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ABSTRACT 

Considerable studies, particularly in the last twenty to thirty years, have 
led to a much better understanding of the structure and behaviour of concrete. 
This has been accompanied by an improved and more sophisticated technology 
and the product now made, in its variety of forms, is much more capable of 
satisfying the huge increasing demands required of it.  Because the behaviour of 
both fresh and hardened concrete is significantly related to their composition it 
should be possible, at least in principle, to choose better ingredients with suitable 
proportion to gain the required satisfaction. A good mix design for concrete 
mixtures is considered as a milestone for the construction of any concrete 
member or structure that meets economical, service and durability requirements, 
as well as safety and efficiency throughout its life cycle.  Currently, there are 
many international methods locally approved for mix designs, such as: the ACI  
method and the BS method, which are widely used in Libya at research centers, 
Universities, and concrete batch plants as well as pre-cast concrete 
manufacturing plants (e.g.: pre-stressed concrete beams, concrete columns and 
slabs, etc.).  These methods depend on certain equations and graphs based on 
mathematical analysis of results obtained from previous field experience. 
Generally speaking, mix design methods give some indication to the designer to 
validate and adjust them via experimental mixes in the local laboratories in order 
to check the variables related to the characteristics and properties of the local 
materials and the surrounding environment conditions. This paper illustrates the 
steps used for mix design using the double coating method, which is currently 
used in some research centres in Poland and was recently applied in the 
laboratories of the Civil Engineering Department at the University of Tripoli in 
Libya. Results obtained by this method using the local materials subject to local 
environmental conditions are presented and discussed. 
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- å“©a@ âb×‹Ûa@pbjîjy@µi@ òÏb¾a@p‹Ï )Rg( .@âb×‹Ûa@|jy@µi@ òÏb¾a@ ‹Ó@ Ýr¸@ïçë
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- @òîãb‹©a@òÜ©a@áîà—m@À@òÜ‚a‡Ûa@†aì¾a@ïÜÇ@ñ†ì§a@Ájš@paŠbjn‚a@õa‹ug@ání@æc@k°

òîbîÔÛa@pbÐ–aìàÜÛ@ bènÔibß@ð‡ßë@òîbþa@ bè–aì‚@Èi@òÏ‹Èßë@ N@ü@Þbr¾a@Ýîj@óÜÇë
Ü‚a‡Ûa@ †aì¾a@ òÏbr×@ òÏ‹Èß@ k°@ ‹—¨a@À@ bàènîàçþ@�îj¨a@ bèuŠ‡m@ b›ícë@ áîà—nÛa@ À@ ò

@a‰ç@À@ bç‹×ˆ@ †d@|Ûa@Þëa‡§a@ïÛg@ Êìu‹Ûbië@ éîÜÇë@ òÔí‹Ûa@ ê‰èi@ òîàîà—nÛa@pbib¨a
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�� $	 %���
� &��
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#�.  
• å“©aë@áÇbäÛa@âb×‹Ûa@åß@ÝØÛ@…bÐnãüa@‹’ûß@lby@ání@âb×‹ÜÛ@�îj¨a@xŠ‡nÛa@òÏ‹È· Mf ë 

Mg µÛë‡§a@Þý‚@åß@|šìß@ìç@bà×@™ì—©bi@ñ‡Èß@òîbîÓ@Þëa‡u@âa‡ƒnbi@ÙÛˆë )1 � 
2.(  

• @õb¾a@òîà×@lby@áníòíŠë‹›Ûa@Û@âb×‹Ü)Wf & Wg( oäRa@ÙÛ‰×ë )Wc( @Ý×@òÏ‹È·@ÙÛˆë
åß@ZáÇbäÛa@âb×‹Ûa@åß@ÝØÛ@�îj¨a@xŠ‡nÛa pa‹’ûßë@òãb‹ƒÜÛ@òîÜîÌ“nÛa@òuŠ‡Ûaë@å“©aë 

…bÐnãüa )Rf  �Rg.( Þë‡§a )4( @ æŒìÛ@ òîbîÔÛa@ áîÔÛa@ |šìí@òßŒýÛa@ òíŠë‹›Ûa@ õb¾a@ òîà×
@âa‹uìÜîØÛbi)kg( ÝØÛ 1 âb×‹Ûa@õauc@åß@âa‹uìÜî×.  

• ‡Ûa@†aì¾a@æaŒëc@lby@áníaòîãb‹©a@òÜ©a@À@òÜ‚@@kÈØ¾a@�îàí‡Ûbi@âìv¨aë@âa‹uìÜîØÛbi
)dm3( bßc@Éi‹ß@ �àîÜß@ ÝØÛ@ åmìîäÛa@ pa‡yìi@ ‘bÔm@ ÁÌ›Ûa@ òßëbÔß )�)���/+��2 (@ÙÛˆë

@âa‡ƒnbiòîÛbnÛa@paì©a@À@òzšì¾a@pü†bÈ¾aZ 
  

üëcüëcüëcüëc@Z@Z@Z@Zå“©a@âb×‹Ûa@æŒëå“©a@âb×‹Ûa@æŒëå“©a@âb×‹Ûa@æŒëå“©a@âb×‹Ûa@æŒë )G(  

å“©a@âb×‹Ûa@æŒë )G( =
�./
� +����
 +���
� 0��� �1�

�./
� +����
 2�!)�3� �.4��M�� )kg(       )1(  

@�Û@ÝØÛ@Ýrº@âìv¨a@ñ‡yë@æŒëëc@kÈØß@�îàí†@ÝØÛ  )kg/liter(    �5)kg/dm3(  
  

@bîãbq@bîãbq@bîãbq@bîãbq@Z@Z@Z@Z@æŒë@æŒë@æŒë@æŒëÝß‹ÛaÝß‹ÛaÝß‹ÛaÝß‹Ûa )F(  

Âý¾a@ávy )Z(  =1 6 
����./
�  +���
� �1�
�./
� +����
 78��
� �1�
�    )dm3(          )2(  

Ýß‹Ûa@æŒë )F( =طBCDا FGCآ � IJKLDم اKآNOD مPQRDة اTوح
IJKLDم اKآNDخ اKXYن[ا N\]م  � �	�   )kg(           )3( 

@òînäRa@òäîvÈÛa@åß@òãìØn¾a@òãì¾a@ìç@Âý¾bi@†ì—Ô¾aÝß‹Ûaë  )Mortar(. 
  

