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Abstract

This study primarily focuses on the constitutive modeling of masonry walls strengthened 
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2. The mechanics of constitutive modeling

���1�•�Š�›�•�Ž�1�•�’�•�Ž�›�Š�•�ž�›�Ž�1�‘�Š�œ�1�•�›�˜� �—�1�ž�™�1� �‘�’�Œ�‘�1�Ž�¡�•�Ž�—�•�œ�1�Š�—�Š�•�¢�•�’�Œ�Š�•�1�Š�—�•�1�—�ž�–�Ž�›�’�Œ�Š�•�1�–�˜�•�Ž�•�œ�1�Š�™�™�•�’�Ž�•�1�•�˜�1
�–�Š�œ�˜�—�›�¢�1�œ�•�›�ž�Œ�•�ž�›�Ž�œ�ï�1���‘�Ž�œ�Ž�1�–�˜�•�Ž�•�œ�1�’�—�Ÿ�˜�•�Ÿ�Ž�1�–�Ž�Œ�‘�Š�—�’�Œ�Š�•�1�™�Š�›�Š�–�Ž�•�Ž�›�œ�1�•�‘�Š�•�1�Š�›�Ž�1�•�’���Œ�ž�•�•�1�•�˜�1�–�Ž�Š�,
�œ�ž�›�Ž�1�Š�—�•�1�Œ�Š�—�—�˜�•�1 �‹�Ž�1�’�–�™�•�Ž�–�Ž�—�•�Ž�•�1 �™�›�Š�Œ�•�’�Œ�Š�•�•�¢�1�’�—�•�˜�1 �—�ž�–�Ž�›�’�Œ�Š�•�1 �Š�—�Š�•�¢�œ�Ž�œ�ï�1 ���Ž�Ÿ�Ž�›�Š�•�1 �Ž�¡�™�Ž�›�’�–�Ž�—�•�Š�•�1
�Š�—�•�1�Š�—�Š�•�¢�•�’�Œ�Š�•�1�œ�•�ž�•�’�Ž�œ�1�˜�—�1�•�‘�Ž�1�‹�Ž�‘�Š�Ÿ�’�˜�›�1�˜�•�1�–�Š�œ�˜�—�›�¢�1�œ�‘�Ž�Š�›�1� �Š�•�•�œ�1�Š�œ�1�•�‘�Ž�1�–�Š�’�—�1�œ�•�›�ž�Œ�•�ž�›�Š�•�1�Œ�˜�–�,
�™�˜�—�Ž�—�•�1�˜�•�1�–�Š�œ�˜�—�›�¢�1�‘�Š�Ÿ�Ž�1�‹�Ž�Ž�—�1�Œ�Š�›�›�’�Ž�•�1�˜�ž�•�1�’�—�1�˜�›�•�Ž�›�1�•�˜�1�˜�‹�•�Š�’�—�1�Š�1�Œ�˜�–�™�›�Ž�‘�Ž�—�œ�’�Ÿ�Ž�1�Š�™�™�›�˜�Š�Œ�‘�1�•�˜�›�1
�•�‘�Ž�1 �˜�Ÿ�Ž�›�Š�•�•�1 �Š�œ�œ�Ž�œ�œ�–�Ž�—�•�1 �˜�•�1 �–�Š�œ�˜�—�›�¢�1 �‹�Ž�‘�Š�Ÿ�’�˜�›�1 �ý18�ð�121�ð�130–35�þ�ï�1 ���›�˜�™�˜�œ�Ž�•�1 �•�‘�Ž�˜�›�Ž�•�’�Œ�Š�•�1 �–�˜�•�Ž�•�œ�1
�•�˜�›�1�’�–�™�•�Ž�–�Ž�—�•�Š�•�’�˜�—�1�•�˜�1�����1�Š�—�Š�•�¢�œ�’�œ�1�˜�•�1�–�Š�œ�˜�—�›�¢�1�•�Ž�—�Ž�›�Š�•�•�¢�1�›�Ž�š�ž�’�›�Ž�1�Š�1�•�Š�›�•�Ž�1�—�ž�–�‹�Ž�›�1�˜�•�1�–�Š�•�Ž�›�’�Š�•�1
