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Ê¸Ì»�� Á�É�f»���� ����� ����Ê¸Ì»��Ä¿Â¼¿�½Á�{� �Y�É�f»��É
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�¶°���\Ì���{�ºÌ�Àe�¶]Z«�ÊÀf]�\·Z«��¦¸fz»�ÉZÅ��
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�c�Â�� �{� ,µZ¿Z¯�dyZ�� �{�¾f]� Z]�­Zy�c�ÁZn»�¶Ì·{�Ä]
½Z¼Ì���Y�|ËZ]��ZÌ¿�`Ìe�|À¿Z»�ÄeZ¨·Â��|��ÉZÅ�II��ZËV�Ã{Z¨f�Y�

{�¯� �� `Ìe� �Y� Ê·Â¼ »� �ËY��� �{� d�Y� ÊÆË|]II��ËY��� �{� Á�
�`Ìe��Y�|ËZ]��e{ZuV�{Â¼¿�Ã{Z¨f�Y�@�>� ��µÁ|m��{����Ä�ËZ¬»�
ÊWZÌ¼Ì�� cZ�z�»� `Ìe� |À¸e�a� ½Z¼Ì��II�Ä¿Zy�Z¯��½ZÅZb�� É

� d�Y� Äf§�³� �Y�«� Ã{Z¨f�Y� {�Â»��ÅÁ�a� ¾ËY� �{� Ä¯� ½ZÆ¨�Y�Z]
�ËY�Ê¸»�{�Y|¿Zf�Y�cZ�z�»�½Y������d�Y�Ã|��ÄWY�Y� 

e�¶Ì·{�Ä]PÄ¿Â¼¿�ÄÌÆe� �{�½Z¼Ì���Ìi��cZ�z�»�Z]�ÊÀf]�ÉZÅ
Ä¿Â¼¿� ¹Z¼e� �{�Ê§��»�½Z¼Ì�� ,½Z�°Ë��cZ�z�»�ÉY�Y{� |ËZ]� ZÅ

�½Á�{�½Z¼Ì��,½M��Y�Ã{Z¨f�Y��Y�¶^«��Â�À»�¾ËY�Ä]�Á�|À�Z]�½Z�°Ë
Ä�Ì¯��ÄfzÌ»M�ºÅ�Z]�|ËZ]�ZÅ�blending���Ä¯�c�Â��¾ËY�Ä]�|¿Â�

Ä�Ì¯�ÉZÅÄ]{� �{� Y��½Z¼Ì����d¸£� Z]� Á� Ã{�¯��za�¦¸fz»�ÉZÅ
Ä]{�½{Y{��¶¼��ZÅ¾fzÌ»MÊ»�¶»Z¯�Y��½Z¼Ì���|ÀÀ¯���

0ÓÂ¼ »d��{�Ê³|�Y|m��ÅZ¯�ÉY�]��Ä¿Y{�½M�|ËZ]�ZÅ�Å��{�Y��Z
��Ze��{Â¼¿�[Zzf¿Y�d¼�«����¾��Á�É{Âz¿�¾���ÅÁ�a�¾ËY��{

Ä¿Zy�Z¯��Y�Ê»Y{Z]����]�Ä¿Z³Y|m��Â��Ä]�Á�ÄÌÆe��Ë�^e�¹Y���É�Á�Ê
½M��Y�Ê^�ZÀ»�d^�¿�|��Ã{Z¨f�Y��ÔfyY�s����{�ZÅ���Ä]�ÄmÂe�Z]

¾ËY�Ä¿Y{�Ê¼�Y�| ]��j¯Y|u�Ä¯��¾��ÉZÅ��Ê¸Ì»����f»�3/4 in��
Ê»�|�Z],� Ã�Z¼�� µÁ|m� ª^����� �� {�Y|¿Zf�YASTM C33-03�
Ä¿Y{�Ã{Á|v»� �{� |ËZ]� Ê»Y{Z]� Á� É{Âz¿� ¾�� �Â¸z»� É|À]��É
Ä¿Y{�Ã�Z¼��É|À]67 �Y�«� ©Â§� {�Y|¿Zf�Y�{�Ì³�� ��Z�y� Á�Ê �� Z]

