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Effect of Limestone Powder on Compressive Strength of Concrete 

Containing Silica Fume and Optimization of Mix Design 

Using Response Surface Method  
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Abstract: Silica fume has been largely used in concrete in recent decades due to its effect on improvement of strength and  
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durability of concrete. On the other hand, attention has been recently paid to the use of limestone powder as a substitute for part 
of cement in concrete, basically because of its low price and its positive effect on the durability of concrete. The aim of the current 
study is the investigation of the interactive effect of silica fume and limestone powder on the compressive strength of concrete and 
the optimization of the mix design. To do so, 27 mix designs including 3 water-to-cementitious materials ratios (W/CM=0.25, 0.3 
and 0.4); 3 silica fume-to-cementitious materials ratios (SF/CM=%0, %5 and %10); and 3 limestone powder-to-cement ratios 
(LP/C=%0, %15 and %30) were used and 28-day compressive strength of the cubic concrete specimens were determined. Then, 
the interactive effect of silica fume and limestone powder on compressive strength of concrete was investigated using isoresponse 
curves. Furthermore, the optimization of the mix design for concretes containing silica fume and limestone powder was carried 
out using “cost effective factor” (CEF) which is defined compressive strength divided by cost of concrete. 
 

Keywords: Concrete, Limestone powder, Silica fume, Compressive strength, Response surface method. 
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D111 b�� ��b/�����/YY��/����/��:�±:��� 

D112 Y�� ��/���/�����/Y�Y�/����/��:�±:��Y 

D113 �/�:� ��/���:/�����/Y���/����/:�:�±:��� 

D121 �/Y�� �/���b/����b/Y��:/����/��:�±:��� 

D122 Y/��� �/��Y/�Y�/�����/Y:Y�/���Y/��:�±:��Y 

D123 �/��� �/���/����/�����/Y���/����/��:�±:�b� 

D131 �/Y�� �/b���/����b/Y:��/��bY/��:�±:��� 

D132 �/�Y� �/b��/���/����b/Y�Y�/���Y/��:�±:�bY 

D133 �/��� �/b��/�b:�/����:/Y���/����/��:�±:�Y� 

D211 �/Y�� ���/���:�/b�:Y/�Y�b/��:�±:��� 

D212 Y/�Y� �Y/���/�����/Y���/�Y��/��:�±:�b� 

D213 �/��� ��/�Y�b/�����/Y���/�Y��/��:�±:�Y� 

D221 Y/Y�� Y/:b��/���:b/Y�:�/�Yb�/�Y:�±:��� 

D222 �/�:� Y/:bY/�Y�/���::/Y���/�Y�b/��:�±:�YY 

D223 Y/�Y: Y/:b�/�Y��/�����/YbY:/�Y�:/��:�±:��� 

D231 �/��� �/Y���/���:b/Y��Y/�Y�b/��:�±:�b� 

D232 Y/��Y �/Y�b/���/�����/Y��:/�Y�:/��:�±:��Y 

D233 �/��� �/Y��/����/����:/YY��/�Y��/��:�±:��� 

D311 �/��� ��b/���:�/����/�b��/��:�±:�YY 

D312 �/��� ��/b��/���:�/b���/�b:�/�:�±:��Y 

D313 �/:�� ��/�:�:/�����/b���/�b:�/�:�±:��� 

D321 �/��� �/:��b/���:�/��:�/�b��/��:�±:�Y� 

D322 �/�:� �/:��/Y��/���:�/b�:�/�b:Y/�:�±:��Y 

D323 �/:bb �/:��/����/���:�/b�:�/�b:�/�:�±:�:Y 

D331 �/�b� �/���Y/���:Y/b�YY/�b�Y/��:�±:��� 

D332 �/��b �/���/Y�b/���:�/b�Y�/�b��/��:�±:��� 

D333 �/:Y: �/���/����/���::/b�b�/�b:�/�:�±:�:� 

C=�=��4�SF=�s4�4���54#LP=�\CW ]8� ��TSP=����X# ��889 =	� ��%CA=�!-	� $��FA=�!-	�F�W=�W
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��b ��� ������	
����� ������� �������� �1*�

A4D4dB gD��8# n��DR	 o�Da ���D% M�C	���- M� �< GX<

,# ��� .!D"��d# � !D9 $D�	 �D9� !D< �I@)�(�'
cf$D#���# �

M�7%:�� A�< �I� C� $�4> $�	 A�< gd5# ��# \.

