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�7�K�H�� �G�L�V�F�U�H�W�H�� �H�O�H�P�H�Q�W�� �P�H�W�K�R�G�� ���'�(�0���� �L�V�� �Z�L�G�H�O�\�� �X�V�H�G�� �L�Q�� �P�L�Q�L�Q�J�� �H�Q�J�L�Q�H�H�U�L�Q�J[7-9]���� �W�X�Q�Q�H�O��

�H�Q�J�L�Q�H�H�U�L�Q�J[10-12]�����V�O�R�S�H�� �H�Q�J�L�Q�H�H�U�L�Q�J�� �D�Q�G�� �I�U�D�F�W�X�U�H�� �P�H�F�K�D�Q�L�F�V[13-15]���� �3�)�&���'����a DEM simulation 

software package, has great advantages for studying relatively fragmented macroscopic objects, 

such as soil and stone piles[16-19]. Liu[20] �X�V�H�G�� �3�)�&���'�� �W�R�� �F�R�Q�G�X�F�W�� �D�� �V�L�P�X�O�D�W�H�G�� �V�W�X�G�\�� �R�Q�� �U�R�F�N��
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�S�D�U�W�L�F�O�H�V�� �R�U�� �L�U�U�H�J�X�O�D�U�� �S�D�U�W�L�F�O�H�V[23]���� �7�K�H�� �P�R�Y�H�P�H�Q�W�� �R�I�� �L�Q�G�L�Y�L�G�X�D�O�� �S�D�U�W�L�F�O�H�V�� �L�Q�� �W�K�H�� �P�R�G�H�O�� �I�R�O�O�R�Z�V��
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�P�R�G�H�O�� �F�D�Q�� �E�H�� �V�L�P�S�O�L�I�L�H�G�� �L�Q�W�R�� �D�� �V�R�I�W�� �E�D�O�O�� �P�R�G�H�O�� �D�Q�G�� �D�� �K�D�U�G�� �E�D�O�O�� �P�R�G�H�O�� �Z�L�W�K�R�X�W�� �J�H�Q�H�U�D�W�L�Q�J�� �O�D�U�J�H��

�H�U�U�R�U�V[24]�����7�K�H���V�R�I�W���E�D�O�O���P�R�G�H�O�����)�L�J�X�U�H���������U�H�S�O�D�F�H�V���W�K�H���Q�R�U�P�D�O���F�R�Q�W�D�F�W���I�R�U�F�H���E�H�W�Z�H�H�Q���S�D�U�W�L�F�O�H�V���Z�L�W�K���D��
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