�™�Š�›�Š�–�Ž�•�Ž�›�œ�1�•�‘�Š�•�1�Š�›�Ž�1�•�’���Œ�ž�•�•�1�•�˜�1�–�Ž�Š�œ�ž�›�Ž�1�Ž�Š�œ�’�•�¢�1�Š�—�•�1�›�Ž�•�’�Š�‹�•�¢�ï�1���˜�›�1�•�‘�’�œ�1�›�Ž�Š�œ�˜�—�ð�1�œ�Ž�Ÿ�Ž�›�Š�•�1�Š�4�Ž�–�™�•�œ�1
�‘�Š�Ÿ�Ž�1�‹�Ž�Ž�—�1�–�Š�•�Ž�1�•�˜�1�Ž�¡�™�›�Ž�œ�œ�1�•�‘�Ž�1�œ�•�›�Ž�œ�œ�,�œ�•�›�Š�’�—�1�›�Ž�•�Š�•�’�˜�—�œ�‘�’�™�œ�1�˜�•�1�•�‘�Ž�1�–�Š�œ�˜�—�›�¢�1�Š�—�•�1�’�•�œ�1�Œ�˜�—�œ�•�’�•�ž�Ž�—�•�œ�1
�ž�œ�’�—�•�1�•�’���Ž�›�Ž�—�•�1�–�˜�•�Ž�•�’�—�•�1�•�Ž�Œ�‘�—�’�š�ž�Ž�œ�1�œ�ž�Œ�‘�1�Š�œ�1�–�’�Œ�›�˜�,�–�˜�•�Ž�•�’�—�•�ð�1�‘�˜�–�˜�•�Ž�—�’�£�Š�•�’�˜�—�1�Š�™�™�›�˜�Š�Œ�‘�ð�1�Š�—�•�1
�–�Š�Œ�›�˜�,�–�˜�•�Ž�•�’�—�•�ï�1���‘�Ž�1�Œ�˜�–�–�˜�—�1�Š�™�™�›�˜�Š�Œ�‘�1�’�—�1�•�‘�Ž�œ�Ž�1�œ�•�ž�•�’�Ž�œ�1�’�œ�1�•�˜�1�•�›�Ž�Š�•�1�–�Š�œ�˜�—�›�¢�1�Š�œ�1�Š�1�Œ�˜�—�•�’�—�ž�˜�ž�œ�1
�–�Ž�•�’�ž�–�1�˜�›�1�Š�—�1�Ž�š�ž�’�Ÿ�Š�•�Ž�—�•�1�Œ�˜�—�•�’�—�ž�˜�ž�œ�1�–�Ž�•�’�ž�–�1� �’�•�‘�1�•�‘�Ž�1�Ž�¡�Œ�Ž�™�•�’�˜�—�1�˜�•�1�•�Ž�•�Š�’�•�Ž�•�1�–�’�Œ�›�˜�,�–�˜�•�Ž�•�’�—�•�ï�1
���Ž�•�Š�’�•�Ž�•�1�–�’�Œ�›�˜�,�–�˜�•�Ž�•�’�—�•�1�œ�‘�˜�ž�•�•�1�•�Ž�œ�Œ�›�’�‹�Ž�1�•�‘�Ž�1�–�Š�œ�˜�—�›�¢�ð�1�–�˜�›�•�Š�›�ð�1�Š�—�•�1�•�‘�Ž�1�’�—�•�Ž�›�Š�Œ�•�’�˜�—�1�‹�Ž�‘�Š�Ÿ�’�˜�›�1
�‹�Ž�•� �Ž�Ž�—�1�•�‘�Ž�–�1�ý22�ð�136–38�þ�ï�1��ã�”�œ�Š�•�1�Ž�•�1�Š�•�ï�1�ý1�ð�18�ð�19�þ�1�‘�Š�Ÿ�Ž�1�™�Ž�›�•�˜�›�–�Ž�•�1�����1�Š�—�Š�•�¢�œ�’�œ�1�˜�•�1�–�Š�œ�˜�—�›�¢�1�™�›�’�œ�–�œ�1