)�(CEF= 
C

cf '

�O4�XB A�	 ,C�S7��D#IW I�% �:��D< n��R	 o�a �$PD/- 

,-��4� �	�# !< �W)
CM
W(�< �<	�D< :Y/���/���/�J�$P/- 

,-��4� �	�# !< s4�4���54#)
CM
SF(�< �<	�< ���L� Y��L

���� J�L� �=��4� !< \CW ]8� ��T $P/- )
C
LP(�<	�< 

�<���L� �Y� �L� ���D� !�R�D� �L� .� K�D_.7#

 !-��- $R�� � 3��N��	 ��# ^"�_# $�4> 	�D> !D< ,D8�< M�C

$�	 ��I:

�+j4B =��4� I,"�S6 �< �Y/�Q�_.# ^|� �
kg

m 2

��� �;	� $�4> �)�.(

:+,"�DS6 �< s4�4���54# �:/:Q�D_.# ^|D� �D< �
kg

m 2

���� $�4> �Y/:.

G> U�`8a �`� �`�� ��`� ���� bO/Z^d`� �

e�_Q	
kg

2mfgg �4�h �� �� �O/g�Z/g.

�+=	� ��% ��T ,"�S6 �< $8��# ��889b��/�$�4> ���b.

Y+,D5CW v-	� $�� mm ��+Y,"�DS6 �D< b:/:$D<�a �

,d4Pa�/�%Z�P�	 $<�a �Y/�%$�4> ��Y/�.

b+,"�DS6 �D< ,D5CW vD-	� F� b�/:,Dd4Pa $D<�a �:/�%�

Z�P�	 $<�a�/�%$�4> ���/�.

�D<	�< =��4D� $D�4> ��D���4> vPD��X# � !9 $�	 �9� !< �I@

 �< ^"�_# v4�< $�4> � �� y�% �;	� � �D�-W $D�4> `�D�	 

A4D8m�C J�D� !�%�? �f- � =��4� $�4> !< $P/- =	��	 	I�<

 ,DDP/- $D�4> J�� !w		 $�4> �� \DCW ]8� ��T M	�<Y/�

E4DT ,D"� �$D�	 \CW ]8� ��T ,�d% $�4> !< n�<�# ,D84<

,# ,B�L � ��� ��D��< 3�DP-	 �D4"�B !D< \CW ]8� ��T !9

�B =W $�4>:�%D9 =��4D� $�4> EC� AD�	 I	 J�D<�� $D�4> �

 ,P/-:/�!�%�? �f- � \CW ]8� ��T M	�< F4- ��.

I	 ���DDD"	 �D< �O4�XB A�	 n��R	 M��;�aACI 211.1)o�Da

 ,DDD"��d# A�DD< n��DDR	 (]�[M�C���8DDDDC I	 3��DDDDN��	 �

ACI 211.4R-93 ]�[�ACI 363R ]�[3��< A48m�C �M�D4?

 =���X# �S�� �9 I	]��[$D%�? ��Di-	 .���D� �)�(=	FD4# 

�DC M	�< A�< gd5# ��# \� $R�� M	�< 3��N��	 ��# ^"�_#

$�	 3�� !w		 n��R	 M��;�a I	 �	�9.

3I	�-	 M	�< n��R	 o�a �C I	 M�7% $#���# M�4?�v-��DD- 

�d< �< ,Pd5#mm ��o�Da �C M�7% $#��DD�# � �� !�R�� 

h���# �< n��R	 �# I	 M�4? M�7% $#����D� A4D4dB !-��- .

M�D7% $#���#:�o�Da �I� 3�S�D�� hD��B n��DR	 M�DC

 $4%�� �< �7% ���H	:Y� 3I	�-	 AB �� M�4? .���D� �):(�

� M�D7% $#���# =	F4#CEF)!D"��d# ODPa !D9)�(�D��dB

,# ���($�	 3�� !w		 �.���D� � !D9 $�	 �9� !< �I@):(

!< n�<�# =��� ��CEF �D< !D9 =��D� \� J�	� ���� CEF1

$D�4> !9 $�	 ,8�< !< n�<�# �$�	 3�� 3�	� =�7-Y/�M	�D< 

�D< !9 ,-��� � $�	 3�� �f8# \CW ]8� ��TCEF2=�D7- 

$�4> !9 $�	 ,8�< !< n�<�# �$�	 3�� 3�	�:/���DT M	�D< 

$�	 3�� !�%�? �f- � \CW ]8� .� !9 ��� !��B A48m�C

 ����):(!<M��:�!D< n�<�# M�C��#	�T �n��R	 o�a �b

$�	 3�� =�4< n��R	 o�a .K��De !D< !D��B �< !��/# A�	

 �����[D<�> kI	�D< \� ��i-	 M	�< ,-�4# n��- � 3�	� M�� 

$�	 3��< ���P> .!< =�4� M	�<��,-�D4# n��- � g��8# ��	� 

,-�4# v|�- �C ���� !%�e	 !<�7# n��R	 o�a .

O>jA��0  ���� 

!< ����- `��	 �< 3��< A48m�C � K�7��#IW I	 3�#W $�� M�D4?

