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Abstract  
The use of pozzolanic materials as a replacement for cement is nowadays of great significant due to the 
improvements gained in the properties of cement-based materials and the costs it saves. On the other hand, 
sewage sludge is harmful to both the environment and the human health and its safe disposal is highly desirable. 
Based on these considerations, this study investigates the use of sewage sludge ash  as an artificial pozzolan to 
produce self-compacting cement-based materials, an initiative that has come to be evaluated as a revolution in 
the concrete industry. The objective of the study is to accelerate the performance of sewage sludge ash by 
utilizing nano-silica particles. For this purpose, 10 mix designs were employed for self-compacting mortar and 
concrete made up of binary and ternary cementitious blends of sewage sludge ash (0%,5%,10%,15%, and 20%) 
and nano-silica (0% and 1%). The results show that the rheological and mechanical properties of the samples 
declined as a result of adding sewage sludge ash, but their durability characteristics improved with only small 
percentage volumes of sewage sludge ash addition. Moreover, nano-silica addition was observed to improve the 
mechanical properties and durability of self-compacting mortar and concrete. Finally, the reactivity of sewage 
sludge ash increased and its performance was improved in the presence of nano-silica. 
 
Keywords: Self Compacting Concrete, Self Compacting Mortar, Cement Based Materials, Sewage  

Sludge Ash, Nano Silica. 
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 @����� ���A. ��� g�8�	cN�9C ��� 8�Fc��)/�^ {��������� �
�
 .� ��F�� 2/�f ���� � N9C �� 8�F 2/�f &"�
 6# 6>. J�C+

 �
/�
 ������ +/�! �
 6# �7 � �{����vb/~������� +/��! J8 �
23! �+kb~ N��
 �+ � g��4!��! ��
 D�%���8b~~ ��
 D�%����8

 ¡��^ ��!/+/ �+ .�� N����	 g�4!��! N��
 � 23�! }3��F/ &��'
E�.) ��/ �� @��
 ]8/�	+�F '&�T�v.(

Q�X�0�
�,D ) ��@� �+)� 
.
Q�X�H��N��1�"@ f� 

�����! � &�+��� +/��! �!���	 /��
/ �]8/�	+��F 23! �F�� &/�

 ��
 � �� ���:�� 23�! a��?:! � 4�! @��+ ��(�U+ P�� 2�!

 {���������� � ,����� +����! 6# D����=u ���� {\��� .���<�� }3���F/ 
@��+ � �� }��:! ]' �
 (+�.� 2��� �+)� �� ���:�� �� 4�!

�
 ���8 @/�� ��< �@# ,/ {� .�<�� }3�F/ �V�+ �(�U+ P� 2! 

��
 � �� �<��;/ }���:! �
 6# �����U�
 ���V�+ ��(�U+ ��� 2�!
���% �
 ]8/�	+�F 23! }3�F/ &�=)�^ .�<�� }3�F/ �)/�^ &/

�� N��
 ��=)�^ �!��	 §!3�/ @/A�! �8 �/Sv��	Sk������ ���!
 .���
 ���< I���:! ��+��(! +�
��8 � �HF � ��� -��	 m' N�/

] ��/ �� J��) ���8 @/��ST��
 }3��F/ J)/�! �4��/ ,/ �
 .[
X����!,# ������ @������ P��u�8 §!3���/ @�����. &���'TI���U �V

Pu�8v��!�� N���# h���/ ��
 �,��	 23�! &�� �
EFNARC �
X����!,# N����� �+ &����5< ���!��(! &���'n�So� ���
 �,�� &�

������� ������ j��� &�' �!�� N��# h��/�
 &��!ASTM C109 �

3 Mini Slump 
4 Mini V funnel 

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

70 ���� � ���������	
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;)�<X�]8/�	+�F 23! }3�F/ &�=)�^ 
��?���"# ��"� 8� PD - 2+8	
�	��
�PD�|),"#~�B�	 "+
+A�%%N ��)� �"�

