,� �¹Â/¸� Á ��,cZ»|/y

ZÅ{�Y|¿Zf�YÉ ¸»Ê YË½Y� �{ �«YÂ» ¹Á�· |neË| ��¿ |ÅYÂy |� Á �Å aÌ{ZÆÀ�É Ä¯ Y�]É sÔ�Y Á ¼°eÌ¶ Y�/Ë�¾
ZÅ{�Y|¿Zf�Y ÄWY�Y ,{Â� ¹Z´ÀÅ |neË| ��¿ �{ ¼¯Ì�Ì½Â À§Ê �Â]�» {�Â» ÄmÂe �Y�« |ÅYÂy �d/§�³ . �Y�]Z/À]Ë�,¾

Z]Ë| Ã�YÂ¼Å �Y �yMË¾ |neË��¿| ZÅ{�Y|¿Zf�YÉ ¸»Ê Ã{Z¨f�Y {�¯.���
~yZ»�Á��^À»É Ä¯ Y�]É ÆeÌÈ YË¾ {�Y|¿Zf�Y {�Â» Ã{Z¨f�Y �Y�« Äf§�³ Ä] s�� �Ë� d�Y:���

��
1) ASTM F1759:2010, Standard Practice for Design of High-Density Polyethylene 
(HDPE) Manholes for Subsurface Applications 
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ZÅ�®Ìf�Ôa��Ä¿Z»Z��ZÅÉ��Y~³�Ä·Â·É�Y�]É�ZÅ�Ä°^�É��ÁM��¼mÉ��µZ¬f¿Y�Á�Á�[Ô�Z§
�°Å�Ê�¸¬iÊ��Zy��{�½Â§|»±��aÊ�ÁÉ��Ê��dz��PVC-U�¸a�,Ê�aÁ�aÌ�¾¸�PP��,� �

¸aÊ�aÁ�aÌ�¾¸�sÔ�Y�Z]�Ã|�{YÂ»�¿| »Ê��PPMD��¸a�ÁÊ�eYÌ�¾¸�PE��±��� �
�cZ»Y�·Y�Á��¹{M�ÊuY���{�§Y�e�ª�ZÀ»Ì°Ê��Pe�ÁÌ��cZ�Ë»��ÌÀÊ 

� �

�� �{�]�Z¯�ÄÀ»Y{�Á��¥|Å� �
�¾ËÁ|e� �Y�¥|Å� {�Y|¿Zf�Y�¾ËY�É� ÄWY�Y�cZ»Y�·Y� �Y� Ã|��|Ì·Âe� LY�mY� Á� ZÅÁ�� ¹{M�ÊuY���dz��Ê��ÉÁ�Êa

�PVC-U��¾¸ÌaÁ�a�Ê¸a� ,�PP��Ê¿| »� {YÂ»� Z]� Ã|�� sÔ�Y�¾¸ÌaÁ�a�Ê¸a� ,�PPMD� �� Á�¾¸ÌeY� Ê¸a�PE� ��Ä]
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2-2 ASTM D 653, Terminology Relating to Soil, Rock, and Contained Fluids 
 
2-3 ASTM D 1600, Terminology for Abbreviated Terms Relating to Plastics 
 
2-4 ASTM D 2321, Practice for Underground Installation of Thermoplastic Pipe for 
Sewers and Other Gravity-Flow Applications 
 
2-5 ASTM D 2657, Practice for Heat Fusion Joining of Polyolefin Pipe and Fittings 
 
2-6 ASTM D 2837, Test Method for Obtaining Hydrostatic Design Basis for 
Thermoplastic Pipe Materials or Pressure Design Basis for Thermoplastic Pipe 
Products 
 
2-7 ASTM D 3035, Specification for Polyethylene (PE) Plastic Pipe (DR-PR) Based 
on Controlled Outside Diameter 
 
2-8 ASTM D 3212, Specification for Joints for Drain and Sewer Plastic Pipes Using 
Flexible Elastomeric Seals 
 
2-9 ASTM D 3350, Specification for Polyethylene Plastics Pipe and Fittings Materials 
 