 ��- I	 M�D#W 	F%	SAS $D#���# M	�D< tD��T uDC M�D�48X8# �

$D�4> �4pqDB M�C��9�% � �M�7%CEF1�CEF2vD4�9 M	�D< 

���D�- � �D�48X8# AD�	 !D< !D#	�	 � J�� u� n��R	 M��;�a

!< ��48X8# A�	 I	 3�#W $��,# 3��	 ���.
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��� ������	
����� ������� �������� �1*����

M�3J@>�A���	 � 
���� �	���	 CEF*+�,' 
�"��. 
'�� 

o�Da ����

n��R	 

$DDDD#���#

 M�DDDDD7%

(MPa) 

CEF1CEF2

o�Da ����

n��R	 

$DDDD#���#

 M�DDDDD7%

(MPa) 

CEF1CEF2

D111 ��/�:��:/���:/���/b�:��/Y:�Y/Y

D112 �:/���Yb/����/�
D222 

��/b����/Y:��/Y

D113 �Y/�b::/����/�D223 Y�/b:���/Y��Y/Y

D121 ��/��b��/�b��/�D231 ��/�����/Y���/Y

�Y/���b�/��:�/�D232 �b/��b::/YY:�/Y

b�/�����/����/�D233 Y�/b�bYY/Y�Y�/Y

��/���b:/����/�D311 Y�/Y:��Y/Y��Y/Y
D122 

Y�/�����/��:�/�D312 ��/Y����/Y��Y/Y

D123 �Y/����Y/����/�D313 �Y/�����/b���/Y

D131 ��/��b��/�b��/�D321 ��/YYY�/YY��/Y

D132 ��/�����/���:/��b/Y���/Y���/Y

D133 ��/���Y�/��b�/���/Y��Yb/Y�Y�/Y

D211 :Y/b��Y�/Y�Y�/Y�Y/Y����/Y�bY/Y

D212 �Y/bY���/Y���/Y

D322 

��/Y��:�/Y���/Y

D213 ��/b�:��/b���/YD323 ��/Y:�b:/b���/Y

D221 ��/�����/Y���/YD331 ��/b���/Y���/Y

��/b�:�Y/Y���/YD332 Y�/YY��:/b���/Y
D222 

Y�/b�:��/Y��:/YD333 b�/YY:�/b�:�/b

O>L>
���� �	���	 
'�� #��� $� 
�"��%�	 

�DD�M���5 )�(�DDB )Y(48X8# DD�uDDC M� $DD#���# M	�DD< tDD��T 

$D�	 3�� u� ,-��4� �	�# !< �W $P/- !� M	�< M�7% .�D<

 A�	 � $>����5�$�	 $�	��< [<�> ��I ����- :

�+�C � 1��DT $PD/- E�	F%	 �< �,-��4� �	�# !< �W $P/- 

=��4� !< \CW ]8�)(
C
LP��D9 M�7% $#���# ,D# EC �D<�� .

�C � A48m�C1!D< !D��B �D< �,-��4D� �	�D# !D< �W $PD/- 

8X8# =�� ��5��F-�4E�	FD%	 �D< tD��T uC M�
CM
SF ,D# �=	�DB

 M�7% $#���# EC�9 � \CW ]8� ��T �p	 !9 $%�? !i4�-

 E�	F%	 �< A�< ,-��4� �	�# !< s4�4���54#,# ��74< ���.


+$P/- !� �C � ��F- !D< !D��B �D< ,-��4� �	�# !< �WD�5 �

8X8# =���4E�	F%	 �< t��T uC M�
C
LP ,# �$D%�? !i4�- =	�B

 ��DT I	 3��N�D�	 K�DL � M�D7% $#���# EC�9 =	F4# !9

$P/- � \CW ]8� @�< M�C �=��4D� !D< \DCW ]8D� ��T �B 
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��� ��� ������	
����� ������� �������� �1*�

SF/CM (%) 

LP
/C

(%
)

SF/CM (%) 

LP
/C

(%
)

SF/CM (%) 

B�Ck>
'�� #��� $� 
�"��%�	 
���� �	���	 @l 0�4�� �'�	 !� P� �N10 �� �� R&�� @m/n

B�Co>
���� �	���	 
'�� #��� $� 
�"��%�	 @l 0�4�� �'�	 !� P� �N10 �� �� R&�� k/n

B�Cm>
���� �	���	 
'�� #��� $� 
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(%
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��� ������	
����� ������� �������� �1*����

SF/CM (%) SF/CM (%) 

)�"	( )�(
B�CY>!� *���	 #��� $� 
�"��%�	 CEF  0�4�� �'�	 !� P� �N10 �� �� 
'�� @m/nS

)TU' (�`�� ��� ���� �4�h :mn%S5�4�� �4�h)P(��� ��� ���� �4�h@n%5�4�� �4�h 

B�Cr>!� *���	 #��� $� 
�"��%�	 CEF�'�	 !� P� �N10 �� �� 
'��  0�4�� k/nS

)TU'(��� ��� ���� �4�h :mn%S5�4�� �4�h)P(��� ��� ���� �4�h@n%5�4�� �4�h 

$�	 ��74<.

