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Abstract: �3�U�R�P�R�W�L�Q�J�� �U�H�F�\�F�O�H�G�� �D�J�J�U�H�J�D�W�H�V�� �I�U�R�P�� �F�R�Q�V�W�U�X�F�W�L�R�Q��
�D�Q�G���G�H�P�R�O�L�W�L�R�Q�����&�	�'�����Z�D�V�W�H���I�R�U���S�U�R�G�X�F�L�Q�J���F�R�Q�F�U�H�W�H���Z�L�O�O���U�H�G�X�F�H��
the demand on conventional aggregates and it is an alternative 
�W�R�� �H�I�I�H�F�W�L�Y�H�O�\�� �P�D�Q�D�J�H�� �&�	�'�� �Z�D�V�W�H���� �$�S�S�O�L�F�D�W�L�R�Q�� �R�I�� �U�H�F�\�F�O�H�G��
�&�	�'�� �D�J�J�U�H�J�D�W�H�V�� �D�V�� �D�� �V�X�E�V�W�L�W�X�W�H�� �W�R�� �F�R�Q�Y�H�Q�W�L�R�Q�D�O�� �D�J�J�U�H�J�D�W�H�V��
�L�Q���O�R�Z���V�W�U�H�Q�J�W�K���F�R�Q�F�U�H�W�H�V���L�V���W�K�H���E�H�V�W���Z�D�\���W�R���L�Q�L�W�L�D�W�H���W�K�L�V���L�Q���W�K�H��
industry. Therefore, this study focused on investigating the 
�V�W�U�H�Q�J�W�K���S�U�R�S�H�U�W�L�H�V���D�Q�G���W�K�H���L�Q�À�X�H�Q�F�H���R�I���W�L�P�H���R�Q���W�K�H���E�H�K�D�Y�L�R�X�U��
of strength gaining of concrete elements made by mixing the 
�F�R�Q�Y�H�Q�W�L�R�Q�D�O�� �D�J�J�U�H�J�D�W�H�V�� �D�Q�G�� �U�H�F�\�F�O�H�G�� �&�	�'�� �D�J�J�U�H�J�D�W�H�V���� �7�K�H��
�J�U�D�G�H�� �R�I�� �W�K�H�� �F�R�Q�F�U�H�W�H�� �Z�D�V�� �������� �7�K�H�� �U�H�V�H�D�U�F�K�� �P�H�W�K�R�G�R�O�R�J�\��
involved replacing the conventional coarse aggregates partially 
�Z�L�W�K�� ���� ������ ������ ������ ������ ���� �D�Q�G�� ������ ���� �U�H�F�\�F�O�H�G�� �&�	�'�� �D�J�J�U�H�J�D�W�H�V��
�L�Q���F�R�Q�F�U�H�W�H���P�L�[�W�X�U�H�V�����7�H�V�W���F�X�E�H�V���Z�H�U�H���F�D�V�W���I�R�U���H�D�F�K���S�H�U�F�H�Q�W�D�J�H��
�R�I�� �W�K�H�� �P�D�W�H�U�L�D�O�V�� �D�Q�G�� �R�W�K�H�U�� �F�R�Q�G�L�W�L�R�Q�V�� �Z�H�U�H�� �N�H�S�W�� �D�V�� �F�R�Q�V�W�D�Q�W�V����
�7�K�H�� �W�H�V�W�� �F�X�E�H�V�� �Z�H�U�H�� �W�K�H�Q�� �V�X�E�M�H�F�W�H�G�� �W�R�� �F�R�P�S�U�H�V�V�L�Y�H�� �V�W�U�H�Q�J�W�K��
�W�H�V�W�� �X�Q�G�H�U�� �W�K�U�H�H�� �W�H�V�W�� �V�H�U�L�H�V���� �7�K�H�� �W�H�V�W�� �V�H�U�L�H�V�� �Z�H�U�H�� �I�R�F�X�V�H�G�� �R�Q��
different curing periods of the specimens as 7, 28 and 90 days 
�W�R�� �G�H�W�H�U�P�L�Q�H�� �W�K�H�� �E�H�K�D�Y�L�R�X�U�� �R�I�� �V�W�U�H�Q�J�W�K�� �J�D�L�Q�L�Q�J�� �Z�L�W�K�� �W�L�P�H����
�7�K�H�� �F�R�Q�F�O�X�V�L�R�Q�� �G�U�D�Z�Q�� �I�U�R�P�� �W�K�H�� �V�W�X�G�\�� �L�V�� �W�K�D�W�� �L�W�� �L�V�� �I�H�D�V�L�E�O�H�� �W�R��
�V�X�E�V�W�L�W�X�W�H�� �X�S�� �W�R�� ������ ���� �R�I�� �F�R�D�U�V�H�� �D�J�J�U�H�J�D�W�H�V�� �E�\�� �U�H�F�\�F�O�H�G�� �&�	�'��
�D�J�J�U�H�J�D�W�H�V���L�Q���F�R�Q�Y�H�Q�W�L�R�Q�D�O���O�R�Z���L�Q�W�H�U�P�H�G�L�D�W�H���V�W�U�H�Q�J�W�K���F�R�Q�F�U�H�W�H��
�D�S�S�O�L�F�D�W�L�R�Q�V���Z�L�W�K���W�K�H���V�S�H�F�L�¿�H�G���P�L�[���G�H�V�L�J�Q��
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INTRODUCTION

�&�R�Q�V�W�U�X�F�W�L�R�Q���D�Q�G���G�H�P�R�O�L�W�L�R�Q���Z�D�V�W�H�����&�'�:�����L�V���R�Q�H���R�I���W�K�H��
�K�H�D�Y�L�H�V�W�� �D�Q�G�� �P�R�V�W�� �Y�R�O�X�P�L�Q�R�X�V�� �Z�D�V�W�H�� �J�H�Q�H�U�D�W�H�G�� �E�\�� �W�K�H��
�F�R�Q�V�W�U�X�F�W�L�R�Q�� �V�H�F�W�R�U���� �&�R�Q�V�W�U�X�F�W�L�R�Q�� �Z�D�V�W�H�� �P�D�Q�D�J�H�P�H�Q�W�� �L�V��

�D�� �F�U�X�F�L�D�O�� �L�V�V�X�H�� �L�Q�� �Z�K�L�F�K�� �V�L�J�Q�L�¿�F�D�Q�W�� �D�W�W�H�Q�W�L�R�Q�� �V�K�R�X�O�G�� �E�H��
invested in order to control and manage it. Effectively 
�P�D�Q�D�J�H�G���&�'�:���U�H�V�X�O�W�V���L�Q���P�R�U�H���E�H�Q�H�¿�W�V���V�L�Q�F�H���L�W���F�R�Q�V�L�V�W�V��
�R�I�� �Q�X�P�H�U�R�X�V�� �P�D�W�H�U�L�D�O�V���� �P�D�Q�\�� �R�I�� �Z�K�L�F�K�� �F�D�Q�� �E�H�� �U�H�F�\�F�O�H�G��
and reused (Wu et al������ �������������� �5�H�F�\�F�O�L�Q�J�� �&�'�:�� �L�V�� �R�Q�O�\��
�D�W�W�U�D�F�W�L�Y�H���Z�K�H�Q���W�K�H���U�H�F�\�F�O�H�G���S�U�R�G�X�F�W���L�V���F�R�P�S�H�W�L�W�L�Y�H���Z�L�W�K��
natural resources in relation to quality, cost and quantity 
���+�H�Q�G�U�L�N�V���	���3�L�H�W�H�U�V�H�Q�����������������D�Q�G���W�K�H�Q���W�K�H���E�H�V�W���R�S�W�L�R�Q���L�V��
�W�R���U�H�X�V�H���W�K�H���&�'�:���D�V���F�R�Q�V�W�U�X�F�W�L�R�Q���P�D�W�H�U�L�D�O�V�����7�K�H���U�H�F�\�F�O�H�G��
�F�R�Q�V�W�U�X�F�W�L�R�Q�� �D�Q�G�� �G�H�P�R�O�L�W�L�R�Q�� ���&�	�'���� �D�J�J�U�H�J�D�W�H�V�� �F�R�X�O�G��
be a reliable alternative to replace natural aggregates in 
�F�R�Q�F�U�H�W�H�� �F�R�Q�V�W�U�X�F�W�L�R�Q���� �&�X�U�U�H�Q�W�O�\�� �W�K�H�� �U�H�X�V�H�� �R�I�� �U�H�F�\�F�O�H�G��
�P�D�W�H�U�L�D�O�V�� �H�[�W�U�D�F�W�H�G�� �I�U�R�P�� �&�'�:�� �L�V�� �J�U�R�Z�L�Q�J�� �D�O�O�� �R�Y�H�U�� �W�K�H��
�Z�R�U�O�G���D�Q�G���K�D�V���G�H�P�R�Q�V�W�U�D�W�H�G���V�X�I�¿�F�L�H�Q�W���S�U�R�P�L�V�H���I�R�U���X�V�L�Q�J��
�D�V�� �D�� �F�R�P�S�R�Q�H�Q�W�� �L�Q�� �Q�H�Z�� �F�R�Q�F�U�H�W�H���� �+�R�Z�H�Y�H�U���� �L�W�� �L�V�� �Q�R�W��
prevalent in many developing countries. 

�� �8�V�H�� �R�I�� �P�D�W�H�U�L�D�O�V�� �I�U�R�P�� �U�H�F�\�F�O�H�G�� �&�	�'�� �Z�D�V�W�H�� �L�Q�� �F�L�Y�L�O��
engineering applications as a construction material is a 
�G�H�Y�H�O�R�S�L�Q�J���W�U�H�Q�G�����$�O�W�K�R�X�J�K���U�H�F�\�F�O�H�G���&�	�'���D�J�J�U�H�J�D�W�H�V���G�R��
�Q�R�W���V�D�W�L�V�I�\���D�O�O���W�K�H���T�X�D�O�L�W�L�H�V���Z�K�H�Q���F�R�P�S�D�U�H�G���W�R���F�R�Q�Y�H�Q�W�L�R�Q�D�O��
�F�R�Q�V�W�U�X�F�W�L�R�Q���P�D�W�H�U�L�D�O�V���� �L�W���K�D�V���V�K�R�Z�Q���S�R�W�H�Q�W�L�D�O���X�V�H���D�V���D�Q��
unbound pavement material (Jayakody et al., 2014; 
�*�R�E�L�H�D�Q�D�Q�G�K�� �	�� �-�D�\�D�N�R�G�\���� ������������ �2�V�V�D��et al., 2016). 
Detailed investigation on the performance characteristics 
�R�I�� �U�H�F�\�F�O�H�G�� �D�J�J�U�H�J�D�W�H�V�� �H�[�W�U�D�F�W�H�G�� �I�U�R�P�� �&�	�'�� �Z�D�V�W�H�� �D�V��
�D�Q�� �X�Q�E�R�X�Q�G�� �S�D�Y�H�P�H�Q�W�� �P�D�W�H�U�L�D�O�� �Z�D�V�� �U�H�F�H�Q�W�O�\�� �F�R�Q�G�X�F�W�H�G��
�E�\�� �-�L�P�p�Q�H�]��et al. (2012), Jayakody et al. (2013) and 
Arulrajah et al���������������������7�K�H���V�W�X�G�L�H�V���U�H�Y�H�D�O�H�G���V�L�J�Q�L�¿�F�D�Q�W��
�U�H�V�X�O�W�V���Z�K�L�F�K���Z�H�U�H���K�L�J�K�O�\���U�H�V�L�V�W�D�Q�W���R�Q���H�O�D�V�W�L�F���D�Q�G���S�O�D�V�W�L�F��
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�G�H�I�R�U�P�D�W�L�R�Q�V�� �D�J�D�L�Q�V�W�� �U�H�S�H�W�L�W�L�Y�H�� �O�R�D�G�L�Q�J�� �D�Q�G�� �L�W�� �Z�D�V��
further proved by the state-of-the-art study conducted by 
�&�D�U�G�R�V�R��et al. (2016). 

�� �7�K�H���X�V�H���R�I�� �D�J�J�U�H�J�D�W�H�V���I�U�R�P���U�H�F�\�F�O�H�G���&�	�'�� �Z�D�V�W�H���L�Q��
�G�L�I�I�H�U�H�Q�W�� �W�\�S�H�V�� �R�I�� �F�R�Q�F�U�H�W�H�� �D�S�S�O�L�F�D�W�L�R�Q�V�� �L�V�� �Q�R�W�� �Z�L�G�H�O�\��
�U�H�S�R�U�W�H�G���R�Y�H�U���W�K�H���S�D�V�W���G�H�F�D�G�H�V���E�X�W���Q�R�Z���V�K�R�Z�V���D�Q���L�Q�F�U�H�D�V�H��
in some regions especially in developed countries. 
The uncertainty is raised to obtain the same properties 
�R�I�� �F�R�Q�Y�H�Q�W�L�R�Q�D�O�� �F�R�Q�F�U�H�W�H�� �V�W�U�X�F�W�X�U�H�V���� �Z�L�W�K�� �W�K�H�� �X�V�H�� �R�I��
�U�H�F�\�F�O�H�G���&�	�'���D�J�J�U�H�J�D�W�H�V���G�X�H���W�R���W�K�H���S�U�H�V�H�Q�F�H���R�I���Y�D�U�L�R�X�V��
�F�R�Q�V�W�L�W�X�H�Q�W�V�� ���+�R�I�I�P�D�Q�Q��et al., 2012). According to the 
study of Özalp et al���������������������W�K�H���X�V�H���R�I���&�	�'���D�J�J�U�H�J�D�W�H�V��
�L�Q���W�K�H���S�U�R�G�X�F�W�L�R�Q���R�I���F�R�Q�F�U�H�W�H���V�K�R�X�O�G���E�H���G�R�Q�H���Z�L�W�K���S�U�R�S�H�U��
�V�H�S�D�U�D�W�L�R�Q�� �D�Q�G�� �F�O�D�V�V�L�¿�F�D�W�L�R�Q�� �R�I�� �W�K�H�L�U�� �F�R�Q�V�W�L�W�X�H�Q�W�V���� �7�K�H��
�D�S�S�U�R�S�U�L�D�W�H�� �U�D�W�L�R�� �R�I�� �&�	�'�� �D�J�J�U�H�J�D�W�H�V�� �V�K�R�X�O�G�� �E�H�� �O�R�Z�H�U��
�W�R�� �R�E�W�D�L�Q�� �W�K�H�� �V�X�I�¿�F�L�H�Q�W�� �F�R�Q�G�L�W�L�R�Q�V of the concrete and 
it is suggested to be around 20 % (Silva et al., 2014; 
Özalp et al., 2016). Silva et al. (2014) further suggested 
to produce a practical means of measuring the quality 
�R�I�� �U�H�F�\�F�O�H�G�� �&�	�'�� �D�J�J�U�H�J�D�W�H�V���� �W�R�� �S�U�R�G�X�F�H�� �F�R�Q�F�U�H�W�H�� �Z�L�W�K��
predictable performance.

