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Abstract 

 

This research is an empirical method for estimating the possibility of using cement dust as 

an additive for sandy soil during  the field  compaction process. The soil samples were brought from 

Al-Najaf city and treated with cement dust .Twenty test models were prepared and compacted in the 

standard and modified mould of Proctor test. These models were divided into two broad series, 

firstly consisted of ten soil samples, five from these samples were carried out at constant 

compactive energy (E=355.5 kJ/m
3
) for cement dust (4 , 8, 12 and 16%) in addition to one case with 

no cement dust. This energy is less than standard Proctor test energy. Another retained models were 

tested with compactive energy equal to the energy of standard Proctor test (E=592.5 kJ/m
3
) for the 

same percentage cement dust. The second series of models were involved ten models, five samples 

compacted at energy corresponding to Modified Proctor Test (E=1197.03 kJ/m
3
) and other retained 

models at compactive energy  higher than compactive energy of the modified Proctor test 

(E=2681.4 kJ/m
3
).   

 

The results of laboratory tests which carried out on selected soil showed with increasing 

compactive energy, the optimum cement dust decreased (this percent was corresponding to the peak 

dry density in the laboratory) . In other words, the optimum cement dust percents were equal to 

(4%), (6.6%), (8%) and (12%) for compactive energy (E=355.5, 592.5, 1197.03 and 2681.4 kJ/m
3
) 

respectively, and the addition of these percents of cement dust leaded to increase in the maximum 

dry density  (4%, 5.3%, 17.1% and 20.5%) for compactive energy (E=355.5, 592.5, 1197.03 and 

2681.4 kJ/m
3
) respectively.  
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					���� ���	�� !��	� ��"	# "	$%&� '��	(Field Compaction)						� 
�����	�� �()	�* +	, �	-� �.  	���	� 
�  	� �������		

(Field dry density)   	���/��0�  	���()     	�12�  	��!��							3Degree of compaction	4-��.	�/���   		5�6 

 	%�78  . 	%  �9:  	#  "  	�  �0�%/��	��  �"�� 	3Earth work	4		#  "	5�  �/"�	�  12���	;  .� 	��  !��	�  �!��	<%  9/=���	

(Compaction curve)	�/!���	,�0	>0%(	<?���@����	A	3Water content	4	�
����	�
�����	�3Dry density	4		<? ���

	�@�  ���	A�  /!���	��  �(B	2�  C���	%  9/�(			D  ����	3Optimum   water   content	4�  
������				�  
����						#  �E���			

3Maximum dry density4																 .(ASTM D 698 and ASTM D 1557)				

	#�)	��F���	D1�	,��				# �)	� 0%/��	G� /!.	� 0�&���	��!��	�12�				"	� ��������	� ��H	>� '.	� ��						; .�	5I�� !��	�* +	, �

	;�'0	�J9H	D:	5�J9H	D�K	#"	�0%/��	��!0	L�J.	5I��!��	,�0	M��%/((20 cm)		#�)(30 cm)	�����	$%/N��			,�					,�O ��			

#/P				��F���		#�)				� 12�				�� !��		� 0�&���	3(Multiquip Inc. (2004)Q	�				D 1�	, �						D �J.	��� /��0	�	,�O ��	; �6	D �J.

��"	5�%�	�N���	RH��	S�T�	M�%/��	U.	�J9&��	VN�	#"	����!��	2�%�		���%��	�0%/��	#�)	W/
�X)	U/(			Y�� �I�	2�9Z	$���	�[	�	

-�%  
��	,  �	%(�  &/���			3Cement dust4		#  "	%7\  (	<?  ��	�	  C��	$2��  ����	����  '��	]�  �P��	U  E��	Y��  �I�	^��	��  �.	;  .	

2�9_��	,�	�2%T.	%�:`	aH�����	S�T�:	2�9_��	�?[	����/��	-�	�	^N�	#�)	2%T��	��!��	3	>����	b%c��	���3���d44Q		

	M��%/.	��=X	5����0	-�%
��	,�	e%J��0	�X%"	f.��:	g��/(	�		Y���I�	�"��C�	5�N=���	,�	%9/�(	Y���I�	2�9Z

,�0	(150-300 tons)	h����(	 	�i�9��	 #"	 $2�X	 %H�=�	 D�c(	 �	 -�%
��	 ,+���	 ,�	 2�9_��	 �?[	 �%&(	 ��	 �		D���0	 ��&�!���

	$%�9:	5����0	W���.	��"	Y���I�3Y���I�	^��C�	,�	f.����	�@�����	j�/��	4(Morghom et. al. (2000)) 		-`	��:	�

a��.	 $%�9:	 W���:`	�i�9�	 $�@�
	 W��	 k=/��	 %9/��
	 ;�?�	 ^�C���	 D�"	G�/�B�	 ���"	 a��(	 W��:	 �(��C/��	 $�@�
	 ;�?:	 �3	Y����	 D����

U(�J��	 �	 �(����	 �
����4	 Q>J
	 ��!��	 ^���	 #�)	 ^�C���	 ,�	 WJ�	 �N:	 ,�T/.	 ��
	 Y���I�	 2�9Z	 �N:QW�	 �@�������	 l�:%/��	 	 	 ��`																

(Chemical composition)	U�2	������	�
	W/EP*�	,��(3�3	4��	O:%���	��@�c�B�	5�%9/=��	���JNCCL	Q4	mX�(

�(�J��	 ,�	 ����"	 �9'�	 ;�(	 2�9_��	 -`	 ������	(Alkalis)	<�J��	 ,�&��	 n�0	 ^�	(Clayey alkalis)	l'���	 ;.	 -`	 �	 �

�����	�9'�0	�	����9&��	�0%/��	#�)	2�9_��	�
�X)	��"	$%�9:	$2�C0	DJ/�	Y���I�	2�9_0	$��1����	�������Q		

B�	�J(%H	��`	������.	U/(	�/��	����9&��	�0%/��	#�)	�
�1	$2�C0	W/
�X)	a(%H	,"	h������	Y���I�	2�9_�	�P%/J���	�
�X

�������	��!��	���"	`�9.	�	5�J9H	D�K	#"	��K%
	U/(	;�6	��0	�g��:`	D�K	#"Q		

��	 o��=��	 n�0	 ,�'!/�	 L�=/�8
	 2�9_��	 ,�	 $��N/�I�	 D1�	 ,�	 Y(%1`	 �J0��	 j�!0	 $�"	 p��[	D��	 �0%/�	 ������

q�N/�I�	 k@�C+		 r�_T�I�	 �		 ����&��	 �0%/�(Expansive soil)		 sP�9��	 L��	 ��:	 W/"��1	 �	 ����3���t	 4-��90		$]�N:

�N��T��	 ����&��	 �0%/��	 D�!.	 ��0��	 $��(u	 �
	 �����0	 �`	 Y���I�	 2�9Z	 �`	 $2����0	 ��/�9�.	 ��0	 ����:%��	 $��"��	 Q	Y��0	 ��	 f@�/���

5�%K\�	2��J�	D�J/�	%'����	%�!��	$��"`	^�	Y���I�	2�9Z	�`	$2����	,�	��!���	5�
�T���	L��=/�I	���c�		;/�	r�_T�I�

e%/�����

��`	2�9_��	D��/'(	��	�0%/��	����J�	$��(O�	 (Soil strength)	D0�K	s!0	�
	��:3���v	4	b%P	2�9Z	L�=/��	<?��

	Y�9�.	�
	Y���I�5�P�'� ����K ,� �=9'�� ���(%_��	���%��(Silty sand) 	5�6 -��� ����� 	,:����	��=9'�� w�� ,� 
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w���` �0%/�� ��	�	��H�_T�I�	$��(u	�M*���	�9'�	w�N.2�	D��	��@�c�B�	D:�c���	,�	%�����	��0	�/�� ����J� kJ�� �
�XB�0 #�) 

n�0 D:�c��� �9P�C�����?�		 �1�*+	 ,�	 �0%/��	 ;.	 Y�9�.	 ���[��	 ,�	�	 �����=/��	 #�'/(	 #/P	 ��������	 ��F��+	 U��	 ^
2	 �

	 ����P	 2�J.	 <��.�9��	 Y���I�	 ^��C�	 5�N=�	 ,�	 �@�[	 5���:	 p��[	 -`	 ���	 D0�J���0	 �	 ���"	 ]�c�B�(1 200 000)		,H

h�(���	�/��	#����	2�9_��	�9'�	2��/+�	U.	�	�=9'��	�0%.		^�	Y���I�	b%P	2�9Z	,�	$���/�	l'�	>+	U.	�	,'!.	�	�NF�����	aJ!.

�0%/��	o��+Q		

<2�91I�3���d	4	Y���I�	2�9Z	�	<��.�9��	Y���I�	L��=/��0	-��"	����	�
	]�%!C��	D�2	Y�9�/�	���"	���2�	L��

	 l'�0	 ����=/��	 ,�
�T���	 *:	 �(2%, 4%, 8%, 10% and 12%)	S����	 -u���	 ,�	 Q	-`	 Y!X�`	 5�F�!N��	 f@�/�

2�9Z	�	Y���I�	L��=/��	kJ��	5*����	$��(u	#�)	<�\.	y(C)	��(φ)�]�%!C��	D�%�	��H�_T�I�	-�CJ�	�Q				

2�9_��	 ��+�)	 U.	 ;�?:	 �	$��	 �	 -��	 W@�&"B	 G�1O��	 �"��F	 D��	 5�"��C��	 n�0	 �
	 Q��1�������	 �P�'���	 �i�[		�
	

�(��'��	��0%���	������	3���d	4	Y!��0	��!(	�(�1	S�c/:�z2�T��	2�9_��{�/(	<?��	�	$��N�	$���	#�)	Y���I�	^��C�	�
	^�

G�1O��	 ����	 ^�C(��:��	 �*+	 ,�	 ;�6	 U.	 �	 ��	 G�/�)	 r�&+	 #"	 ��9�:%.	 U/(^��C�	Y���I�	-�
	 ���/��0	 �	��2�9_	�
	 ^��/���	

Y���I�	^��C��	��9�����	5�%����	U/(	W(�!.		L�+	%�Z	$���	#�)	�����	�1�1u	m9C/�	�[%(��.	U7	,��	��(��J.	%�Z	;���%���		�

	 Y!X��	 ;�?:��	 ���T/����	 Y���*�	 �������	 L�=��	 ������	 b%P	 f.��	 -`	 �i��z	L�+�	 ���'��	 D�2�	 �N&���	 <%����	 %�!��

�(�!��{	D+�.	L�+	$���	�����C�	,"	f.����	2�9_��	,�	D��(	<?��	%���	�G�1O��	,(��/�	��u*��	�������	%F�����	#"	<�/!.	�

��	 G�1O��	 �"��F	 �
	 �����%�'��	 G�1O���	 -���i����	 �
�X)�		u�/�(	 Y���I�	 2�9Z	 ,�	 f.����	 G�1O��	 -`	 5%�|`	 5���2���	 -)

	�
�X)	��!C��	S%C��	l�0��`�	5��X2���	>@��!��	r*0	D��	�N/=���	5����=/�*�	W[\(	��	�����"	��@����:	����J��	�0*C0

5��9���	G�1u�	5}c�����	���9���	�
	W���=/��	#�)	��@�����	�		2�9_��	L��=/��	,��(b�0�&��	w���`	n�0	�"��F	�
		�!�	,��	�

�����	������	�
	I	�	<%E���	������	�
	I	��!��	���"	�*+	�
�T�	$���:	L�=/'(	U�	-��Q����������������
��

����	
��������
�����	��������	
����� 	
! (NCCLR, 2005)����������������

Composition SiO2 AL2O3 Fe2O3 CaO MgO SO3 K2O Na2O 
Chlorides 

CL 
L.O.I 

percent 15.46 "�#� "�$% &"�& '�#( )�"& '�&& ��&' $�#' '(�() 

��

�'*�+,�	
�-��.�/	
���
��

�,��=/		 Y���I�	 2�9Z	 ����/��	 ������)3Cement dust	 4	�
����	 �
�����	 $��(u	 D1�	 ,�	 ���%��	 �0%/��	 #�)	 S�T�:

/��0	�	��J!��	��!��	���H	,�	D�J/��	���(Compactive energy)		���/��0�	D�`	Y��0�	�0�&���	��!��	�12�	#�)	��F��

w�%c��	�(��C/�I�	�N���	D�J.Q		�0%/�	�
�T���	#����	2�9_��	�9'�	���()	;�?:(Optimum cement dust)Q				

"*�0�� 1�	
�2�3	
���
��

<%9/=���	D����	,�T.	��@O1,�T.	����	����
	D��/��	5*(���	$%c"	,		%/:�%0	k!N0	�F�=��	��%&���	�	l��J��

	 ����J��(Standard Proctor Test)		 D�c��0	 mX��	 ��:�(1a)	 D�c��	 ��`	 �(1b)		5�F�!N��	 ,�	 ������	 ]O���	 mX�(
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l��J��	����/��	U.	,���	A%+`	5*(���	$%c"	Y��T.	�/��		�(%9/=���	���	%/:�%0	k!N0	�F�=��	��%&���2�&�(Modified 

Proctor Test)	Q		

		

		

		

		

		

		

		

		

		

		

		

		

0	 �����=/��	 ��%���	 �0%/��s!9��	Y91		 ,��N/=�	 aH���	,�		e��1	 ^J.	 �J&��	 ,�	 #����	 ������	 Y��:�	 �����	 ��(��

��(����	 ���K	 ^J.	 �J&��	 ,�	 A%+��	 ������	 �	 ��(����	��(����	 e%Z	 ,�	 Y91	 �J
	 $%�+��	 ������	 ��`		 D�K	 #"	 5?+`	 �	5���"