brÛbqbrÛbqbrÛbqbrÛbq@Z@Z@Z@ZoäRa@æŒëoäRa@æŒëoäRa@æŒëoäRa@æŒë )C(  

òînäRa@òãì¾a@ávy )Z0(  =16 
 +8��
� +���
� �1�
+8��
� +����
 78��
� �1�
� � �./
� +���
� �1�

�./
� �����
 78��
� �1�
��    )dm3(      )4( 

oäRa@æŒë )C(  =
����+8��
� +���
� �1��������./
� +���
� �1������)��3� ����
� +����

� �
�9��:
 78��
� �1�
�����

   )kg(       )5( 

õb¾aë@oäRa@òäîvÇ@òînäRa@òãì¾bi@†ì—Ô¾a )Cement Paste(. 
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bÈiaŠbÈiaŠbÈiaŠbÈiaŠ@Z@Z@Z@Zõb¾a@æŒëõb¾a@æŒëõb¾a@æŒëõb¾a@æŒë )W(  
õb¾a@æŒë (W) )  =C* (Wc  )  +G* (Wg ) +f * (Wf )kg(         )6(  

  

bßb‚bßb‚bßb‚bßb‚@Z@Z@Z@Z@âa‡ƒnhi@âìv¨a@åß@‡×dnÛa@âa‡ƒnhi@âìv¨a@åß@‡×dnÛa@âa‡ƒnhi@âìv¨a@åß@‡×dnÛa@âa‡ƒnhi@âìv¨a@åß@‡×dnÛaòîàv¨a@òÛ†bÈ¾aòîàv¨a@òÛ†bÈ¾aòîàv¨a@òÛ†bÈ¾aòîàv¨a@òÛ†bÈ¾a@ @@ @@ @@ @
  1 � ;��
� �1� � ���+���
��8��
� �1�

��	�+8��
� +����
 78��
� �1�
��
���+���
��./
� �1�

�� ��./
� +����
 78��
� �1�
��
�!�9��3� �1�

��"�9��:
 78��
� �1�
�     (dm3)         )7(  
  

b†bb†bb†bb†b@Z@Z@Z@ZòÜƒÜÛ@òîàîà—nÛa@òßëbÔ¾a@lbyòÜƒÜÛ@òîàîà—nÛa@òßëbÔ¾a@lbyòÜƒÜÛ@òîàîà—nÛa@òßëbÔ¾a@lbyòÜƒÜÛ@òîàîà—nÛa@òßëbÔ¾a@lby (lab.) #$̀:  

@æaŒëc@lby@‡Èi@lby@áníë@kÈØß@�ß@ÝØÛ@bèiby@ání@�Û@ÝØÛ@òÜ©a@À@òÜ‚a‡Ûa@†aì¾a
òjã )C/W( âa‡ƒnaë@pü†bÈß@ òqýrÛa@ òÔí‹Û@¶ëþa@ òÛ†bÈ¾a (First Bolomeya Equation) 

[4]. òÜƒÜÛ@ òîàîà—nÛa@ òßëbÔ¾a@ lby@ ání ( )labcf ′  @µnÛ†bÈ¾a@ ô‡yg@ âa‡ƒnhi@ ÙÛˆë
µnîÛbnÛa:  









+
′

= 5.0
1A

cf

W

C     ) �
�� 7<C/W  �� �=�2.5(            )8 65(  









−
′

= 5.0
2A

cf

W

C      ) �
�� 7<C/W  �� �	�52.5(           )8–?( 

 +�= ����@ +)�A1  �A2  ����
� ��)3( 9��:
 �A'
� ������� +���
� ��. �������	.  
  

bÈibbÈibbÈibbÈib@Z@Z@Z@ZòiìÜ¾a@òßëbÔ¾a@lbyòiìÜ¾a@òßëbÔ¾a@lbyòiìÜ¾a@òßëbÔ¾a@lbyòiìÜ¾a@òßëbÔ¾a@lby (req) #$̀:  

1.3*fc′ (req)=fc′ (lab)        )�)���/+��2(           )9( 
  

Þë‡uÞë‡uÞë‡uÞë‡u 1: áÇbäÛa@âb×‹ÜÛ@…bÐnãa@‹’ûßáÇbäÛa@âb×‹ÜÛ@…bÐnãa@‹’ûßáÇbäÛa@âb×‹ÜÛ@…bÐnãa@‹’ûßáÇbäÛa@âb×‹ÜÛ@…bÐnãa@‹’ûß  (Mf)  
  

Ýƒä¾a@òznÏ@‘bÔßÝƒä¾a@òznÏ@‘bÔßÝƒä¾a@òznÏ@‘bÔßÝƒä¾a@òznÏ@‘bÔß@@@@IIIIáÜßáÜßáÜßáÜßHHHH  ô‹‚cë@áÇbã@âb×Š@òjy@Ý×@µi@‹ÔÛaô‹‚cë@áÇbã@âb×Š@òjy@Ý×@µi@‹ÔÛaô‹‚cë@áÇbã@âb×Š@òjy@Ý×@µi@‹ÔÛaô‹‚cë@áÇbã@âb×Š@òjy@Ý×@µi@‹ÔÛa )Rf( IIII�îßë‹Øîß�îßë‹Øîß�îßë‹Øîß�îßë‹ØîßHHHH  
20  30  40  50  60  70  

1/2  1.03 1.06  1.08  1.10  1.12  1.15  
1/0.5  1.09  1.12  1.17  1.21  1.26  1.31  
0.5/0.25  1.16  1.26  1.36  1.45  1.56  1.67  
0.25/0.125  1.37  1.56  1.79  2.03  2.30  2.59  

  

Þë‡uÞë‡uÞë‡uÞë‡u 2: å“©a@âb×‹ÜÛ@…bÐnãa@‹’ûßå“©a@âb×‹ÜÛ@…bÐnãa@‹’ûßå“©a@âb×‹ÜÛ@…bÐnãa@‹’ûßå“©a@âb×‹ÜÛ@…bÐnãa@‹’ûß  (Mg)  

  

Ýƒä¾a@òznÏ@‘bÔßÝƒä¾a@òznÏ@‘bÔßÝƒä¾a@òznÏ@‘bÔßÝƒä¾a@òznÏ@‘bÔß@ @@ @@ @@ @
)�	�(  

ô‹‚cë@å“‚@âb×Š@òjy@Ý×@µi@‹ÔÛaô‹‚cë@å“‚@âb×Š@òjy@Ý×@µi@‹ÔÛaô‹‚cë@å“‚@âb×Š@òjy@Ý×@µi@‹ÔÛaô‹‚cë@å“‚@âb×Š@òjy@Ý×@µi@‹ÔÛa )Rg( IIIIáÜßáÜßáÜßáÜßHHHH  
0.25  0.5  0.75  1.0  1.5  2.0  2.5  3.0  