�|���z�»�d^�¿�Ä¯���Ä]��������Á�Ê»Y{Z]�¾��|��{���
É{Âz¿�¾��|��{� �Ê»��Y�«� Ã�Z]�¾ËY���Á��{�{�Ì³��¶°�������

Ä�Z»�Ä¿Zy{Á��É��Ä]�ÄmÂe�Z]�Á�ÄÌÆe��Ë�^e�¹Y���Ä¿Zy�Z¯��Y��Ì¿�ÉY
Ã{Á|v»�{�Y|¿Zf�Y�É�ASTM C33-03Ä¿Y{���Ê»�¿�µÁ|»�Á�É|À]

� ½M� �]Y�]��
�¾ÌÌ e�� |Ë{�³��¶°������ ���[~m� |��{� �Ë{Z¬»
ÄfÌ�¿Y{� ,[M�Ä¿Y|´À�� �e� Á� ®�y� Ê^�¿� É��{�Y|¿Zf�Y� ª^�� ZÅ

ASTM C127 & 128�{��µÁ|m�����d�Y�Ã|��Ã{�ÁM���
��ÔfyY�s���[Zzf¿Y� �Y�| ]�d�Y� �¯}�¶]Z«��µÁ|m�ª]Z�»

����¾f]�ÉY�]� ,��`»Ô�Y� �Y|¬»�¾ÌÌ e� �Â�À»� Ä]� ,\Ì�� �{�É�Ë�
Ä¿Â¼¿�Ä¸u�»��Å��{�ZÅ½YÁ��©Â§�Ê¨¸fz»��Ë{Z¬»��Y�,��Ã{Z¨f�Y�Ã|ÀÀ¯
Ê»�{Â���½YÁ�� ©Â§��Ê¸a� ÊËZÌ¼Ì�� ÄËZa� Z]� Ê§��»� Ã|ÀÀ¯

��Â�z»�½�Á�Z]�,cÔÌ�°]�¯gr/cm3���
��,¾�Á��{���²¿��Á�
d¯��� �Y��Ä]� Ã|¿�Z�� d¯��� {ZÆÀ�Ìa� ª^�� Á� ÄÌÆe� Ê¸yY{� ÉZÅ

�½Y�Ì»�
��Ê·Y��
���Y�«�Ã{Z¨f�Y�{�Â»�Ã|À^�q�{YÂ»�Ê¿�Á�|��{�
§�³d� �½YÁ�� ©Â§�]� ¥��»� {�Â»� Ã|ÀÀ¯� Ä�Z]� Á� Ã{Â]� �ËZ»� c�Â�

d§�³�Ê»��Y�«�Ã{Z¨f�Y�{�Â»�[M��{�µÔv¿Y���
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�µÁ|m�±��`Ìe�|À¸e�a�½Z¼Ì��ÊWZÌ¼Ì��cZ�z�»II�Ä¿Zy�Z¯�½ZÆ¨�Y�½ZÅZb��É��
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�¶°��±Ä¿Y{��{�Y|¿Zf�Y�ª^��¾��Á�Ä�Z»�É|À]�ASTM C33-03� �
��

�µÁ|m�±fÌ�¿Y{�,[M�[~m�|��{�Ä�Ä¿Y{��e�Á�®�y�Ê^�¿�É��ZÅ
{�Y|¿Zf�Y�ª^��ASTM 127 &128� �

Ä¿Y|´À���
�[~m�|��{

[M��
ÄfÌ�¿Y{��É

®�y�Ê^�¿��
ÄfÌ�¿Y{��É

�d·Zu�Ê^�¿
SSD��

Ä�Z»��2.15��2.5 2.56 

É{Âz¿�¾���1.34 2.55 2.59 

Ê»Y{Z]�¾���1.01��2.64 2.67 

�Â¸z»�¾���1.04��2.63 2.66 

 
a� ¾f]� �ÔfyY� s��� �{� �Ì¸Ì�Á�°Ì»� �Y� Ã{Z¨f�Y���Â

\Ì��µZ¿Z¯� �Y{���ÅZ¯� Á� Ê�ËZ�� d»ÁZ¬»� �ËY�§Y� �]� ÃÁÔ�� ZÅ
É�Ë~a}Â¨¿�@�>��{�É�Y|ËZa��ËY�§Y�Á�Ê³|�Y|m��ÅZ¯�Ä]��nÀ»�

Ê»�`»Ô�Y��ËZ»�M��Â{� ���{��Ì¸Ì�Á�°Ì»��Y� Ã{Z¨f�Y�¾ÌÀr¼Å
��Y�É�f�Ì]�|��{�`»Ô�Y��ÌÌ¤e�ÉY�]�Ze�{�¯�®¼¯��ÅÁ�a�¾ËY

½YÁ�� ©Â§�|]� Ê·Â¼ »� ¾f]� Ä]� d^�¿� Ã|ÀÀ¯��Ì¸Ì�Á�°Ì»� ½Á
½YÁ��º¯��Y|¬»�Ä]�ÄmÂe�Z]�Ä¯�{Â��¥��»��½M��Y|¬»�µ�fÀ¯�,Ã|ÀÀ¯

¶Æ���ÔfyY�s����{�|Ë{�³��e��Ã{Á|v»�¾f§�³���¿��{�Z]���Zn»�É
�� Ê·Y����s��� �{� ½M� �Y|¬»� ,�Ì¸Ì�Á�°Ì»� ÉY�]� É|��{�

��ÔfyY�
�|���Zv·�Ã|À^�q�{YÂ»�¶¯�|��{��@�>���{��µÁ|m
���ÊWZÌ¼Ì�� cZ�z�»��Á�°Ì»�Ä¿Zy�Z¯� dyZ���Ì¸Ì�Z¿�Y� É��

�Ã|��ÄWY�Y�d§�³� �Y�«� Ã{Z¨f�Y� {�Â»��ÅÁ�a�¾ËY� �{�Ä¯�½Zf��·
d�Y���
� �
� �
� �

� �
�µÁ|m�±�Ì¸Ì�Á�°Ì»�ÊWZÌ¼Ì��cZ^Ì¯�e�|��{�� �

¦Ë{���ÊËZÌ¼Ì��Ã{Z»��
�Ã{Á|v»
�Ë{Z¬»��

�Ä»Â¼¿
�����

�Ä»Â¼¿
�����

���SiO2��98-75��91.10��91.7 

���Al2O3��0.03-5.78��1.55��1.00��
���Fe2O3��0.06-4.54��2.00��0.90��
���CaO��0.01-0.83��2.24��1.68��
���MgO��0.36-0.52��0.65��1.80��
���Na2O 0.17-0.23��-��-��
���K2O��1.02-1.15��-��-��
���SO3��-��0.45��0.87��
���Cl��-��-��0.08��

����
�w���d§Y

½|���0.41-2.75��2.10��2.00��

� �
���ÔfyY�s�����

�]� ¶uY�»� ¹Z¼e� �{� ¾f]� �ÔfyY� s����Âf�{� �Z�Y�¶¼ ·Y�
ACI211�Á�ACI318�s���Ä]�Ä¸u�»�Ä���{�Á�Ê¿�Á��Á��Ä]�Á�

|Ë{�³�[Zzf¿Y��Ë����,µÁY�Ä¸u�»��{�Ã{Z¨f�Y�Z]�ÄÌ·ÁY��ÔfyY�s��
��]Y�]�½Z¼Ì��Ä]�[M�d^�¿�[Zzf¿Y�Z]�Á�Ä�Z»�Á�¾��,½Z¼Ì��,[M��Y

�
��Z]�Á���¿�{�Â»�Ä�z�»�d»ÁZ¬»�Á�`»Ô�Y�Ä]�½|Ì���dÆm�,
Á�Ê ���,Z�y�ÉY�]�Â¸z»�ÉZÅÀf]�Ê��z�»�Ä¿Â¼¿��{�³�Á�|Ë�¾ËY
�Â¸z»�� Z]� ZÅ\·Z«�¶¼�� Á�É�Ì³���Y�«�É�Z�§��ËZ»�M�dve�É�ÁM
d§�³�� ¾ËY�� |¿Á�� �Y�°e� Á� Ã|����¿� {�Â»� �Ë{Z¬»� Ä]� ½|Ì��� Ze