�Š�—�•�1�Œ�˜�•�ž�–�—�œ�1�œ�•�›�Ž�—�•�•�‘�Ž�—�Ž�•�1� �’�•�‘�1�������1�•�Ž�œ�Œ�›�’�‹�’�—�•�1�•�‘�Ž�1�Œ�˜�—�œ�•�’�•�ž�•�’�Ÿ�Ž�1�‹�Ž�‘�Š�Ÿ�’�˜�›�1�˜�•�1�•�‘�Ž�1�ž�—�’�•�ð�1�–�˜�›�•�Š�›�ð�1
�Š�—�•�1�������1�œ�Ž�™�Š�›�Š�•�Ž�•�¢�ï�1���‘�Ž�1�œ�’�–�’�•�Š�›�1�Š�™�™�›�˜�Š�Œ�‘�1�‘�Š�œ�1�‹�Ž�Ž�—�1�Š�•�˜�™�•�Ž�•�1�•�˜�›�1�•�‘�Ž�1�����1�–�˜�•�Ž�•�’�—�•�1�˜�•�1�–�Š�œ�˜�—�›�¢�1
�œ�‘�Ž�Š�›�1� �Š�•�•�œ�1� �‘�’�•�Ž�1�–�Š�”�’�—�•�1�•�‘�Ž�1�Š�œ�œ�ž�–�™�•�’�˜�—�1�•�‘�Š�•�1�•�‘�Ž�1�–�Š�•�Ž�›�’�Š�•�1�•�Ž�œ�Œ�›�’�™�•�’�˜�—�1�˜�•�1�•�‘�Ž�1�–�˜�›�•�Š�›�1�’�—�Œ�•�ž�•�Ž�œ�1
�•�‘�Ž�1�Ž���Ž�Œ�•�1�˜�•�1 �•�‘�Ž�1�ž�—�’�•�,�–�˜�›�•�Š�›�1�’�—�•�Ž�›�•�Š�Œ�Ž�1�‹�Ž�‘�Š�Ÿ�’�˜�›�ï�1 ���’�—�Œ�Ž�1�•�‘�Ž�1�–�˜�œ�•�1�Œ�˜�–�–�˜�—�1�•�Ž�œ�•�1�™�Ž�›�•�˜�›�–�Ž�•�1�˜�—�1
�Œ�˜�—�Œ�›�Ž�•�Ž�,�•�’�”�Ž�1 �‹�›�’�4�•�Ž�1 �–�Š�•�Ž�›�’�Š�•�œ�1 �’�œ�1 �•�˜�›�1 �•�‘�Ž�1 �–�Ž�Š�œ�ž�›�Ž�–�Ž�—�•�1 �˜�•�1 �’�•�œ�1 �ž�—�’�Š�¡�’�Š�•�1 �Œ�˜�–�™�›�Ž�œ�œ�’�Ÿ�Ž�1 �œ�•�›�Ž�—�•�•�‘�ð�1
�’�•�1�œ�Ž�Ž�–�œ�1�›�Ž�Š�œ�˜�—�Š�‹�•�Ž�1�•�‘�Š�•�1�•�‘�Ž�1�–�Ž�Œ�‘�Š�—�’�Œ�Š�•�1�™�›�˜�™�Ž�›�•�’�Ž�œ�1�˜�•�1�–�Š�œ�˜�—�›�¢�1�Œ�˜�—�œ�•�’�•�ž�Ž�—�•�œ�1�Œ�Š�—�1�‹�Ž�1�Š�œ�œ�ž�–�Ž�•�1
�•�˜�1�‹�Ž�1�›�Ž�•�Š�•�Ž�•�1�•�˜�1�•�‘�Ž�’�›�1�Œ�˜�–�™�›�Ž�œ�œ�’�Ÿ�Ž�1�œ�•�›�Ž�—�•�•�‘�œ�ï�1���‘�Ž�1�Š�ž�•�‘�˜�›�œ�1�‘�Š�Ÿ�Ž�1�Š�•�˜�™�•�Ž�•�1�•�‘�’�œ�1�œ�•�›�Š�•�Ž�•�¢�1�’�—�1�•�‘�Ž�1
�Ž�•�Š�œ�•�˜�,�™�•�Š�œ�•�’�Œ�1�Š�—�Š�•�¢�œ�Ž�œ�1�˜�•�1�����1�Ž�•�Ž�–�Ž�—�•�œ�ð�1�–�Š�œ�˜�—�›�¢�1�™�›�’�œ�–�œ�ð�1�Š�—�•�1�Œ�˜�•�ž�–�—�œ�ð�1�œ�ž�Œ�Œ�Ž�œ�œ�’�Ÿ�Ž�•�¢�1�ý1�ð�139�ð�140�þ�ï