32/63  1.02 1.03  1.04  1.05  1.09  1.12  1.17  1.27  
16/32  1.03  1.06  1.09  1.13  1.20  1.27  1.35  1.44  
8/16  1.06  1.13  1.19  1.27  1.42  1.59  1.76  1.95  
4/8  1.13  1.27  1.37  1.60  1.95  2.37  2.85  3.36  

  

@ @@ @@ @@ @
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Þë‡uÞë‡uÞë‡uÞë‡u 3 :dÌn¾a@áîÓdÌn¾a@áîÓdÌn¾a@áîÓdÌn¾a@áîÓ A1 � A2 

âb×‹Ûa@ÝØ’âb×‹Ûa@ÝØ’âb×‹Ûa@ÝØ’âb×‹Ûa@ÝØ’  
dÌn¾a@òàîÓdÌn¾a@òàîÓdÌn¾a@òàîÓdÌn¾a@òàîÓ 

-)A(  

@ÁÌ›Ûa@òßëbÔß@ÁÌ›Ûa@òßëbÔß@ÁÌ›Ûa@òßëbÔß@ÁÌ›Ûa@òßëbÔßIIII@åmìîã@åmìîã@åmìîã@åmìîã\áÜßáÜßáÜßáÜß2HHHH   
32.5  42.5  52.5  

�ي�  دا
A1 18.5  20.0  21.5  
A2  12.0  13.0  14.5  

  زاوي
A1  20.0  22.0  24.0  
A2  13.5  14.5  16.0  

 

Þë‡uÞë‡uÞë‡uÞë‡u 4: ‹’ûß‹’ûß‹’ûß‹’ûß@@@@òîà×òîà×òîà×òîà×@@@@õb¾aõb¾aõb¾aõb¾a@@@@òßŒýÛaòßŒýÛaòßŒýÛaòßŒýÛa@@@@ÛÛÛÛoäRaë@âb×‹ÜoäRaë@âb×‹ÜoäRaë@âb×‹ÜoäRaë@âb×‹Ü (Wg, & Wf, Wc)  

Ýƒä¾a@òznÏ@‘bÔßÝƒä¾a@òznÏ@‘bÔßÝƒä¾a@òznÏ@‘bÔßÝƒä¾a@òznÏ@‘bÔß@ @@ @@ @@ @
IIIIáÜßáÜßáÜßáÜßHHHH  

òîÜîÌ“nÛa@òuŠ†òîÜîÌ“nÛa@òuŠ†òîÜîÌ“nÛa@òuŠ†òîÜîÌ“nÛa@òuŠ†  
a‡u@ò›Ðƒäßa‡u@ò›Ðƒäßa‡u@ò›Ðƒäßa‡u@ò›Ðƒäß  ò›Ðƒäßò›Ðƒäßò›Ðƒäßò›Ðƒäß  òìnßòìnßòìnßòìnß  òîÛbÇòîÛbÇòîÛbÇòîÛbÇ  a‡u@òîÛbÇa‡u@òîÛbÇa‡u@òîÛbÇa‡u@òîÛbÇ  

32/63  0.0085* 0.011  0.013*  0.015  0.016*  
16/32  0.011  0.014  0.016  0.018  0.022  
8/16  0.013  0.017  0.020  0.023  0.027  
4/8  0.017  0.022  0.026  0.029  0.034  
2/4  0.022  0.028  0.032  0.037  0.044  
1/2  0.029  0.037  0.043  0.048  0.058  
0.5/1  0.039  0.050  0.058  0.065  0.077  
0.50/0.25 0.056  0.072  0.084  0.095  0.112  
0.25/0.125  0.082  0.104  0.122  0.137  0.151  

0/0.125  0.160  0.205  0.239  0.255  0.296  
0/0.5  0.098  0.127  0.148  0.168  0.198  
0/0.25  0.124  0.160  0.186  0.211  0.248  
dLCe[0.310  0.290  0.270  0.250 *0.230 ا*  

*@õb¾a@òîà×@õb¾a@òîà×@õb¾a@òîà×@õb¾a@òîà×âa‹uìÜîØÛbi@òßŒýÛa@òíŠë‹›Ûaâa‹uìÜîØÛbi@òßŒýÛa@òíŠë‹›Ûaâa‹uìÜîØÛbi@òßŒýÛa@òíŠë‹›Ûaâa‹uìÜîØÛbi@òßŒýÛa@òíŠë‹›Ûa )kg( ÝØÛÝØÛÝØÛÝØÛ 1 âb×‹Ûa@õauc@åß@âa‹uìÜî×âb×‹Ûa@õauc@åß@âa‹uìÜî×âb×‹Ûa@õauc@åß@âa‹uìÜî×âb×‹Ûa@õauc@åß@âa‹uìÜî× 
  

ïÜàÈÛa@kãb§aïÜàÈÛa@kãb§aïÜàÈÛa@kãb§aïÜàÈÛa@kãb§a@ @@ @@ @@ @
@xë†¾a@ÑîÜÌnÛa@òÔí‹ @Êbjmhi@òîãb‹©a@pbÜ©a@åß@†‡Ç@‰îÐämë@áîà—m@kãb§a@a‰ç@Ýrº

òîÜ a@ âb©a@ †aì¾a@ âa‡ƒnbië@ N@‰îÐämë@ †a‡Çg@åß@ bèîÜÇ@ Ý—zn¾a@ wöbnäÛa@p‹Ènm@ òÓŠìÛa@ ê‰ç
òÈiŠc@µibß@ëa�m@òîàîà—m@òßëbÔ·@òîãb‹‚@òÜ‚@æë‹“Çë 25 ¶g 47 IåmìîãOáÜß2H@@sî¢

ïç@áÇbäÛa@âb×‹ÜÛ@…bÐnãa@pa‹’ûß@oãb× 30 ë 50 @å“©a@âb×‹ÜÛ@…bÐnãüa@pa‹’ûßë@�îßë‹Øîß
@ïç0.5 �1 �1.5 �ë 3 áÜß@N¾a@ÝîÌ“nÛa@pbuŠ‡Û@òÜ‚@Ý×@Šbjn‚a@vëa‡u@òîÛbÈÛaë@òîÛbÈÛaë@òìn@N