2-10 ASTM F 412, Terminology Relating to Plastic Piping Systems 
 
2-11 ASTM F 477, Specification for Elastomeric Seals (Gaskets) for Joining Plastic 
Pipe 
 
2-12 ASTM F 714, Specification for Polyethylene (PE) Plastic Pipe (SDR-PR) Based 
on Outside Diameter 
 
2-13 ASTM F 894, Specification for Polyethylene (PE) Large Diameter Profile Wall 
Sewer and Drain Pipe 
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1- arching 
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1- closed profile 
2- Open profile 
3- Downdrag 
4- Performance limits 
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1- Standard proctor density 
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�É�ÁM{ZË����z���Y�Ã{Z¨f�YÃ|ÀÀ¯�d�����Â�À»�Ä]��Z]�ÉZÅ�w��ºÌ¿�ZË�Ê¿Á�Ì]�ÉZÅzÉ{Á�Á�Ä¸Ì»�½{�¯�d�Ã|¿�Y{�Z]�¶Ì·{�Ä]�,
�Zy�d��¿�¶]Z¬»��{� ZÅ�½M�½{Â],Á��¹{M��ZÀ¯���ËY�§Y� Y��¾ÌËZa�Ä]� Á��±Y�{��Z]�É{ZË��½Y�Ì»�Ä]Ä]��nÀ»�ÄnÌf¿�{�Á�Ã{Y{�

�Ä·{Z »� �{�Ê��]��Àe�¾Ì´¿ZÌ»��ËY�§Y��� �{Â��Ê»� �� Y��Z°��Y�\Ë��� ,�Z]�ÉZÅ�w��ºÌ¿� �Y� Ã{Z¨f�Y�c�Â��{|ËZ]��ZË��]Y�]
d§�³���¿��{�®Ë��Y��f³��]���
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�¾ÌËZa�Ä]Á��±Y�{�{ZnËY�Ä]��nÀ»��Z]�É�Âv»�¾ÌËZa�Ä]�Á��±Y�{��Z]��Á��¹{M�Ã�YÂË{��{�Ã|����ËY�§Y�ª¼��Z]�Ä¯

|]ZË�Ê»� ��Ã|��{ZnËY�É�Âv»�ÉÁ�Ì¿�Ã�YÂË{��{�Ê��]��Àe��Y�É�Ì³�µY�´f¿Y�ªË����Y�½YÂe�Ê»�Y��Á��¹{M��ZË
Ê¯Z°��Y��Àe���Zy�Á�Á��¹{M�¾Ì]���Ze����Z¨e�YÃ|ÀÀ¯�a�t·Z�»,�{�ÁM�d�|]����]Y�]�É�Ì³�µY�´f¿Y�¾ËY�Z]

t���duZ�»�[���¶�Zu�Ê^¿Zm��Á��¹{M��{�¾Ì´¿ZÌ»d�Y�t����]�{�YÁ�Ê��]��Àe���±Y�{�ÉÁ�Ì¿��j¯Y|u
�Ä·{Z »� �Y� Ã{Z¨f�Y� Z]�½YÂe�Ê»� Y��¾ÌËZa� Ä]� Á���� �{�ÁM�d�|]� �� {�YÁ{�¯�¾ËY� Ä]�Êv���Ê°Ì§Y�e�ÉZÅ�Z]�½
{�Y{�Ê´f�]�Á��¹{M�ÄrË�{�ÊuY���Ä]�,Ä·{Z »���|À]����{Â��Ã|ÅZ�»���

�����HDTP OAD � �
½M��{�Ä¯���

PD��¾ÌËZa�Ä]Á��±Y�{��Z]�\�u�]kN-��
DO�Á��¹{M�Êm�Zy���«��\�u�]�Á�m-��
TA��Ê��]��Àe�¾Ì´¿ZÌ»�Ê¯Z°��Y���\�u�]kPa-��
H��\�u�]�Ã|ÀÀ¯�a�t·Z�»��Z¨e�Ym�d�Y���
��

�É�ÁM{ZË����aÂ»�e��Àm�Y�ÊËZÅÁ�� ¹{M�ÉY�]�|¿YÂe�Ê»�Ä·{Z »�¾ËY®Ìf�Ô,�� Z]� Ä¯���§�¾ËY��Àm� �Zf§�� Á�� ¹{M�c�Â��Ä]
�Ä»�¬q�ºÌ¸�e�ÄÌuZ¿�ÉY�Y{��|�Z]{Â��Ã{Z¨f�Y�,����ÅZ¯�Y��¾ÌËZa�Ä]Á��±Y�{��Z]�,®Ìf�ÔaÂ»�e�ÉZÅÁ��¹{M�É�Âv»�¶°��ÌÌ¤e

{Y{�|ÅYÂy����Ä]�Ê «YÁ��Z]¨{�Y{�Ê´f�]�Ê^�¿�Êf¨��ÉÁ���Àe��Y�Ê³{Â�M��YÂy��iY�Ä]��Ì¿�Á�Zy�Á�Á��¹{M�¾Ì]�Ê^�¿�Êf���
��
����� ��cY�iYÊÀÌ»��Ë��ÉZÅ�[M���

                                                 
1- Granular 
2- Stiffener 
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� ,Á�� ¹{M�®Ë�¥Y��Y� ÊÀÌ»��Ë��[M� �Â�u� �]� ÃÁÔ�µZ¼�>Y�ÓZ]� Ä]� Á�� É�ÁZÀ��ÉÁ�Ì¿��Á�� ¹{M� Äe� Ä],���Z�§
Êm�Zy�®ÌeZf�YÁ�|ÌÅ���Ì¿|À¯�Ê»�{�YÁ�Á��¹{M�É{Á�Á�Ä¸Ì»�Ä]���ÊÀÌ»��Ë��[M��Y�e��Ë���{�Zy�Ä¯�Ê»Z´ÀÅ

�ÉÁ�Ì¿� Y�Ë��-|]ZË�Ê»��ÅZ¯�É{Á�Á�Ä¸Ì»�Êm�Zy���«�¥Y��Y��]�{�YÁ�Zy�Ê�Z ���Z�§�,{Â��Ê»��Á�Ä�Â£
|Å{�Ê»��ÅZ¯� Y��Zy��iR»�½�Á�,[M�É�ÁZÀ�� ��[M��Z�§�,Á��¹{M��]�{�YÁ�Ê�Z ���Z�§�Ä^�Zv»��Â�À»�Ä]

�Zy� 5Ê�Z �� �Z�§� Ä]�ÊÀÌ»��Ë�{ZnËY��{Â��Ê»�Ä§Z�Y� ,Zy� �ÁZÀ��½�Á���Âe� Ã|��ÉY�]��{Á|u�Ä^�Zv»
� ,ÉY� Ä¬¸u� ÊËY�Z¯� �Y� Ê�Z �� �Z�§Ã|»M� d�|],�{Â�� Ê»� Ã{Z¨f�Y� ����Âe� Ä¯� É�Âv»� ÊËY�Z¯� {Á|u� ÉY�]

�Ê�Z ���Z�§�,{Â��Ê»�µ�fÀ¯�¾ÌËZa�Ä]Á��±Y�{�ÉZÅÁ�Ì¿|ËZ]��Y�Ë��-{Â��Ä^�Zv»�ÊÀÌ»��Ë��[M�½Á|]�d·Zu�{
a�Ä]Á��±Y�{�ÉZÅÁ�Ì¿|ÀÅ{�Ê»�w��½|���Á�Ä�Â£��Y�¶^«�ZË�dyZ��¾Ìu�{�¾ÌËZ���

�Y�Z]�½YÂe�Ê»�Y���Z^�Y�Zy�®Ë��{�Ã{�YÁ�Ê�Z ���Z�§¿Y�,{Á|v»�LY�mY�ÉZÅ��Á���Y�Ã{Z¨f�ÉZÅ�É�Ì³�Ã�Y|
�Ä^�Zv»�ZÅ��Á���ËZ��ZË�,Ê¿Y|Ì»{�¯���¾ÌÀr¼Å�Ä·{Z »��Y�½YÂe�Ê»�,ZÅ��Á��¾ËY��Y�Ã{Z¨f�Y�ÉZn]�����ÉY�]

