
Fastener Failure at Elevated Temperature

Some grain roasters incorporate a 
chain conveyor connected to baffles 
�P�R�Y�L�Q�J���V�R�\�E�H�D�Q�V���R�Y�H�U���D���S�H�U�I�R�U�D�W�H�G���À�R�R�U����
as shown in Figure 1. A burner heats 
�D�L�U�����Z�K�L�F�K���À�R�Z�V���W�K�U�R�X�J�K���W�K�H���S�H�U�I�R�U�D�W�H�G��
�À�R�R�U�����U�R�D�V�W�V���W�K�H���J�U�D�L�Q���D�Q�G���H�[�L�W�V���W�K�U�R�X�J�K��
�D���À�X�H�����7�K�H���E�D�I�À�H�V���D�W�W�D�F�K�H�G���W�R���W�K�H���F�K�D�L�Q��
�F�R�Q�Y�H�\�R�U���P�R�Y�H���W�K�H���J�U�D�L�Q���D�O�R�Q�J���W�K�H���À�R�R�U��
�X�Q�W�L�O���W�K�H�\���H�[�L�W���D�W���W�K�H���H�Q�G���R�I���W�K�H���P�D�F�K�L�Q�H����������

���%�R�O�W�V���D�W�W�D�F�K���W�K�H���E�D�I�À�H�V���W�R���W�K�H���F�K�D�L�Q��
�F�R�Q�Y�H�\�R�U�����Z�K�L�F�K���P�X�V�W���W�R�O�H�U�D�W�H���W�H�P�S�H�U�D-
�W�X�U�H�V���L�Q���H�[�F�H�V�V���R�I���������ƒ�)�����7�K�H���F�K�R�L�F�H���R�I��
fastener is a design decision that dictates 
the success or lack of performance of 
�W�K�H�� �P�D�F�K�L�Q�H�����7�K�L�V�� �F�D�V�H�� �V�W�X�G�\�� �V�H�U�Y�H�V�� �W�R��
illustrate a fastener failure that severely 
damaged one such machine. 

Case Study
�,�Q�� �W�K�H�� �J�U�D�L�Q�� �U�R�D�V�W�H�U���� �V�H�Y�H�U�D�O�� �E�D�I�À�H�V��

�K�D�G�� �I�D�L�O�H�G���� �M�D�P�P�L�Q�J�� �W�K�H�� �P�D�F�K�L�Q�H�� �D�Q�G��
�F�D�X�V�L�Q�J���O�R�V�V���R�I���S�U�R�G�X�F�W�L�R�Q�����7�K�H���I�D�L�O�X�U�H�V��
�R�F�F�X�U�U�H�G���L�Q���W�K�H���E�U�D�F�N�H�W���W�K�D�W���D�W�W�D�F�K�H�G���W�K�H���E�D�I�À�H�V���W�R���W�K�H���F�K�D�L�Q��
�F�R�Q�Y�H�\�R�U�����V�H�H��Figure 1.

Figure 2 is a close-up of the remains of a bracket attached 
�W�R���D���E�D�I�À�H���D�I�W�H�U���I�D�L�O�X�U�H�����7�K�H���E�R�O�W���W�R���W�K�H���O�R�Z�H�U���U�L�J�K�W���K�D�V���E�D�F�N�H�G��
�R�X�W�����U�H�G�X�F�L�Q�J���W�K�H���F�O�D�P�S�L�Q�J���I�R�U�F�H���E�H�W�Z�H�H�Q���W�K�H���E�U�D�F�N�H�W���D�Q�G��
�W�K�H�� �E�D�I�À�H���� �7�K�L�V�� �F�D�X�V�H�G�� �W�K�H�� �E�D�I�À�H�� �W�R�� �U�R�F�N�� �E�D�F�N�� �D�Q�G�� �I�R�U�W�K����
�F�D�X�V�L�Q�J���D���I�D�W�L�J�X�H���I�D�L�O�X�U�H�����7�K�H���I�U�D�F�W�X�U�H�G���F�K�D�L�Q���G�U�L�Y�H���E�U�D�F�N�H�W��
�L�V���F�D�U�E�R�Q���V�W�H�H�O���D�Q�G���W�K�H���E�D�I�À�H���L�V���V�W�D�L�Q�O�H�V�V���V�W�H�H�O�����7�K�H���E�R�O�W�V���D�U�H��
���������V�W�D�L�Q�O�H�V�V���V�W�H�H�O����ASTM E593�������V�L�]�H���������������F�R�X�U�V�H���W�K�U�H�D�G��

�7�K�H�� �O�R�Z�H�U�� �U�L�J�K�W�� �E�R�O�W�� �Z�D�V�� �U�H�P�R�Y�H�G�� �D�Q�G�� �H�[�D�P�L�Q�H�G���� �7�K�H��
�V�W�D�L�Q�O�H�V�V�� �V�W�H�H�O�� �O�R�F�N�� �Z�D�V�K�H�U�� �W�K�D�W�� �Z�D�V�� �U�H�P�R�Y�H�G���� �V�K�R�Z�Q�� �R�Q��
the left in Figure 3�����L�O�O�X�V�W�U�D�W�H�V���W�K�H���F�K�D�Q�J�H���L�Q���F�R�Q�¿�J�X�U�D�W�L�R�Q��
when compared to a new lock washer on the right. Stress 
�U�H�O�D�[�D�W�L�R�Q���K�D�V���R�F�F�X�U�U�H�G���D�V���D���U�H�V�X�O�W���R�I���W�H�P�S�H�U�D�W�X�U�H���D�Q�G���E�R�O�W��
�S�U�H�O�R�D�G�����,�W���V�K�R�X�O�G���E�H���Q�R�W�H�G�����W�K�D�W���W�K�H���F�R�H�I�¿�F�L�H�Q�W���R�I���W�K�H�U�P�D�O��
�H�[�S�D�Q�V�L�R�Q���R�I���V�W�D�L�Q�O�H�V�V���V�W�H�H�O���L�V���W�\�S�L�F�D�O�O�\���K�L�J�K�H�U���W�K�D�Q���W�K�D�W���R�I��
�F�D�U�E�R�Q�� �V�W�H�H�O���� �V�X�J�J�H�V�W�L�Q�J�� �W�K�D�W�� �L�Q�� �W�K�L�V�� �G�H�V�L�J�Q���� �E�R�O�W�� �W�H�Q�V�L�R�Q��
�Z�R�X�O�G���E�H���U�H�G�X�F�H�G���D�W���K�L�J�K�H�U���W�H�P�S�H�U�D�W�X�U�H�����7�K�H���O�R�R�V�H�Q�L�Q�J���R�I��
�W�K�H���E�R�O�W���L�V���D���F�R�P�E�L�Q�D�W�L�R�Q���R�I���W�K�H�U�P�D�O���H�[�S�D�Q�V�L�R�Q�����U�H�O�D�[�D�W�L�R�Q���R�I��
the spring tension in the lock washer and alternating loading. 
�,�Q���W�K�L�V���F�R�Q�G�L�W�L�R�Q�����W�K�H���O�R�F�N�L�Q�J���F�D�S�D�F�L�W�\���R�I���W�K�H���O�R�F�N���Z�D�V�K�H�U���D�Q�G��
�E�R�O�W���S�U�H�O�R�D�G���D�U�H���L�Q�V�X�I�¿�F�L�H�Q�W���W�R���U�H�W�D�L�Q���W�K�H���I�D�V�W�H�Q�H�U���L�Q���S�R�V�L�W�L�R�Q������
�7�K�H���K�H�O�L�F�D�O���V�S�U�L�Q�J���O�R�F�N���Z�D�V�K�H�U���E�R�O�W���F�R�P�E�L�Q�D�W�L�R�Q���L�V���D���Z�L�G�H�O�\��
�X�V�H�G���I�D�V�W�H�Q�H�U�����,�Q���V�R�P�H���D�S�S�O�L�F�D�W�L�R�Q�V�����O�L�N�H���W�K�D�W���V�K�R�Z�Q���D�E�R�Y�H����
the fastener has its limitations. Analysis of the design us-
�L�Q�J���F�R�P�S�X�W�D�W�L�R�Q�D�O���P�H�W�K�R�G�V�����)�(�0�����R�U���S�K�\�V�L�F�D�O���W�H�V�W�L�Q�J���Z�L�O�O��
improve the chances of a viable design. 			 
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�&�R�P�S�D�Q�\���3�U�R�¿�O�H����
�&�����5�R�E�H�U�W�V���&�R�Q�V�X�O�W�L�Q�J���(�Q�J�L�Q�H�H�U�V provides professional engi-
neering services in accident reconstruction, failure analysis, 
�¿�U�H���F�D�X�V�D�W�L�R�Q�����H�[�S�O�R�V�L�R�Q���D�Q�D�O�\�V�L�V�����E�L�R�P�H�F�K�D�Q�L�F�V�����L�Q�I�U�D�U�H�G���W�K�H�U-
�P�R�J�U�D�S�K�\���D�Q�G���F�R�P�S�X�W�H�U���D�Q�D�O�\�V�L�V�����Z�Z�Z���F�U�R�E�H�U�W�V���F�R�P

Fig. 1 — Grain roasters incorporating a chain conveyor connected to 
�E�D�I�À�H�V���P�R�Y�L�Q�J���V�R�\�E�H�D�Q�V���R�Y�H�U���D���S�H�U�I�R�U�D�W�H�G���À�R�R�U��

Fig. 2 — Close-up of the remains of a bracket 
�D�W�W�D�F�K�H�G���W�R���D���E�D�I�À�H���D�I�W�H�U���I�D�L�O�X�U�H��

Fig. 3 — Stainless steel lock washer removed from the 
assembly (left) compared to a new lock washer (right).