@òÇìàª@òaìi@Üia‹ @òÈßbu@ò‡ä,a@òîÜØi@òãb‹©a@ÝàÈß@À@pbÜ©a@ê‰ç@‰îÐämë@†a‡Çg@v
@Þì—zÜÛ@òîº†b×þa@pbjÜn¾a@åß@õv×@òîöbèäÛa@òäÛa@lý @Èi@ÝjÓ@åß@oí‹uc@tìzjÛa@åß

@òî——ƒnÛa@òuŠ‡Ûa@óÜÇI‘ìíŠìÛbØjÛa@Hòîã‡¾a@ò‡ä,a@Þbª@À [5] .@‰îÐänÛ@òîbþa@Ýya‹¾a
òîÛbnÛa@òîjãb§a@åíëbäÈÛa@À@bçŒb°g@åØº@òîãb‹©a@pbÜ©aZ 

  

òîãb‹©a@pbÜ©a@À@òÜàÈn¾a@†aì¾aòîãb‹©a@pbÜ©a@À@òÜàÈn¾a@†aì¾aòîãb‹©a@pbÜ©a@À@òÜàÈn¾a@†aì¾aòîãb‹©a@pbÜ©a@À@òÜàÈn¾a@†aì¾a@ @@ @@ @@ @
oäRÛ@´îÛŒ@ Éä—ß@ åß@ †Šì¾a@ ð†bÈÛa@ ð‡ãýmŠìjÛa@ oäRa@ ìç@ ÝàÈn¾a@ oäRa@N

Þë‡§a@ |šìíë )5( Ð–aìàÜÛ@ énÔibß@ åß@ ‡×dnÜÛ@ oí‹uc@ |Ûa@ òîÜàÈ¾a@ paŠbjn‚a@ wöbnã@pb
òîbîÔÛa BS12-[6]1991. @ðëaŒ@ ÝØ’@ ëˆ@köaì“Ûa@ åß@ ïÛb‚ë@ ïÈîj @ â‡ƒn¾a@ å“©a@ âb×‹Ûa
@ ébÔßðŠbjnÇüa@@ 5×þa19 @ ï¨a@ ð†aìÛa@ òÔäß@ ‹ub«@ ‡yc@ åß@ †Šìßë@ áÜßI@l‹Ë@ lìäu
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Üia‹ @ H@òîbîÔÛa@ pbÐ–aì¾a@ †ë‡¨@ énÔibß@ åß@ ‡×dnÜÛ@ lŠbvnÛa@ åß@ Èi@ õa‹ug@ v@ ë
òîãbí5Ûa BS 812-1992 [7] @Þë‡§a@À@|šìß@ìç@bà×)6( .  
  

Þë‡uÞë‡uÞë‡uÞë‡u 5 :@òîöbíîÐÛa@™aì©a@òîöbíîÐÛa@™aì©a@òîöbíîÐÛa@™aì©a@òîöbíîÐÛa@™aì©a@òîØîãbØî¾aë@òîØîãbØî¾aë@òîØîãbØî¾aë@òîØîãbØî¾aëoäRÛoäRÛoäRÛoäRÛ  

áaáaáaáa@@@@Šbjn‚üaŠbjn‚üaŠbjn‚üaŠbjn‚üa  òvînäÛaòvînäÛaòvînäÛaòvînäÛa  òîãbí5Ûa@òîbîÔÛa@pbÐ–aì¾a@†ë‡yòîãbí5Ûa@òîbîÔÛa@pbÐ–aì¾a@†ë‡yòîãbí5Ûa@òîbîÔÛa@pbÐ–aì¾a@†ë‡yòîãbí5Ûa@òîbîÔÛa@pbÐ–aì¾a@†ë‡y )BS 12- 1992(  
ïbîÔÛa@âaìÔÛa  26.5 %  27  - 32 %  
@Ù“Ûa@åßŒïöa‡niüa@ @132 òÔîÓ†  åÇ@ÝÔí@ü 45 òÔîÓ†  
@Ù“Ûa@åßŒïöbèäÛa@ @162 òÔîÓ† óÜÇ@‡íí@ü 10 pbÇb  
òßìÈäÛa@ÝßbÈß@ @3178.471 

á2/áu  åÇ@ÝÔí@ü 2500 á2/áu  
áv¨a@pbjq@ @1.4 áÜß  óÜÇ@‡íí@ü 10 áÜß  

@‡Èi@ÁÌ›Ûa@òßëbÔß3@âbíc@ @22.2  

IåmìîãOáÜß2H  åÇ@ÝÔm@ü 21 IåmìîãOáÜß2H  
‡Èi@ ÁÌ›Ûa@ òßëbÔß 28 

âìí  
46.8 

IåmìîãOáÜß2H  �8 ��) B 39 Iåmìîã/áÜß2H  

  

 ��.
)3( @òîbîÔÛa@pbÐ–aì¾a@†ë‡y@ÙÛ‰×@ë@âb×‹Ûa@a‰,@�îj¨a@xŠ‡nÛa@óäzäß@|šìí
@òîãbí5ÛaN@köaì“Ûa@åß@Þb‚ë@a‡u@áÇbãë@Òbu@ïÈîj @ÝßŠ@åÇ@ñŠbjÇ@â‡ƒn¾a@áÇbäÛa@âb×‹Ûa

@ô‡Ènm@ü@émbjîjy@ávyë2@ïÇìäÛa@éãŒë@ÍÜjíë@´îÛŒ@òÔäß@åß@†Šìßë@áÜß 2.68 م  ووزنPQRDة اTوح

iD 1412.9 IQ3م/آ .ÝØ“Ûa )4( @òîbîÔÛa@ pbÐ–aì¾a@ †ë‡yë@ �îj¨a@ xŠ‡nÛa@ óäzäß@ |šìí
òîãbí5Ûa BS 812-1992 .@òíì›ÈÛa@ †aì¾a@ åß@ ïÛb‚ë@ l‹“ÜÛ@  b–@ÁÜ©a@ À@ â‡ƒn¾a@ õb¾a

@ óÜÇ@ éîÏ@ òjöa‰Ûa@ ýßþa@ òjã@ ‡ím@ üë@köaì“Ûaë2000 @ †ë‡¨@ bÔÏë@ æìîÜ¾a@À@ õu@pbÐ–aì¾a
òîjîÜÛa@òîbîÔÛa [8].  