{�¯�Y|Ìa�Ä»Y{Y�ÊuY������
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,¾��,½Z¼Ì��,[M�¶»Z���ÔfyY�s���,¹Á{�Ä¸u�»��{��Á�Ä�Z»
½YÁ��©Â§�Ê�z�»��Y|¬»�{Â]�Ã|ÀÀ¯���Ä]�[M�d^�¿�Ä¯�ÊËZm�½M��Y

½Z¼Ì���]Y�]��
�Ê»�ÊWÓZ]��Y|¬»�ÊeZ¬Ì¬ve��Z¯�ÉY�]��|�Z]-��{�Y~·�
� Ä]�d^�¿�¾ËY� Ä¸u�»�¾ËY�
�|�� Ã{Y{��ÅZ¯�� ��Ä¸u�»�¾ËY� �{

��Y|¬»�,[M�½Y�Ì»�½{Â]�d]Zi�Z]���¿�{�Â»�`»Ô�Y�Ä]�½|Ì���ÉY�]
½YÁ��©Â§�Ê»��ÌÌ¤e���¿�{�Â»�`»Ô�Y�Ä]�½|Ì��� Ze�Ã|ÀÀ¯�d§ZË��

»��ÅZ¯� ÉZËÂ³� Ä¸u�»� ¾ËY� lËZf¿� d»ÁZ¬�Ã�Á���Ä¿Â¼¿� É��Ä]� ZÅ
½YÁ��©Â§�½{Á�§Y�¶Ì·{��Ê³|�Y|m�Á�É�Y|ËZaZ¿�¾ÌÀr¼Å�Á�Ã|ÀÀ¯

{Â]�`»Ô�Y��ËZ»�M��{�¾f]���Ä]��Ì¸Ì�Á�°Ì»�½{Á�§Y�ÄnÌf¿��{
ÄÌmÂe�½M��{�Ê´f�^¼Å��ËY�§Y�Á�d»ÁZ¬»�½Y�^m�ÉY�]�¾f]���Ë~a

Ê»�{Â����
,¾�� ,½Z¼Ì�� ,[M� ¶»Z�� �ÔfyY� s��� ,ÊËZÆ¿� Ä¸u�»� �{�

� ,Ä�Z»½YÁ�� ©Â§� Ê�z�»� �Y|¬»� Á� �Ì¸Ì�Á�°Ì»�{Â]� Ã|ÀÀ¯�
�� µÁ|m���� ���Ä]� [M� d^�¿� ¶^«� Ä¸u�»� |À¿Z»� Ä¸u�»� ¾ËY� �{

��]Y�]�½Z¼Ì��
��d»ÁZ¬»�ÁÉ�Z�§�Ê]Zzf¿Y��'
cf����]Y�]MPa���

{Â]��½YÁ��©Â§��Y|¬»���Y�Ê§��»�Ã|ÀÀ¯��
��Ze��
��|��{���|��{
Z¼Ì��{YÂ»�Ä]�d^�¿�Ê¿�Á¾f]�Ê¿���`»Ô�Y�Ä]�½|Ì���ÉY�]��Ze�

���Ê¸Ì»���ÔfyY�¹Z¼e��Y�Á�Äf§ZË��ÌÌ¤e��f»�Ä¿Â¼¿�ZÅ�Ä¿YÂf�Y�É��ÉY
�ÄÌÆe�|�� 

ÄnÌf¿��½{Á�§Y� Ä¯� {Â]� \¸�»� ¾ËY� ÉZËÂ³� Ä¸u�»� ¾ËY� É
��ËZ»�M� ¹Z´ÀÅ� �{� ½M� �fÆ]� ¹YÂ«� h�Z]� ¾f]� Ä]� �Ì¸Ì�Á�°Ì»

]� ¾f]� Z]� Ä�ËZ¬»� �{� `»Ô�Y� �ÌÌ¤e� ÉY�]� Á� Ã|�� `»Ô�Y�½Á|
½YÁ�� É�f�Ì]� �Y|¬»� �Ì¸Ì�Á�°Ì»�� |Ë{�³� ¥��»� Ã|ÀÀ¯�Z]� Ä¯

Ê»�,½M�º¯��Y|¬»�Ä]�ÄmÂe�½Z�M�µ�fÀ¯�Ä·�À»�Ä]�|¿YÂe�ªÌ«{�Á��e���e
{{�³��Âv¸»��ÔfyY�s�����

�[Zzf¿Y�Z]��ÔfyY�s���dÌ^je��Y�| ]��
��½YÁ��©Â§�|��{�
� Ã|ÀÀ¯��`»Ô�Y� Z]��¸Ì»��f¼Ì� �Ä¸Ì�Á� Ä]� Á�d^�¿�É�WY�Y� ÉZÅ�Ä
� Ã|�µÁ|m� �{����Ä¿Â¼¿� ��� ,�Ä¿YÂf�Y� É���ËZ»�M� ÉY�]� ÉY

�¾ÌÀ���{�É�Z�§�,���Á����¶°���{�½M�lËZf¿�Ä¯�|��ÄÌÆe��Á��
����d�Y�Ã|��ÄWY�Y���É�Z�§�d»ÁZ¬»�É|��{�lÀa�|���¶Ì·{���

Ê»� Ã�Á����ÔfyY� s��� �{��Ì¸Ì�Á�°Ì»�¥��»� Ä]��Â]�»� |¿YÂe
|�Z]���

��
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�¶°���Ä¿YÂf�Y�É�Z�§�d»ÁZ¬»����{�ÉY��,��Á����Á��� �

� �
��Ä¿Â¼¿�¶uY�»��É�Ì³��

{�Y|¿Zf�Y� ª^�� t·Z�»�ASTM C192��Â¸z»� �{��Z]� ¾¯
� ,�ÔfyY�½Z»��¹Z¼eY� �Y�| ]�Á�Ã|���Â¸z»��´Ë|°Ë�Ã{Z¨f�Y� Z]��Y

�Â¸z»� ¶yY{� ¾f]�{�Y|¿Zf�Y� �Z�Y� �]� `»Ô�Y� �ËZ»�M� ,¾¯�
ASTM C143�|��¹Zn¿Y� ��¾f]�ÉÁ�� �]�`»Ô�Y��ËZ»�M�lËZf¿

]���°Ì»�Z]�Ã|��ÄÌÆeÄ¸u�»��{�Êf�{�c�Â��Ä]�Ä¯�ÊÀf]�Z��¶^«�É
�cÁZ¨f»�É|u�Ze�ÄÌÆe��ËY����{�cÁZ¨e�¶Ì·{�Ä]�{Â]�Ã|��Äf§�³

{Â]� ��Ä]� ��°Ì»� ¶yY{� �Y� ¾f]� ,¶»Z¯� �ÔfyY� �Y� ½ZÀÌ¼�Y� ÉY�]
Ê»��Â¸z»�Êf�{�c�Â��Ä]��´Ë{��Z]�Á�Ã|��¶¬fÀ»�Ê§���{Â���

\Ì�� t��� ÉÁ�� �]� Y�� ¾f]� Ä¸u�»� ¾ËY� �{�ÓZ]� Ä]� ¾ÌËZa� �Y� �Y{�
Ä¸Ì�Á� Ä]� Á� ÄfzË��Ä·Z»� É��Ê»� ¥Z�� ½M� t��� Ê°Ìf�Ôa� É��|�

�Ä]Z�»�ÉY�]�� Ã|�¿� Ã{Z¨f�Y� Ã�^ËÁ� �Y� Y�mY� Z]�É�Z��d�Y� ���\Ìe�e
�¾Ì·ÁY� Ä¯� d�Y� c�Â�� ¾ËY� Ä]� \Ì�� ÉÁ�� �]� ¾f]� ¾f§�³� �Y�«

¾f]�� ÊÀ Ë� \Ì�� �j¯Y|u� ÉÁ�� �]� `»Ô�Y� ¶«Y|u� Z]� É�Ë����
Ê»��Y�«�Äm�{�{�Ì³��¾f]�É| ]�¶uY�»��{�Ë��ÊnË�|e��ËY�§Y�Z]�É�

�,\Ì��®Ë��{�¾f]�½{�¯�Ã���ZË�½{�Ây����c�Â���{�`»Ô�Y
Ä·Z»� Z]� ½M� ÉÁ�� 0Y{|n»� Á� Ã|�� Ã{Y{� �ÅZ¯� \·Z«� ÄËÁY���É

Ê»�¥Z��Ê°Ìf�Ôa��{{�³��ºÅ�ÉY�]��Á�\·Z«�t���Z]�¾f]�½{�¯��Y�e
ÃZ³�Z¯�ÊËY�mY��Z¯�Ä]Z�»�,½M��fÆ]�º¯Y�e���YÂ¿�®Ë��Y�,ZÅ���Ã{Z¨f�Y