�K�c�	(Undisturbed samples)	�N/=�	b��"`	,�	�Q		;�?�	e2�J/�	��12�.	-80	�1�	e%/�	�=����	D�!/��	f@�/�	,��

��(����	 e��1	 ,�	 $6�+8���	 �0%/��	 ����/��	 U.		 �����	 �E
�!�	 �
	 h�2�c/��	 %�:`	 -��.	 �0%/��	 ;.	 -�	��12�.	 -�:	 �										

33.95%		 �	 #CP89.55%		 ��`	 D�2	 W/9'�
	 ,(%_��6.5%	4		D�2	 ���`	 #"	 �0%/��	 YN�F	 �P����	 ���C/��	 L�E�	 l'P�

G2�/��	]<�2(SP-SM) Q			��`�"����	-u���	(Specific gravity)		#�)	�(��'�
�Qv~	Q	��0	�0%/��	G2�.	��`	�
�X)		2�9Z

��"��	$���	W��:	,(%_��	,�	�9'�:	-��(�	S�T���	2�9_��	���:	#"	��/��
	Y���I�Q		

		

	,�	�N/=�	aH���	j*7	,�	Y91	�/��	�	2�9_��0	��������	%�Z	����9&��	�0%/��	5���"	#"	��@����:	5�F�!
	]�%1)	U.

	l'�0	 2�9_��0	 ��������	 �0%/�	 5�F�!N��	 ;.	 ]�%1)	 #�)	 �
�X)	 �h��1	 �02�J/�	 5�F�!N��	 ;.	 f@�/�	 -�0	 �1�	 ��	 �	 	 �����	 ��(��	

(4%)		�(8%)		�(12%)		� (16%)�	�.��:	Y��:	s!9��0	$��/����	�	��(����	e��1	,�	$6�+8���	�����	f@�/���	-`��		

		 5�/(%9���	 A�/!�	 �9'�(Sulphate Content, So3)		 #�)	 �(��'�(0.18%)		k!N��	 ;�6	 ]�%1)	 U.	 ��	 �

	 �NF�����	 l1��0(BS1377 Test No.9)		 <��'�	 ����9&��	 �0%/��	 �
	 5�/(%9���	 �9'�	 -�:	 r%/c.	 �/��	 �	 #�)(10%)	

	 2�'���	 �	 b%&�	 ������	 �NF�����	 �
	 �2�	 ��	 l'P	 �	 #"`	 �!:(SORB/R5)		 ��0�%/��	 ���"��0	 �F�=��3	���J��	 O:%���

	 ��@�c�B�	 5�%9/=��	����@�c�I�	 ������	 5�NF�������	 Q	 4U�2	 ���1	 #�)	 $�����0	 �3�	4	����	 -`	 �P*�(So3)		Y���I�	 2�9_�

(6.34%)	_��	 �?[	 >+	 ��"	 �	 l'�0	 �0%/��	 ^�	 2�9(4%)		 �(8%)		 �(12%)		 �(16%)		A�/!�	 k!
	 f@�/�	 -�


	#�)	DJ��	5�/(%9���(0.37%)		�(0.66%)		�(0.89%)		�(1.12%)	����/��	#"Q		

(b)	Q2�&���	%/:�%0	k!
		

D�c��3�	�4k!
	D�0	o�=��	l��J��	�	��%&���	mX�( 

(a)	Q����J��	%/:�%0	k!
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	 #�)	 �(��'�	 Y��:	 2�9_��0	 ��������	 %�Z	 �0%/��	 �
	 V9���	 A�/!�	 �9'�	 ��`(1.1%)		#�)	 ���O/�	 �9'���	 ;.	 �

(1.33%)		 �(1.87%)		 �(2.12%)		 �(2.38%)	 		 l'�0	 �0%/��	 ^�	 Y���I�	 2�9Z	 >+	 ��"(4%)		 �(8%)		�

(12%)		 �(16%)		 2�'���	 �	 b%&�	 ������	 �NF�����	 l'P	 �	 ����/��	 #"(SORB/R6)		��0	 M��'���	 V9���	 �9'�	 -�


	,"	�(O.	I	-`	l�(	�0%/��	D+��0(5%)Q		

�	 Y��:	 ��������	 %�Z	 �0%/��	 �
	 �9@�?��	 M*���	 �9'�	 #�)	 �(��'(1.8%)		2�'���	 �	 b%&�	 ������	 �NF�����	 l'P	 �

(SORB/R6)		u���/.	I	-`	l�(	�0%/��	D+��0	-�0�?�	��0�J��	M*���	�9'�	-�
(10%)		�9'�0	2�9_��	�
�X)	��"	�(4%)		�

(8%)		�(12%)		�(16%)		m9C.	M*���	�9'�	-�
(2.05%)		�(2.31%)		�(3.11%)		�(4.25%)	��/��	#"��Q		

	,�	M��%/.	2�9_��	,�	���	�9'�		>+	l'0	��NH	-��(	����9&��	�0%/��	#"	2�9_�	�@�������	%�78/��	-`	f/�/'�	L�J.	���

(4%)		#�)(16%)	M��'���	,�X	-��.	2�9_��0	��������	�0%/��	�
	�9@�?��	M*���	�	V9���	�	5�/(%9���	�9'�	-`	%+`	#���0	�

����%���	�NF�����	l'P	W0		Q		

U�2	D=��	%9"	�[%(%�.	�	��N�N�.	�	-%N��	�
	���X�0	;�6	�	G6�����	���")	U.	x	4.75)	U�	4�		�
����	�0%/��	5���:

2�9Z	,�	W��u�	l'�	^�	��&+	U/(	Y����		�[2��J�	�P%/J�(4 , 8, 12 and 16% )		3	��������	�0%/��Treated Soil	4	

�
�X)			������	%�_��	�0%/��	G6���	#�)3(Untreated Soil			2�9_��	^�	�0%/��	m9C.	-`	#�)	$��1	$2�C0	-��.	>=��	���"

]����	,�	�����	�9'�	����)	S�T(	�	�'���/�Q		

��!��	 l��J0	 ;�6	 ��0	 �0%/��	 ��!.	����J��	j*7	 D�K	 #"	5�J9H		�(%9/=���	 #�E���	 �
����	 �
�����	 G%=/'.	 �

(Maximum dry density)	��	�@����	A�/!���	�	D��(Optimum water content)	<%9/=���	��!��	��!��	,�	

��'�+	5*(���	$%c�	��P	���H	��"	����	����J��	%/:�%0	k!
	���H	,�	D��(Reduced standard Proctor test) 							

(E=355.5 kJ/m
3
)		2�9Z	l'��	�(0, 4 , 8 ,12 and 16%)		��	5*(�����	��`�'�=	��P	���H	���
	A%+��	�%0	%/:

����J��	(E=592.5 kJ/m
3
)( Standard Proctor test)	Y���I�	2�9Z	l'�	VN��	�	(Lambe, 1951)Q��

+	 D�K	 #"	 �	 %/:�%9�	 2�&���	 ��!��	 l���	 D+��0	 ,��	 �	 ��!/�	 A%+`	 G6���	 $%c"V�		G�%=/��	 D1�	 ,�	 5�J9H

�)	$%|���	��P	���H	��"	Y��P	G6�����	;.	,�	�'�+	�G6���	D��	��!��	��!��			2�&���	%/:�%0	k!
	#								(Modified 

Proctor test)	(E=1197.03 kJ/m
3
)		 2�&���	 %/:�%0	 k!
	 ,�	 #"`	 ���H	 ^�	 Y��P	 A%+��	 �'�=��	 �(High 

Modified Proctor test) 	(E=2681.4 kJ/m
3
)Q		

T��	 ��"	 -�CJ�	 �`	 $��(u	 �*+	 ,�	 ��!��	 ���&0	 U�!/��	 U.5�J9&��	 ,�	 �J9H	 D��	 5�0%	!���	-`	 �	 l��J��	 D+��0	 ����

#�)	 $%|�����	 ���&�� 3�~	�0%X	 4	 #�)	 �(��'�(355.5 kJ/m
3
)		 ���&��	 ��`(592.5 kJ/m

3
) 		 #�)	 $%|���	 -��/
3�~	

�0%X	 4�J9H	 D��		��"	 -�
	 2�&���	 %/:�%0	 k!
	 ���!�	 ����0	 �����J��	 %/:�%0	 k!
	 l���	 �	 ��%&�	 ����/��	 ���P	 �


5�0%X(25) 	)	 $%|���	 -��.	 �0%X	 ��!��	 ���H	 #�(E=1197.03 kJ/m
3
)		 ���&��	 ;.	 m9C.	 ,��	 �(E=2681.4 

kJ/m
3
)�	5�0%T��	��"	-��.	����"3~v	�0%X	4�J9H	D��	3	5�0%T��	��"~v		-�:	���P	�
	5�0%T��	��"	#�)	%|���	-��(

						V�9�	�0%/��(Sub base)3		���@�c�B�	������	5�NF�������4	Q��
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1�	 <%9/=���	 D����	 �*+	 ,����H	 %��_.	 	 -�0	 �		 ��!���(355.5 kJ/m
3
)� ���(392.5 kJ/m

3
)��������������

(1197.03 kJ/m
3
)���(2681.4kJ/m

3
)��(	I	2�9_��0	������	�0%/��	;.	Y��:	]���	�0%/�	�@�������	k@�C=��	#"	%7\

������	 %�Z	 �`	 	�	 ^�	 W&+	 ��"	 $%�9:	 $2�C0	 DJ/�	 Y���I�	 2�9Z	 ��@����:	 -`	 �%+`	 #���0	�
�X)	 ���2�	 ,�	 �	 ����9&��	 �0%/�

	�P%/J�	2�9Z	�9'�	#"`(16%)	��!��	�12�	#"	%7\.	I	���/��0	�	#�E���	�
����	�
�����	#"	%7\.	I	2�9_��	��@����:	-`	�1�Q			

&*�4�� �	
��56�����7�8���
��

 : (4-1)�6�9���8���,	
���,���:;8�!����
����<��=�>?����@AB�(355.5 kJ/m
3
)��

D�c��	32	4�
����	�
�����	,�0	��*���	mX�(	(γd)	�@����	A�/!����(ω%)		��P	���H	��"	s!9��	�
	���=/'���	�0%/�

0	 k!
	 �
	 ���=/'���	 ��!��	 ���H	 ,�	 D�`�%:%/	����J��3E=355.5 kJ/m
34	 3Reduced Standard Proctor 

Test	 	 4	 y2��J�	 �@��	 A�/!�	 ��"	 W��	 �P*�	 ��!����	 D�K	 ,��38%	 4	 �1�	�
�����	 #�)	 h�9(%J.	 �(��'�	 Y��:	 �
����	 �
�����	 -�

�@��	 A�/!�	 �
	 �
����34%4�		�J9H	 -`	 -�:	 l9'0	 ���%��	 �0%/��	 �
	 DC!.	 ���!��	 y?[�	 �
�����	 �
	 $��(u	 DC!.	 ;�6	 ��0�

	 ,�	 D�J/��	 #�)	 <�\(	 ���	 ����	 ]O�:	 5�9�9!��0	 �N/!.	 �J9&��	 y?[�	 �0%/��	 5�9�9!0	 >�!.	 ]����	 ,�	 $%�_F�
����� (Nashat, 

1990)		 #�)	 �(��'�	 �
�1	 �
��:	 #C�`	 -`	 �1�	 ��!����	 �?[	 ,��31.78 g/cm
3	 4���	 -`	 A�/!���	 �@����D��	���	 %|�����	

	y2��J�312%Q4		

	 D�c��3�	 40	 W�"	 ��C!��	 U.	 <?��	 ��!��	 ��!��	 mX�(�
�X�	34%4		D�c��	 �?[	 ,��	 �0%/��	 #�)	 Y���I�	 2�9Z	 ,�

	�1�0	-8��	�
�����	�
����	#�E�31.779 g/cm
3	4	�@����	A�/!����D����		�[312%	4-`	�P*��	;.		#�E���	�
����	�
�����

	-��.�(��'�	h�9(%J.	��"	#�E���	�
����	�
�����	#�)		L�"	�
�X)		2�9ZI�	-`	���(	���	Y���	�
�X)Y���I�	2�9Z	$%�_F	����0		U�

���"	#"	%7\(	�0%/��	�iH��	��P	���H	��"Q		

�	 D�c��	 ,�	 �P*3x	 4	 y2��J�	 �@��	 A�/!�	 ��"	 �
����	 �
�����	 ����	 -`34%	 4	 �[	31.76 g/cm
34	��"�	$��(u	

��	 A�/!���	 �@��#�)	38%	 4#�)	 YTN=��	31.758 g/cm
3	 4	 #�)	 �
����	 �
�����	 Y�N.2�	 ;�6	 ��0�31.79 g/cm

3	 4	���J���

$%�+��		#�E���	�
����	�
�����	�[	���!�	�
�X)	2�9Z	����Y	�9'�0	38%Q4		

	D�c��3~	4��	mX�(%�_/	�
����	�
�����	,�0(γd)	�@����	A�/!����(ω%)		��"	�
�X)		2�9ZI`Y���	�9'�0	312%4	�

�@��	 A�/!�	 �9'�	 ��"	 �
����	 �
�����	 ����	 -`	 �P*�	 D�c��	 �?[	 ,��(4%)		 ��"	 $��P	 $2�C0	 �	 YTN=��	�
�X)		]����

�9'�038%4		�
	��N=�I�	l9�	-`	�P*��	,�	f.��	�
�����	���O.	U7	,��	��!����	�(��0	�
	�
����	�
�����-`		>�!.	]����	,�	�J9H

	%P	 �O0	 5�6	 �0%/��	 -�:	 ���P	 �
�	 >J
	 ���%��	 �0%/��	 �
	 ���!��	 y?[	 DC!.�	 ����	 ]O1	 5�9�9!��	 ;.	 -��.�	 �0%/��	 5�9�9!0