N0P0vb/~LSpbkb~b/Spb~~k/T
N0P5vb/~LSoSb/kLnb/Spbb/TS~L/b
N0P10vb/~LSkpbobb/Spbkb~b/k
N0P15vb/~LSbkb/bbSb/Spbb/pn~p/n
N0P20vb/~LSvTbS~b/SpbLT~~S/p
N1P0vb/~LSpbb/kvTb/Spb~b/kT/LS
N1P5vb/~LSoSkLLb/Spbb/TSb/kLv
N1P10vb/~LSkpb/bnob/Spbkbb/ko/Lb
N1P15vb/~LSbkbvkb/Spbb/pnb/kb/Ln
N1P20vb/~LSvTb/bLTb/SpbLT~b/kS/Lp

;)�<^�]8/�	+�F N�
 }3�F/ &�=)�^ 
��?���"# ��"� 8� PD - 2+(/8	
�	��
�PD�|),"#	"+
+�B�~�"�A�%%N ��)�

N0P0vb/~no~ob~b~~SSb~~L/T
N0P5vb/~nnbovbvnbSSbSb~k/T

N0P10vb/~nn~ov~vb~SSbb~~S/v
N0P15vb/~nkboTbvSbSSbnb~p/v
N0P20vb/~nk~oT~v~~SSbL~~~b/b
N1P0vb/~no~ob~vpbSSb~bv/k
N1P5vb/~nnbovbvn~SSbSbbL/n

N1P10vb/~nn~ov~vvbSSbb~bn/n
N1P15vb/~nkboTbvS~SSbnbbT/o
N1P20vb/~nk~oT~TpbSSbL~~bL~

N� �+ 6# 6>.So����� &�� �
 A�� �,�� ������ j��� &�' &���!
 �!�� N��# h��/ �
BS 1881: Part 122 �� �:� 23! &�� �


 � D�9�/]�� ������[.

Q�X�Q��N��1�"@ (�� 
��� 4�! @��+ �����! � N��� /���
/ �]8/�	+���F N���
 �F���� &/���


 �(</ a�?:!�
 � � ��:�� 2�!T~{\�� .�� }���:! �����e
�
 � �� �<�;/ }��:! �
 ,��� +��! 6# I?� �V�+ �(�U+ P� 2!

��/V�� � �� $�!�F � 4�! �@# ,/ {� .�<�� }3�F/ �
 �' 2!
 6>�. /� ��� �<��;/ 6# �	 ���! �U�
 @�4� �C�) �+ �(�U+ P�

<�;/ }��:! �
 &�+�� +/�! �!��	 {\� ���8 P�� 2! �
 � � �
{��������� � ���8 @/�� ��< ���=� �+ .�<�� }3�F/ �V�+ �(�U+
 � �� �<��;/ }���:! ��
 ]�' �
 6# �����U�
 � (+�.� 2��� �+)

�
 ��
 �� 4�! {\�� � ��<�� }3�F/ �V�+ �(�U+ �� 2! �+ 2�!
 .��<�� }3�F/ �V�+ �(�U+ �+ 2! �
 @���� �+ � � $�!�F �(�U+

/ &�=)�^���% �
 ]8/�	 +�F N�
 }3�F �� �)/�^ &/ @/A��! �8 �/
 N�
 �=)�^ �!��	 §!3�/kn�	nT����� m�' N��/ .����
 ���!

 J���) ���8 @/�� ��< I��:! ��+�(! +�
��8 � �HF � ��� -��	
]����/ ����Sn� @������ ���
 }3���F/ J��)/�! ���4��/ ,/ ���
 .[�����

X��!,# � §!3�/ @���. &�' I�U V��7�.L��7�.U&�� �

 ��!�� N���# h��/�
 �,�	 N�
EFNARC X���!,# ���!��(! &��'

 N��� �+ &��5<n�So����� &�� �
 �,�� &��'L~������ &���!
 �!�� N��# h��/ �
BS 1881: part116 ]����+ ��558 ��!��(! �

N��� �+ @�n�So����� &�� �
 �,�� &�'L~×S~����� &��!
 �!�� N��# h��/�
ASTM C496-04 N� �+ 6# 6>. �So�,��

����� &�� �
 ������ �+ &�' ��!�� N���# h���/�
 &���!BS 1881: 

Part 122 �<�% D�9�/ �� �:� N�
 &�� �
]�� ���[.