�� �7�K�H���F�K�H�P�L�F�D�O���S�U�R�S�H�U�W�L�H�V���R�I���U�H�F�\�F�O�H�G���&�	�'���D�J�J�U�H�J�D�W�H�V��
�F�D�Q�� �Y�D�U�\�� �Z�L�G�H�O�\�� �G�H�S�H�Q�G�L�Q�J�� �R�Q�� �W�K�H�� �V�R�X�U�F�H�� �R�I�� �S�D�U�H�Q�W��
�P�D�W�H�U�L�D�O�V�� �I�U�R�P�� �Z�K�L�F�K�� �W�K�H�\�� �D�U�H�� �G�H�U�L�Y�H�G�� ���3�D�G�P�L�Q�L��
et al������ �������������� �7�K�H�U�H�I�R�U�H���� �0�D�U�W�t�Q���0�R�U�D�O�H�V��et al. (2011) 
�V�X�J�J�H�V�W�H�G�� �Z�L�W�K�� �K�L�V�� �V�W�X�G�\�� �W�R�� �H�Y�D�O�X�D�W�H�� �W�K�H�� �L�P�S�D�F�W�� �R�I��
�V�X�O�S�K�D�W�H�� �D�Q�G�� �F�K�O�R�U�L�G�H�� �F�R�Q�W�H�Q�W�� �L�Q�� �&�	�'�� �D�J�J�U�H�J�D�W�H�V�� �S�U�L�R�U��
to the applications in concrete productions.  According to 
past studies, the engineering properties of the produced 
�U�H�F�\�F�O�H�G�� �&�	�'�� �D�J�J�U�H�J�D�W�H�V�� �L�Q�� �D�� �S�D�U�W�L�F�X�O�D�U�� �U�H�J�L�R�Q�� �V�K�R�X�O�G��
be investigated prior to their application since the 
characteristics are varied region to region (Tabsh et al., 
2009) due to the quality and constituents in the parent 
materials. 

�� �7�K�L�V�� �V�W�X�G�\�� �Z�D�V�� �L�Q�W�H�Q�G�H�G�� �W�R�� �L�G�H�Q�W�L�I�\�� �W�K�H�� �S�R�W�H�Q�W�L�D�O�� �R�I��
reusing �U�H�F�\�F�O�H�G�� �&�	�'�� �D�J�J�U�H�J�D�W�H�V to manufacture non-
structural concrete in Sri Lanka. Non-structural concrete 
�F�R�Q�V�L�V�W�V�� �R�I�� �O�R�Z���L�Q�W�H�U�P�H�G�L�D�W�H�� �V�W�U�H�Q�J�W�K�� �D�Q�G�� �P�R�V�W�O�\�� �X�V�H�G��
���/�y�S�H�]���8�F�H�G�D��et al������ ������������ �I�R�U�� �F�R�Q�F�U�H�W�H�� �G�U�L�Y�H�Z�D�\�V����
footing in non-aggressive environment, foundation 
trenching, pipe-beddings, levelling surfaces, subgrade 
for foundations and structural slabs, shoulders, median 
�E�D�U�U�L�H�U�V���� �V�L�G�H�Z�D�O�N�V���� �N�H�U�E�V�� �D�Q�G�� �I�R�U�� �R�U�Q�D�P�H�Q�W�D�O�� �X�U�E�D�Q��
elements etc. Determination of the characteristics of 
�U�H�F�\�F�O�H�G���&�	�'���D�J�J�U�H�J�D�W�H�V as a concrete metal should be 
�G�R�Q�H���Z�L�W�K���F�R�P�S�U�H�K�H�Q�V�L�Y�H���H�[�S�H�U�L�P�H�Q�W�D�O���G�D�W�D�����7�K�H�U�H�I�R�U�H����
�D�� �G�H�W�D�L�O�H�G�� �H�[�S�H�U�L�P�H�Q�W�D�O�� �S�U�R�J�U�D�P�P�H�� �Z�D�V�� �F�R�Q�G�X�F�W�H�G��
to investigate the strength properties and strength 
�G�H�Y�H�O�R�S�P�H�Q�W�� �Z�L�W�K�� �W�L�P�H�� �R�I�� �W�K�H�� �F�R�Q�F�U�H�W�H���� �Z�K�H�Q�� �W�K�H��
conventional aggregates in different fractions is replaced 
�E�\���U�H�F�\�F�O�H�G���&�	�'���D�J�J�U�H�J�D�W�H�V������

�7�K�H�� �L�Q�À�X�H�Q�F�H�� �R�I�� �U�H�F�\�F�O�H�G�� �&�	�'�� �D�J�J�U�H�J�D�W�H�V�� �R�Q�� �W�K�H��
properties of non-structural concrete elements has not 
�E�H�H�Q���Z�L�G�H�O�\���V�W�X�G�L�H�G���L�Q���6�U�L���/�D�Q�N�D�����7�K�L�V���V�W�X�G�\���Z�L�O�O���V�X�J�J�H�V�W��
�H�I�I�H�F�W�L�Y�H�� �D�Q�G�� �H�I�¿�F�L�H�Q�W�� �L�P�S�U�R�Y�H�P�H�Q�W�V�� �W�R�� �P�L�Q�L�P�L�V�H�� �W�K�H��
use of conventional aggregates in concrete industry by 
determining the strength characteristics of concrete made 
by �U�H�F�\�F�O�H�G���&�	�'���D�J�J�U�H�J�D�W�H�V. 

�� �5�H���X�V�L�Q�J�� �D�Q�G�� �U�H�F�\�F�O�L�Q�J�� �&�	�'�� �Z�D�V�W�H�� �F�R�Q�W�U�L�E�X�W�H�� �W�R��
sustainable use of construction material in industry and 
�L�W�� �L�V�� �U�H�T�X�L�U�H�G�� �W�R�� �L�Q�F�U�H�D�V�H�� �W�K�H�� �D�Z�D�U�H�Q�H�V�V�� �R�Q�� �I�H�D�V�L�E�O�H�� �X�V�H��
�R�I�� �U�H�F�\�F�O�H�G�� �&�	�'�� �D�J�J�U�H�J�D�W�H�V�� �L�Q�� �F�R�Q�V�W�U�X�F�W�L�R�Q�� �L�Q�G�X�V�W�U�\����
�7�K�H���S�U�R�G�X�F�W�L�R�Q���R�I���D�J�J�U�H�J�D�W�H�V���I�U�R�P���W�K�H�V�H���Z�D�V�W�H�V���U�H�G�X�F�H�V��
the extraction of natural rocks and reduces the carbon 
�H�P�L�V�V�L�R�Q�� �R�I�� �S�U�R�G�X�F�L�Q�J�� �F�R�Q�F�U�H�W�H�� �D�J�J�U�H�J�D�W�H�V�� ���*�K�R�V�K�� �	��
�*�K�R�V�K��������������������

METHODOLOGY

�0�D�W�H�U�L�D�O�V
 
�7�K�H�� �U�H�F�\�F�O�H�G�� �P�D�W�H�U�L�D�O�V�� �I�R�U�� �W�K�H�� �U�H�V�H�D�U�F�K�� �Z�H�U�H�� �D�F�T�X�L�U�H�G��
�I�U�R�P�� �D�� �O�H�D�G�L�Q�J�� �Z�D�V�W�H�� �U�H�F�\�F�O�L�Q�J�� �S�O�D�Q�W�� �Q�D�P�H�G�� �&�2�:�$�0��
�&�H�Q�W�U�H�� �L�Q�� �*�D�O�O�H���� �6�U�L�� �/�D�Q�N�D���� �&�R�P�P�H�U�F�L�D�O�O�\�� �D�Y�D�L�O�D�E�O�H��
�U�H�F�\�F�O�H�G�� �&�	�'�� �D�J�J�U�H�J�D�W�H�V�� �Z�H�U�H�� �R�E�W�D�L�Q�H�G���� �1�D�W�X�U�D�O��
�F�R�Q�F�U�H�W�H���D�J�J�U�H�J�D�W�H�V���Z�H�U�H���R�E�W�D�L�Q�H�G���I�U�R�P���D���F�U�X�V�K�H�U���S�O�D�Q�W��
�L�Q�� �0�L�U�L�J�D�P�D�� �D�Q�G�� �U�L�Y�H�U�� �V�D�Q�G�� �Z�D�V�� �I�U�R�P�� �W�K�H�� �V�D�P�H�� �D�U�H�D�� �L�Q��
�:�H�V�W�H�U�Q���3�U�R�Y�L�Q�F�H���L�Q���6�U�L���/�D�Q�N�D�����7�K�H�V�H���Z�H�U�H���F�R�P�P�H�U�F�L�D�O��
�P�D�W�H�U�L�D�O�V���I�R�U���L�Q�G�X�V�W�U�L�D�O���D�S�S�O�L�F�D�W�L�R�Q�V�����)�L�J�X�U�H�������V�K�R�Z�V���W�K�H��
�U�H�S�U�H�V�H�Q�W�D�W�L�Y�H�� �V�D�P�S�O�H�V�� �R�I�� �U�H�F�\�F�O�H�G�� �&�	�'�� �D�Q�G�� �Q�D�W�X�U�D�O��
coarse aggregates used for the study. 

�(�[�S�H�U�L�P�H�Q�W�D�O���S�U�R�J�U�D�P�P�H����

Materials characterisation
 
�7�K�H�� �Q�D�W�X�U�D�O�� �F�R�D�U�V�H�� �D�J�J�U�H�J�D�W�H�V���� �V�D�Q�G�� �D�Q�G�� �U�H�F�\�F�O�H�G�� �&�	�'��
�D�J�J�U�H�J�D�W�H�V���Z�H�U�H���W�H�V�W�H�G���W�R���F�K�D�U�D�F�W�H�U�L�V�H���W�K�H�L�U���S�U�R�S�H�U�W�L�H�V���W�R��
ascertain the suitability for producing concrete. Table 1 
�V�K�R�Z�V���W�K�H���U�H�V�X�O�W�V���R�I���W�K�H���W�H�V�W�V���F�R�Q�G�X�F�W�H�G���D�Q�G���W�K�H���P�D�W�H�U�L�D�O��
�W�\�S�H���Z�L�W�K���W�K�H���V�W�D�Q�G�D�U�G���W�H�V�W���P�H�W�K�R�G�V��

�&�R�D�U�V�H���D�J�J�U�H�J�D�W�H�V���P�L�[���U�D�W�L�R�V���I�R�U���V�D�P�S�O�H�V

�7�K�H�� �V�W�X�G�\�� �I�R�F�X�V�H�G�� �R�Q�� �V�X�E�V�W�L�W�X�W�L�Q�J�� �W�K�H�� �U�H�F�\�F�O�H�G�� �&�	�'��
aggregates for conventional concrete aggregate, to 
determine the appropriate boundary percentage of 
�&�	�'�� �D�J�J�U�H�J�D�W�H�V�� �W�K�D�W�� �F�D�Q�� �E�H�� �D�G�G�H�G�� �W�R�� �P�D�Q�X�I�D�F�W�X�U�H��
non-structural concrete for target compressive strength. 
�1�D�W�X�U�D�O�� �F�R�D�U�V�H�� �D�J�J�U�H�J�D�W�H�V�� �Z�H�U�H�� �U�H�S�O�D�F�H�G�� �E�\�� �U�H�F�\�F�O�H�G��
�&�	�'���D�J�J�U�H�J�D�W�H�V���Z�L�W�K���G�L�I�I�H�U�H�Q�W���S�H�U�F�H�Q�W�D�J�H�V���E�\���Z�H�L�J�K�W���D�V��
�V�K�R�Z�Q���L�Q���7�D�E�O�H������
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Test  Type of material  Test method

�6�L�H�Y�H���D�Q�D�O�\�V�L�V���W�H�V�W�� �&�R�D�U�V�H���� �6�D�Q�G�� �&�	�'�� �%�6�������������S�D�U�W�������������������%�U�L�W�L�V�K���6�W�D�Q�G�D�U�G�V���,�Q�V�W�L�W�X�W�L�R�Q�������������F��
�%�X�O�N���G�H�Q�V�L�W�\���� �&�R�D�U�V�H���� �6�D�Q�G�� �&�	�'�� �%�6�����������S�D�U�W���������%�U�L�W�L�V�K���6�W�D�Q�G�D�U�G�V���,�Q�V�W�L�W�X�W�L�R�Q��������������
�$�J�J�U�H�J�D�W�H���L�P�S�D�F�W���Y�D�O�X�H���� �&�R�D�U�V�H���� ���� �� �%�6�����������S�D�U�W�����������������������%�U�L�W�L�V�K���6�W�D�Q�G�D�U�G�V���,�Q�V�W�L�W�X�W�L�R�Q�������������E��
�)�O�D�N�L�Q�H�V�V���L�Q�G�H�[���� �&�R�D�U�V�H���� ���� �� �%�6�����������V�H�F���������������������������%�U�L�W�L�V�K���6�W�D�Q�G�D�U�G�V���,�Q�V�W�L�W�X�W�L�R�Q�������������D��
�&�O�D�\���D�Q�G���V�L�O�W���F�R�Q�W�H�Q�W���� ���� �6�D�Q�G�� �&�	�'�� �%�6�������������%�U�L�W�L�V�K���6�W�D�Q�G�D�U�G�V���,�Q�V�W�L�W�X�W�L�R�Q��������������
�6�S�H�F�L�¿�F���J�U�D�Y�L�W�\���D�Q�G���Z�D�W�H�U���D�E�V�R�U�S�W�L�R�Q�� �&�R�D�U�V�H�� �� �&�	�'�� �%�6�����������S�D�U�W���������%�U�L�W�L�V�K���6�W�D�Q�G�D�U�G�V���,�Q�V�W�L�W�X�W�L�R�Q����������������

Table 1:�� �7�H�V�W�V���D�Q�G���W�K�H�L�U���V�W�D�Q�G�D�U�G���P�H�W�K�R�G�V���I�R�U���F�R�Q�Y�H�Q�W�L�R�Q�D�O���F�R�Q�F�U�H�W�H���D�J�J�U�H�J�D�W�H�V�����V�D�Q�G���D�Q�G���U�H�F�\�F�O�H�G���&�	�'���D�J�J�U�H�J�D�W�H�V

�6�D�P�S�O�H���Q�D�P�H�� �1�D�W�X�U�D�O���D�J�J�U�H�J�D�W�H�V���� �&�	�'���D�J�J�U�H�J�D�W�H�V��
�� �������E�\���Z�H�L�J�K�W���� �������E�\���Z�H�L�J�K�W��

�1�$���������&�'���� �������� ��
�1�$�������&�'������ ������ ����
�1�$�������&�'������ ������ ����
�1�$�������&�'������ ������ ����

�7�D�E�O�H�������� �6�D�P�S�O�H���Q�D�P�H�V���Z�L�W�K���F�R�D�U�V�H���D�J�J�U�H�J�D�W�H�V���P�L�[���U�D�W�L�R�V
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Figure 2. (a) Testing a concrete specimen
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(a) (b)
Figure 2. (a) Testing a concrete specimen; (b) tested concrete cubes

�)�L�J�X�U�H������ (a) Recycled construction and demolition aggregates; (b) natural aggregates

(a) (b)

�&�R�P�S�R�Q�H�Q�W�� �9�D�O�X�H

�'�H�V�L�J�Q���V�W�U�H�Q�J�W�K���� �������1�P�P-2 in 28 days 
Standard deviation  8.0 Nmm-2

�0�D�U�J�L�Q���� �����������î����������� ���������������1�P�P-2

�7�D�U�J�H�W���P�H�D�Q���V�W�U�H�Q�J�W�K���� ����������������������� ���������������1�P�P-2

�)�U�H�H���Z�D�W�H�U���F�H�P�H�Q�W���U�D�W�L�R���� ����������
�6�O�X�P�S���� ���������±�����������P�P��
�0�D�[�L�P�X�P���D�J�J�U�H�J�D�W�H���V�L�]�H���� �������P�P��

�7�D�E�O�H�������� �&�R�Q�F�U�H�W�H�� �P�L�[�� �G�H�V�L�J�Q�� �L�Q�I�R�U�P�D�W�L�R�Q�� �I�R�U�� �J�U�D�G�H�� ������ �F�R�Q�F�U�H�W�H��
mixture

�&�R�P�S�U�H�V�V�L�Y�H���V�W�U�H�Q�J�W�K���W�H�V�W

�&�R�P�S�U�H�V�V�L�Y�H���V�W�U�H�Q�J�W�K���W�H�V�W���I�R�U���F�R�Q�F�U�H�W�H���F�X�E�H�V���L�V���R�I���X�W�P�R�V�W��
�L�P�S�R�U�W�D�Q�F�H���� �Z�K�L�F�K�� �U�H�Y�H�D�O�V�� �W�K�H�� �V�W�U�H�Q�J�W�K�� �D�Q�G�� �V�W�L�I�I�Q�H�V�V��
properties of the concrete. Test results are primarily 
�X�V�H�G�� �W�R�� �G�H�W�H�U�P�L�Q�H�� �Z�K�H�W�K�H�U�� �W�K�H�� �F�R�Q�F�U�H�W�H�� �P�L�[�W�X�U�H�� �P�H�H�W�V��
�W�K�H���U�H�T�X�L�U�H�P�H�Q�W���R�I���D���V�S�H�F�L�¿�H�G���V�W�U�H�Q�J�W�K�����7�K�H���F�R�P�S�U�H�V�V�L�Y�H��
�V�W�U�H�Q�J�W�K�� �W�H�V�W�� �Z�D�V�� �F�R�Q�G�X�F�W�H�G�� �L�Q�� �D�F�F�R�U�G�D�Q�F�H�� �Z�L�W�K�� �%�6�� �(�1��
�������������������%�U�L�W�L�V�K���6�W�D�Q�G�D�U�G�V���,�Q�V�W�L�W�X�W�L�R�Q�������������������7�H�V�W�V���Z�H�U�H��
conducted under 3 series based on curing periods of the 
�V�S�H�F�L�P�H�Q�V�� �S�U�L�R�U�� �W�R�� �W�K�H�� �W�H�V�W�V���� �7�K�H�� �F�X�U�L�Q�J�� �S�H�U�L�R�G�V�� �Z�H�U�H��
planned to examine the strength gaining of the concrete 
�V�S�H�F�L�P�H�Q�V���Z�L�W�K���W�L�P�H��

Series I : Specimens cured for 7 days. 
�� ���� �G�D�\�V�� �F�X�U�L�Q�J�� �S�H�U�L�R�G�� �Z�D�V�� �V�H�O�H�F�W�H�G�� �W�R�� �F�K�H�F�N��

strength properties before standard curing 
�S�H�U�L�R�G���Z�K�L�F�K���L�V���������G�D�\�V���D�Q�G���W�R���L�Q�Y�H�V�W�L�J�D�W�H���W�K�H��
performance under site curing.

Series II: Specimens cured for 28 days. 
 This is the control test for the curing time. 

�8�V�X�D�O�O�\�� ������ �G�D�\�V�� �F�X�U�L�Q�J�� �Z�D�V�� �G�R�Q�H�� �W�R�� �I�R�O�O�R�Z��
the standard test procedure.
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Series III: Specimens cured for 90 days. 
�������G�D�\�V���F�X�U�L�Q�J���Z�D�V���V�H�O�H�F�W�H�G���W�R���L�Q�Y�H�V�W�L�J�D�W�H���W�K�H��
�V�W�U�H�Q�J�W�K�� �J�D�L�Q�� �Z�K�L�F�K�� �L�V�� �E�H�\�R�Q�G�� �W�K�H�� �V�W�D�Q�G�D�U�G��
curing time period of 28 days. This is to 
examine the effect of re-cementing process 
due to the hydration of residual cement 
�L�Q�� �F�H�P�H�Q�W�� �P�R�U�W�D�U�� �Z�K�L�F�K�� �L�V�� �D�W�W�D�F�K�H�G�� �W�R�� �W�K�H��
recycled aggregates and conglomerated 
�F�H�P�H�Q�W���P�R�U�W�D�U���S�D�U�W�L�F�O�H�V���L�Q���&�	�'���V�D�P�S�O�H�V��

�&�R�Q�F�U�H�W�H���P�L�[���G�H�V�L�J�Q

The non-structural concrete elements generally refer  to 
�W�K�H�� �J�U�D�G�H�� �R�I�� �F�R�Q�F�U�H�W�H�� �O�H�V�V�� �W�K�D�Q�� ������ �0�3�D�� ���$�Q�X�P��et al., 
�������������� �7�K�L�V�� �V�W�X�G�\�� �Z�D�V�� �F�R�Q�G�X�F�W�H�G�� �W�R�� �S�U�H�S�D�U�H�� �*�U�D�G�H�� ������
�F�R�Q�F�U�H�W�H�� �P�L�[�H�V�� �I�R�U�� �V�D�P�S�O�H�� �S�U�H�S�D�U�D�W�L�R�Q���� �V�L�Q�F�H�� �O�R�Z��
�L�Q�W�H�U�P�H�G�L�D�W�H�� �V�W�U�H�Q�J�W�K�� �F�R�Q�F�U�H�W�H�� �L�V�� �Z�L�G�H�O�\�� �X�V�H�G�� �L�Q�� �Q�R�Q��
�V�W�U�X�F�W�X�U�D�O���D�S�S�O�L�F�D�W�L�R�Q�V�����$�F�K�L�H�Y�L�Q�J���W�K�H���V�W�U�H�Q�J�W�K���R�I���������0�3�D��
�L�V���H�V�V�H�Q�W�L�D�O���W�R���H�Q�V�X�U�H���W�K�H���S�R�W�H�Q�W�L�D�O���X�V�H���R�I���U�H�F�\�F�O�H�G���&�	�'��
for non-structural concrete applications. 

�� �&�R�Q�F�U�H�W�H�� �P�L�[�� �G�H�V�L�J�Q�� �F�D�O�F�X�O�D�W�L�R�Q�� �Z�D�V�� �F�D�U�U�L�H�G�� �R�X�W��
�D�F�F�R�U�G�L�Q�J�� �W�R�� �W�K�H�� �%�U�L�W�L�V�K�� ���'�2�(���� �P�H�W�K�R�G�� ���7�H�\�F�K�H�Q�Q�H����
1997). The strength requirements for concrete are taken 
at an age of 28 days as it is the standard curing time 
���%�U�L�W�L�V�K�� �6�W�D�Q�G�D�U�G�V�� �,�Q�V�W�L�W�X�W�L�R�Q���� ���������������$�� �K�L�J�K�H�U�� �V�W�D�Q�G�D�U�G��
�G�H�Y�L�D�W�L�R�Q���Z�D�V���H�P�S�O�R�\�H�G���L�Q���R�U�G�H�U���W�R���G�H�W�H�U�P�L�Q�H���W�K�H���W�D�U�J�H�W��
mean strength based on the required design strength, 
�Z�K�H�Q�� �G�H�V�L�J�Q�L�Q�J�� �W�K�H�� �F�R�Q�F�U�H�W�H�� �P�L�[�H�G�� �Z�L�W�K�� �U�H�F�\�F�O�H�G��
�&�	�'�� �D�J�J�U�H�J�D�W�H�V�� �R�I�� �Y�D�U�L�D�E�O�H�� �T�X�D�O�L�W�\�� ���5�D�R��et al., 2007). 
�$�O�O�� �V�S�H�F�L�P�H�Q�V�� �Z�H�U�H�� �S�U�H�S�D�U�H�G�� �D�V�� �D�� �V�W�D�Q�G�D�U�G�� �P�L�[�W�X�U�H�� �I�R�U��
�*�U�D�G�H���������P�L�[���G�H�V�L�J�Q���D�V���V�K�R�Z�Q���L�Q���7�D�E�O�H������

 According to the mix design information in Table 3, 
the calculated quantities of materials for 1 m3 of concrete 
�L�V���D�V���I�R�O�O�R�Z�V
�x�� �&�H�P�H�Q�W�����������N�J��
�x�� Water 180 kg 
�x�� �6�D�Q�G�����������N�J��
�x�� Natural aggregate (20 mm) 1080 kg 

�� �7�K�H���Z�D�W�H�U���F�R�Q�W�H�Q�W���Z�D�V���L�Q�L�W�L�D�O�O�\���F�D�O�F�X�O�D�W�H�G���D�V�����������N�J��
for a 1 m3���Y�R�O�X�P�H���R�I���W�K�H���P�L�[�W�X�U�H�����,�W���Z�D�V���O�D�W�H�U���P�R�G�L�¿�H�G��
�D�V�� �������� �N�J�� �W�R�� �L�Q�F�U�H�D�V�H�� �W�K�H�� �Z�R�U�N�D�E�L�O�L�W�\�� �R�I�� �W�K�H�� �F�R�Q�F�U�H�W�H��
mixture.

�3�U�R�S�R�U�W�L�R�Q�L�Q�J�� �R�I�� �F�R�Q�F�U�H�W�H�� �P�L�[�W�X�U�H�V����The quantities 
�R�I�� �W�K�H�� �P�D�W�H�U�L�D�O�V�� �I�R�U�� ���� �P�ñ�� �Z�H�U�H�� �D�G�D�S�W�H�G�� �W�R�� �S�U�R�G�X�F�H�� �W�K�H��
required volume of concrete specimens for testing. The 
�U�H�T�X�L�U�H�G�� �F�R�D�U�V�H�� �D�J�J�U�H�J�D�W�H�V�� �Z�H�U�H�� �S�D�U�W�L�D�O�O�\�� �U�H�S�O�D�F�H�G�� �E�\��
�V�X�E�V�W�L�W�X�W�L�R�Q�� �R�I�� �U�H�F�\�F�O�H�G�� �&�	�'�� �D�J�J�U�H�J�D�W�H�V�� �D�V�� �W�K�H�� �P�L�[�H�G��
�S�U�R�S�R�U�W�L�R�Q�V���R�I���F�R�D�U�V�H���D�J�J�U�H�J�D�W�H�V���D�V���V�K�R�Z�Q���L�Q���7�D�E�O�H������

�0�L�[�L�Q�J�� �R�I�� �F�R�P�S�R�Q�H�Q�W�V����The minor constituents in 
�&�	�'�� �V�X�F�K�� �D�V�� �P�H�W�D�O���� �Z�R�R�G�� �S�L�H�F�H�V���� �S�O�D�V�W�L�F�� �D�Q�G�� �S�D�S�H�U��
�Z�H�U�H���U�H�P�R�Y�H�G���E�H�I�R�U�H���P�L�[�L�Q�J�����7�K�H�V�H���P�D�W�H�U�L�D�O�V���F�R�X�O�G���E�H��
�D�G�G�H�G���D�W���W�K�H���F�U�X�V�K�L�Q�J���S�U�R�F�H�V�V���D�Q�G���Z�H�U�H���U�H�P�R�Y�H�G���L�Q���R�U�G�H�U��
to maintain the consistency of the selected sample. In 
�D�G�G�L�W�L�R�Q�����W�R���F�R�P�S�D�U�H���W�K�H���U�H�V�X�O�W�V���R�E�M�H�F�W�L�Y�H�O�\�����1�$���������&�'����
�V�D�P�S�O�H���Z�D�V���X�V�H�G���D�V���W�K�H���F�R�Q�W�U�R�O���P�L�[���Z�K�L�F�K���Z�D�V���P�D�G�H���I�U�R�P��
natural coarse aggregates to benchmark the results. All 
�F�R�Q�F�U�H�W�H���P�L�[�H�V���Z�H�U�H���S�U�H�S�D�U�H�G���Z�L�W�K���W�K�H���V�O�X�P�S���L�Q���W�K�H���U�D�Q�J�H��
�R�I�����������±�����������P�P�����7�K�H�V�H���V�O�X�P�S���Y�D�O�X�H�V���Z�H�U�H���D�F�K�L�H�Y�H�G���E�\��
�D�G�G�L�Q�J���P�R�U�H���Z�D�W�H�U���Z�L�W�K�L�Q���W�K�H���U�D�Q�J�H���R�I�������±�������������W�K�D�Q���W�K�H��
�G�H�V�L�J�Q�H�G���Y�D�O�X�H�V���G�X�H���W�R���K�L�J�K���Z�D�W�H�U���D�E�V�R�U�S�W�L�R�Q���S�U�R�S�H�U�W�\���R�I��
�&�	�'���D�J�J�U�H�J�D�W�H�V�����'�H�V�K�S�D�Q�G�H��et al., 2012).