Þë‡uÞë‡uÞë‡uÞë‡u 6 :òîöbíîÐÛa@™aì©aòîöbíîÐÛa@™aì©aòîöbíîÐÛa@™aì©aòîöbíîÐÛa@™aì©a@@@@òîØîãbØî¾aëòîØîãbØî¾aëòîØîãbØî¾aëòîØîãbØî¾aë@@@@å“©a@âb×‹ÜÛå“©a@âb×‹ÜÛå“©a@âb×‹ÜÛå“©a@âb×‹ÜÛ  

áaáaáaáa@@@@Šbjn‚üaŠbjn‚üaŠbjn‚üaŠbjn‚üa  òvînäÛaòvînäÛaòvînäÛaòvînäÛa  òîãbí5Ûa@òîbîÔÛa@pbÐ–aì¾a@†ë‡yòîãbí5Ûa@òîbîÔÛa@pbÐ–aì¾a@†ë‡yòîãbí5Ûa@òîbîÔÛa@pbÐ–aì¾a@†ë‡yòîãbí5Ûa@òîbîÔÛa@pbÐ–aì¾a@†ë‡y )BS 12- 1992(  

@ïÇìäÛa@æŒìÛa@ @2.64 2.4-2.8  

@òjã™b—nßüa@ @%1.21  3 %  

âìv¨a@ñ‡yë@æŒë@ @1559  1400 -1800 áv×@Oâ3  
@ÝßbÈßâ‡—Ûa@ @% 17.21  óÜÇ@‡íí@ü 45%  

áî“ènÛa@ÝßbÈß@ @% 4.82  ü@óÜÇ@‡íí 45%  
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ÝØ’ÝØ’ÝØ’ÝØ’ 3 :òîbîÔÛa@pbÐ–aì¾a@†ë‡yë@å“©a@âb×‹ÜÛ@�îj¨a@xŠ‡nÛaòîbîÔÛa@pbÐ–aì¾a@†ë‡yë@å“©a@âb×‹ÜÛ@�îj¨a@xŠ‡nÛaòîbîÔÛa@pbÐ–aì¾a@†ë‡yë@å“©a@âb×‹ÜÛ@�îj¨a@xŠ‡nÛaòîbîÔÛa@pbÐ–aì¾a@†ë‡yë@å“©a@âb×‹ÜÛ@�îj¨a@xŠ‡nÛa  

  

 
ÝØ’ÝØ’ÝØ’ÝØ’ 4 :òîbîÔÛa@pbÐ–aì¾a@†ë‡yë@áÇbäÛa@âb×‹ÜÛ@�îj¨a@xŠ‡nÛaòîbîÔÛa@pbÐ–aì¾a@†ë‡yë@áÇbäÛa@âb×‹ÜÛ@�îj¨a@xŠ‡nÛaòîbîÔÛa@pbÐ–aì¾a@†ë‡yë@áÇbäÛa@âb×‹ÜÛ@�îj¨a@xŠ‡nÛaòîbîÔÛa@pbÐ–aì¾a@†ë‡yë@áÇbäÛa@âb×‹ÜÛ@�îj¨a@xŠ‡nÛa  

  

òß‡ƒn¾a@pbäîÈÛaòß‡ƒn¾a@pbäîÈÛaòß‡ƒn¾a@pbäîÈÛaòß‡ƒn¾a@pbäîÈÛa@ @@ @@ @@ @
âa‡ƒna@ v †bÈidi@ òîbîÓ@ pbjÈØß )150  +��x 150  +��x 150 +�� (@òßëbÔß@‘bîÔÛ

k–@vë@Lòãb‹ƒÜÛ@ÁÌ›Ûa 72 Þ‡È·@òäîÇ 3 ïÛb»hi@ë@òÜ‚@ÝØÛ@pbäîÇ 24 @òuŠ†@ÝØÛ@òäîÇ
@ÝîÌ“nÛa@pbuŠ†@åß@Ia‡u@òîÛbÈÛa@ë@òîÛbÇ@ë@òìnßNH@ @

  

@ @@ @@ @@ @
@ @@ @@ @@ @
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òÜ©a@pbãìØß@lbyòÜ©a@pbãìØß@lbyòÜ©a@pbãìØß@lbyòÜ©a@pbãìØß@lby@ @@ @@ @@ @
À@ bèy‹’@ v@|Ûa@ paìƒÜÛ@ bÔÏë@ v@ òîãb‹©a@ pbÜ©a@ pbãìØß@ lby@@ê‰ç@ òß‡Ôß

òÓŠìÛa@ NÞë‡§a )7  �8 (@òÜ‚@áîà—nÛ@ xë†¾a@ÑîÜÌnÛa@ òÔí‹ @ÕîjnÛ@ òí†‡ÈÛa@ wöbnäÛa@ |šìm
òîÛbnÛa@pbîš‹ÐÛbi@òîãb‹‚Z   

  

Þë‡uÞë‡uÞë‡uÞë‡u 7 :åß@Ý×@pbibyåß@Ý×@pbibyåß@Ý×@pbibyåß@Ý×@pbiby Mf  �Wf áÇbäÛa@âb×‹Ûbi@ò–b©aáÇbäÛa@âb×‹Ûbi@ò–b©aáÇbäÛa@âb×‹Ûbi@ò–b©aáÇbäÛa@âb×‹Ûbi@ò–b©a  

…bÐnãa…bÐnãa…bÐnãa…bÐnãa õb¾a@òîà×õb¾a@òîà×õb¾a@òîà×õb¾a@òîà× õb¾a@òîà×@‹’ûßõb¾a@òîà×@‹’ûßõb¾a@òîà×@‹’ûßõb¾a@òîà×@‹’ûß@ @@ @@ @@ @ïÔjn¾a@òjãïÔjn¾a@òjãïÔjn¾a@òjãïÔjn¾a@òjã @@@@Šb¾a@òjãŠb¾a@òjãŠb¾a@òjãŠb¾a@òjã Ýƒä¾a@òznÏ@‘bÔßÝƒä¾a@òznÏ@‘bÔßÝƒä¾a@òznÏ@‘bÔßÝƒä¾a@òznÏ@‘bÔß 
òîàØÛaòîàØÛaòîàØÛaòîàØÛa ‹’û¾a‹’û¾a‹’û¾a‹’û¾a 

L (L/kg) % % (mm) 
L (L/kg) 
        0 100 2.36 

0.6784 1.06 0.02752 0.043 0.64 100 1.18 
75.6672 1.12 3.91848 0.058 67.56 99.36 0.6 
33.7176 1.26 2.24784 0.084 26.76 31.8 0.3 
7.8624 1.56 0.61488 0.122 5.04 5.04 0.15 

117.9256   6.80872   100     

1.179256 Mf= 0.0680872 Wf= 

     