X�L�B*1 ) W�
�+ 
.
X�H�A,
1 �N��1�"@ (�� ) f� �
��� 

X��!,# j���� E��. �+ �,��	 ]8/�	+�F N�
 � 23! &�'b@��5�
�
 j���� �
 �.�	 �
 .��/ �� �+/+ �! �'�5! ��!# ��+ ��
 ��8 +��

 ���/�� �{����� 2/�f ���� � N9C �� 8�F ���AV��. @/A�! X�/A</
C � X'�8 ]8/�	+�F N�
 � 23! ��/��8 ���! X�/A�</ �.A .�
��
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�
 �! �Z� 2/�f @�� 4� +��4��Y ]� ���4! ����;�! N��/ ��Y ��
 �+ �X'���� N�/ �+ �+����/ +��! {���� 2/�f ���� � N9C �� 8�F
 2/�f ����<� N��/ ���Y .���/ ������� ����� GC��?! �/���/ ���F��

�! N9C �� 8�F ���/ J!�Y �+ ,/ ���� �/�	 6>�. �4�# E�/ :��

/�f 6# �J��:�:�! &���F���� @+���
 /�/+ g7��� ���
 N��9C ���� 8�F 2

@"�,��� N��/ 2/�f ����� GH�� @+��
 ��5�
 �4�# D�+ � l��"�

 �@# 2/�f ��5�
 &�
, � @+�
 �	A�� g7� �
 @���� 2/�f �
 �7 �
 ��� 8�F 2/�f �.���F GH�� �+ ��� 6>. 6# @/A�! X�/A</ �


�! N9C ] !�9�/bN��/ @+�A�</ ����Y N��' �
 .[ �+ N�9C ��� 8�F
 �+ +���.�! +/,# 6# 6>�. ���Y ��
 ������� ����� GC��?! ���F���

}��:! &��>���8 X'�8 �
 �9�! �{��	�! ��! ��' 2/�f ����� .+���
 &�'����� A��� �"�
 ��� 
 ���� GH� @+�
 /�/+ g7� �
 A�� {����

 E��4C�! �+�F GH� �+ +��, ��7�/ ��[ +��F m/��^/ �+ /� 6# &��'
�! �*H� 6>. ��] ���T~�! ��;�! N�/ .[ 6# ,/ &�/�(! �/�	

�! ��Z��/ �8 /� +/,# �
 }��:! ��/�� &/�
 +�� �*	 �+�� ��<�% ��8
 @/�� &/��
 6# �/(! N�/ �7z! +�4��Y ,/ ���! � '+ �/�U ��e�	 ��	

 ��</ ��
 ��9�! {����� 2/�f����� @+�A�</ />C .+�� }��:! @+���
 �.AC X�/A</ � &��>���8 � ��/��}��:! �! ������ &�' .+�� 

E��. �+ �8 ��H���'b��! �'��5! A��� ,��< �+ ��' �+ �+���
 ,/ ��7Y @�!, �N�
 � 23! I�UV}3��F/ ¡�^ ,/ �|�
 �+ ,/ ��'

 ��
 �8 ��/ �� x��F +�/����/ �+�*! +/��! ��
 6# �7� � J��C+
 �&�+��� +/��! ��
 6# �7� � �%/ ��/ �8f J
�U .��/ +��, &�+��

 +��,��� ��<�% �Z� �+ �� 8�F &"�
 ��+ &��) &�=)�^ �+ ��
�
 E�7U J
�U ��/�� � ��/��8 �N9C ���� ���+ ,��< �+ ��q���u ��!#

 }3�F/ ¡�^ �+ 23!N1P20 ]',��
 ���� ��8f -�/��� +�.� �
 

,/ ��7Y @�!, � �+�
 +��, 23! �.AC I�UV+�/����/ �+�*! ,/
.�	 �
 .��/ �+�8 ,��9	 ��8 ��7�. X���!,# j����� �
 �L�'��5!

�! }3��F/ ¡��^ �!��	 j���� �0 +�� ¡��^ A�. ��
 ��'N1P20 �+
��7�. X���!,# j����� �+ .���/ +�/����/ �+�*!U�'��5! A���

�! �+ +��.�! 6# 6>�. `�Y�
 N9C �� 8�F 2/�f ��|) �8 +��
 ����|) �+ � ���� @# ���.AC X�/A��</ � ]8/�	+���F N���
 }����:!