�� �7�K�H�� �W�H�V�W�� �F�X�E�H�V�� �Z�H�U�H�� �P�D�Q�X�I�D�F�W�X�U�H�G�� �D�F�F�R�U�G�L�Q�J�� �W�R�� �W�K�H��
�V�W�D�Q�G�D�U�G�� �R�I�� �� �%�6�� �(�1�� �������������������������� ���%�U�L�W�L�V�K�� �6�W�D�Q�G�D�U�G�V��
�,�Q�V�W�L�W�X�W�L�R�Q���� ������������ �D�Q�G�� �W�K�H�� �V�L�]�H�� �Z�D�V�� �������� �P�P�� �î�� �������� �P�P��
�î�� �������� �P�P���� �7�K�H�� �W�H�V�W�� �F�X�E�H�V�� �Z�H�U�H�� �F�R�Y�H�U�H�G�� �Z�L�W�K�� �G�D�P�S��
�F�O�R�W�K�� �D�Q�G�� �V�W�R�U�H�G�� �D�W�� �U�R�R�P�� �W�H�P�S�H�U�D�W�X�U�H�� �I�R�U�� ������ �K�� ���%�U�L�W�L�V�K��
Standards Institution, 2009). 

Testing the specimens: �&�R�Q�F�U�H�W�H�� �F�X�E�H�V�� �Z�H�U�H�� �U�H�P�R�Y�H�G��
�D�I�W�H�U���������K���D�Q�G���L�P�P�H�U�V�H�G���L�Q���D���Z�D�W�H�U���W�D�Q�N���I�R�U���F�X�U�L�Q�J���Z�K�H�U�H��
�W�K�H�� �Z�D�W�H�U�� �W�H�P�S�H�U�D�W�X�U�H�� �Z�D�V�� �F�R�Q�W�U�R�O�O�H�G�� �D�W�� ������ �ƒ�&�� �“�� ���� �ƒ�&����
�D�O�O�R�Z�L�Q�J�� �W�K�H�� �F�X�E�H�V�� �W�R�� �K�\�G�U�D�W�H�� �S�U�R�S�H�U�O�\�� �X�Q�G�H�U�� �D�� �P�R�L�V�W��
�H�Q�Y�L�U�R�Q�P�H�Q�W���� �7�K�H�� �F�X�U�H�G�� �W�H�V�W�� �F�X�E�H�V�� �Z�H�U�H�� �U�H�P�R�Y�H�G�� �I�U�R�P��
the curing tank after the designed curing periods and 
tested for compressive strength under the test method 
�%�6�� �(�1�� ���������������� �� ���%�U�L�W�L�V�K�� �6�W�D�Q�G�D�U�G�V�� �,�Q�V�W�L�W�X�W�L�R�Q���� ��������������
The compressive strength test machine and the tested 
�V�D�P�S�O�H�V�� �D�U�H�� �V�K�R�Z�Q�� �L�Q�� �)�L�J�X�U�H�� ������ �7�K�H�� �I�D�L�O�X�U�H�� �S�D�W�W�H�U�Q�V�� �R�I��
�W�K�H���W�H�V�W�H�G���V�D�P�S�O�H�V���Z�H�U�H���L�Q�V�S�H�F�W�H�G���W�R���G�H�F�L�G�H���Z�K�H�W�K�H�U���W�K�H�\��
�Z�H�U�H���V�D�W�L�V�I�D�F�W�R�U�\����

�)�L�J�X�U�H������ (a) Testing a concrete specimen; (b) tested concrete cubes
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Figure 2. (a) Testing a concrete specimen
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Figure 2. (a) Testing a concrete specimen; (b) tested concrete cubes(a) (b)
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RESULTS AND DISCUSSION

�3�K�\�V�L�F�D�O���S�U�R�S�H�U�W�L�H�V���R�I���W�K�H���X�V�H�G���P�D�W�H�U�L�D�O�V�����Q�D�W�X�U�D�O���F�R�D�U�V�H��
�D�J�J�U�H�J�D�W�H�V�����V�D�Q�G���P�D�W�H�U�L�D�O�V���D�Q�G���U�H�F�\�F�O�H�G���&�	�'���D�J�J�U�H�J�D�W�H�V��
�Z�H�U�H�� �L�Q�Y�H�V�W�L�J�D�W�H�G�� �S�U�L�R�U�� �W�R�� �W�K�H�� �P�D�L�Q�� �W�H�V�W�L�Q�J�� �S�U�R�J�U�D�P�P�H����
The determination of basic physical properties is 
�V�L�J�Q�L�¿�F�D�Q�W�� �W�R�� �F�R�P�S�D�U�H�� �Z�L�W�K�� �W�K�H�� �V�W�D�Q�G�D�U�G�� �V�S�H�F�L�¿�F�D�W�L�R�Q�V��
�D�Q�G�� �W�R�� �F�O�D�V�V�L�I�\�� �W�K�H�� �P�D�W�H�U�L�D�O�V���� �7�K�H�V�H�� �U�H�F�R�U�G�V�� �Z�R�X�O�G�� �E�H��
utilised for future comparison and recommendation, 
�Z�K�H�Q���W�K�H�V�H���S�U�R�S�H�U�W�L�H�V���F�K�D�Q�J�H���Z�L�W�K���F�H�U�W�D�L�Q���F�R�Q�G�L�W�L�R�Q�V���L�Q��
different regions. 

�3�U�R�S�H�U�W�L�H�V���R�I���F�R�Q�Y�H�Q�W�L�R�Q�D�O���F�R�D�U�V�H���D�J�J�U�H�J�D�W�H�V��

Particle size distribution (PSD) 

The particle size distributions of natural coarse 
�D�J�J�U�H�J�D�W�H�V�� �D�U�H�� �J�U�D�S�K�L�F�D�O�O�\�� �V�K�R�Z�Q�� �L�Q�� �)�L�J�X�U�H�� ���� �Z�L�W�K�� �W�K�H��
�X�S�S�H�U�� �D�Q�G�� �O�R�Z�H�U�� �E�R�X�Q�G�V�� �R�I�� �%�U�L�W�L�V�K�� �V�S�H�F�L�¿�F�D�W�L�R�Q�� �%�6��
������������������ ���%�U�L�W�L�V�K�� �6�W�D�Q�G�D�U�G�V�� �,�Q�V�W�L�W�X�W�L�R�Q���� �������������� �7�K�H��
�J�U�D�G�L�Q�J�� �F�X�U�Y�H�� �Z�D�V�� �Z�L�W�K�L�Q�� �W�K�H�� �U�H�F�R�P�P�H�Q�G�H�G�� �J�U�D�G�L�Q�J��
limits for single sized aggregates and the gradation of the 
aggregates is desirable for making concrete, as it reduces 

�W�K�H���Y�R�L�G���F�R�Q�W�H�Q�W���W�R���S�U�R�G�X�F�H���D���Z�H�O�O���S�D�F�N�H�G���F�R�Q�F�U�H�W�H���P�L�[��
���6�P�L�W�K�� �	�� �$�Q�G�U�H�V���� �������������� �$�F�F�R�U�G�L�Q�J�� �W�R�� �W�K�H�� �F�R�H�I�¿�F�L�H�Q�W�V��
�R�I���X�Q�L�I�R�U�P�L�W�\���D�Q�G���F�X�U�Y�D�W�X�U�H���Y�D�O�X�H�V���R�I���W�K�H���3�6�'���F�X�U�Y�H�����L�W��
�L�V���Q�R�W���S�H�U�I�H�F�W�O�\���Z�H�O�O���J�U�D�G�H�G�����K�R�Z�H�Y�H�U���F�D�Q���E�H���L�Q�W�U�R�G�X�F�H�G��
�D�V�� �V�O�L�J�K�W�O�\�� �Z�H�O�O�� �J�U�D�G�H�G���� �7�K�H�� �P�D�[�L�P�X�P�� �S�D�U�W�L�F�O�H�� �V�L�]�H�� �L�V��
�������P�P�����Z�K�L�F�K���L�V���D�F�F�H�S�W�D�E�O�H���I�R�U���W�K�H���H�F�R�Q�R�P�L�F���S�U�R�G�X�F�W�L�R�Q��
�R�I���F�R�Q�F�U�H�W�H���Z�L�W�K���V�W�D�Q�G�D�U�G���T�X�D�O�L�W�\����

Mechanical properties 

�$�J�J�U�H�J�D�W�H���L�P�S�D�F�W���Y�D�O�X�H�����$�,�9�����Z�D�V���P�H�D�V�X�U�H�G���W�R���H�Y�D�O�X�D�W�H��
the strength of the aggregates. AIV is the percentage 
�R�I�� �¿�Q�H�V�� �S�U�R�G�X�F�H�G�� �I�U�R�P�� �W�K�H�� �D�J�J�U�H�J�D�W�H�� �V�D�P�S�O�H�� �D�I�W�H�U��
subjecting to a standard impact load. It gives a relative 
measure of the toughness or the resistance of aggregate 
to a sudden impact such that cube shaped stones give 
�K�L�J�K�H�U�� �U�H�V�L�V�W�D�Q�F�H�� �W�R�� �L�P�S�D�F�W�� �Z�K�H�Q�� �F�R�P�S�D�U�H�G�� �Z�L�W�K�� �À�D�N�\��
�D�Q�G�� �H�O�R�Q�J�D�W�H�G�� �V�W�R�Q�H�V���� �7�K�H���$�,�9�� �W�H�V�W�� �Z�D�V�� �F�D�U�U�L�H�G�� �R�X�W�� �L�Q��

�D�F�F�R�U�G�D�Q�F�H�� �Z�L�W�K�� �%�6�� ���������S�D�U�W�� �������� ���%�U�L�W�L�V�K�� �6�W�D�Q�G�D�U�G�V��
Institution, 1990b). The required AIV should be less 
�W�K�D�Q�������������D�V���G�H�¿�Q�H�G���L�Q���%�6�����������������������%�U�L�W�L�V�K���6�W�D�Q�G�D�U�G�V��
Institution, 1992). The used natural aggregates have 
�$�,�9�V���R�I�����������������D�Q�G�������������������Z�K�L�F�K���L�V���Z�L�W�K�L�Q���W�K�H���V�W�D�Q�G�D�U�G��
limit and suitable for use in concrete structures.

Physical properties

�6�S�H�F�L�¿�F���J�U�D�Y�L�W�\���R�I���W�K�H���F�R�D�U�V�H���D�J�J�U�H�J�D�W�H�V���Z�D�V���P�H�D�V�X�U�H�G��
�D�V�������������D�Q�G���W�K�H���Z�D�W�H�U���D�E�V�R�U�S�W�L�R�Q���Y�D�O�X�H���Z�D�V�����������������D�W���G�U�\��
�E�D�V�L�V�����)�X�U�W�K�H�U�����W�K�H���À�D�N�L�Q�H�V�V���L�Q�G�H�[���D�Q�G���E�X�O�N���G�H�Q�V�L�W�\���R�I���W�K�H��
�Q�D�W�X�U�D�O�� �F�R�D�U�V�H�� �D�J�J�U�H�J�D�W�H�V�� �Z�H�U�H�� �P�H�D�V�X�U�H�G���� �7�K�H�� �Y�D�O�X�H�� �R�I��
�E�X�O�N���G�H�Q�V�L�W�\���F�O�H�D�U�O�\���G�H�S�H�Q�G�V���R�Q���J�U�D�G�L�Q�J�����Z�K�L�F�K���J�R�Y�H�U�Q�V��
�K�R�Z�� �Z�H�O�O�� �W�K�H�� �S�D�U�W�L�F�O�H�V�� �S�D�F�N�� �W�R�J�H�W�K�H�U�� �Z�K�H�Q�� �F�R�P�S�D�F�W�H�G����
�7�K�H�� �E�X�O�N�� �G�H�Q�V�L�W�\�� �R�I�� �W�K�H�� �Q�D�W�X�U�D�O�� �F�R�D�U�V�H�� �D�J�J�U�H�J�D�W�H�V�� �Z�D�V��
���������������N�J�P-3�����Z�K�L�F�K���L�V���Z�L�W�K�L�Q���W�K�H���V�W�D�Q�G�D�U�G���U�D�Q�J�H�������������W�R������
1760 kgm-3 (E-701, 1999). 
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Figure 3.  Grading curve of natural coarse aggregates with British standard (BS 882) for 
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Particle Size

Natural Coarse Aggregates

Upper Limit of Standard
Specification

Lower Limit of Standard
Specification

�)�L�J�X�U�H�������� �*�U�D�G�L�Q�J���F�X�U�Y�H���R�I���Q�D�W�X�U�D�O���F�R�D�U�V�H���D�J�J�U�H�J�D�W�H�V���Z�L�W�K���%�U�L�W�L�V�K���6�W�D�Q�G�D�U�G�����%�6�������������I�R�U���V�L�Q�J�O�H���V�L�]�H�G��
aggregates

Natural coarse aggregates

Upper limit of standard 
�V�S�H�F�L�¿�F�D�W�L�R�Q

�/�R�Z�H�U�� �O�L�P�L�W�� �R�I�� �V�W�D�Q�G�D�U�G��
�V�S�H�F�L�¿�F�D�W�L�R�Q
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�&�R�Q�V�W�L�W�X�H�Q�W�� �$�Y�H�U�D�J�H���S�H�U�F�H�Q�W�D�J�H���E�\���Z�H�L�J�K�W