 ���Z�§�Ä^�Zv»�Ã{Z¨f�Y� ,Á��¹{M�¥Y��Y�Ã|���Z^�Y�Ô»Z¯�É�Ã|ÀÀ¯�a�t·Z�»��{�Ê�Z{�¯���Ô»Z¯��Y��Â�À»
¿�¾Ì»��t���ÉÓZ]�Á�d�Y�¾Ì»��t����{�ÊÀÌ»��Ë��[M��Y�e�Ä¯�d�Y�¾ËY��Z^�Yd�Z���

�����HKHP WSAWR )(21.1'  � �
½M��{�Ä¯���

'
RP�Ã{�YÁ�Ê�Z ���Z�§��\�u�]kN-��

KA���Z�§�\Ë��Zy��v»-��
H��\�u�]�Ã|ÀÀ¯�a�t·Z�»��Z¨e�Ym���
ãW�|uYÁ�½�Á�ºnu�[M��\�u�]kN/m3-��
ãS�|uYÁ�½�Á�ºnu��\�u�]��Z^�Y�ZykN/m3�d�Y���

�|�Z]�ÊW�m�Zy��Z^�Y�Ä¯�Êe�Â��{��Á��¹{M� 5Á�]Ô�Z§�ÉÓZ]�Ê·Á�¾Ì»��t����Ë��ÊÀÌ»��Ë��[M��Y�e�ÊÀ Ë
|�Z]��Z�§�\Ì¯�e�ªË����Y�½YÂe�Ê»�Y��Ê�Z ���Z�§��Y�Ê�Z¿��Z�§�Á�ÊÀÌ»��Ë��[M��Y�e�ÉÓZ]�Zy��Y�Ê�Z¿��

� �Á� Ä�Â£�Zy� Á�ÊÀÌ»��Ë��[M��Ä·{Z »�� �{�ÁM�d�|]��� ,d·Zu�¾ËY� �{'H��Ä·{Z »� �{� Ã|��ÄWY�Y��� �|ËZ]�
�¾Ë�´ËZmH��Ä·{Z »��{����{Â����d�ÂÌa�[��{Â��Ã|ÅZ�»���

�����ZHH '� �
½M��{�Ä¯���

H��\�u�]�Ã|ÀÀ¯�a�t·Z�»��Z¨e�Ym�-��
Z���Y�e�Ä¸�Z§�f»�\�u�]�¾Ì»��t����Y�[M�d�Y���

�Ä·{Z »��Y�Ã|»M�d�|]�Ê�Z ���Z�§����¿|ËZ^��[M� Y�Ë�� -{Â��Ã{Z¨f�Y�¾ÌËZa�Ä]�Á��±Y�{��Z�§�Ä^�Zv»�ÉY�]
�ÊÀÌ»��Ë�]���|À¯�Ê¼¿�¶¼ve�d�Ì¿�ºÌÆ��¾ÌËZa�Ä]Á��±Y�{��{�Y~·�Á���¾ÌËZa�Ä]Á��±Y�{�ÉZÅÁ�Ì¿�5��§�Z]

�Ä·{Z »��Y�Ã{Z¨f�Y�Z]�®�y��ËY����{�\�¿�����|À]�Z]�ª]Z�»�Ê�Z ���Z�§�ÉY�]������|¿Â��Ê»�Ä^�Zv»��

                                                 
1- Boyant uplift force 
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�Ã{Z¨f�Y�Zy��Z^�Y�½�Á�ZË�®�y�½�Á��Y�½YÂe�Ê»�Ä^�Zv»�ÉY�]{�¯� �Êe�Â���{���Z^�Y�½�ÁÃ{Z¨f�Y��Ê»
{Â�,��Ä¯t����¾ÌËZa�d����Ä]�ÊÀÌ»��Ë��[M{Á����

{M� Ä¯�Êe�Â��{¹�{� ZÅÁ���Â�À»� Ä]� Á�� ¹{M� �ZÆ»� Ä]��Â]�»�cZ�uÔ»� ,|¿�Ì³� �Y�«�ÊÀÌ»��Ë��[M� �Y�e� �Ë�� �
{Â��Äf§�³���¿�{�|ËZ]�É�ÁZÀ���Y�É�Ì³Â¸m���Ê]M�½�Á�Z]��]Y�]�Ä¯�|À¯�Ê»�{�YÁ�Á��¹{M��]�ÊËÁ�Ì¿�ÊÀÌ»��Ë��[M

�Ê»�Zn]Zm�Ä¯�d�Y{Â�� �]�Á�Á��¹{M�½�Á�¶»Z��Ä¯� ,¾ÌËZa�Ä]Á��¹ÁZ¬»�ÉZÅÁ�Ì¿�ªË����Y��ZÆ»�Ä]Á��±Y�{��Z
{Â��Ê»�ºÅY�§�,d�Y�¾ÌËZa���Ä·{Z »�Z]�ª]Z�»�¶»Z¯�c�Â��Ä]�¾ÌËZa�Ä]Á��±Y�{��Z]�,µZvÀËY�Z]�����|¿YÂe�Ê¼¿

|]ZË��ÅZ¯�É�ÁZÀ��ÉÁ�Ì¿�¶Ì·{�Ä]�|¿YÂe�Ê»�Á�Ì¿�¾ËY� Y�Ë��,{Â��{ZnËY� ��Ä¯�d�Y�¾°¼»�,¾ËY�]ZÀ]�ÉY�]��ZÆ»
Á��¹{M�½{�¯,��ÊÀf]�Ä¬¸u�ZË�ÄËZa�®Ë�Ä]��ZÌ¿|�Z]���5É�ÁZÀ��½�Á�,{Â��Ê»�Ã{Z¨f�Y�É�ZÆ»�Ä¬¸u��Y�Ä¯�Ê»Z´ÀÅ

{Â��Ê»���À§���¾ÌËZa�Ä]Á��±Y�{��Y�Á�Ä§Z�Y�¹ÁZ¬»�ÉÁ�Ì¿�Ä]�Ä¬¸u�ÉÓZ]�Zy�½Âf����¾f�Y{�Ä´¿�®Ë{�¿�Z]
�Á��¹{M�É{Á�Á�Ä¸Ì»��{�É�Âv»�ÉZÅ�Z]�,Á��¹{M�ÄËZa��z]�Ä]�É�ZÆ»�Ä¬¸u�Ä]�Ê»�¶«Y|u|À������
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�� ��ÉY�]�ÊuY����Á�®Ìf�ÔaÂ»�e�ÉZÅÁ��¹{M�� �
�Á��¹{M�®Ë¶«Y|u�¶»Z���,¦¯�,É{Á�Á�Ä¸Ì»ÄrË�{�ZÅ�ÊmÁ�y�Á�,d�Y���ÊuY���cZ»Y�·Y�,LY�mY�¾ËY��Y�®Ë�Å
|¿�Y{�ÉY�Ã�ËÁ����Y�Ê�Z¿�Ê��]�ÉZÅÁ�Ì¿�Á�,Zy�Ê�Z ���Z�§�,ÊÀÌ»��Ë��[M��Z�§�¶]Z¬»��{�|ËZ]�É{Á�Á�Ä¸Ì»

�¾ÌËZa�Ä]Á��±Y�{��¥Y��Y�Zy�d��¿�ªË����Y�Ä¯|¿Â��Ê»�{ZnËY��|À¯�d»ÁZ¬»���Ã|¿��ÉZÅ�Z]�|ËZ]�¾ÌÀr¼Å
�¶¼ve��Ì¿�Y��Ã{�»�Á|À¯���¦¯ÓÂ�Y��Ë��[M��Z�§�¶]Z¬»�{�|ËZ]�|À¯�d»ÁZ¬»�ÊÀÌ»���Ä]�Y��Ã|¿���Z]�|ËZ]�ÄrË�{

|Å{�µZ¬f¿Y�É{Á�Á�Ä¸Ì»���{Â��Äf§�³���¿�{�|ËZ]��Zy�cZ�uÔ»�,Ê°Ì§Y�e��Z]��� »�{�ÉZÅÁ��¹{M�ÉY�]��|À]
�����ÅZ�»{Â��Ã|� ���ÉZÅ�½Z¼»� ZÅ�½M�Ä¯�|�Z]�É�Â��|ËZ]� Á��¹{M�ÉÁ�]Ô�Z§�ÉÓZ]� �{� ZÅ�ÊmÁ�y�µZ�eY