1+A�< � $PD/- � \CW ]8� ��T M��; M�C !D< �W M�DC

 ,-��4DD� �	�DD#)(
CM
W�DD<	�< 1/0��/0$PDD/- E�	FDD%	 �DD< �

,-��4� �	�# !< s4�4���54#)(
CM
SF E�	FD%	 M�7% $#���# �

,# � ,"� J�<��)(
CM
W�<	�< 
)/0E�	F%	 �< �

CM
SF ���; �B �

�B
�L� ,D# $<�p V�P���B M�7% $#���# �E�	FD%	 �D< � �D-�#

 ��74< ,-��4� �	�# !< s4�4���54# E�	FD%	 M�D7% $D#���# �

,# �<��.

�+<��F- !< !��B ��5�DC��-�9 n�D|R =�� �)8X8# D�4 uDC M�

t��T (�DC � ,�%	 $�� ���,-��4D� �	�D# !D< �W $PD/- 

,# M�D7% $#���# �< s4�4���54# �4pqB !9 $%�? !i4�- =	�B 
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��� ��� ������	
����� ������� �������� �1*�

SF/CM (%) 

B�Cl> �%�	 !� *���	 #��� $� 
��CEF  0�4�� �'�	 !� P� �N10 �� �� 
'�� o/nS

)U'T(��� ��� ���� �4�h :mn%S5�4�� �4�h)P(��� ��� ���� �4�h@n%5�4�� �4�h 

E�	F%	 �<,-��4� �	�# !< s4�4���54#,# ��74< ���.

O>Z>�%�	 "�
'�� #��� $� 
�CEF 

����5� )b(�B)�(8X8# ��4M	�< t��T uC M�CEF 3�� u� 

$�	 .A�	 � $>� �<���5�,# [L�; ��I ����- ���:

�+�"�; !< n�<�# M�C��-�9 ,�9 [5� ]8D� ��T $�4> !9 ,

\CW)0%$D�	 3�� !�DD%�? �fDD- � =��4� $�D4>)$D"�;

	�"(��D<	�< \DCW ]8D� ��DT $�4> !9 ,�"�;
0%$D�4>

 $�	 3�� !�%�? �f- � =��4�)$"�;�(!D< �W M���P/- �

 �DD<	�< ,-��4DD� �	�DD#1/0��/0�S��5� !<�DD7# �DD-	 J!DD6 �DD?	

 �D<	�< ,-��4D� �	�# !< �W $P/- !< n�<�# M�C	���-
)/0�

$"�;)�"	 (�)�(�D�-W !D< !D#	�	 � !D9 �D-	� K��NB uC �<

,# 3��	 ���.


+M�C	���- � !< n�<�# �D<	�< ,-��4D� �	�D# !D< �W $P/-


)/0$"�; �)�"	(�	���- � �M�C !D< n�D<�# �W $PD/-

 < ,-��4� �	�# !<�<	�1/0��� �DC $D"�;)�D"	 (�)�(!D< �

	��# �C M	I	CEF ,#	�D4T ��-�9 	���- M� !|�- �� =	�B

 !< n�<�# 	��# \� J��9
CM
SF !D< n�D<�# �S�� 	��# � A4w�T

CM
SF $�	 �B@�< )����DX# � �D?	 FD4- �DC	���- v4�< � !�P"	

4���dM���D< �DC	�R ���L ,P�|# A486 ���� ��i-	 !d"�|# (J

���� A�	 �< A�< $R�� ��S8C � ��DT � s4�4���54# M��;

 �\CW ]8� $PD/- M		� !D9 ,Da��R	 o�a I	 3��N��	
CM
SF 

$�	 �B@�< !< ���D74< M�D7% $D#���# ��_; [4"� $D4X�	 �

�	�.

1+��4� �	�# !< �W $P/- M	�< �<	�< ,-�/0��� �DC $D"�;

)�"	 (�)�(E�	F%	 �< �
CM
SF 	��# �CEF,# E�	F%	 �<��.

�+,-��4� �	�# !< �W $P/- !� �C M	�< A�	 � 3��N��	 ��# 

� O4�XB $"�; �� �C �)�"	 (�)�(E�	FD%	 �<
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3- isoresponse curve 2-optimization 1- limestone powder 
6- Aitcin 5- Rougeron 4- response surface method 
9- fist order orthogonal designs 8- Mindess 7- Nehdi 
12- cost effective factor 11- central composite designs  10- factorial designs 
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