S~ 8�F ��+ +�/�����/ �+��*! ,/ X���!,# N��/ ��9��� �N9C ��
 2/�f ������ ����|) �+ ������F N���/ N����q�' �����/ �+���8 ,����9	

.��/ ��<�� X�/A</ 2� �
 {���� 

X�Q����N ) ��
�� -�)
I� 
X��!,# j���� ��!��(! � ]8/�	+��F 23�! &���5< ��!��(! &�'

J4� �+ ]8/�	+�F N�
 �558 � &��5< &�' k�	o��� �+/+ @�5�
X��!,# N�/ �+ .��/ ) I��:! N��� �+ }3�F/ ¡�^ �' &/�
 �'n

�So�,/�/ ����� �� �!��(! (�,�� ��7e �=�# N�V���! � �� &��%
 ��! �'��5! �E��. j����� �
 �.�	 �
 .��/ �� ��
 +��� &��%���8

 � 23�! ,�< �+ �' �+ &��5< �!��(! X'�8 g.�! N9C �� 8�F
N�
 N���� �!���	 �+ N��
 ,�< �+ �558 �!��(! X'�8 N��q�' �
�! ]�=! ,/ ��4� �h���/ N��' �
 .+�� �X'���� N��/ m/�'/ N���	

 2/�f ��"�,��� @/��	 X�/A�</ ��=. �+ {���� 2/�f���� +�
��8
 _���^ N��/ ,/ ��	 +��
 ������ ���� GC�?! {��	�! �+ N9C �� 8�F

 �F���� �+ /� @# ,/ &����5�
 ��+���(! @/����
 �������� ������ GC���?!
�
 ]8/�	+�F 2/�f ����� @+�A�</ ��
 �j����� ��
 ��.�	 ��
 .��<�% ��8

 �+ ]�' &���5< �!��(! �]8/�	+�F N�
 � 23! {��	�! �
 {����
�! +�7=
 ���=� N��� �+ ]' � ��C�/ N��� �/(! X�/A</ �
 �!/ .
�� 

;)�<_�X��!,# j���� '+�/����/ ��+�(! �
 � ��(! � �,�	 ]8/�	+�F N�
 �23! &� 

��@� ��? 
�N��1�"@ f��N��1�"@ (��

Mini Slump 
(cm)

Mini
V funnel (sec)Slump (cm) V funnel (sec) L box U box (cm) 

N0P0 S/Sbb/vS/nLp/TpLv/~v/LS
N0P5b/Svn/bT/koL/bopk/~S/Lb

N0P10v/Sbn/kS/kno/boov/~o/Lp
N0P15k/Svo/nL/n~L/nonS/~b/Sn
N0P20v/Svk/ov/kpo/ooLT/~b/TT
N1P0T/SbL/ko/n~k/bp~L/~T/Lv
N1P5L/SbT/nS/n~p/kokv/~b/S~

N1P10v/Svp/ob/knL/oobp/~k/Sv
N1P15S/SvL/L~L/koo/poSv/~v/Sp
N1P20b/Svb/LLT/kpv/LLnop/~T/Tb

+�/����/ �+�*!SvcSkncLLkkcnbkcLSo/~cLT~<
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�+ ��C�A� ���� @���q�' �{����� 2/�f ���� ���8 �+ N9C �� 8�F
 ��! �'�5! �!��(! �'��5! N���� �!���	 �+ ���;�! N��/ .+���

�! 2/�f ���� ��|) �+ �!/ .+�� ��
 ��!��(! ��</ 2�� �{�����
 ����� /���, ���/ ��<�� X'�8 N9C �� 8�F ���AV��. �/(! X�/A</
 � ���F N�
 �C�(��/ ��)�� � ���F��A�� +�7=
 �
 ��3Y {���� 2/�f

��/V�� ��< ��"�,�� +�4��Y �
 �' �+ N�<��% �/��U ��
 �+��F �+��C/
�4��Y +�7=
 �
 N9C �� 8�F 2/�f GH� &�� � 2/��) �+��! N��/ +

���! ����/�/�< P���8 A���� �����F {��	���! �+ N���/ ���9��� �+ .�������
�
 N9C �� 8�F 2/�f ��"�,�� @/�	 ���;�! �Z)3! J
�U ��^ &/

�! +�7=
 {����� 2/�f ���� �7�8�	 ]� �� g���! +�4��Y � 
��c
�! �'�5! ���=� � ��C�/ &�=�!��(! X�/A</ �+ N9C �� 8�F .+�� 