�&�R�Q�V�W�L�W�X�W�L�Y�H���0�R�G�H�O�L�Q�J���R�I���0�D�V�R�Q�U�\���:�D�O�O�V���6�W�U�H�Q�J�W�K�H�Q�H�G���Z�L�W�K���)�L�E�H�U���5�H�L�Q�I�R�U�F�H�G���3�R�O�\�P�H�U�V
�K�W�W�S�������G�[���G�R�L���R�U�J�������������������L�Q�W�H�F�K�R�S�H�Q������������

��



���‘�Ž�1�–�˜�œ�•�1�’�–�™�˜�›�•�Š�—�•�1�–�Ž�Œ�‘�Š�—�’�Œ�Š�•�1�™�Š�›�Š�–�Ž�•�Ž�›�1�’�—�1�����1�Š�—�Š�•�¢�œ�’�œ�1�•�˜�›�1�–�Š�œ�˜�—�›�¢�1�’�œ�1�•�‘�Ž�1�–�˜�•�ž�•�ž�œ�1�˜�•�1�Ž�•�Š�œ�•�’�Œ�’�•�¢�1
�ûEm�ü�1�•�Ž�•�Ž�›�–�’�—�Ž�•�1�‹�¢�1�ž�—�’�Š�¡�’�Š�•�1�Œ�˜�–�™�›�Ž�œ�œ�’�˜�—�1�•�Ž�œ�•�œ�ï�1���‘�Ž�1�•�Š�’�•�ž�›�Ž�1�–�Ž�Œ�‘�Š�—�’�œ�–�1�Š�—�•�1�•�˜�Š�•�,�•�’�œ�™�•�Š�Œ�Ž�–�Ž�—�•�1
�‹�Ž�‘�Š�Ÿ�’�˜�›�1�˜�•�1�–�Š�œ�˜�—�›�¢�1�Š�›�Ž�1�œ�•�›�˜�—�•�•�¢�1�Š���Ž�Œ�•�Ž�•�1�‹�¢�1�•�‘�Ž�1�•�’���Ž�›�Ž�—�Œ�Ž�œ�1�’�—�1�•�‘�Ž�1�–�˜�•�ž�•�ž�œ�1�˜�•�1�Ž�•�Š�œ�•�’�Œ�’�•�¢�1�‹�Ž�•� �Ž�Ž�—�1
unit and mortar [ 24�ð�141�þ�ï�1���—�1�•�Ž�•�Š�’�•�Ž�•�1�–�’�Œ�›�˜�,�–�˜�•�Ž�•�’�—�•�ð�1�–�˜�•�ž�•�ž�œ�1�˜�•�1�Ž�•�Š�œ�•�’�Œ�’�•�¢�1�˜�•�1�ž�—�’�•�œ�1�Š�—�•�1�–�˜�›�•�Š�›�1
�Š�›�Ž�1�›�Ž�š�ž�’�›�Ž�•�1�•�˜�›�1�����������1�˜�•�1�•�‘�Ž�1�–�Š�œ�˜�—�›�¢�1� �Š�•�•�œ�ï�1���‘�Ž�1�›�Ž�•�Š�•�’�˜�—�œ�1�•�˜�›�1�•�‘�Ž�1�–�Š�œ�˜�—�›�¢�1�Œ�˜�—�œ�•�’�•�ž�Ž�—�•�œ�1�Š�›�Ž�1
given in Table 1 [24�ð�142�þ�ï