�5�H�F�\�F�O�H�G���F�R�Q�F�U�H�W�H���D�J�J�U�H�J�D�W�H�V�� �����������±����������
�%�U�L�F�N���� ������������
�&�H�U�D�P�L�F�V�����F�O�D�\���W�L�O�H�V���D�Q�G���J�O�D�V�V���� ����������

�:�R�R�G���D�Q�G���R�W�K�H�U���G�H�E�U�L�V���� ����������

�7�D�E�O�H�������� �&�R�Q�V�W�L�W�X�H�Q�W�V���R�I���U�H�F�\�F�O�H�G���&�	�'���D�J�J�U�H�J�D�W�H�V

�)�O�D�N�L�Q�H�V�V�� �L�Q�G�H�[�� �R�I�� �W�K�H�� �Q�D�W�X�U�D�O�� �F�R�D�U�V�H�� �P�D�W�H�U�L�D�O�V�� �Z�D�V��
�P�H�D�V�X�U�H�G�� �W�R�� �G�H�W�H�U�P�L�Q�H�� �W�K�H�� �S�H�U�F�H�Q�W�D�J�H�� �E�\�� �Z�H�L�J�K�W�� �R�I��
�À�D�N�\�� �S�D�U�W�L�F�O�H�V�� �L�Q�� �W�K�H�� �V�D�P�S�O�H�V���� �7�K�H�� �G�H�J�U�H�H�� �R�I�� �S�D�F�N�L�Q�J��
of particles of one size depends upon their shape. Flaky 
�S�D�U�W�L�F�O�H�V���U�H�G�X�F�H���W�K�H���Z�R�U�N�D�E�L�O�L�W�\���R�I���F�R�Q�F�U�H�W�H���P�L�[�H�V���G�X�H���W�R��
high surface area to volume ratio. When determined in 
�D�F�F�R�U�G�D�Q�F�H�� �Z�L�W�K�� �%�6�� ���������S�D�U�W�� �������� ������ ���%�U�L�W�L�V�K�� �6�W�D�Q�G�D�U�G�V��
�,�Q�V�W�L�W�X�W�L�R�Q�������������D�������W�K�H���À�D�N�L�Q�H�V�V���L�Q�G�H�[���V�K�R�X�O�G���Q�R�W���H�[�F�H�H�G��
������ ���� �I�R�U�� �F�U�X�V�K�H�G�� �U�R�F�N�� ���%�U�L�W�L�V�K�� �6�W�D�Q�G�D�U�G�V�� �,�Q�V�W�L�W�X�W�L�R�Q����
�������������� �7�K�H�� �R�E�W�D�L�Q�H�G�� �À�D�N�L�Q�H�V�V�� �L�Q�G�H�[�� �Y�D�O�X�H�� �Z�D�V�� ������ ������
�K�H�Q�F�H�� �W�K�H�� �V�H�O�H�F�W�H�G�� �F�R�Q�Y�H�Q�W�L�R�Q�D�O�� �F�R�D�U�V�H�� �P�D�W�H�U�L�D�O�� �Z�D�V��
acceptable.

�3�U�R�S�H�U�W�L�H�V���R�I���¿�Q�H���D�J�J�U�H�J�D�W�H�V�����V�D�Q�G����

Particle size distribution (PSD)

�3�6�'���R�I���W�K�H���¿�Q�H���D�J�J�U�H�J�D�W�H���L�V���J�U�D�S�K�L�F�D�O�O�\���V�K�R�Z�Q���L�Q���)�L�J�X�U�H������
�Z�L�W�K���W�K�H���%�U�L�W�L�V�K���V�S�H�F�L�¿�F�D�W�L�R�Q���I�R�U���X�S�S�H�U���D�Q�G���O�R�Z�H�U���O�L�P�L�W���R�I��
�V�W�D�Q�G�D�U�G���3�6�'�����7�K�H���J�U�D�S�K���H�Q�V�X�U�H�V���W�K�D�W���W�K�H���3�6�'���R�I���Q�D�W�X�U�D�O��
�¿�Q�H���D�J�J�U�H�J�D�W�H�V���F�R�P�S�O�L�H�G���Z�L�W�K���W�K�H���X�S�S�H�U���D�Q�G���O�R�Z�H�U���O�L�P�L�W�V��
�R�I���J�U�D�G�L�Q�J�����Z�K�L�F�K���Z�H�U�H���S�U�R�Y�L�G�H�G���E�\���%�U�L�W�L�V�K���V�W�D�Q�G�D�U�G���W�H�V�W��
�V�S�H�F�L�¿�F�D�W�L�R�Q�V�����%�U�L�W�L�V�K���6�W�D�Q�G�D�U�G�V���,�Q�V�W�L�W�X�W�L�R�Q������������������

�� �%�X�O�N�� �G�H�Q�V�L�W�\�� �R�I�� �W�K�H�� �V�D�Q�G�� �P�D�W�H�U�L�D�O�V�� �Z�D�V�� �E�H�W�Z�H�H�Q��
�����������±�������������N�J�P-3�����7�K�H���Y�D�O�X�H�V���Z�H�U�H���Z�L�W�K�L�Q���W�K�H���V�W�D�Q�G�D�U�G��
�V�S�H�F�L�¿�F�D�W�L�R�Q�V�������������±�������������N�J�P-3�����(�������������������������D�Q�G���Z�H�U�H��
suitable for the concrete mixture. 

�&�O�D�\���D�Q�G���V�L�O�W���F�R�Q�W�H�Q�W���R�I���¿�Q�H���D�J�J�U�H�J�D�W�H�V��

The aggregates for producing concrete should be clean 
of impurities (Ngugi et al., 2014). Therefore, it is 

�V�L�J�Q�L�¿�F�D�Q�W�� �W�R�� �F�R�Q�W�U�R�O�� �W�K�H�� �H�I�I�H�F�W�� �R�I�� �F�O�D�\�� �D�Q�G�� �V�L�O�W�� �F�R�Q�W�H�Q�W��
of sand on the strength of the concrete. The higher the 
�S�H�U�F�H�Q�W�D�J�H���R�I���F�O�D�\���D�Q�G���V�L�O�W���L�Q���V�D�Q�G�����W�K�H���O�R�Z�H�U���W�K�H���F�R�Q�F�U�H�W�H��
�V�W�U�H�Q�J�W�K�����2�O�D�Q�L�W�R�U�L���������������������7�K�H���%�U�L�W�L�V�K���V�W�D�Q�G�D�U�G�V�����%�U�L�W�L�V�K��
Standards Institution, 1992)  have imposed a limit on 
�W�K�H�� �P�D�[�L�P�X�P�� �D�P�R�X�Q�W�� �R�I�� �¿�Q�H�U�� �P�D�W�H�U�L�D�O�� �S�D�V�V�L�Q�J�� ������ ���P��
���1�R���������������V�L�H�Y�H���L�Q���¿�Q�H���D�J�J�U�H�J�D�W�H���D�V�������������7�K�H���G�H�W�H�U�P�L�Q�H�G��
�F�O�D�\���D�Q�G���V�L�O�W���F�R�Q�W�H�Q�W���Y�D�O�X�H���Z�D�V�������������������Z�K�L�F�K���Z�D�V���Z�H�O�O��
�E�H�O�R�Z���W�K�H���P�D�[�L�P�X�P���S�H�U�P�L�V�V�L�E�O�H���P�D�U�J�L�Q����

�3�U�R�S�H�U�W�L�H�V���R�I���U�H�F�\�F�O�H�G���&�	�'���D�J�J�U�H�J�D�W�H�V��

�&�R�Q�V�W�L�W�X�H�Q�W�V���D�Q�G���F�O�D�\���V�L�O�W���F�R�Q�W�H�Q�W���L�Q���&�	�'

�7�K�H�� �F�R�Q�V�W�L�W�X�H�Q�W�V�� �R�I�� �W�K�H�� �U�H�F�\�F�O�H�G�� �&�	�'�� �D�J�J�U�H�J�D�W�H�V�� �Z�H�U�H��
�T�X�D�Q�W�L�¿�H�G�� �D�W�� �W�K�H�� �E�H�J�L�Q�Q�L�Q�J�� �R�I�� �W�K�H�� �W�H�V�W�� �S�U�R�J�U�D�P�P�H���� �W�R��
�E�H�� �X�V�H�G�� �I�R�U�� �I�X�W�X�U�H�� �U�H�I�H�U�H�Q�F�H���� �7�K�H�� �T�X�D�Q�W�L�¿�F�D�W�L�R�Q�� �Z�D�V��
�F�R�Q�G�X�F�W�H�G�� �P�D�Q�X�D�O�O�\�� �D�Q�G�� �W�K�H�� �Z�H�L�J�K�W�H�G�� �D�Y�H�U�D�J�H�G�� �U�H�V�X�O�W�V��
�D�U�H�� �V�K�R�Z�Q�� �L�Q�� �7�D�E�O�H�� ������ �,�W�� �F�D�Q�� �E�H�� �V�H�H�Q�� �W�K�D�W�� �W�K�H�� �P�D�M�R�U��
�F�R�Q�V�W�L�W�X�H�Q�W�V���R�I���U�H�F�\�F�O�H�G���&�	�'���Z�D�V�W�H���L�V���U�H�F�\�F�O�H�G���F�R�Q�F�U�H�W�H��
�D�J�J�U�H�J�D�W�H�V���D�Q�G���L�W���L�V���D�U�R�X�Q�G�������������E�\���Z�H�L�J�K�W��
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Figure 4. Grading curve of fine (sand) aggregates with British standard (BS 882)
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Fine aggregates (sand)
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Upper limit of standard 
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�7�K�H���V�L�O�W���D�Q�G���F�O�D�\���F�R�Q�W�H�Q�W���R�I���W�K�H���U�H�F�\�F�O�H�G���&�	�'���D�J�J�U�H�J�D�W�H��
�V�D�P�S�O�H�V�� �L�V�� �D�� �F�U�L�W�L�F�D�O�� �I�D�F�W�R�U���� �Z�K�L�F�K�� �D�G�Y�H�U�V�H�O�\�� �D�I�I�H�F�W�V�� �W�K�H��
strength of the concrete. The measured value of silt and 
�F�O�D�\���F�R�Q�W�H�Q�W���Z�D�V���������������E�\���Z�H�L�J�K�W���L�Q���W�K�H���&�	�'���D�J�J�U�H�J�D�W�H�V����
�7�K�H�� �P�D�L�Q�� �F�R�Q�V�W�L�W�X�H�Q�W�� �R�I�� �&�	�'�� �Z�D�V�W�H�V�� �V�X�F�K�� �D�V�� �F�H�P�H�Q�W��
�P�R�U�W�D�U���D�Q�G���E�U�L�F�N�V���F�R�Q�W�U�L�E�X�W�H���W�R���D���K�L�J�K���S�H�U�F�H�Q�W�D�J�H���R�I���¿�Q�H��
�F�R�Q�W�H�Q�W�V���L�Q���U�H�F�\�F�O�H�G���&�	�'���D�J�J�U�H�J�D�W�H�V����

�3�D�U�W�L�F�O�H���V�L�]�H���G�L�V�W�U�L�E�X�W�L�R�Q�����3�6�'�����R�I���&�	�'

�7�K�H�� �3�6�'�� �R�I�� �&�	�'�� �D�J�J�U�H�J�D�W�H�V�� �L�V�� �J�U�D�S�K�L�F�D�O�O�\�� �V�K�R�Z�Q��
�L�Q�� �)�L�J�X�U�H�� ���� �Z�L�W�K�� �W�K�H�� �X�S�S�H�U�� �D�Q�G�� �O�R�Z�H�U�� �O�L�P�L�W�� �R�I�� �%�U�L�W�L�V�K��
�V�W�D�Q�G�D�U�G�� �V�S�H�F�L�¿�F�D�W�L�R�Q�V�� ���%�U�L�W�L�V�K�� �6�W�D�Q�G�D�U�G�V�� �,�Q�V�W�L�W�X�W�L�R�Q����
1992) for concrete coarse aggregates. 

 �7�K�H�� �J�U�D�S�K�� �U�H�Y�H�D�O�H�G�� �W�K�D�W�� �W�K�H�� �&�	�'�� �D�J�J�U�H�J�D�W�H�V�� �D�U�H��
�V�F�D�W�W�H�U�H�G���X�S���W�R���������P�P���L�Q���V�L�]�H�����)�U�R�P���W�K�H���V�K�D�S�H���R�I���W�K�H���3�6�'��
�F�X�U�Y�H���L�W���F�D�Q���E�H���F�R�Q�F�O�X�G�H�G���D�V���Z�H�O�O���J�U�D�G�H�G�����Z�K�L�F�K���L�V���V�X�L�W�D�E�O�H��
�I�R�U�� �S�U�R�G�X�F�L�Q�J�� �J�R�R�G�� �Z�R�U�N�D�E�O�H�� �F�R�Q�F�U�H�W�H���� �&�R�P�S�D�U�L�V�R�Q�� �R�I��
�W�K�H�� �V�K�D�S�H�� �R�I�� �F�X�U�Y�H�� �Z�L�W�K�� �W�K�H�� �U�H�F�R�P�P�H�Q�G�H�G�� �3�6�'�� �O�L�P�L�W�V����

�Z�K�L�F�K�� �D�U�H�� �S�U�R�Y�L�G�H�G�� �I�R�U�� �Q�D�W�X�U�D�O�� �F�R�D�U�V�H�� �D�J�J�U�H�J�D�W�H�V��
�E�\�� �%�6�� �W�H�V�W�� �V�S�H�F�L�¿�F�D�W�L�R�Q�V�� �U�H�Y�H�D�O�� �W�K�D�W�� �D�S�S�U�R�[�L�P�D�W�H�O�\��
������ ���� �R�I�� �&�	�'�� �I�D�O�O�V�� �Z�L�W�K�L�Q�� �F�R�D�U�V�H�� �J�U�D�G�L�Q�J�� �O�L�P�L�W�V���� �7�K�X�V����
it can be concluded that a major part of the particle size 
�G�L�V�W�U�L�E�X�W�L�R�Q�� �F�X�U�Y�H�� �R�E�W�D�L�Q�H�G�� �I�R�U�� �&�	�'�� �G�R�H�V�� �Q�R�W�� �F�R�P�S�O�\��
�Z�L�W�K���W�K�H���V�W�D�Q�G�D�U�G���U�D�Q�J�H�����*�U�H�D�W�H�U���S�R�U�W�L�R�Q���R�I���W�K�H���D�J�J�U�H�J�D�W�H�V�¶��
size is higher than the standard limit and strengthens 
�W�K�H�� �F�R�Q�F�U�H�W�H�� �V�S�H�F�L�P�H�Q�V���� �%�L�J�J�H�U�� �D�J�J�U�H�J�D�W�H�V�� �U�H�V�X�O�W�� �L�Q��
�O�D�U�J�H�U�� �L�Q�W�H�U���I�D�F�L�D�O�� �W�U�D�Q�V�L�W�L�R�Q�� �]�R�Q�H���� �Z�K�L�F�K�� �L�Q�F�U�H�D�V�H�V�� �W�K�H��
possibility of cracks occurring, and internal bleeding 
�F�R�X�O�G�� �W�D�N�H�� �S�O�D�F�H�� �G�X�H�� �W�R�� �W�K�H�� �W�U�D�S�S�H�G�� �Z�D�W�H�U�� ���%�M�¡�Q�W�H�J�D�D�U�G��
et al���������������������+�R�Z�H�Y�H�U�����W�K�H���U�H�V�X�O�W�V���R�I���V�W�U�H�Q�J�W�K���S�U�R�S�H�U�W�L�H�V��
�R�I�� �W�K�H�� �G�L�I�I�H�U�H�Q�W���F�R�Q�F�U�H�W�H�� �V�S�H�F�L�P�H�Q�V���� �Z�K�L�F�K�� �L�V�� �G�L�V�F�X�V�V�H�G��
�L�Q�� �W�K�H�� �Q�H�[�W�� �V�H�F�W�L�R�Q�� �U�H�Y�H�D�O�H�G�� �W�K�D�W�� �W�K�H�� �V�W�U�H�Q�J�W�K�� �Z�D�V�� �Q�R�W��
�D�G�Y�H�U�V�H�O�\�� �D�I�I�H�F�W�H�G�� �E�\�� �W�K�H�� �3�6�'�� �R�I�� �&�	�'�� �D�J�J�U�H�J�D�W�H�V����
�0�R�G�L�¿�F�D�W�L�R�Q���R�I���W�K�H���U�H�F�\�F�O�L�Q�J���F�U�X�V�K�H�U���S�O�D�Q�W���L�V���V�X�J�J�H�V�W�H�G��
�W�R�� �J�H�W�� �W�K�H�� �D�J�J�U�H�J�D�W�H�V�� �Z�L�W�K�L�Q�� �W�K�H�� �V�W�D�Q�G�D�U�G�� �V�S�H�F�L�¿�F�D�W�L�R�Q����
�8�V�L�Q�J�� �W�K�H�� �U�H�F�\�F�O�H�G�� �&�	�'�� �D�J�J�U�H�J�D�W�H�V�� �L�Q�� �F�R�Q�F�U�H�W�H�V�� �Z�L�W�K��
standard grading limits can result in higher strength than 
the observed strength. 

Physical properties 

�7�K�H�� �E�X�O�N�� �G�H�Q�V�L�W�\�� �R�I�� �W�K�H�� �U�H�F�\�F�O�H�G�� �&�	�'�� �D�J�J�U�H�J�D�W�H�V�� �Z�D�V��
1348 kgm-3���Z�K�L�F�K���L�V���O�H�V�V���W�K�D�Q���W�K�D�W���R�I���W�K�H���Q�D�W�X�U�D�O���F�R�D�U�V�H��
�D�J�J�U�H�J�D�W�H�V�����K�R�Z�H�Y�H�U�����L�W���L�V���Z�L�W�K�L�Q���W�K�H���V�W�D�Q�G�D�U�G���U�D�Q�J�H������������
to 1760 kgm-3�� ���(������������ �������������� �3�U�H�V�H�Q�F�H�� �R�I�� �F�R�Q�V�W�L�W�X�H�Q�W�V��
�V�X�F�K���D�V���E�U�L�F�N�V���D�Q�G���J�O�D�V�V���F�D�X�V�H���O�R�Z�H�U���E�X�O�N���G�H�Q�V�L�W�\���L�Q���&�	�'��
�W�K�D�Q���L�Q���Q�D�W�X�U�D�O���D�J�J�U�H�J�D�W�H�V�����7�K�H���V�S�H�F�L�¿�F���J�U�D�Y�L�W�\���D�Q�G���Z�D�W�H�U��
�D�E�V�R�U�S�W�L�R�Q���S�U�R�S�H�U�W�L�H�V���Z�H�U�H���P�H�D�V�X�U�H�G���D�V�������������D�Q�G������������������
�U�H�V�S�H�F�W�L�Y�H�O�\���� �7�K�H�� �S�U�H�V�H�Q�F�H�� �R�I�� �O�R�Z�� �G�H�Q�V�H�� �F�R�Q�V�W�L�W�X�H�Q�W�V��
�D�Q�G�� �K�L�J�K�� �S�R�U�R�V�L�W�\�� �L�Q�� �W�K�H�� �D�W�W�D�F�K�H�G�� �F�H�P�H�Q�W�� �P�R�U�W�D�U�� �Z�L�W�K��
�W�K�H���D�J�J�U�H�J�D�W�H�V���F�D�X�V�H���O�R�Z�H�U���V�S�H�F�L�¿�F���J�U�D�Y�L�W�\���W�K�D�Q���Q�D�W�X�U�D�O��
�F�R�D�U�V�H���D�J�J�U�H�J�D�W�H�V�����0�D�Q�]�L��et al���������������������3�U�H�V�H�Q�F�H���R�I���¿�Q�H�U��

and higher porosity in smaller sized recycled aggregates 
�F�D�X�V�H�� �K�L�J�K�� �Z�D�W�H�U�� �D�E�V�R�U�S�W�L�R�Q�� ���-�D�\�D�N�R�G�\��et al., 2017).  
�+�L�J�K�� �Z�D�W�H�U�� �G�H�P�D�Q�G�L�Q�J�� �S�U�R�S�H�U�W�\�� �R�I�� �&�	�'�� �D�J�J�U�H�J�D�W�H�V��
�J�H�Q�H�U�D�W�H�V���D�G�Y�H�U�V�H���L�P�S�D�F�W���R�Q���W�K�H���Z�R�U�N�D�E�L�O�L�W�\���R�I���F�R�Q�F�U�H�W�H��
mixtures and strength gaining of concrete structures.   

�3�U�R�S�H�U�W�L�H�V���R�I���F�R�Q�F�U�H�W�H���Z�L�W�K���&�	�'

Workability of the fresh concrete
 
�6�L�J�Q�L�¿�F�D�Q�W�� �U�H�G�X�F�W�L�R�Q�� �L�Q�� �V�O�X�P�S�� �E�H�W�Z�H�H�Q�� �W�K�H�� �Q�D�W�X�U�D�O��
�D�J�J�U�H�J�D�W�H�� �P�L�[�W�X�U�H�V�� �D�Q�G�� �&�	�'�� �P�L�[�W�X�U�H�V�� �Z�D�V�� �R�E�V�H�U�Y�H�G��
�Z�K�H�Q���W�K�H���Z�D�W�H�U�����F�H�P�H�Q�W���U�D�W�L�R���Z�D�V���������������7�K�H���F�R�Q�F�U�H�W�H���Z�L�W�K��
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Figure 5. Grading curves of recycled C&D aggregates with British standard (BS 882) 
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�)�L�J�X�U�H�������� �*�U�D�G�L�Q�J���F�X�U�Y�H���R�I���U�H�F�\�F�O�H�G���&�	�'���D�J�J�U�H�J�D�W�H�V���Z�L�W�K���%�U�L�W�L�V�K���V�W�D�Q�G�D�U�G�����%�6����������

�5�H�F�\�F�O�H�G���&���	���'���D�J�J�U�H�J�D�W�H�V

�8�S�S�H�U�� �O�L�P�L�W�� �I�R�U�� �V�W�D�Q�G�D�U�G�� �V�S�H�F�L�¿�F�D�W�L�R�Q�� �R�I�� �F�R�D�U�V�H��
aggregates
�/�R�Z�H�U�� �O�L�P�L�W�� �I�R�U�� �V�W�D�Q�G�D�U�G�� �V�S�H�F�L�¿�F�D�W�L�R�Q�� �R�I�� �F�R�D�U�V�H��
aggregates
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�U�H�F�\�F�O�H�G�� �D�J�J�U�H�J�D�W�H�V�� �O�R�V�W�� �W�K�H�L�U�� �Z�R�U�N�D�E�L�O�L�W�\�� �L�P�P�H�G�L�D�W�H�O�\��
�G�X�H���W�R���K�L�J�K���D�E�V�R�U�S�W�L�R�Q���R�I���Z�D�W�H�U�����7�K�H�U�H�I�R�U�H�����Z�D�W�H�U���F�R�Q�W�H�Q�W��
�Z�D�V���P�R�G�L�¿�H�G���I�R�U���W�K�H���F�R�Q�F�U�H�W�H���P�L�[�W�X�U�H�V���E�\���I�R�O�O�R�Z�L�Q�J���W�K�H��
�¿�Q�G�L�Q�J�V���R�I���'�H�V�K�S�D�Q�G�H��et al�������������������E�\���D�G�G�L�Q�J�������±������������
�P�R�U�H���Z�D�W�H�U���W�R���D�F�K�L�H�Y�H���K�L�J�K�H�U���V�O�X�P�S�����7�K�X�V���W�K�H���P�R�G�L�¿�H�G��
�F�H�P�H�Q�W���� �Z�D�W�H�U�� �U�D�W�L�R�� �Z�D�V�� �������������� �� �7�K�H�� �Z�R�U�N�D�E�L�O�L�W�\�� �R�I�� �W�K�H��
�F�R�Q�F�U�H�W�H���P�L�[�W�X�U�H���Z�D�V���L�Q�F�U�H�D�V�H�G���Z�L�W�K���W�K�H���P�R�G�L�¿�H�G���Z�D�W�H�U��
content and the resulting slump values of different 
�F�R�Q�F�U�H�W�H���P�L�[�W�X�U�H�V���D�U�H���V�K�R�Z�Q���L�Q���7�D�E�O�H���������+�R�Z�H�Y�H�U�����X�V�H���R�I��
high-performance super plasticiser is more time-effective 
�L�Q���D�F�K�L�H�Y�L�Q�J���W�K�H���G�H�V�L�U�H�G���Z�R�U�N�D�E�L�O�L�W�\���D�Q�G���V�W�U�H�Q�J�W�K�����0�D�W�L�D�V��
et al������ ������������ �Z�K�H�Q�� �Y�D�U�\�L�Q�J�� �W�K�H�� �L�Q�F�R�U�S�R�U�D�W�L�R�Q�� �U�D�W�H�� �R�I��
�U�H�F�\�F�O�H�G���&�	�'�����Z�K�L�F�K���L�V���Q�R�W���F�R�Q�F�H�U�Q�H�G���L�Q���W�K�L�V���V�W�X�G�\��

�� �5�H�F�\�F�O�H�G���&�	�'���D�J�J�U�H�J�D�W�H�V���S�U�H�V�H�Q�W���D���K�L�J�K�H�U���S�R�U�R�V�L�W�\��
�D�Q�G�� �O�R�Z�H�U�� �G�H�Q�V�L�W�\�� �W�K�D�Q�� �Q�D�W�X�U�D�O�� �D�J�J�U�H�J�D�W�H�V�� �G�X�H�� �W�R�� �W�K�H��
old mortar coating attached to the aggregates and the 
�S�U�H�V�H�Q�F�H�� �R�I�� �L�P�S�X�U�L�W�L�H�V�� �V�X�F�K�� �D�V�� �E�U�L�F�N�� �S�D�U�W�L�F�O�H�V�� ���%�R�G�L�Q��
�	�� �=�D�K�D�U�L�H�Y�D���� �������������� �7�K�L�V�� �F�R�Q�W�U�L�E�X�W�H�V�� �W�R�� �D�Q�� �L�Q�F�U�H�D�V�H�� �L�Q��
�Z�D�W�H�U���D�Q�G���D�L�U���À�R�Z���L�Q�W�R���W�K�H���D�J�J�U�H�J�D�W�H���U�H�V�X�O�W�L�Q�J���L�Q���K�L�J�K�H�U��
�Z�D�W�H�U�� �D�E�V�R�U�S�W�L�R�Q���� �7�K�H�Q�� �L�W�� �Z�D�V�� �U�H�O�D�W�H�G�� �W�R�� �W�K�H�� �L�Q�F�U�H�D�V�H��
�L�Q�� �Z�D�W�H�U�� �S�H�U�F�H�Q�W�D�J�H�� �L�Q�� �W�K�H�� �P�L�[�� �L�Q�� �R�U�G�H�U�� �W�R�� �S�U�H�V�H�U�Y�H�� �W�K�H��
�Z�R�U�N�D�E�L�O�L�W�\�����)�X�U�W�K�H�U�����W�K�H���O�R�Z�H�U���V�O�X�P�S���Y�D�O�X�H�V���L�Q���W�K�H���&�	�'��
�F�R�Q�F�U�H�W�H�� �P�L�[�W�X�U�H�V�� �Z�H�U�H�� �G�X�H�� �W�R�� �W�K�H�� �U�R�X�J�K�H�Q�H�G�� �V�X�U�I�D�F�H��
texture and the more angular shape of the recycled 
�D�J�J�U�H�J�D�W�H�V���� �Z�K�L�F�K�� �H�Q�K�D�Q�F�H�G�� �W�K�H�� �L�Q�W�H�U���S�D�U�W�L�F�O�H�� �I�U�L�F�W�L�R�Q��
�L�Q�� �I�U�H�V�K�� �F�R�Q�F�U�H�W�H�� ���%�X�W�O�H�U��et al������ �������������� �+�R�Z�H�Y�H�U���� �W�K�H��
�L�Q�F�U�H�D�V�H�� �L�Q�� �Z�D�W�H�U�� �F�R�Q�W�H�Q�W�� �D�I�I�H�F�W�V�� �V�W�U�H�Q�J�W�K�� �S�U�R�S�H�U�W�L�H�V����
�+�L�J�K�H�U���V�W�U�H�Q�J�W�K���F�D�Q���E�H���H�[�S�H�F�W�H�G���W�K�D�Q���W�K�H���R�E�W�D�L�Q�H�G���Y�D�O�X�H�V��
�Z�L�W�K���&�	�'�����L�I���S�O�D�V�W�L�F�L�V�L�Q�J���D�G�P�L�[�W�X�U�H�V���D�U�H���X�V�H�G���W�R���L�Q�F�U�H�D�V�H��
�W�K�H�� �Z�R�U�N�D�E�L�O�L�W�\�� �Z�K�L�O�H�� �P�D�L�Q�W�D�L�Q�L�Q�J�� �W�K�H�� �V�D�P�H�� �D�P�R�X�Q�W�� �R�I��
�Z�D�W�H�U���L�Q���H�Y�H�U�\���I�U�H�V�K���P�L�[�����7�D�E�V�K���	���$�E�G�H�O�I�D�W�D�K������������������

 The results of the study done by �0�D�V��et al. (2012) 
�V�X�J�J�H�V�W�H�G�� �W�R�� �H�O�L�P�L�Q�D�W�H�� �V�O�X�P�S�� �O�R�V�V�� �Z�K�H�Q�� �X�V�L�Q�J�� �U�H�F�\�F�O�H�G��
aggregates in concrete by pre-saturating the aggregates 
before mixing. It has been suggested to pre-soak the 
recycled coarse aggregates by a sprinkler system for 24 
�K�R�X�U�V���S�U�L�R�U���W�R���W�K�H���D�S�S�O�L�F�D�W�L�R�Q���D�Q�G���W�R���F�R�Y�H�U���Z�L�W�K���D���S�O�D�V�W�L�F��
sheet in order to maintain the humidity. A recommended 

level of humidity could be 80 % of the total absorption 
�F�D�S�D�F�L�W�\�� ���0�D�V��et al������ �������������� �5�H�F�\�F�O�H�G�� �&�	�'�� �D�J�J�U�H�J�D�W�H�V��
�Z�H�U�H���Q�R�W���V�R�D�N�H�G���W�R���E�H���V�D�W�X�U�D�W�H�G���L�Q���W�K�L�V���V�W�X�G�\�����D�V���L�W���Z�R�X�O�G��
not probably result in an effective interfacial transition 
�]�R�Q�H�� �E�H�W�Z�H�H�Q�� �W�K�H�� �V�D�W�X�U�D�W�H�G�� �U�H�F�\�F�O�H�G�� �F�R�D�U�V�H�� �D�J�J�U�H�J�D�W�H�V��
�D�Q�G���W�K�H���Q�H�Z���F�H�P�H�Q�W���S�D�V�W�H�����0�D�V��et al., 2012). Therefore, 
�L�W���L�V���U�H�F�R�P�P�H�Q�G�H�G���W�R���D�G�G���Z�D�W�H�U���Z�K�H�Q���W�K�H���P�L�[�L�Q�J���S�U�R�F�H�V�V��
is in progress.

�&�R�P�S�U�H�V�V�L�Y�H���V�W�U�H�Q�J�W�K���R�I���W�K�H���V�S�H�F�L�P�H�Q�V��

�+�L�J�K���L�Q�W�H�U���S�D�U�W�L�F�O�H���E�R�Q�G�L�Q�J���V�W�U�H�Q�J�W�K���E�H�W�Z�H�H�Q���W�K�H���F�R�D�U�V�H��
aggregate and the surrounding paste of the concrete 
�P�D�G�H���Z�L�W�K���U�H�F�\�F�O�H�G���&�	�'���D�J�J�U�H�J�D�W�H���Z�D�V���H�[�S�H�F�W�H�G�����7�D�E�V�K��
�	���$�E�G�H�O�I�D�W�D�K�����������������G�X�H���W�R���W�K�H���D�Q�J�X�O�D�U�L�W�\���R�I���W�K�H���F�R�D�U�V�H��
aggregate and the residual cementation on the surface of 
�W�K�H���U�H�F�\�F�O�H�G���D�J�J�U�H�J�D�W�H�����+�R�Z�H�Y�H�U�����&�	�'���P�L�[�H�G���F�R�Q�F�U�H�W�H�V��
�H�[�K�L�E�L�W�� �O�R�Z�� �F�R�P�S�U�H�V�V�L�Y�H�� �V�W�U�H�Q�J�W�K�� �S�U�R�S�H�U�W�L�H�V�� �W�K�D�Q�� �W�K�H��
corresponding natural aggregate concrete. The decrease 
of the strength is proportional to the replacement ratio of 
natural aggregates. Four test cubes from each sample mix 
�U�D�W�L�R�����7�D�E�O�H���������Z�H�U�H���F�D�V�W�H�G�����F�X�U�H�G���D�Q�G���W�H�V�W�H�G���I�R�U���G�L�I�I�H�U�H�Q�W��
curing periods. The average values of compressive 
�V�W�U�H�Q�J�W�K�� �L�Q�� �H�D�F�K�� �F�D�V�H�� �K�D�Y�H�� �E�H�H�Q�� �V�K�R�Z�Q�� �Z�L�W�K�� �V�W�D�Q�G�D�U�G��
�G�H�Y�L�D�W�L�R�Q�V�� �L�Q�� �7�D�E�O�H�� ������ �7�K�H�� �K�L�J�K�H�V�W�� �V�W�U�H�Q�J�W�K�� �Y�D�O�X�H�V�� �D�U�H��
�L�Q�G�L�F�D�W�H�G���D�V���X�V�X�D�O���L�Q���W�K�H���F�R�Q�F�U�H�W�H���Z�L�W�K���R�Q�O�\���F�R�Q�Y�H�Q�W�L�R�Q�D�O��
�D�J�J�U�H�J�D�W�H�V�����7�K�H���F�R�P�S�U�H�V�V�L�Y�H���V�W�U�H�Q�J�W�K�V���Z�L�W�K���V�X�E�V�W�L�W�X�W�L�R�Q��
�R�I���&�	�'���D�J�J�U�H�J�D�W�H�V���X�S���W�R�������������U�H�V�X�O�W�H�G���L�Q���J�U�H�D�W�H�U���V�W�U�H�Q�J�W�K��
�Y�D�O�X�H�V�� �W�K�D�Q�� �W�K�H�� �G�H�V�L�J�Q�� �V�W�U�H�Q�J�W�K�� �Y�D�O�X�H�� �������� �0�3�D������ �D�I�W�H�U��
the standard curing time period of 28 days. Therefore, 
�F�R�Q�Y�H�Q�W�L�R�Q�D�O�� �F�R�Q�F�U�H�W�H�� �F�D�Q�� �E�H�� �P�D�G�H�� �Z�L�W�K�� �V�S�H�F�L�¿�H�G��
�P�L�[�� �G�H�V�L�J�Q�� �I�R�U�� �*�U�D�G�H�� ������ �L�Q�� �O�R�Z���L�Q�W�H�U�P�H�G�L�D�W�H�� �V�W�U�H�Q�J�W�K��
�F�R�Q�F�U�H�W�H�� �D�S�S�O�L�F�D�W�L�R�Q�V�� �Z�L�W�K�� �W�K�H�� �S�D�U�W�L�D�O�� �L�Q�F�R�U�S�R�U�D�W�L�R�Q�� �R�I��
�&�	�'���X�S���W�R���������������7�K�H���V�X�E�V�W�L�W�X�W�L�R�Q���R�I���D�E�R�X�W�������������R�I���&�	�'��
aggregates has given higher results than the target value 
�R�I�� ������ �0�3�D���R�Q�O�\�� �D�I�W�H�U�������� �G�D�\�V���� �Z�K�L�F�K���L�Q�G�L�F�D�W�H�V���V�W�U�H�Q�J�W�K��
�J�D�L�Q�L�Q�J���E�H�\�R�Q�G���W�K�H���V�W�D�Q�G�D�U�G���Y�D�O�X�H���Z�L�W�K���W�L�P�H�����7�K�H�U�H�I�R�U�H����
�L�W���F�D�Q���E�H���U�H�F�R�P�P�H�Q�G�H�G���W�R���X�V�H�������������R�I���&�	�'���D�J�J�U�H�J�D�W�H�V��
to replace conventional aggregates in non-structural 
concrete applications. The average compressive strength 

Sample name Test series I                  Test series II                Test series III               Slump    
 (7-days strength) (28-days strength)  (90-days strength) value
�� �&�R�P�S�U�H�V�V�L�Y�H���� �6�W�D�Q�G�D�U�G�� �&�R�P�S�U�H�V�V�L�Y�H�� �6�W�D�Q�G�D�U�G�� �&�R�P�S�U�H�V�V�L�Y�H�� �6�W�D�Q�G�D�U�G�� ���P�P��
�� �V�W�U�H�Q�J�W�K�����0�3�D������ �G�H�Y�L�D�W�L�R�Q�� �V�W�U�H�Q�J�W�K�����0�3�D������ �G�H�Y�L�D�W�L�R�Q�� �V�W�U�H�Q�J�W�K�����0�3�D���� �G�H�Y�L�D�W�L�R�Q��

�1�$���������&�'���� ������������ ������������ ������������ ������������ ������������ ������������ ������
�1�$�������&�'������ ������������ ������������ ������������ ������������ ������������ ������������ ������
�1�$�������&�'������ ������������ ������������ ������������ ������������ ������������ ������������ ������
�1�$�������&�'������ ������������ ������������ ������������ ������������ ������������ ������������ ������

Table 5: Averaged results for the compressive strength
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�&�R�P�S�R�Q�H�Q�W�� �����G�D�\�V�� �����G�H�F�U�H�D�V�H�� �������G�D�\�V�� �����G�H�F�U�H�D�V�H�� �������G�D�\�V�� �����G�H�F�U�H�D�V�H
�� �V�W�U�H�Q�J�W�K�����0�3�D���� �� �V�W�U�H�Q�J�W�K�����0�3�D���� �� �V�W�U�H�Q�J�W�K�����0�3�D��

�1�$���������&�'���� ������������ ���� ������������ ���� ������������ ��
�1�$�������&�'������ ������������ ������������ ������������ ������ ������������ ����
�1�$�������&�'������ ������������ ������ ������������ ������ ������������ ����
�1�$�������&�'������ ������������ ������ ������������ ������ ������������ ����
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Figure 6. Strength variation of the concrete in terms of the C&D percentage & curing 
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Figure 7. Percentages of strength decrease with increasing the recycled C&D aggregates with 
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�U�H�V�X�O�W�V���L�Q���7�D�E�O�H�������L�V���J�U�D�S�K�L�F�D�O�O�\���U�H�S�U�H�V�H�Q�W�H�G���L�Q���)�L�J�X�U�H��������
The compressive strength after 7 days curing time in 
�F�R�Q�Y�H�Q�W�L�R�Q�D�O���F�R�Q�F�U�H�W�H���D�Q�G���&�	�'���P�L�[�H�G���F�R�Q�F�U�H�W�H���L�V���T�X�L�W�H��
similar. A slight decrease is observed for all substitutions. 
�7�K�H�U�H�I�R�U�H���� �W�K�H�� �L�P�S�D�F�W�� �R�I�� �&�	�'�� �I�R�U�� �F�H�P�H�Q�W�L�Q�J�� �S�U�R�F�H�V�V��
�L�V�� �Q�H�J�O�L�J�L�E�O�H�� �Z�L�W�K�L�Q�� ���� �G�D�\�V�� �F�X�U�L�Q�J���� �,�W�� �L�Q�G�L�F�D�W�H�V�� �W�K�D�W�� �W�K�H��
�H�I�I�H�F�W���R�I���&�	�'���R�Q���V�W�U�H�Q�J�W�K���J�D�L�Q�L�Q�J���G�R�H�V���Q�R�W���V�L�J�Q�L�¿�F�D�Q�W�O�\��
contribute during the early stage of concrete hardening. 

 Table 6 presents the percentage decrease of strength 
�Z�L�W�K�� �L�Q�F�U�H�D�V�L�Q�J�� �&�	�'�� �D�J�J�U�H�J�D�W�H�V�� �Z�L�W�K�� �U�H�V�S�H�F�W�� �W�R�� �W�K�H��
�F�R�Q�F�U�H�W�H�� �V�D�P�S�O�H�� �1�$���������&�'������ �Z�K�L�F�K�� �Z�D�V�� �I�U�H�H�� �R�I�� �&�	�'��
�D�J�J�U�H�J�D�W�H�V���� �7�K�H�V�H�� �Y�D�O�X�H�V�� �D�U�H�� �J�U�D�S�K�L�F�D�O�O�\�� �V�K�R�Z�Q�� �L�Q��
Figure 7 for the three different curing periods. A decrease 
�L�Q���F�R�P�S�U�H�V�V�L�Y�H���V�W�U�H�Q�J�W�K���Z�L�W�K���W�K�H���L�Q�F�U�H�D�V�H���R�I���U�H�F�\�F�O�H�G���&�	�'��
�D�J�J�U�H�J�D�W�H�� �S�U�R�S�R�U�W�L�R�Q�� �Z�D�V�� �R�E�V�H�U�Y�H�G�� �G�X�H�� �W�R�� �W�K�H�� �S�U�H�V�H�Q�F�H��
�R�I�� �F�R�Q�V�W�L�W�X�H�Q�W�V�� �V�X�F�K�� �D�V�� �E�U�L�F�N�V���� �F�H�U�D�P�L�F�V�� �D�Q�G�� �Z�R�R�G�� �H�W�F����
T�K�H�� �S�H�U�F�H�Q�W�D�J�H�� �R�I�� �G�H�F�U�H�D�V�H�� �L�Q�� �V�W�U�H�Q�J�W�K�� �Z�L�W�K�� �U�H�V�S�H�F�W�� �W�R��
�W�K�H�� �U�H�I�H�U�H�Q�F�H�� �F�R�Q�F�U�H�W�H�� �1�$���������&�'���� �L�Q�F�U�H�D�V�H�V�� �D�V�� �W�K�H��
�&�	�'���S�R�U�W�L�R�Q���L�Q�F�U�H�D�V�H�V���D�W���G�L�I�I�H�U�H�Q�W���D�J�H�V���R�I���F�X�U�L�Q�J�� These 
�Y�D�O�X�H�V���R�I���S�H�U�F�H�Q�W�D�J�H���R�I���G�H�F�U�H�D�V�H�����Z�K�L�F�K���D�U�H���R�E�W�D�L�Q�H�G���L�Q��
28 days and 90 days are higher than that of 7 days. As 
�I�R�U�� �W�K�H�� �1�$�������&�'������ �V�S�H�F�L�P�H�Q���� �W�K�H�� �S�H�U�F�H�Q�W�D�J�H�� �G�H�F�U�H�D�V�H��
in 28 days and 90 days are 46 % and 40 %, respectively. 
�+�R�Z�H�Y�H�U�����L�W���L�V�������������L�Q�������G�D�\�V���D�Q�G���L�Q�G�L�F�D�W�H�V���D���V�L�J�Q�L�¿�F�D�Q�W��
�O�R�Z�H�U�� �Y�D�O�X�H�� �W�K�D�Q�� ������ �D�Q�G�� ������ �G�D�\�V���� �)�X�U�W�K�H�U�P�R�U�H���� �I�R�U�� �W�K�H��
�W�K�U�H�H���V�D�P�S�O�H�V���Z�K�L�F�K���P�L�[�H�G���&�	�'���D�J�J�U�H�J�D�W�H�V�����S�H�U�F�H�Q�W�D�J�H��
�G�H�F�U�H�D�V�H�� �L�Q�� �W�K�H�� �V�W�U�H�Q�J�W�K�� �F�R�P�S�D�U�H�G�� �Z�L�W�K�� �W�K�H�� �U�H�I�H�U�H�Q�F�H��
�V�D�P�S�O�H���1�$���������&�'�����Z�D�V���O�H�V�V���D�W���������G�D�\�V���W�K�D�Q���D�W���������G�D�\�V����
�7�K�L�V�� �U�H�Y�H�D�O�V�� �O�R�Z�H�U�L�Q�J�� �W�K�H�� �G�L�I�I�H�U�H�Q�F�H�� �R�I�� �J�D�L�Q�H�G�� �V�W�U�H�Q�J�W�K��
�R�I���W�K�H���V�S�H�F�L�P�H�Q�V���Z�L�W�K���W�L�P�H���D�O�W�K�R�X�J�K���W�K�H���&�	�'���S�R�U�W�L�R�Q���L�V��
increased.  