LM/n�!]8/�	+�F 23! &��5< �!��(n�So�,�� 

LM/o�]8/�	+�F N�
 &��5< �!��(!n�So�,�� 

LM/l�]8/�	+�F N�
 �558 �!��(!n�So�,�� 

X�X�PD PZ< 
������ 6# 6>�. X���!,# j���� �+ ]8/�	+��F N��
 � 23�! &��'

J4� &�'p�L~��8 ���;�! N��/ �
 �.�	 �
 .��/ �� �+/+ @�5�
 ���F���� �+ 2/����) ����,�	 ����*� ���
 @# @/A���! � 6# 6>��. �����

�
 2/��) ���F�� />C ���/ �� 
/� ������ ���� GC�?! J�!�Y @/��Y
 ���F��� �+ 6# 6>�. ���� X'��8 ��� �X�/A�</ ��=. �+ ���/
 �N�9C ��� 8�F ��8 ��9�# ,/ .���/ ¡��H! ]8/�	+��F N��
 � 23!

��� />C ���/ ����; @"�,�� ��F�� �/�	����� �N��
 � 23! &�'
) ����! N��� �+ /� ]8/�	+�FSo�+ ��5:
 +��7=
 �Y��� �
 (�,��

����� �+ 2/��) ���F�� ���;�! N�/ �9��� ��
 ��' +��7=
 �ey�! ���^
��� ��/V�� N�
 @���� ���8 �/(! ��|) /��, �
�� X�/A�</ ��
) �'

 �|< @+������ D�Y ��
 ��3Y �(N9C �� 8�F ���AV��. @/A�! &�'�
���! `��Y�
 ��C���F X���8/� 2"���?*! ����� �@������	/��' &���'

 ��/V��� �
 /� �7���! �%�7 u g��	�	 N��/ ��
 .������ �/��U�
 ��'
 �+ /� ��/��u +��7=
 �� �/�	 ��'/�:� N�9C �� 8�F 2/�f ��|)

����� &��>�f��� ���F�� .������ +��9�/ ]8/�	+�F N�
 � 23! &�'
 �)�7! � ���;�! N�/ �9��� �+ ��
 ��.�	 ��
 �"��
 �+ ��� ¡��H! `

�7�� � +���7=
 �N��9C ���� 8�F 2/�f �����8�� � ��"�,���� +���4��Y
 ������ 6# 6>�. ��� X'�8 � J:�:	 ���F�� N��
 � 23�! &��'

�! �'�5! ]8 ���AV��. �+ ]8/�	+�F ��	"��
 ��+��(! �+ ��!/ .+���
�! ���r	 ��� N�/ J��7	 6# 6>�. �+ ��5�/A</ &���� ��
 � �0

��! N9C �� 8�F ���=
 ]� �� /��, l+���c����8 ���+�(! �+ @���� 

LM/��]8/�	+�F &�=	3! 6# 6>. ��+ 2/���r	 ��*� 

LM/H`�N�
 6# 6>. ��+ 2/���r	 ��*� ]8/�	+�F &�' 
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 .��/ �+/+ �� ���AV��.
 6# 6>�. ���� �]8/�	+�F N�
 � 23! ������ &�ey�! X'��8 ��'

�! +��F 2�����! &�'+�4��Y h��/ �
 {���� 2/�f���� /��, �
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 �+ J�:�:	 ���F��� +�7=
 g7� ������� ���� 2"�?*! ���F�� �+

@# ���! ���' ������� �+ .+���� 2/�f ������ ���7�8�	 ]��� �� &/�/+ &���'
{������cN��9C ���� 8�Fc���
 �7�� � 6# 6>��. ��+���(! �@������
¡�^ ���� @�
 &�' ����� ]� �� ��/A</ ]' �e/ />C .��/ ���8 2/�f

{���� 2/�fc&,���
 ��e/ J�:�:	 ���F�� +�7=
 �+ �N9C �� 8�F
.��/ ���/+ 

X�^���
i�5� L�B*1 
���F/+�� &+��?�U/ J���*	 �
 �./� �	�*�;�	 @��
 �
 X:
 N�/ �+

�! &�����< ,/ �������� 2"�?*! �C�	 �4��/ �
 �.�	 �
 .+�� &��'
<�5���! 6� ) �
 �� &�=�F�����, N���/+ ��!,��� N�/�
���
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