3Freely draining4 (Singh, 1976)	A�/!���	 $��(u	 ��"	 �	�@����	)	 #�(12%)	���O.	��	 �
������
��	����	 #C�`	 #�)														

31.851 g/cm
34		#�)	�@����	A�/!���	$��(u	^�	�
����	�
�����	����	�
	��P	r�9[	DC!(	U7	,�	�(16%)Q		

	 #�)	 �(��'�	 Y����	 2�9Z	 �9'�	 �
�X)	 	 ��"(16%)		 #�)	 �(��'�	 #�E���	 �
����	 �
�����	 -`	 �1�(1.765 g/cm
3
)	

/!�	 ��"	 y2��J�	 �@��	 A�(12%)	 Q	 ���K��	 ,�(2)		 #�)(6)		Y����	 2�9Z	 l'�	 ^����	 �
����	 �
����	 ����	 #C�`	 -`	 	 �P*�

	�@��	A�/!�	��"	-��.(12%)	Q	�
�X)	�Y���I�	2�9Z	l'�	,�	�9'�	<�	Y0�7	-��(	D����	�@����	A�/!���	U��	-`	%+`	#���0

	�J0�'��	���K��	#"	h����/"�	�	;�6	#�).	U.#�E���	�
����	�
�����	�(�!	3Maximum Dry Density	4D��	9'�,�	�		2�9Z

I�	 Y���0	 ��!�X�.	 U.	 �	 �����0	 ��*���	 Y��2�D�c��3�Q4	2�9Z	 �9'�	 -`	 mX�(	 %�+��	 D�c��	Y����	(12%)		�
��:	 �&�.
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	 �
�1�[2��J�	 #�E"31.85 g/cm
3	 42�9Z	 ��1�	 L�"	 ���P	 �
	 ����0	Y����	-`	 �P*�	��	 �
�����Y��:	 #�E���	 �
��										

31.78 g/cm
3	4#"	��(	���	-`	��	�
�����	;.	5���u�		�9'�0(4%)		�9'�0	Y���I�	2�9Z	��1�0312%4		�0%/��	��P	��"	�

	 ���&03E=355.5 kJ/m
3	 4%9/�.	 Y���I�	 2�9_�	 �9'���	 ;.�		 #��	 �9'��;/	�����&		�
�����	 �
	 $��(u	 %9:�	 -`	 %+`	 #���0

���	�
����	�9'�0	2�9_��	�
�X)	��"	-��.	Y���I�	2�9Z	�
�X)	���/�	#�E(12 %)�$��(O��	;.	-��.���[�(4%)Q�		

��

��

��

��

��

��
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��

��

��

��

��

��

��

��

��

��

��

��

D�    c��3�	�4#    �E���	�    
����	�    
�����	,�    0	�    �*���	(γd)max.
<%9/=���	��!��	��!��	,�	�1%=/'���			I�	2� 9Z	�9 '�	�		Y�� �

��P	���H	��"		kJ/m
3	  355.5		

4 6 8 10 12 14 16 18

Water Content (%)
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Reduced Standard Proctor 

Test 15 Blows

Cement Dust= 0%
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Water Content (%)
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Reduced Standard Proctor 

Test 15 Blows

Cement Dust= 4%

2 4 6 8 10 12 14 16 18

Water Content (%)

1.74

1.76
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Reduced Standard Proctor 

Test 15 Blows

Cement Dust= 8%

2 4 6 8 10 12 14 16 18

Water Content (%)

1.65

1.70

1.75

1.80

1.85

1.90
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m
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Reduced Standard Proctor 

Test 15 Blows

Cement Dust= 12%

0 2 4 6 8 10 12 14 16

Cement Dust (%)

1.76

1.78

1.80

1.82

1.84

1.86

M
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x
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u
m

 D
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g
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m
3
)

E= 355.5 kJ/m3

 D�c��3��4		L�"	��"	��!��	��!��	�
�X)	2�9Z	Y����		D�c��3��4	��"	��!��	��!��	�
�X)	2�9Z		Y����(4%) 

D�c��3~�4	!��	��"	��!��	��	�
�X)	2�9Z		Y����(12%) D�c��3x�4		��"	��!��	��!��	�
�X)	2�9Z		Y����
(8%) 

4 6 8 10 12 14 16

Water Content (%)

1.40
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3
)

Reduced Standard Proctor 

Test 15 Blows

Cement Dust= 16%

D�c��3v�4		��"	��!��	��!��	�
�X)	2�9Z		Y����(16%) 
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: (4-2)���6�9���8���,	
���,���:;8�!����
����<��=�>?����@AB(592.5 kJ/m
3
)��

	 D�c��3t	 4��	 mX�(%�_/	�@����	 A�/!���	 ,�0	(ω%)	�
����	 �
������	(γd)	�	��P	 ���H	 ��"	 ���%��	 �0%/

�[2��J�3E=592.5 kJ/m
3	4	-��0	�
�X)	2�9Z	Y����	(Untreated Soil)		����J��	��!��	k!
	���H	D��.	���&��	;.�

%/:�%9�	 	 	 	 	3Standard Proctor Test	 4�
����	 �
��:	 #C�`	 #"	 ��C!��	 U.	 k!N��	 �?[	 ,��31.81 g/cm
3	 4	��"�

y2��J�	D���	�0�H2	A�/!�	38%	4	U.	����"�	�
�X)		�9'�0	Y����	2�9Z34%	4	#�)	����J��	k!N��	$��")	U.�	�0%/��	%/:�%9�

	D�c��	#"	��C!��	U.3d4	QD�c��	�?[	�����	-`	mX�(	$2�C0	5���u�	�
����	�
�N�NH	#�)	31.8501 g/cm
3	4	;.	2��J�	-��

�9'�0	-�:	$��(O��(2.22%) 		Y���I�	2�9Z	-`	 #"	��(	���		S�T���%7�	 ��	D��	D�c0		y?[	�
	l9'.	�	���%��	�0%/��	#"

�!X����	$��(O��Q		,�J0�'��	,��c��	,�3t	4	�3d		4	<��'/�	-��(	D����	�@����	A�/!���	-`	�P*�(8%)		2�9Z	��1�	L�"	��"

	���	�9'�0	Y����	2�9Z	��1�	��"	�(4%)Q		

	#�)	S�T���	Y���I�	2�9Z	�9'�	$��(u	��"(8%)	�C!��	U.	#"	�D�c��3��4	D�c��	�?[	,�	�		j��P	�P*�w�N.2�	

�
	U��	�
����	 �
�����	#�)	#�)	 DC.	 -`	����	 #C�`3 γmax=1.905 g/cm
3	 4	 �[	 ���J��	 y?[�`#"		#�E���	 �
����	 �
�����	,�

0	���"	��C!��	U.	�/���
�X�		�9'�0	Y���I�	2�9Z(4%)	��!��	���H	VN�	��"	Q		

		��"	��`	�
�X)	I�	2�9Z	2��J�0	Y���312%	4	#�)	;�6	A�8
	�0%/��	#�)-�	#�E���	�
����	�
�����	�
						m9C.3 γmax 