òîÜîÌ“nÛa@òuŠ†@ ZÝß‹Ûa@pbjîjy@µi@‹ÔÛa@ Lòìnß )Rf= ( 30 @pbjîjy@µi@‹ÔÛa@ L�îßë‹Øîß
@å“©a@âb×‹Ûa)Rg= ( 0.5 å“©aë@áÇbäÛa@ âb×‹ÜÛ@ òîÇìäÛa@ òÏbrØÛa@ LáÜß  =2.68  �2.64 @óÜÇ

@å“©aë@áÇbäÛa@âb×‹ÜÛ@âìv¨a@ñ‡yë@æŒë@LïÛaìnÛa =1560 +��/+3  �1410 +��/+3 ïÛaìnÛa@óÜÇ@N
Þë‡§a@)9( szjÛa@a‰ç@À@òÏ‡èn¾a@pbÜ©a@pbãìØß@æaŒëc@|šìíN@ @

  

Þë‡uÞë‡uÞë‡uÞë‡u 8 :åß@Ý×@pbibyåß@Ý×@pbibyåß@Ý×@pbibyåß@Ý×@pbiby Mg ëëëë Wg å“©a@âb×‹Ûbi@ò–b©aå“©a@âb×‹Ûbi@ò–b©aå“©a@âb×‹Ûbi@ò–b©aå“©a@âb×‹Ûbi@ò–b©a  

…bÐnãüa…bÐnãüa…bÐnãüa…bÐnãüa õb¾a@òîà×õb¾a@òîà×õb¾a@òîà×õb¾a@òîà× õb¾a@òîà×@‹’ûßõb¾a@òîà×@‹’ûßõb¾a@òîà×@‹’ûßõb¾a@òîà×@‹’ûß @òjã@òjã@òjã@òjã
ïÔjn¾aïÔjn¾aïÔjn¾aïÔjn¾a @@@@Šb¾a@òjãŠb¾a@òjãŠb¾a@òjãŠb¾a@òjã Ýƒä¾a@òznÏ@‘bÔßÝƒä¾a@òznÏ@‘bÔßÝƒä¾a@òznÏ@‘bÔßÝƒä¾a@òznÏ@‘bÔß 

òîàØÛaòîàØÛaòîàØÛaòîàØÛa ‹’û¾a‹’û¾a‹’û¾a‹’û¾a 
 L (L/kg) % % (mm) 

L (L/kg) 

        0 100 37.5 
50.7316 1.06 0.76576 0.016 47.86 100 19 
53.3812 1.13 0.9448 0.02 47.24 52.14 14 
6.223 1.27 0.1274 0.026 4.9 4.9 10 
0             

110.3358   1.83796   100     
1.103358 Mg= 0.0183796 Wg= 

   
  

@k—Ûaë@pbÜ©a@†a‡Çg@k—Ûaë@pbÜ©a@†a‡Çg@k—Ûaë@pbÜ©a@†a‡Çg@k—Ûaë@pbÜ©a@†a‡Çg@ @@ @@ @@ @
@ Ý—m@ òÓ‡i@ åíŒaìß@ òaìi@ ÝàÈ¾a@ À@ òÜ©a@ †a‡Ç@ òßŒýÛa@ †aì¾a@ æŒìm¶g 0.5 @âa‹u

|Ûa@Òbu@bÈj“ß@å“©a@âb×‹Ûa@æìØí@æc@óÇa‹íë )Saturated Surface Dry( .@pbãìØß@ÁÜ¦
@Ö‹Ìníë@òÜ©a@ãbvnm@óny@bî°Š‡m@òÜƒÜÛ@†‡ a@õb¾a@òÏbšg@ání@áq@Òb§a@óÜÇ@pbÜ©a

ÕöbÓ†@òqýq@ñ‡ß@ÁÜ©a@åßŒ@@N@òãb‹©a@ÝÔäm¶g@@Ùß‡më@pbÔj @týq@óÜÇ@bèj–@áníë@kÛaìÔÛa
òÔÈÜß@ òaìi@ bèz@ òíìm@ÙÛˆ@ ‡Èi@ áníë@ ñnèß@ òîöbi‹è×@ ñ‡›äß@ òaìi@ òÔj @ Ý×@ò–b‚ 

òäîÇ@ÝØÛ@µnÔîÓ†@ïÛaìy@òîÜàÈÛa@ê‰ç@Ö‹ÌnmëN 
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Þë‡uÞë‡uÞë‡uÞë‡u 9 :òîãb‹©a@pbÜ©a@pbãìØßòîãb‹©a@pbÜ©a@pbãìØßòîãb‹©a@pbÜ©a@pbãìØßòîãb‹©a@pbÜ©a@pbãìØß  

@òßëbÔ¾a@òßëbÔ¾a@òßëbÔ¾a@òßëbÔ¾a @òßëbÔ¾a@òßëbÔ¾a@òßëbÔ¾a@òßëbÔ¾a 

Rg 
áÜßáÜßáÜßáÜß 

Rf 
�îßë‹Øîß�îßë‹Øîß�îßë‹Øîß�îßë‹Øîß  

 

õb¾a@òjãõb¾a@òjãõb¾a@òjãõb¾a@òjã 
 òuŠ†òuŠ†òuŠ†òuŠ† òÜ©a@pbãìØßòÜ©a@pbãìØßòÜ©a@pbãìØßòÜ©a@pbãìØß    ) ��� /�3( òiìÜ¾aòiìÜ¾aòiìÜ¾aòiìÜ¾a òîàîà—nÛaòîàîà—nÛaòîàîà—nÛaòîàîà—nÛa oäRa@¶goäRa@¶goäRa@¶goäRa@¶g 

 fc` (req)  fc`(lab) 
W/C 

òîÜîÌ“nÛaòîÜîÌ“nÛaòîÜîÌ“nÛaòîÜîÌ“nÛa oäRgoäRgoäRgoäRg õbßõbßõbßõbß 
@âb×Š@âb×Š@âb×Š@âb×Š@ @@ @@ @@ @
å“‚å“‚å“‚å“‚ 

@âb×Š@âb×Š@âb×Š@âb×Š@ @@ @@ @@ @
áÇbãáÇbãáÇbãáÇbã 

( åmìîãåmìîãåmìîãåmìîãOOOOáÜßáÜßáÜßáÜß2 ) ( åmìîãåmìîãåmìîãåmìîãOOOOáÜßáÜßáÜßáÜß2 )   C W G F 