��YÂ¿��YMDF¾f]�[M�[~m�¹|��dÆm���]�Á�Ä�Ä]�¾ÌËZa��Y�c�Â�
Ê»�Ã{Z¨f�Y�¾f]�t���ÉÁ���]�ÓZ]�Ä¸Ì�Á�Ä]��yM��{�Á�|���®Ë�É

Ä·Z»�]�Á�É�¸§�É�ÄÊ»�dyY{�a�¾f]�,ºËÔ»��Â��|Ë{�³���
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\Ì��t���ÄËÁY���ÂÀÌ���Y{��Ê»�Y��½M�Á�Ã{�¯�Y|Ìa��ÅZ¯��½YÂe
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Ê»�¹Zn¿Y�Ä·Z»��{Â� ��¾f]�`»Ô�Y�Äq��Å�,�Â�Â»�¾ËY�Ä]�ÄmÂe�Z]
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¶¼��ÉY�]�Á�Ã|��k�Zy�\·Z«��c|»�Ä]�É�ÁM��Är�Âu��{��Á����É

Ê»��Y�«�É�Y|Æ´¿�|¿�Ì³� �¶¼��º°Ë�d�Ì]��Á���{�¶¿Za� ,É�ÁM��ÉZÅ
²À�� ÃZ³�Z¯� Ä]� ÊÀf]��Ä]� ¶¿Za� �Å� ¾ÌËZa� Á� ÓZ]� �Y� Á� ,¶¼u�É�]

Ä¸Ì�Á�{�Y|¿Zf�Y�ª^����]� ÃZ´f�{�É�ASTM C42�@��>� ,��
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Ä¿Â¼¿� Ä��Ä¿Â¼¿� ½YÂÀ�� Ä]� É�Â�À»� É��Ê�¼y��ËZ»�M� ÉZÅ
Ä¿Â¼¿�Ä��Á�ÓZ]�d¼�«�Ä¿Â¼¿�½YÂÀ��Ä]��Ì¿� �´Ë{�É��Ê�¼y�ÉZÅ

Ê»��Y�«�Ã{Z¨f�Y�{�Â»�¾ÌËZa�d¼�«��Ì³¿|��Ä¿Â¼¿���Ì¿�Ê^ °»�ÉZÅ
Ä¿Â¼¿� ½YÂÀ�� Ä]���Â�À»� ¾ÌËZa� Á� ��Á� ,ÓZ]� d¼�«� É�Z�§� ÉZÅ

Ê»�Ä¿Â¼¿� �Y� Ê°Ë� Á� |¿{�³���Y� ¶^«� ¾ÌËZa� Á� ÓZ]� �Y� Ê^ °»� ÉZÅ
Ê»� Ã{Z¨f�Y� [M� [~m� �ËZ»�M� ÉY�]� É�Z�§� �ËZ»�M�{Â���

Ä¿Â¼¿��d�Ì]��Á��Ze�Á�Ã|��Ã|¿Y{�³�Z]�ÃZ´�ËZ»�M�Ä]�Ã|��Ã|Ë�]�ÉZÅ
� �{� ºf�Å¶¼�� Är�Âu� ¶yY{�Ê»� �Y�«� É�ÁM�|¿�Ì³� ��¾¼�� �{

Ä¿Â¼¿��µ�fÀ¯�ÉZÅ�|ÅZ���½M��Y�É����Å�Ä¯��¶»Z��ZÅ�Ä¿Â¼¿���É
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Ä¿Â¼¿�k�§� Á�¶¸y�]�¶¿Za�¾ÌËZa� �Y�ÊÀf]�ÉZÅ� Ä�Ä¯�d�ÓZ]�¥��

Ã{Âe�½�Á��Y�Êf¼�«�µZ¼�Y�½M�¶Ì·{��d¼�«�Ä]�ÓZ]�d¼�«�¾f]�É
�d�Y�½M�¾ÌËZa��¶°����� ���°�� �{���z�»� Ã|��Äf§�³�ÉZÅ
[Z^u��j¯Y�|���¶Ì·{�Ä]�,¾f]��{�Ã|¿Z»�Zm�Ä]�Ê·Zy�ÉZÅZ�§�Á�ZÅ
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Ä¿Y{�{Y| e��Y�\Ì��¾ÌËZa��{�,¾f]��{�Ã{Zf§Y��Á�Ã|��Äf�Z¯��Ë��ÉZÅ
Ä¿Y{��Â�u�d��{�ÉZÅ�Ê»�{ÂÆ�»��f�Ì]��e�{{�³���
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Ä¿Y{��Ë���{�Ê·Zy�{�ÉZÅ{Â��É�Ì³Â¸m�d��-�¹|��d¸��Ä]� 0ZÌ¿Zi�

e� ª¼�� �Á�� ¾ËY� �{� Ã�^ËÁ� �Y� Ã{Z¨f�YP�Ä·Z»� ��Âe� º¯Y�e� �Ìi
Ê»� Ã|��[Zzf¿Y�d»Zz�� Á� Ã{Â]� {Á|v»�ËZ]|� Ä]� {Á|v»��ÊËZ¿YÂe

{Â��[Zzf¿Y�º¯Y�e�cY�ÌÆne���
� �
������Ê�¼y��ËZ»�M��Ä�¬¿��ÉY��

{�Y|¿Zf�Y� ª]Z�»� �ËZ»�M� ¾ËY�ASTM C78�ÉÁ�� �]�
Ä¿Â¼¿�Â�À»� ÉZÅ� É�Y~³�Z]� d���� Z]� É��
���KN/S��¹Zn¿Y�
|Ë{�³�ËZ»�M� lËZf¿� Ä¯�Ä¿Â¼¿��� Ã|�� Ã|Ë�]� ÉZÅ¶°�� �{������

�d�Y�Ã|��Ã{�ÁM��Å��¾Ì´¿ZÌ»��Y{Â¼¿��Ë{Z¬»��Y�¹Y|¯���Y�Ä¿Â¼¿�
Ê»�\Ì��¾ÌËZa�ZË�Á�ÓZ]�d¼�«�|À�Z]����¾f]��fÆ]�º¯Y�e�¶Ì·{�Ä]

��{�Ê��¯�d»ÁZ¬»�Ä¯�d�Y�Ê Ì^��,\Ì��¾ÌËZa�d¼�«��{�¾ËY
|�Z]�\Ì��ÉÓZ]��Y��f�Ì]�d¼�«���Y{Â¼¿��{�Ä¯�É�Â��½Z¼Å�Z»Y�
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Ã|��¾ÌËZa�d¼�«��Y��f�Ì]��d�Y���
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\Ì�� {Â^¿Ê»� ¹Zn¿Y� 0Y{|n»� dyY{�a� cZÌ¸¼�� Á��ÅZ¯���,|Ë{�³
`»Ô�Y� �{�Ä¯�½M�µZu��Ê³|�Y|m�\mÂ»�Ê¸^«�\Ì��{ZË��ÉZÅ

Ä¿Y{� Á� Ã|��¾f]� �{�Ê»�¾ÌËZa� Ä]� Y��d��{�ÉZÅ�{�ÁM���¶Ì·{�¾ËY
�¾ÌËZa� Ä]� d^�¿� ÓZ]� Ê�¼y�d»ÁZ¬»� ½{Â]� �f�Ì]� ÄÌmÂe� ÉY�]

`»Ô�Y�ÉY�]��ÉZÅ���Á����Ê¸Ì»��Ê»�µÂ^«�¶]Z«��f»��Z]|-�Ê·Á�
`»Ô�Y� ÉY�]�� ÉZÅ��Ê¸Ì»��d�Ì¿� Äf§�Ë~a� �f»���Y|¬»� Y�Ë��

� µÁ|m� ª^�� ¾ÌÀr¼Å� Á� Ã{Â]� ¾ÌËZa� `»Ô�Y����Ä�Á�a� �{��É
Ã{�°¿��ÌÌ¤e�\Ì��,½M�ÉY�mY��d�Y���

�`»Ô�Y�Z]�¾f]�Ä¯�{�¯�ÄmÂe�|ËZ]��Ê¸Ì»���µÁY�É����{��f»
¾f]�É�Ë�,��ËY�§Y�Z]�ÊÀ Ë���
�½YÁ��©Â§�É|��{����Å��{�Ã|ÀÀ¯
�»Ä¸u|�¿�ÄÌÆe�,�`»Ô�Y�Ä]�½|Ì����Y�| ]�Á����Ê¸Ì»���¾ËY�,�f»

½YÁ��©Â§� �Y�É|��{� Z]�`»Ô�Y��`»Ô�Y� Á{�¾Ì]Z»� Ã|ÀÀ¯��Á��
���Ê¸Ì»��|Ë{�³�{ZnËY��f»�µÁ|m��������¾f]�½{�Ây��9��{ÂmÁ�Z]

�\Ì���{���ÊËY�mY�ÉZÅ�Z¯��{�\Ì��¾ËY�dÌ¼ÅY�¶Ì·{�Ä]�,Äm�{�
f]�É�Y|Æ´¿� �{�Ê ��d��Z¼»�Ê¼¯� Z]�Ä¯� |��\Ì��¾ËY� �{�¾
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ͳǤ������������� 

Various factors lead to the creation of cracks in the slope lining of canals and�one of�the�most important factors 
is the�insufficient value�of slump�according to�the cross-slope of canal. Workability of concrete shows the condition 
of concrete to indicate of how easy or difficult to place and consolidate. Slump test is one of the workability tests to 
measure it [1, 2]. Currently in our country, the concrete canal lining is constructed without the use of vibration, thus 
use of concrete with higher slump helps to maintain its workability. On the other hand, because of placing concrete 
on a sloping surface, it is poured on the surfaces with high slump. Hence as a result, high slump value of concrete 
mix will be poured on the slope and low slump value causes inefficient consolidation; and maintaining of the 
workability and consistency of concrete on slope lining at the same time is necessary [3]. 

ʹ. Methodology 

This research investigated concrete slump values in different slopes according to workability and consistency of 
mixtures in lining. For this purpose, a steel mold with dimensions of 1000 × 600 × 100 mm has been made. 
Consistency showing the flowing ability of fresh concrete in slope lining depends on internal friction angle of 
aggregates, cohesion of cement mortar, coefficient of friction between the concrete and the contact surface, slope 
angle, and the length and thickness of the concrete panels. 
 

 
Fig. 1. Adjustable concrete mold for different slopes 

 
͵. Results and discussion 

Experiments show that if a concrete mix with low slump will stay unstable on a particular slope, concrete 
maintains its consistency and glides down over the surface without any segregation. However, if a concrete mix with 
high slump value stays unstable on a particular slope, concrete pours on the surface of slope with the segregation of 
mix. Compressive and flexural test of samples were done and the results were compared with control samples. The 
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results of this�research demonstrate� the reduction of the value of mechanical�properties occuring at the�bottom of 
some concrete panels�compared to the�top of the�slope when concrete samples glide down or pour on the slope�and 
we have to� try keep� it stable. This may be a good reason to create cracks in bottom of the slope during the 
serviceability of canals. 

 
Comparison of samples separated from the panel and control samples has been presented in Table 1. 
 

Table 1. Comparison of samples separated from the panel with control samples 

 

Sample properties 

Average of 
control 
samples��

Average of 
samples 

separated from 
the panel��

Comparison of 
panel sample and 
control sample ��

Control 
sample with 
the weakest 

characteristics��

Control sample with 
the best 

characteristics��

Tensile strength at 28 days�(MPa) 8.14�� 6.13�� 24.7% reduction�� 7.97�� 7.25��

�Compressive strength at 28 days 
(MPa) 

72.6�� 50.7�� 30.2% reduction�� 71.75�� 60.62��

Water absorption percentage �� 2.7�� 3.61�� 31.3%  increase�� 2.86�� 3.14��

 
Ͷ. Conclusions 

Stability of concrete on the slope is dependent on various factors such as internal friction of aggregates, cement 
mortar bonding, friction coefficient between the concrete and the lower surface, the angle of slope surface and the 
thickness of concrete panels. Comparing the control samples and panel samples demonstrated that even with the best 
execution, samples are not even close to satisfactory condition and it seems to be necessary to use vibration in canals 
concreting. 
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