=1.81 g/cm
3	4	D�c��0	mX��	��:	�(11)	Q	D�c��	��`(12)			�9'�0	Y����	2�9Z	�
�X)		%�78.	mX�(	W��
(16%)		<?��	�

	#�)	#�E���	�
����	�
�����	-�CJ�	#�)	A�`(1.775 g/cm
3
) 		��(	���-`	#"	��	$��(O	�
	�&�(	$%�9:	$2�C0	Y���I�	2�9Z

�������	��!��	#"	�9�	%�78.Q		

	D����	 �@����	 A�/!���	 ��`(Optimum water content) 		 ,�	 %9:�	 2�9Z	 l'��(8%)		�	 �(��'/�	 Y���


	#�)	�(��'�(8%)Q		

,�	 ���K��	 k�=.	 U.3t	 4#�)3��	 4D�c��0(13) 		 <?��	 �	 l'�	 ,�0	 ��*���	 mX�(Y���I�	 2�9Z													

3Cement dust	4		�
������		�
����	#�E���		��P	���H	��"�3E=592.5 kJ/m
34	,��(	D�c��	�?[	,�	�G�/�/��		�9'�	-`

�[2��J�	Y���I�	2�9Z34%	4#�E"	�
�1	�
��:	#&�.	�[2��J�	31.8501 g/cm
34	#"`	���J��	y?[	�		��!��	��!��	W�&�(	���

���!�		�0%/��	%�Z��������	2�9_��0	(Untreated soil)	��"	��`	�	$��(u	2�9Z	�9'�	I�Y���	02��J�38%	4	j��P	�P*�$ON�	

#�E���	�
����	�
�����	�
	m9C/�	(1.905 g/cm
3
)		2��J�0	#�E���	�
����	�
�����	�
	$��(u	j��P	#�)	A�`	�?[	�(5.25%)Q		

		

	 2��J�0	 Y����	 2�9Z	 �
�X)	 	 ��"(12%)�����	 -`	 �P��	 �	#�E���	 �
����	 �
�����	 #�)	 �(��'�	 -��/�	 #�E���	 �
����	 �


%NF	#�)	�(��'�	#�E���	�
����	�
�����	�
	$��(O��	�9'�	-`	<`	��0%/��	#�)	Y����	2�9Z	�
�X)		L�"	��"	Q	�
�����	�
	��N=�I�

	#�)	Y���I�	2�9Z	�9'�	$��(u	^�	h�(�%H	���O��	#�E���	�
����(16 %)�����	%+`	#���0	�	,�	�9'���	y?[	��"	#�E���	�
����	�


	2�9Z	��1�	L�"	��"	#�E���	�
����	�
�����	,�	D��	-��.	2�9_��32�9_��0	��������	%�Z	5������Q4		
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D�c��3t�4	L�"	��"	��!��	��!��	�
�X)	2�9Z	Y����		�c��D3d�4	��"	��!��	��!��	�
�X)	2�9Z		Y����(4%) 

D�c��3���4	��"	��!��	��!��	�
�X)	2�9Z		Y����
(16%) 
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Water Content (%)
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Standard Proctor Test 

 25 Blows

Cement Dust= 0%
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Standard Proctor Test 

 25 Blows

Cement Dust= 4%
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Water Content (%)
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Standard Proctor Test 

 25 Blows
Cement Dust= 8%
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Water Content (%)
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)

Standard Proctor Test 

 25 Blows
Cement Dust= 12%
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Water Content (%)

1.55
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)

Standard Proctor Test 

 25 Blows
Cement Dust= 16%

0 2 4 6 8 10 12 14 16

Cement Dust (%)

1.76

1.80

1.84

1.88

1.92
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m
3
)

E=592.5 kJ/m3

D�   c��3��	�4	#   �E���	�   
����	�   
�����	,�   0	�   �*���	(γd)max.
<%9/=���	��!��	��!��	,�	�1%=/'���			I�	2� 9Z	�9 '�	�		Y�� �

		��P	���H	��"kJ/m
3	  592.5		

D�c��3���4		��"	��!��	��!��	�
�X)	Y���	2�9Z	(12%) D�c��3���4		��"	��!��	��!��	�
�X)	�9ZY���	2	(8%) 
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: (4-3)���6�9���8���,	
���,���:;8�!����
����<��=�>?����@AB(1197.03 kJ/m
3
)��

�
	/��	 U.	 s!9��	 ,�	 ]O���	 �?[	 2�&���	 %/:�%0	 k!
	 ����(Modified Proctor Test)		G�%=/��	 D1�	 ,�

	l��J��	U�P	$��(u	U.	�	����J��	%/:�%0	k!
	,�	%9:�	w�N.2�	,�	>9�.	�	#"`	-u�	5�6	��%&�	����/��	U.	<`	�	��!��	��!��

	Y���
	5�0%T��	����	�9'���0	��`	�	D��/'���3�~	�0%X	4��0	V���/�	D�c0	wu�.	�J9H	D��l��J��	D+Q		

		

	D�c��(14)		#�)	�(��'�	Y��:	�
����	�
����	����	#C�`	-`	mX�((1.866 g/cm
3
)		Y����	2�9Z	�
�X)		L�"	��"

	#�)	$ON�	��	���J��	y?[	,��	�(2.18 g/cm
3
)		2��J�0	���	�9'�0	Y����	2�9Z	�
�X)		��"(4%)		D�c��0	��:	�(15)		2��J�	�

��	 �
����	 �
�����0	 $��(O��	 y?[	 -�:	 #�E�(16.83%)		#�)	 <��'�	 -��
	 ,�J0�'��	 ,�/��!��	 *��	 D����	 �@����	 A�/!���	 ��`	 �

(12%)Q		

	2��J�0	 2�9_��	 ,�	 %9:�	 ���:	 �
�X)	 	 ��"(8%)		Y!9F`	 #�E���	 �
����	 �
�����	 -`	 �P��(2.185 g/cm
3
)		y?[	 �

�0	 2�9Z	 �
�X)	 	 ��"	 #�E���	 �
����	 �
�����	 ,�	 D�J0	 %9:�	 -��.	 ���J��	 2��J(4%)		 D�c��0	 mX��	 ��:	 �(16)	 Q	$��(u	 ��"	 ��`

	 #�)	 2�9_��(12%)		 �(16%)		L�"	 ��"	 #�E���	 �
����	 �
�����	 ,�	 D��	 -��.	 #�E���	 �
����	 �
�����	 ����	 -`	 #�)	 A�`	 ;�6	 -�


	D�c��0	mX��	��:	�	2�9Z	��1�(17)		�(18)	����/��	#"Q		

		

D�c��3�d	 4	 �/��	 Y���I�	 2�9Z	 �9'�	 -`	 mX�(	 �[	 #�E"	 �
�1	 �
��:	 #"`	 D0�J.(6.6%)		#����	 �9'���	 %9/�.	 �

	��P	���H	��"	��/
�X)	l�(	�/��	2�9_�(E=1197.03 kJ/m
3
)		�9'�	,�0	Y����	2�9Z	�
�X)		-`	����"	$2�C0	�(4%)	

	#�)(8%)		,�	%9:�	2��J�0	#�E���	�
����	�
�����	�
	$��(u	j��P	#�)	<�\.(16.83 %)Q		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



��������	�
����	���	�	����	������������	����������		

		

		
		

		
 

��

		

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

 

��

��

��

4 6 8 10 12 14 16 18

Water Content (%)

1.80

1.90

2.00

2.10

2.20

D
ry

 D
en

si
ty

 (
g

/c
m

3
)

Modified Proctor Test 

 25 Blows
Cement Dust= 4%
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Modified Proctor Test 

 25 Blows
Cement Dust= 0%

D�c��3�x�4	L�"	��"	��!��	��!��	�
�X)	Y���	2�9Z		D�c��3�~�4	��"	��!��	��!��	�
�X)	2�9Z		Y����(4%) 
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Modified Proctor Test 

 25 Blows
Cement Dust= 8%
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Modified Proctor Test 

 25 Blows
Cement Dust= 12%
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Modified Proctor Test 

 25 Blows
Cement Dust= 16%

D�c��3���4	��"	��!��	��!��	�
�X)	2�9Z		Y����
(12%) 

D�c��3�v�4	��"	��!��	��!��	�
�X)	2�9Z		Y����
(8%) 

D�c��3�t�4		��"	��!��	��!��	�
�X)	2�9Z		Y����
(16%) 
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E=1197.03 kJ/m3

D�    c��3�d	�4	#    �E���	�    
����	�    
�����	,�    0	�    �*���	(γd)max.

					Y�� �I�	2� 9Z	�9 '�	�	<% 9/=���	��!��	��!��	,�	�1%=/'���
		��P	���H	��"kJ/m

3	  1197.03		
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��

: (4-4)��6�9���8���,	
���,���:;8�!����
����<��=�>?����@AB(2681.4 kJ/m
3
)  

		,�	���K��(20)		#�)(24)		2�&���	%/:�%0	k!
	,�	#"`		���H	��"	��!��	5���!��	D��.																																	(High 

Modified Proctor Test) 	����/��0	�	3~v	4	5���!����	#�)	D�c��0	W0�c�	-��.	5���!����	;.	�	�'�=��	5�J9&��	,�	�J9H	D��	�0%X

		2�&���	%/:�%0	k!
	#�)	$%|���	��P	���H	��"	a0�'��	^&J���	�
		$�[�c��� (Modified Proctor Test)	Q		

	-��.	#�E���	�(%9/=���	�
����	�
�����	-`	�P*�	�Y����	2�9Z	�
�X)		L�"	��"	#�)	�(��'�(1.95 g/cm
3
)		��:	�

	D�c��0	�[�c�(20)		#�)	$%�9:	$2�C0	���O/�	���J��	y?[	�(2.35 g/cm
3
)	2��J�0	5���u�	��	#�E���	�
����	�
�����	-`	<`	�

(20.5%)		D�c��0	�P*�	��:�(21)		#�)	<��'�	-���
	D����	�@����	A�/!��	�9'���0	��`	�(12%)Q		

#"	 h����/"�		 5���!����(22)		 �(23)		 �(24)		 #�)	 �(��'�	 -��.	 �
�1	 �
��:	 #C�`	 -�
(2.28 g/cm
3
)		 �(1.905 g/cm

3
)		�

(1.877 g/cm
3
)	2�9Z	 l'�	 ��"	Y����	(8%)		 �(12%)		 �(16%)	����/��	 #"	 Q	 ,�	 %9:�	 -��(	 D����	 �@����	 A�/!���(12%)	 Q	����

	2�9Z	l'�	���!�	#�E���	�
����	�
�����(12%)			�(16%)	-��.		L�"	���!�	#�E���	�
����	�
�����	,�	D��	�
�X)		2�9ZQ		

	 D�c��325	 4											%9/=���0	 �����=/��	 ,��(	 ��P	 ���H	 #"`	 ��"	 #����	 Y���I�	 2�9Z	 �9'�	 -`	 mX�(

(E=2681.3 kJ/m
3
)		-��.(4%)		�(%9/=�	�
�1	�
��:	#"`	�&�.	�/��	�[	�9'���	y?[	�(2.35 g/cm

3
)		�
�����	y?[	�

.	��F	,�	V�9'��	�
��:	�[�T(A)		#�)	Y���I�	2�9Z	$��(u	��"	�(8%)		��`	�#�E���	�
����	�
�����	�
	D��	r�9[	j�!��

	#�)	Y���I�	2�9Z	l'�	$��(u	^�	j�!��	�
�����	;.	�
	��!��	r�9���(12%)Q		
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D�c��3���4	L�"	��"	��!��	��!��	�
�X)	2�9Z	Y����		D�c��3���4	��!��	��"	��!��	�
�X)	2�9Z		Y����(4%) 

D�c��3���4		��"	��!��	��!��	�
�X)	2�9Z		Y����(12%) D�c��3���4	��"	��!��	��!��	�
�X)	2�9Z		Y����(8%) 
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High Modified Proctor
 Test 56 Blows

Cement Dust= 0%
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 Test 56 Blows
Cement Dust= 4%
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High Modified Proctor

 Test 56 Blows
Cement Dust= 12%
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High Modified Proctor

 Test 56 Blows
Cement Dust= 8%
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: (4-5)��C�	
�:;8���,	
��6�9���!����
����<���@AB:�D3	
��=��	
��=��

��!��	 ���H	 ,�0	 ��*���	(E)3Compactive energy	 4�		2�9Z	 �
�X)	 	 ���/�	 #�E���	 �
����	 �
�����	 �
	 $��(O��

	�0%/��	#�)	Y���I�D�c��0	��!�X�.	U.3�v4	Q	��������3�	4	#�E���	�
����	�
�����	�
	$��(O��	mX�.I		�9'�	,�	�[���()	U.	�/��

,�0	 b%N��	���	 �
�����#�E���	 �
�	��������	 �0%/�	(Treated soil)	�0%/�	 #�E���	 �
����	 �
�����	 �		 %�Z��������	

(Untreated soil)		#"	L�'J��0%/�	#�E���	�
����	�
�����		%�Z��������	(Untreated soil)Q		

  															--------------------------------------   (1)  

100
)(

)()(

max

maxmax
×�
�

�
�
�

� −
=

treatedun

treateduntreated
R

γ

γγ
 			

	��*"	��1�	�P*�	D�c��	,�	%�Z		,(%�_/���	,�0	��&+3R	4�  (E) 	��"	�(�%H	��*���	;.	-��.	�	�
�X)		2�9_��

	$%�_F	5����0(4%)		�(8%)	���%��	�0%/��	#�)		�9'���	-�
	��!��	���H	$��(u	^�	%+`	#���0I		���O.	����"	,��	�	����O/�

	#�)	l'���	;.(12%)			�`(16%)	-�
		��!��	���H	$��(u	^�	<`	��'�"	-��/�	��*���(E)		�
����	�
�����0	$��(O��	2��J�	-�


	2�9_��	�
�X)		���/�	#�E���I		����	-��.	-`	D�/!���	,��	DJ/�I	l��'��0	Q	l'���	%9/�.	���/��0	�(12%)		�(16%)		2�9Z	,�

	�������	��!��	#"	�9�	%�78.	5�6	S�T���	Y���I�	Q�0	$��(O��	2�9_��	�
�X)		���/�	#�E���	�
����	�
����I		,��(	��	%9:�	-��.