28 37 0.5 

30 

0.47 

òìnßòìnßòìnßòìnß 

335 158 1462 482 

30 39 1 0.46 371 170 1362 523 

31 40 1.5 0.45 401 179 1275 558 

32 42 3 0.43 483 206 1041 654 

33 43 0.5 

50 

0.42 394 167 1462 408 

34 44 1 0.41 433 179 1362 443 

35 45 1.5 0.40 468 190 1275 473 

36 47 3 0.39 560 218 1041 555 

24 31 0.5 

30 

0.54 

òîÛbÇòîÛbÇòîÛbÇòîÛbÇ 

310 166 1462 482 

25 33 1 0.52 344 178 1362 523 

26 34 1.5 0.50 373 188 1275 558 

28 36 3 0.48 451 216 1041 654 

28 37 0.5 

50 

0.48 368 175 1462 408 

29 38 1 0.46 406 188 1362 443 

30 39 1.5 0.45 440 199 1275 473 

32 41 3 0.43 528 229 1041 555 

19 25 0.5 

30 

0.63 

a‡u@òîÛbÇa‡u@òîÛbÇa‡u@òîÛbÇa‡u@òîÛbÇ 

278 176 1462 482 

20 26 1 0.61 311 189 1362 523 

21 27 1.5 0.59 339 200 1275 558 

23 29 3 0.56 413 229 1041 654 

23 30 0.5 

50 

0.55 336 185 1462 408 

24 32 1 0.53 373 199 1362 443 

25 33 1.5 0.52 405 210 1275 473 

27 35 3 0.49 490 241 1041 555 

  

pbäîÈÛa@ò§bÈßpbäîÈÛa@ò§bÈßpbäîÈÛa@ò§bÈßpbäîÈÛa@ò§bÈß@ @@ @@ @@ @
@æ‡ÜÛa@ •bàØãüaë@ ‹ƒjnÛa@ Éä¾@ ïØînýi@ õbÌi@ pbäîÈÛa@ óÌm@ k—Ûa@ òîÜàÇ@ âb¸g@ ‡Èi

ñ‡¾@ÝàÈ¾a@ìu@À@Ú�më 24 @òîãb‹©a@pbäîÈÛa@áÓ‹m@bç‡Èië@òÇb@áq@ÈjÛa@bè›Èi@åÇ@bçîànÛ
ñ‡¾@ÝàÈ¾a@ñŠa‹y@òuŠ†@À@õb¾a@À@bç‹àË@ání 28 @òßëbÔß@óÜÇ@Þì—zÜÛ@bçŠbjn‚a@ô‹°@áq@âìí

òîãb‹ƒÜÛ@ÁÌ›ÛaN@ @
@ @@ @@ @@ @

òîÜàÈ¾a@paŠbjn‚üaòîÜàÈ¾a@paŠbjn‚üaòîÜàÈ¾a@paŠbjn‚üaòîÜàÈ¾a@paŠbjn‚üa@ @@ @@ @@ @
Âìj,a@Šbjn‚aÂìj,a@Šbjn‚aÂìj,a@Šbjn‚aÂìj,a@Šbjn‚a )Slump Test(  
@@ãb¤@òjÓa‹ß@À@éäß@†bÐníë@òãb‹ƒÜÛ@òîÜîÌ“nÛa@òuŠ‡Ûa@‘bîÔÛ@Šbjn‚üa@a‰ç@â‡ƒní

òîÈÓaìÛa@Éß@òîàîà—nÛa@òîÜîÌ“nÛa@Õibm@ô‡ß@åß@ÕÔznÛaë@òãb‹©a@@N@pbÐ–aì¾a@pbjÜn¾@bÔÏë
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òîãbí5Ûa@ òîbîÔÛa [9] BS-1881- Part 102. Þë‡§a 10 @pbÜƒÜÛ@ Âìj,a@ wöbnã@ µjí
òÐÜnƒ¾a@ÝîÌ“nÛa@pbuŠ‡Û@òß‡ƒn¾aN@ @

  

pbËa‹ÐÛa@òjãë@òÏbrØÛa@Šbjn‚apbËa‹ÐÛa@òjãë@òÏbrØÛa@Šbjn‚apbËa‹ÐÛa@òjãë@òÏbrØÛa@Šbjn‚apbËa‹ÐÛa@òjãë@òÏbrØÛa@Šbjn‚a )Density &Void Percentage Test( 
lby@ání òuŒbÛa@òãb‹©a@òÏbr× )Labρ (‡Èi@@k–@ÝjÓ@ë@òãb‹©a@ÁÜ‚@åß@õbènãüa

òîãbí5Ûa@òîbîÔÛa@pbÐ–aìàÜÛ@bÔÏë@ÙÛˆë@pbäîÈÛa BS-1881-Part 107 [10]. @lby@ání@bí‹Äãë
@òãb‹©a@òÏbr×)ρ( åÇ ‹ Õí É» pbãìØß òÜ©a ÝØÛ �ß kÈØß òÏ‹È·ë òÏbrØÛa åØº 

lby òjã pbËa‹ÐÛa )V( bÔib@bèîÛg@Šb“¾a@pbÐ–aì¾a@À@éîÜÇ@™ì—äß@ìç@bà×@bÔÏëN  
  

ÁÌ›Ûa@òßëbÔß@Šbjn‚aÁÌ›Ûa@òßëbÔß@Šbjn‚aÁÌ›Ûa@òßëbÔß@Šbjn‚aÁÌ›Ûa@òßëbÔß@Šbjn‚a )Compressive Strength Test(   
@ Šbjn‚üa@ a‰ç@ Ò‡èíë¶g@@bèš‹Èm@ òvînã@ ñ‡Ü—n¾a@ òãb‹ƒÜÛ@ ôì—ÔÛa@ òîÜàznÛa@ ‡í‡¥

@òîãaìþa@ pbäîÈÛa@ Šì«@ ðŒaìm@ ÁÌš@ Þb¼þ@ pbäîÈÛa@í‹Èni@ ání@ a‰çë@ LÁÌ›Ûa@ pa†bèu
òß‡ƒn¾a@NŠbîèãüa@t‡±@óny@òî°Š‡m@ñŠì—i@ÁÜí@Ýà¨a@N@Áìnß@åß@ÁÌ›Ûa@òßëbÔß@k¥

ØÛ@pbäîÇ@òqýq@åß@bèîÜÇ@Ý—zn¾a@wöbnäÛaÞë‡§a@À@|šìß@ìç@bà×@òÜ‚@Ý )10( .ÝØ“Ûa@|šìíë 
)5( �)6( wöbnäÜÛ@ ïãbîi@ p‹Ç aòîÜàÈ¾@@òîãb‹©a@ pbÜƒÜÛ@ ÁÌ›Ûa@ òßëbÔ¾@ bèîÜÇ@ Ý—zn¾a