���ž�•�•�’�,�Š�¡�’�Š�•�1�œ�•�›�Ž�œ�œ�1�œ�•�Š�•�Ž�œ�1�•�Ž�—�Ž�›�Š�•�•�¢�1�•�Ž���—�Ž�1�•�‘�Ž�1�‹�Ž�‘�Š�Ÿ�’�˜�›�1�˜�•�1�•�‘�Ž�1�œ�•�›�ž�Œ�•�ž�›�Ž�œ�1�œ�ž�Œ�‘�1�Š�œ�1�–�Š�œ�˜�—�›�¢�1� �Š�•�•�œ�ð�1
�����1�™�Š�—�Ž�•�œ�ð�1�Œ�˜�—���—�Ž�•�1�Œ�˜�•�ž�–�—�œ�ð�1�˜�›�1�Ž�•�Ž�–�Ž�—�•�œ�1�•�˜�Š�•�Ž�•�1�˜�Ÿ�Ž�›�1�Š�1�œ�™�Ž�Œ�’���Ž�•�1�•�’�–�’�•�Ž�•�1�Š�›�Ž�Š�ï�1���‘�Ž�1�‹�Š�œ�’�Œ�1�™�•�Š�œ�,
�•�’�Œ�1�–�˜�•�Ž�•�œ�ð�1�•�‘�Š�•�1�’�œ�ð�1���˜�‘�›�,���˜�ž�•�˜�–�‹�1�û�����ü�1�Š�—�•�1�����1�Š�›�Ž�1� �’�•�Ž�•�¢�1�Š�•�˜�™�•�Ž�•�1�’�—�1�Œ�˜�—�œ�•�’�•�ž�•�’�Ÿ�Ž�1�–�˜�•�Ž�•�’�—�•�1
�˜�•�1�•�›�’�Œ�•�’�˜�—�Š�•�1�–�Š�•�Ž�›�’�Š�•�œ�ð�1�•�’�”�Ž�1�Œ�˜�—�Œ�›�Ž�•�Ž�œ�ð�1�œ�˜�’�•�œ�ð�1�Š�—�•�1�›�˜�Œ�”�œ�ð�1� �‘�Ž�—�1�•�Ž�œ�Œ�›�’�‹�’�—�•�1�•�‘�Ž�1�–�Š�•�Ž�›�’�Š�•�1�‹�Ž�‘�Š�Ÿ�’�˜�›�1
�‹�Ž�¢�˜�—�•�1�•�‘�Ž�1�Ž�•�Š�œ�•�’�Œ�1�›�Š�—�•�Ž�ï�1���’�—�Œ�Ž�1�–�Š�•�Ž�›�’�Š�•�1�™�Š�›�Š�–�Ž�•�Ž�›�œ�1�˜�•�1�����1�Œ�›�’�•�Ž�›�’�˜�—�1�Š�›�Ž�1�Ž�Š�œ�’�•�¢�1�˜�‹�•�Š�’�—�Ž�•�1�•�›�˜�–�1
�œ�•�Š�—�•�Š�›�•�1�•�Ž�œ�•�œ�1�Š�—�•�1�Š�›�Ž�1�•�˜�•�’�Œ�Š�•�1�•�›�˜�–�1�•�‘�Ž�1�™�‘�¢�œ�’�Œ�Š�•�1�™�˜�’�—�•�1�˜�•�1�Ÿ�’�Ž� �ð�1�����1�Œ�›�’�•�Ž�›�’�˜�—�1�’�œ�1�•�‘�Ž�1�–�˜�œ�•�1�Œ�˜�–�,
mon used criterion in geotechnical and structural engineering [ 13�þ�ï�1 �����1 �Œ�›�’�•�Ž�›�’�˜�—�1 �’�—�1 �•�‘�›�Ž�Ž�,
�•�’�–�Ž�—�œ�’�˜�—�Š�•�1�û�Y���ü�1�œ�•�›�Ž�œ�œ�1�œ�™�Š�Œ�Ž�1�Œ�Š�—�1�‹�Ž�1�Ž�¡�™�›�Ž�œ�œ�Ž�•�1�Š�œ�1���š�ï�1�û�W�ü�ñ