�� �$�V�� �I�R�U�� �W�K�H�� �F�R�Q�W�U�R�O�� �V�D�P�S�O�H�� �1�$���������&�'������ �Y�D�O�X�H�V�� �R�I��
������������ �0�3�D�� �D�Q�G�� ������������ �0�3�D�� �Z�H�U�H�� �R�E�V�H�U�Y�H�G�� �U�H�V�S�H�F�W�L�Y�H�O�\��
�I�R�U�� ������ �G�D�\�V�� �V�W�U�H�Q�J�W�K�� �D�Q�G�� ������ �G�D�\�V�� �V�W�U�H�Q�J�W�K���� �+�R�Z�H�Y�H�U����
�L�Q�� �F�R�P�S�D�U�L�V�R�Q�� �W�R�� �W�K�H�� �V�S�H�F�L�P�H�Q�� �1�$�������&�'������ �Z�K�H�U�H�� �L�W��
�L�V�� �U�H�O�D�W�H�G�� �W�R�� �W�K�H�� �V�X�E�V�W�L�W�X�W�L�R�Q�� �R�I�� ������ ���� �&�	�'���� �W�K�H�� �Y�D�O�X�H�V����
������������ �0�3�D�� �D�Q�G�� ������������ �0�3�D�� �Z�H�U�H�� �R�E�V�H�U�Y�H�G�� �U�H�V�S�H�F�W�L�Y�H�O�\��
for the 28 days strength and 90 days strength. The 
�V�L�J�Q�L�¿�F�D�Q�W�� �G�L�I�I�H�U�H�Q�F�H�� �L�Q�� �D�F�K�L�H�Y�L�Q�J�� �V�W�U�H�Q�J�W�K�� �H�Y�H�Q�� �Z�L�W�K����
�V�X�E�V�W�L�W�X�W�L�R�Q���X�S���W�R�������������R�I���&�	�'���D�W���G�L�I�I�H�U�H�Q�W���D�J�H�V���H�[�F�H�S�W��
�I�R�U�������G�D�\�V���V�W�U�H�Q�J�W�K���Z�K�H�U�H���W�K�H���L�P�S�D�F�W���R�I���W�K�H���&�	�'���J�L�Y�H�Q��
for cementing process, is negligible.

 Strength increment after 28 days is common for all 
�W�K�H���V�D�P�S�O�H�V���H�Y�H�Q���Z�K�H�Q���W�K�H���S�H�U�F�H�Q�W�D�J�H���R�I���&�	�'���L�Q�F�U�H�D�V�H�V����
The possible reason for this is the presence of hardened 
conglomerated cement mortar particles and the old 
mortar coating attached to the aggregates. These need 
more curing time for hardening and re-cementation 
�S�U�R�F�H�V�V���Z�L�W�K���Z�D�W�H�U���D�E�V�R�U�S�W�L�R�Q�����:�K�H�Q���W�K�H���T�X�D�Q�W�L�W�\���R�I���R�O�G��

�P�R�U�W�D�U���L�Q���U�H�F�\�F�O�H�G���&�	�'���D�J�J�U�H�J�D�W�H�V���L�Q�F�U�H�D�V�H�V�����P�R�U�H���W�L�P�H��
�L�V�� �W�D�N�H�Q�� �I�R�U�� �V�W�U�H�Q�J�W�K�� �J�D�L�Q�L�Q�J���� �+�R�Z�H�Y�H�U����the reduction 
of loose and attached mortar that covers the aggregates 
�V�L�J�Q�L�¿�F�D�Q�W�O�\�� �L�P�S�U�R�Y�H�V�� �W�K�H�� �F�R�Q�W�D�F�W�� �V�X�U�I�D�F�H�� �E�H�W�Z�H�H�Q�� �W�K�H��
�Q�H�Z�� �F�H�P�H�Q�W�� �S�D�V�W�H�� �D�Q�G�� �W�K�H�� �D�J�J�U�H�J�D�W�H���� �,�W�� �V�X�E�V�H�T�X�H�Q�W�O�\��
�U�H�V�X�O�W�H�G���L�Q���D���V�L�J�Q�L�¿�F�D�Q�W���L�P�S�U�R�Y�H�P�H�Q�W���L�Q���W�K�H���V�W�U�H�Q�J�W�K���R�I��
concrete structures (Ismail et al., 2013).  

�� �5�H�V�X�O�W�V�� �R�I�� �W�K�H�� �V�W�X�G�\�� �V�K�R�Z�� �W�K�H�� �S�R�V�V�L�E�O�H�� �X�V�H�� �R�I��
�U�H�F�\�F�O�H�G�� �&�	�'�� �D�J�J�U�H�J�D�W�H�� �L�Q�� �F�R�Q�F�U�H�W�H�V�� �D�Q�G�� �D�� �S�U�R�P�L�V�L�Q�J��
�V�R�O�X�W�L�R�Q���W�R���W�K�H���S�U�R�E�O�H�P���R�I���&�'�:���P�D�Q�D�J�H�P�H�Q�W�����,�W���O�R�Z�H�U�V��
�H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���S�R�O�O�X�W�L�R�Q���D�Q�G���U�H�G�X�F�W�L�R�Q���R�I���Y�D�O�X�D�E�O�H���O�D�Q�G�¿�O�O��
�V�S�D�F�H���� �*�U�H�D�W�H�U�� �H�I�I�R�U�W�V�� �D�U�H�� �U�H�T�X�L�U�H�G�� �L�Q�� �W�K�H�� �G�L�U�H�F�W�L�R�Q�� �R�I��
�F�U�H�D�W�L�Q�J���D�Z�D�U�H�Q�H�V�V�����H�V�S�H�F�L�D�O�O�\���L�Q���6�U�L���/�D�Q�N�D�����D�Q�G���U�H�O�H�Y�D�Q�W��
�V�S�H�F�L�¿�F�D�W�L�R�Q�V���D�U�H���Q�H�H�G�H�G���W�R���H�V�W�D�E�O�L�V�K���W�K�H���D�U�H�D�V���Z�K�H�U�H���W�K�H��
�&�	�'���P�L�[�H�G���F�R�Q�F�U�H�W�H���F�D�Q���E�H���V�D�I�H�O�\���X�V�H�G����

CONCLUSION

�7�K�H���U�H�V�X�O�W�V���R�E�W�D�L�Q�H�G���L�Q���W�K�L�V���U�H�V�H�D�U�F�K���O�H�D�G���W�R���W�K�H���I�R�O�O�R�Z�L�Q�J��
conclusions. 
�x�� �+�L�J�K�� �Z�D�W�H�U�� �D�E�V�R�U�S�W�L�R�Q�� �S�U�R�S�H�U�W�L�H�V�� �R�I�� �U�H�F�\�F�O�H�G�� �&�	�'��

materials due to cement mortar and the presence of 
constituents such as bricks, roof tiles etc., demand 
�P�R�U�H�� �Z�D�W�H�U�� �I�R�U�� �W�K�H�� �F�R�Q�F�U�H�W�H�� �P�L�[�W�X�U�H�V�� �W�R�� �P�D�L�Q�W�D�L�Q��
consistency in slump value.

�x�� �$�O�O���W�K�H���V�D�P�S�O�H�V���J�D�L�Q�H�G���V�L�J�Q�L�¿�F�D�Q�W���V�W�U�H�Q�J�W�K���H�Y�H�Q���D�I�W�H�U��
���� �G�D�\�V���� �Z�K�L�F�K�� �Z�H�U�H�� �J�U�H�D�W�H�U�� �W�K�D�Q�� ������ �0�3�D�� �H�[�F�H�S�W�� �I�R�U��
�W�K�H�� �V�D�P�S�O�H�� �1�$�������&�'�������� �+�R�Z�H�Y�H�U���� �V�W�U�H�Q�J�W�K�� �J�D�L�Q�L�Q�J��
�G�R�H�V���Q�R�W���V�L�J�Q�L�¿�F�D�Q�W�O�\���F�R�Q�W�U�L�E�X�W�H���G�X�U�L�Q�J���H�D�U�O�\���V�W�D�J�H���R�I��
concrete hardening. 

�x�� �7�K�H���F�R�P�S�U�H�V�V�L�Y�H���V�W�U�H�Q�J�W�K���L�Q�F�U�H�D�V�H�V���Z�L�W�K���F�X�U�L�Q�J���W�L�P�H��
�H�Y�H�Q�� �Z�K�H�Q�� �W�K�H�� �S�H�U�F�H�Q�W�D�J�H�� �R�I�� �Q�D�W�X�U�D�O�� �D�J�J�U�H�J�D�W�H�V�� �L�V��
�G�H�F�U�H�D�V�H�G���� �Z�K�L�O�H�� �W�K�H�� �S�H�U�F�H�Q�W�D�J�H�� �R�I�� �U�H�F�\�F�O�H�G�� �&�	�'��
aggregates is increased. 

�x�� �$�V�� �W�K�H�� �&�	�'�� �S�R�U�W�L�R�Q�� �L�V�� �L�Q�F�U�H�D�V�H�G���� �W�K�H�� �S�H�U�F�H�Q�W�D�J�H�� �R�I��
�G�H�F�U�H�D�V�H�� �L�Q�� �V�W�U�H�Q�J�W�K�� �Z�L�W�K�� �U�H�V�S�H�F�W�� �W�R�� �W�K�H�� �U�H�I�H�U�H�Q�F�H��
�F�R�Q�F�U�H�W�H�����1�$���������&�'�������L�Q�F�U�H�D�V�H�V���D�W���G�L�I�I�H�U�H�Q�W���D�J�H�V���R�I��
�F�X�U�L�Q�J�����+�R�Z�H�Y�H�U�����W�K�H�V�H���S�H�U�F�H�Q�W�D�J�H���Y�D�O�X�H�V���D�U�H���O�H�V�V���D�W��
�������G�D�\�V���W�K�D�Q���D�W���������G�D�\�V�����Z�K�L�F�K���U�H�Y�H�D�O�V���L�Q�F�U�H�D�V�H���R�I���U�D�W�H��
�R�I���V�W�U�H�Q�J�W�K���J�D�L�Q�L�Q�J���Z�L�W�K���W�L�P�H���D�O�W�K�R�X�J�K���W�K�H���S�H�U�F�H�Q�W�D�J�H��
�R�I���U�H�F�\�F�O�H�G���&�	�'���D�J�J�U�H�J�D�W�H�V���L�V���L�Q�F�U�H�D�V�H�G����

�x�� �7�K�H�� �U�H�F�\�F�O�H�G�� �&�	�'�� �D�J�J�U�H�J�D�W�H�V�� �F�D�Q�� �E�H�� �X�V�H�G�� �Z�L�W�K��
�W�K�H�� �V�S�H�F�L�¿�H�G�� �P�L�[�� �G�H�V�L�J�Q�� �I�R�U�� �*�U�D�G�H�� ������ �F�R�Q�F�U�H�W�H���� �L�Q��
�O�R�Z���L�Q�W�H�U�P�H�G�L�D�W�H�� �V�W�U�H�Q�J�W�K�� �F�R�Q�F�U�H�W�H�� �D�S�S�O�L�F�D�W�L�R�Q�V�� �E�\��
replacing natural coarse aggregates up to 40 %. 

�x�� �7�K�H���V�D�P�S�O�H���1�$�������&�'�������G�R�H�V���Q�R�W���V�K�R�Z���W�K�H���U�H�T�X�L�U�H�G��
�V�W�U�H�Q�J�W�K���Z�L�W�K�L�Q���������V�W�D�Q�G�D�U�G���G�D�\�V���R�I���F�X�U�L�Q�J�����+�R�Z�H�Y�H�U����
�L�W���K�D�G���W�K�H���W�D�U�J�H�W���V�W�U�H�Q�J�W�K���D�W���������G�D�\�V�����Z�K�L�F�K���L�Q�G�L�F�D�W�H�V��
the requirement of more time for continuous strength 
�J�D�L�Q�L�Q�J���Z�K�H�Q���S�H�U�F�H�Q�W�D�J�H���R�I���U�H�F�\�F�O�H�G���&�	�'���D�J�J�U�H�J�D�W�H�V��
is higher as compared to natural coarse aggregates.  
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