	�[2��J�	�
�T���	2�9_��	�9'�	����"(12%)		2�9_��	�9'�	-��.	����"	,��(	��	]#H��	�(16 %)	2�9Z	l'�	��"	��`	�(4%)	

	 �(8%)		 �9'���	 U��	 -��.I		 �	 h��1	 �iH��	 ��!��	 ���H	 ����"	 -��(	 p�'��	 �?[	 �	 h��1	 �02�J/�	 #�)	 �(��'�3E=355.5 

kJ/m
34����J��	%/:�%0	k!
	���H	,�	D��	���H	#�)	$%|���	-��.	����"	<`	�	Q		
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High Modified Proctor

 Test 56 Blows
Cement Dust= 16%

D�    c��3�~	�4				#    �E���	�    
����	�    
�����	,�    0	�    �*���
(γd)max.		�	<%   9/=���	��   !��	�   �!��	,   �	�1%=/   '���

		��P	���H	��"	Y���I�	2�9Z	�9'�kJ/m
3	  2681.4		

0 2 4 6 8 10 12 14 16

Cement Dust (%)

1.80

1.90

2.00

2.10

2.20

2.30

2.40
M

a
x
im

u
m

 D
ry

 D
en

si
ty

 (
g
/c

m
3

)

E=2681.4 kJ/m3
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�X)	2�9Z		Y����(16%) 
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		�[2��J�	��P	���H	��"(1197.03 kJ/m
3
)	#�E���	�
����	�
�����0	$��(O��	2��J�	-`	�P*�	�I		2�9Z	�
�X)		���/�

	 �9'�0	 Y���I�(4%)	���	 �
�����0	 $��(O��	 2��J�	 #�)	 <��'�	 -��(	 �9'�0	 2�9_��	 �
�X)	 	 ���/�	 #�E���	 �
�(8%)		$��(u	 ��"	 �

	m9C/�	��!��	���H 2681.4 kJ/m
3	�9'���	-`	�P*�	�I		2�9Z	���!�(4%)		�9'���	,�	%9:�	-��.I		2�9Z	���!�(8%)	Q	�

	�9'��	p�'��	�?[I		�[2��J�	��P	���H	��"	V:���	-����(592.5 kJ/m
3
)	����	-`	%+`	#���0	�I	Z	�9'��	2�9(8%)		-��.

	�9'���	,�	%9:�I		Y����	2�9Z	��"(4%)Q		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

%*��;�,	
�2�3	
��

	 U�2	 D�c��0	 �!X����	 �(%9/=���	 f@�/���	 #"	 h����/"�3�v	 4	D�9�	 #"	 �&��/�	 ����	 5�6	 ��!��	 ���H	 -��.	 ����"	 �

	������(E=1500 kJ/m
3
)	�9'�0	Y���I�	2�9Z	�
�X)		-�	�P*�	�(4%)	`	�&�.	;�?�	�#�E���	�
����	�
�����0	$��(u	#"

	y?[	%�78.	A��	���()	���/��0	�	�(%9/=���	e2��/��	�
	���=/'���	5������	����	5?+�	�/��	^������	�P�	#�)	�9'���	y?[	�
�X�0	����

		��J!��	�
����	�
�����	#"	�9'���(γd)fieldQ		

	 ;�(	 ]O1	 D:	 �,��@O1	 #�)	 ���!���	 ^�����	 U�'J.	 U.	 �[2��J�	 �P�'�(1m x 1m)	 Q	�
�X)	 	 U/(	 U�	 #����	 �P�'���

	����)	Y���I�	2�9Z32�9_��0	������	%�Z	�P�'���4	#�)	$%|���	2�9Z	�9'�	^X�0	Y����
	�������	�P�'���	��`	�(4%)Q		

��/'���	 �P�'���	 -���	 ;�6	 �	 �(�����	 %�_C��	 U�!��	 5�6	 ����!��	 �[	 ^�����	 �
	 Y��/��	 �/��	 ����!��	��:	 �	 $��!�	 �

D�c��03��	 Q4	 $�P��	 �"��	 �[	 Y0�7	 -�:	 ,�/P�'���	 *��	 D��/'���	 ��!��	 ,�u(1 hour)		���()	 U.	 ���!��	 ���"	 ���:)	 ��0	 �

	 ��J!��	 �
����	 �
�����(γd)field		 #�)	 �(��'�	 ���)	 �1�
	 f������	 %�Z	 ^����(1.74 g/cm
3
)		Y��:	 2�9_��0	 f������	 ^����	 �

		#�)	�(��'�(1.92 g/cm
3
)		��J!��	�
����	�
�����0	$��(O��	2��J�	-`	�1�	���/��0	�(10.3 %)Q		

		

D�c��3�v	�4,�0	��*���	#�E���	�
����	�
�����	�
	$��(O��		Y���	2�9Z	l'��	��!��	���H	�(4 , 8, 12 and 16 %) 

�   
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)*�E��FG 	
�E�H� � ��
��
(6-1)��E�H� � ��
��

		

��		�P%/J�	2�9Z	�9'�	#"`	�
�X)	-`	�	����9&��	�0%/��	^�	W&+	��"	$%�9:	$2�C0	DJ/�	Y���I�	2�9Z	��@����:	-`(16%)	

	 #�)	 <�\.	�	 #�E���	 �
����	 �
�����	 #"	 %7\.	 I	 ��@�������	 ;.	 -`	 ;�6	 #�)	 �
�X)	 ���!��	 ���&0	 %78/.	 I	 2�9_��	 ��@����:	 -`

��!��	�12�	#"	%7\.	I	���/��0Q		

��		 ����J��	 %/:�%0	 k!N�	 $%|�����	 ���&��	 ,�	 D��	 ��P	 ���H	 ��"(E=355.5 kJ/m
3
)	D����	 �@����	 A�/!���	 U��	 �

(Optimum water content)		���J��0	�(��'/�	-��.(ω=12%)	Y����	2�9Z	�9'�	<�	�Q		

		

��			-)	�
�X)		Y���I�	2�9Z3Cement dust	4	#�)	<�\(	�����	�9'�0	�����	��(��	�
	�J&��	,�	$6�+8���	���%��	�0%/��	#�)

#�E���	 �
����	 �
�����	 $��(u	�(%9/=���		 3Maximum dry density4�	_��	 �9'�	 -�
	 �?�	#"`	 �&�(	 <?��	 D����	 2�9

	 #�)	 <��'�	 -��(	 #�E"	 �
�1	 �
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