‡Èi@òÔí‹Ûa@ê‰èi@òàà—¾a 28 ò§bÈ¾a@åß@âìíN  
  

  
ÝØ’ÝØ’ÝØ’ÝØ’ 5 :wöbnãwöbnãwöbnãwöbnã aaaaòîÜàÈ¾òîÜàÈ¾òîÜàÈ¾òîÜàÈ¾@@@@¾¾¾¾@‡äÇ@òîãb‹©a@pbÜƒÜÛ@ÁÌ›Ûa@òßëbÔ@‡äÇ@òîãb‹©a@pbÜƒÜÛ@ÁÌ›Ûa@òßëbÔ@‡äÇ@òîãb‹©a@pbÜƒÜÛ@ÁÌ›Ûa@òßëbÔ@‡äÇ@òîãb‹©a@pbÜƒÜÛ@ÁÌ›Ûa@òßëbÔáîÓáîÓáîÓáîÓ@@@@�îßë‹Øîß�îßë‹Øîß�îßë‹Øîß�îßë‹Øîß Rf=30  
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ÝØ’ÝØ’ÝØ’ÝØ’@6 :wöbnãwöbnãwöbnãwöbnã aaaa@òîÜàÈ¾@òîÜàÈ¾@òîÜàÈ¾@òîÜàÈ¾¾¾¾¾@òßëbÔ@òßëbÔ@òßëbÔ@òßëbÔáîÓ@‡äÇ@òîãb‹©a@pbÜƒÜÛ@ÁÌ›ÛaáîÓ@‡äÇ@òîãb‹©a@pbÜƒÜÛ@ÁÌ›ÛaáîÓ@‡äÇ@òîãb‹©a@pbÜƒÜÛ@ÁÌ›ÛaáîÓ@‡äÇ@òîãb‹©a@pbÜƒÜÛ@ÁÌ›Ûa@@@@�îßë‹Øîß�îßë‹Øîß�îßë‹Øîß�îßë‹Øîß Rf= 50  

  

Þë‡uÞë‡uÞë‡uÞë‡u 10: òîãb‹©a@pbÜ©a@Šbjn‚a@wöbnãòîãb‹©a@pbÜ©a@Šbjn‚a@wöbnãòîãb‹©a@pbÜ©a@Šbjn‚a@wöbnãòîãb‹©a@pbÜ©a@Šbjn‚a@wöbnã@@@@òîÜàÈ¾aòîÜàÈ¾aòîÜàÈ¾aòîÜàÈ¾a  
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wöbnäÛa@ò“ÓbäßwöbnäÛa@ò“ÓbäßwöbnäÛa@ò“ÓbäßwöbnäÛa@ò“Óbäß@ @@ @@ @@ @
@Èi@ë@òîãb‹©a@pbÜ©a@pbãìØß@lby@åß@bèîÜÇ@Ý—zn¾a@wöbnäÛa@pa‹Èna@Þý‚@åß

@åØº@ñ†ì§a@Ájš@paŠbjn‚aïÜíbß@xbnänaZ  
• @|Ûa@ÙÜm@Éß@dj×@‡y@¶g@ÕÏaìnm@ òÔí‹Ûa@ ê‰èi@ bèîÜÇ@Ý—zn¾a@ òîãb‹©a@pbÜ©a@pbãìØß

@À@ bèîÛg@ Šb“¾a@ ÞbàÈnüa@ òÈöb“Ûa@ ô‹‚þa@ áîà—nÛa@ Ö‹ @ âa‡ƒnbi@ bèîÜÇ@ Þì—¨a@ åØº
szjÛa@òß‡Ôß@N 

• @Âìj,a@paŠbjn‚a@wöbnã@æc@Åyýí)Slump(@‡äÇ@òîÜu@ñŠì—i@bîjã@ÝÔm@@Éß@òîÜîÌ“m@òuŠ†@Ý×
@¶g@å“©a@âb×‹Ûa@pbjîjy@µi@òÏb¾a@ÝÔm@bß‡äÇ@b–ì—‚@ÝîÌ“nÛa@pbuŠ‡Û@òÈöb“Ûa@†ë‡¨a

@æë†@bß1.5@áÜßN 
• ÁÌ›Ûa@òßëbÔß@pbjÜnß@ñõbÐ×@ÝØi@ÕÔ¥@òÔí‹Ûa@ê‰çN 
  

pbî–ìnÛapbî–ìnÛapbî–ìnÛapbî–ìnÛa@ @@ @@ @@ @
1- @ÙÛˆë@òîãb‹©a@pbÜ©a@áîà—m@Ö‹Û@òßb,a@pbÏbša@‡yc@òÔí‹Ûa@ê‰ç@5nÈm@paîàÜÛ

òîÛbnÛaZ@ @
•  à—m@pbîÜàÇ@À@âb×‹Ûa@pbjîjy@µi@òÏb¾a@dqdm@Þb‚†gîòîãb‹©a@pbÜ©a@á 
• @Þb‚†gòîà×@õb¾a@@òíŠë‹›ÛaòjäÛbi ÛoäR@@ÙÛ‰×ëâb×‹Ûa@õaucN 

2- @Þëa‡u@ óÜÇ@ Þì—zÜÛ@ òîÏbšg@ tì¢@ õa‹uhi@ ó–ìí@ òîÜÇbÏ@ ‹r×c@ òÔí‹Ûa@ ê‰ç@ æìØm@ ïØÛ
@ïÈmÛa@pbîàØòíŠë‹›Ûa@õbàÜÛ@òßŒýÛa@@‹Ãbäm@ òîÜ a@pbßbƒÜÛ@âb×‹Ûaë@oäRa@ÝjÓ@åß

òÔí‹Ûa@ê‰ç@À@òß‡ƒn¾a@ÙÜmN@ @
3-   @pbÏbša@@âa‡ƒnbi@òÔí‹Ûa@ê‰ç@óÜÇ@paŠbjn‚a@õa‹ugIpbÓìz¾a@ë@pbã‡Ü¾aNH@ @
4- õa‹ug @paŠbjn‚a@òßëbÔßõbä®üa@ë@‡“Ûa ,òÔí‹Ûa@ê‰N@ @
5- òÜíì @˜öb—©a@‡í‡znÛ@ô‹‚c@paŠbjn‚a@õa‹ug@ñŠë‹š@@Ýrß@òãb‹©a@ñõbÐ×@pbjq@ô‡¾a

ÑyÛaë@ÀbÐ§c@•bàØãüaN@ @
�����  

[1] NEVILLE, A.  Properties of Concrete.Third Edition, Pitman Books 
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