   
f �û�’ �ð�9�•�ð�9�Œ�ü �7=�7 �Æ 

__
 2  �9�’ sin�:�š +  �Æ 

__
 3  �9�• sin�: ( �Œ +   �” __ 3  )   + �• cos�: ( �Œ +   �” __ 3  )   sin�:�š �º  �Æ 

__
 6  �9c cos�:�š�7=�70

        
for 0�7� �7�Œ�7� �7  �” __ 3  

    
  

�û�W�ü

where  �’ �7=�7 I  
1
  �:/�: �Æ 

__

 3     �’ �7=�7 I  
1
  �:/�: �Æ 

__

 3   and  �•�7=�7 �Æ 
__

 2  �9 J  
2
    [43�þ�ï�1���‘�Ž�1�’�—�Ÿ�Š�›�’�Š�—�•�œ�1�’ and I1 indicate the hydrostatic com�,

�™�˜�—�Ž�—�•�1�˜�•�1�•�‘�Ž�1�Œ�ž�›�›�Ž�—�•�1�œ�•�›�Ž�œ�œ�1�œ�•�Š�•�Ž�ï�1�
�˜� �Ž�Ÿ�Ž�›�ð�1�‹�Ž�Œ�Š�ž�œ�Ž�1�˜�•�1�•�‘�Ž�1�œ�–�˜�˜�•�‘�1�œ�ž�›�•�Š�Œ�Ž�1�Š�™�™�›�˜�¡�’�–�Š�•�’�˜�—�1�•�˜�1
�•�‘�Ž�1�œ�’�¡�,�•�Š�Œ�Ž�•�Ž�•�1�����1�¢�’�Ž�•�•�1�•�ž�—�Œ�•�’�˜�—�ð�1�����1�Œ�›�’�•�Ž�›�’�˜�—�1�’�œ�1�Œ�˜�—�Ÿ�Ž�›�œ�Ž�•�¢�1�Ž�Š�œ�¢�1�•�˜�1�’�–�™�•�Ž�–�Ž�—�•�1�Š�—�•�1�Š�•�•�˜� �œ�1
�Š�1�•�Š�œ�•�1�Œ�˜�–�™�ž�•�Š�•�’�˜�—�1�˜�•�1�™�•�Š�œ�•�’�Œ�1�‹�Ž�‘�Š�Ÿ�’�˜�›�ð�1�Ž�Ÿ�Ž�—�1�’�•�1�’�œ�1�Š�1�•�›�Š� �‹�Š�Œ�”�1�•�›�˜�–�1�•�‘�Ž�1�™�‘�¢�œ�’�Œ�Š�•�1�™�˜�’�—�•�1�˜�•�1�Ÿ�’�Ž� �1
�•�’�Ÿ�Ž�—�1�Š�œ�1���š�ï�1�û�X�ü�1�ý1�ð�144�þ�ñ