5Ê��]�ÉZÅ��Àe�ZË�Ê�¼y�|ÀÀ°¿�{ZnËY�É{Á�Á�Ä¸Ì»�Ã�YÂË{��{�±��]�|u��Y��Ì]����Z]�]�{�YÁ��Ä]�ZÅ�ÊmÁ�y
�Á��¹{M�ÄËZa��z]�Ä]�d^�¿�ZÅ�ÊmÁ�y�É�Ì³�Y�«�É�Ä¸�Z§�Z]�,Ã|ÀÀ¯�a�t·Z�»�d��¿�¶Ì·{|]ZË�Ê»��ËY�§Y���

�¦¯�,É{Á�Á�Ä¸Ì»�Äe���ZË�,Ê]�ne�ÉZÅ�½Â»�M�,{Á|v»�LY�mY��Á���Y�Ã{Z¨f�Y�Z]�½YÂe�Ê»�Y��Á��¹{M�Ê�Á�z»�Á
�ÊuY���ZÅ��Á���ËZ�{�¯���¾ÌÀr¼Å�ÉZÅ|À]��{�Ã|��ÄWY�Y��Á���Y�½YÂe�Ê»�,ZÅ��Á��¾ËY�ÉZm�Ä]�����Ê·Y

������Ã{Z¨f�Y{�¯���ÉÂ´z�Za�Ê]�ne�c�Â��Ä]�Á�Ã{Â]�Ê¿Y|Ì»�cY|ÅZ�»�Á�Ê¸¼��cZÌ]�ne�ÉZÀ^»�]��Á��¾ËY
�®Ìf�ÓYÂ°�ËÁ�Á�Ê�Â«��À¯�cY�iYd�Y��{Y{�¹Zn¿Y��Ë��ÉZÅ�ÃÂÌ��Ä]�½YÂe�Ê»�Y���Á��¾ËY��f�Ì]�sÔ�Y���

¦·Y��ºÌ¬f�»�¾f§�³���¿�{��¹{M�É�Ã�Z���{�É�Âv»�Á�Ê�Z ��ÉZÅ�¶°��ÌÌ¤e��Y�Ê�Z¿�Zy��Z]��ÅZ¯�Á�
Ì�Ìf�ÓYÂ°�ËÁ�É�ÄnÌf¿�{¥Y��Y�Zy�Á�ZÅ�®Ìf�ÔaÂ»�e�É�Äf,��

[��ºÌ¬f�»�¾f§�³���¿�{��,ZÅ�®Ìf�ÔaÂ»�e��{��Àe��Y�Ê³{Â�M��
_���,ÉY�Ä¬¸u�Á�É�Âv»��¿Z¼¯�¾Ì]��À¯�ºÅ�]�É�Ä�uÔ»��
c��¾ÌÌ e��ºÌ¬f�»5É�Âv»��¿Z¼¯�d»ÁZ¬»��ËY�§Y��É{Á�Á�Ä¸Ì»��Âe�Zy���
����� �Á��¹{M�É{Á�Á�Ä¸Ì»�ÊuY����

�Á��¹{M�É{Á�Á�Ä¸Ì»�ÊuY��5��§�¶»Z���ÉY�]�½M�ÊËY�Z¯�{Á|u�Ê���]��b��Á�Ã�YÂË{��Y�Ê�ËZ»�M�Ê �¬»
�¾ÌËZa�Ä]�Á��±Y�{�Á�Ê�Z ��ÉZÅ�Z]d�Y���w��Á��¹{M�5½Â§|»�d¼�«�¾Ë�e�ªÌ¼��®Ë{�¿�,ZÅ�Z]��j¯Y|u�ÓÂ¼ »
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|Å{�Ê»� �YÂe�Ê»�É{Á�Á�Ä¸Ì»�Ã�YÂË{�d»Zz�� ,|Àf�Å��f¼¯�t���®Ë{�¿� ZÅ�Z]�½Âq�ÓZ]�d¼��Ä]�Äe� �Y�|¿
|]ZË��ÅZ¯���

������� �Ê�Z ��ÉZÅ�Z]��
ÉY�Ä¬¸u�É�Z�§��¿Y��¶»Z��Ê�Z ��ÉZÅ�Z]�dve�ÊËY�Z¯�{Á|u��ÉY�Ä¬¸u��¿Z¼¯�Á�,ÉY�Ä¬¸u��¼y�,d�Y��

� Ä¯� {Â��Ê»� Á�� ¹{M� Ã�YÂË{� �{�Ê^Ì¯�e�Ê�¿�¯� {ZnËY� Ä]� �nÀ»�ÉY� Ä¬¸u��¼y� Á�ÉY� Ä¬¸u� �Z�§|ËZ]���{
5É|u��Ë{Z¬»�Ã{Á|v»�|�Z]��¿�¯���

��������� �ÉY�Ä¬¸u�É�Z�§��¿Y���
|¿Â��Ê»�É�Z�§�Ê�Ìv»��¿Y��{ZnËY�Ä]��nÀ»�Á��¹{M��]�{�YÁ�Ê�Z ��ÉZÅ�Z]���,É{Â¼��É{Á�Á�Ä¸Ì»�®Ë�ÉY�]

�|Å{�Ê»�w��d¼�«�¾Ë�e�ªÌ¼���{��¿Y���j¯Y|u��Ê¯|¿Y��¿Y���j¯Y|u�,Á��¹{M�¦¯�{ÂmÁ�¶Ì·{�Ä]�,¶¼���{
|Å{�Ê»�w��¦¯��Y��eÓZ]����ÉY�Ä¬¸u��¿Y��Y��Ä·{Z »���{Â��Ê»�¾ÌÌ e�,���

�����
MRT RPN � �

½M��{�Ä¯���
NT��\�u�]�ÉY�Ä¬¸u��¿Y�N/cm�-��
PR��\�u�]�Ã|��{�YÁ�Ê�Z ���Z�§N/cm2��1 N/cm2  = 10 kPa�-��
RM�Á��¹{M��Z ��¾Ì´¿ZÌ»��\�u�]cm�d�Y���

�Ä·{Z »��Y�ÊÀÌ»��Ë��[M�{ÂmÁ�c�Â���{�,Ê�Z ���Z�§��Y|¬»�����Ä·{Z »��Y�c�Â�ÀËY��Ì£��{�Á�����Ê»�¾ÌÌ e
{Â�����

� Ä·{Z »� �Y�ÉY� Ä¬¸u��¿Y�� �Y�Ê�Z¿�ÉY� Ä¬¸u�É�Z�§��¿�¯��� �|ËM�Ê»�d�|]� ���¿�¯� Ä^�Zv»� �Â�À»�Ä]
d�Y�É�Á���Ã�YÂË{��Y�Ê �¬»���§�,ÉY�Ä¬¸u�É�Z�§���

�����
S

T
T EA

N
� �

½M��{�Ä¯���
åT��\�u�]�ÉY�Ä¬¸u�É�Z�§��¿�¯cm /cm�-��

NT��\�u�]�ÉY�Ä¬¸u��¿Y�N/cm�-��
E��Àe��Y�Ê³{Â�M�µÁ|»�®Ìf�ÔaÂ»�e��\�u�]N/cm2�-��

AS����¬»�t���duZ�»�\�u�]� Á�� ¹{Mcm2 /cm�d�Y��� ,Ã�Y|m�®e�É{Á�Á�ÉZÅ�Ä¸Ì»�ÉY�]AS��Z]� �]Y�]
�Ã�YÂË{�d»Zz�d�Y����¶°���{Â��Ã|ÅZ�»���

��

                                                 
1- Ring compressive trust 
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�¶°����duZ�»��Y�Êu���Á��¹{M���¬»�t����AS���\�u�]cm2 /cm���

��
��������� �ÉY�Ä¬¸u��¼y��

��Â�À»�Ä]��Y�½ZÀÌ¼�Y½{Â]�Ê§Z¯��Ä·{Z »��Y�Ã|��Ä^�Zv»�ÉY�Ä¬¸u��¿�¯�,Ã�YÂË{��Y�É{ZÆÀ�Ìa���¬»�5ÊuY��
����{Â��Ê»�\Ì¯�e�Ê�¼y��¿�¯�Z]����

�,Á��¹{M�¥Y��Y��{�ZÅ�½M�É�Ì³��Y�«�ÃÂv¿�Á�Ã|ÀÀ¯�a�t·Z�»�É�Ë~a��ÌÌ¤e�¶Ì·{�Ä]��]�{�YÁ�Ê�Z ��ÉZÅ�Z�§
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TE eNM 5.0� �
½M��{�Ä¯���

ME�Ê�¼y��Z]���\�u�]N-cm/cm-��
e�\�u�]�É�¯�»�ºÅ�Z¿cm -��

NT��\�u�]�ÉY�Ä¬¸u��¿Y�N/cm�d�Y���
��¿�¯�Ê�¼y�åB���Ä·{Z »��Y��z�»���¬»�®Ë�ÉY�]�����{Â��Ê»�¾ÌÌ e���

                                                 
1- Eccentricity 
2- Bending load 
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E��Àe��Y�Ê³{Â�M�µÁ|»�®Ìf�ÔaÂ»�e��\�u�]N/cm2�d�Y���
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åC���¿�¯Ê^Ì¯�e�ÉY�Ä¬¸u��\�u�]cm/cm-��
åT���¿�¯É�Z�§�Ê�¿Y���\�u�]cm/cm-��
åB��\�u�]�Ê�¼y��¿�¯cm/cm�d�Y� 

� Ã�YÂË{�d»Zz�|ËZ]�� Ä·{Z »� �{�¶¯�ÉY� Ä¬¸u��¿�¯� Ä¯� {Â��ÊuY���É�Â����� �>|u� �Y� �f¼¯��dÌ§����
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Á��ÊËZÆ¿��]�Z¯�ÉY�]�½Â»�M�ÉZÅ�Ã{Y{|ËZ]�{Â��¹Ô�Y�Ã|ÀÀ¯�|Ì·Âe���Âe���

��Zn»�É�Z�§��Àe��Y|¬»�®Ë��Y�Ã{Z¨f�Y�Á��¿�¯�ÉZn]��Àe�ÉZÀ^»�]�ÊuY���,�´Ë{��Á�d�Y���Ä·{Z »��{
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,�Z�§�½Á|]�®Ìf�ÔaÂ»�e�d�Y�Ã{Â]�¹Â��»�ZÅ�µZ��,®ÌeZf�YÁ�|ÌÅ�ÊuY����Àe�Z]��]Y�]�Z^Ë�¬e��Zn»�É�Z�§��Àe��Y�Ã{Z¨f�Y��
�®ÌeZf�YÁ�|ÌÅ�ÊuY����Àe��Y��f³��]�É�Z�§�ÊuY����Àe�Ä¯�d�Y�Ã|��Ã{Y{�½Z�¿�Y�ÌyY�,µZvÀËY�Z]d�Y�Ze|¼��½M�d¸��Ä¯�,

Ê�Z¿��Ä�Ì¬¿�{ZnËY�ÉZÅ�º�Ì¿Z°»��{�cÁZ¨e��Yd�Y�� �
� �

                                                 
1- Bending strain 
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RH�Ä�|ÀÅ�tÌv�e�\Ë��-��
E��\�u�]�®Ìf�ÔaÂ»�e��Àe��Y�Ê³{Â�M�µÁ|»N/cm2-��
I��\�u�]�Á��¹{M�Ã�YÂË{�Ê��ÀËY�½Z¼»cm4/ cm -��

ES�Zy�²¿ZË�µÁ|»��\�u�]N/cm2�d�Y���
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{Â��Ê»�¦Ë� e���
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�NCR��{Á���eY�§����

                                                 
1- Flexural 
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1- Net section 
2- Axial compressive strain 



�� 

��
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