  f �û�’ �ð�9�•�ü �7=�7 �Æ 
__

 6  �9��  + �• �º  �Æ 
__

 2  �9k�7=�70�1�1 �û�X�ü
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Material Expression
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�˜�‹�•�Š�’�—�Ž�•�1�•�›�˜�–�1�����������1�’�œ�1� �Ž�•�•�1�Š�•�›�Ž�Ž�•�1� �’�•�‘�1�•�‘�Ž�1�Ž�¡�™�Ž�›�’�–�Ž�—�•�Š�•�1�•�Š�•�Š�ï�1���œ�1�œ�‘�˜� �—�1�’�—�1Figure 9�ð�1�•�‘�Ž�1
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Reference Experiment Brick Mortar

Emu (MPa) cmu (MPa)  �š mu (°) Emr (MPa) cmr (MPa)  �š mr (°)

���•�›�Š�•�•�˜�›�•�1�ý25] ���•�Š�¢�W�1������ �W�^�ð�\�V�V �Y�ï�V�Z �[�_�ï�\�^3250 �Y�ï�Z�[ �W�\�ï�]�W

���•�Š�¢�1�X�1�	������ �W�^�ð�\�V�V �Y�ï�V�Z �[�_�ï�\�^3250 �Y�ï�Z�[ �W�\�ï�]�W

���Š�™�˜�£�ž�Œ�Œ�Š�1�ý26] �
�����,���X 7000 �X�ï�Y�Y �[�_�ï�Y�]150 �X�ï�X�W �Z�ï�Z�W

���Š�‘�–�Š�—�1�Š�—�•�1���Ž�•�Š�1�ý27] ���������1�Y 8000 �X�ï�X�] �[�^�ï�_�Z125 �W�X�ï�[ �W�^�ï�_�V

���������1�Z 8000 �X�ï�W�\ �[�_�ï�V�\125 �W�X�ï�[ �W�^�ï�_�V

���˜�œ�Š�•�•�Š�–�1�Š�—�•�1���Š�—�Ž�›�“�Ž�Ž�1�ý28] ���Z�,���,���� 6000 �X�ï�Y�X �[�]�ï�\�\ 800 �Y�ï�]�_ �X�X�ï�X�V
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Table 3.�1���Ž�Œ�‘�Š�—�’�Œ�Š�•�1�™�›�˜�™�Ž�›�•�’�Ž�œ�1�Š�•�˜�™�•�Ž�•�1�•�˜�›�1�����1�Š�—�Š�•�¢�œ�Ž�œ�ï

Reference Experiment Precompression  
load (MPa)

Wall dimension 
(mm)

Brick 
dimension 
(mm)

FRP

EFRP  
(MPa)

t   
(mm)

���•�›�Š�•�•�˜�›�•�1�ý25] ���•�Š�¢�1�W�1������ �W�ï�Y�^ �W�X�V�V�1�¼�1�W�X�V�V�1�¼�1�\�V �X�X�^�1�¼�1�\�[�1�¼�1�\�V �, �,

���•�Š�¢�1�X�1�	������ �W�ï�Y�^ �W�X�V�V�1�¼�1�W�X�V�V�1�¼�1�\�V �X�X�^�1�¼�1�\�[�1�¼�1�\�V �]�Y�ð�Y�V�V �V�ï�W�[
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���������1�Z

Mosallam and 
���Š�—�Ž�›�“�Ž�Ž�1�ý28]
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Nomenclature

c cohesion

cmr cohesion of mortar
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Em modulus of elasticity

Emr modulus of elasticity of the mortar
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fmr compressive strength of the mortar
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hbr height of the unit
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J2 second invariant of the stress and the deviatoric tensor

k material constant
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�… material constant
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�’ hydrostatic component of the current stress state

 �š  internal friction angle

 �š i initial angle of internal friction in radians
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 �š mr internal friction angle of mortar

�—m mean stress
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