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�7�K�L�V �W�K�H�V�L�V �S�U�H�V�H�Q�W�V �D �F�R�P�S�X�W�D�W�L�R�Q�D�O �I�U�D�P�H�Z�R�U�N �I�R�U �W�K�H �D�X�W�R�P�D�W�H�G �G�H�V�L�J�Q
�Y�H�U�L�¿�F�D�W�L�R�Q �D�Q�G �U�H�L�Q�I�R�U�F�H�P�H�Q�W �P�D�S�S�L�Q�J �R�I �U�H�L�Q�I�R�U�F�H�G �F�R�Q�F�U�H�W�H ���5�&�� �V�O�D�E�V �E�D�V�H�G
�R�Q �¿�Q�L�W�H �H�O�H�P�H�Q�W �P�H�W�K�R�G ���)�(�0�� �U�H�V�X�O�W�V�� �,�Q�V�W�H�D�G �R�I �S�H�U�I�R�U�P�L�Q�J �Q�H�Z �)�(�0
�D�Q�D�O�\�V�H�V�� �W�K�H �Z�R�U�N �I�R�F�X�V�H�V �R�Q �S�R�V�W���S�U�R�F�H�V�V�L�Q�J �Q�R�G�D�O �L�Q�W�H�U�Q�D�O �I�R�U�F�H�V�²�S�U�L�P�D�U�L�O�\
�E�H�Q�G�L�Q�J �P�R�P�H�Q�W�V�²�H�[�S�R�U�W�H�G �I�U�R�P �W�K�H �F�R�P�P�H�U�F�L�D�O �)�(�0 �V�R�I�W�Z�D�U�H �%�5�,�*�$�'�(
�3�O�X�V�� �7�K�H �P�D�L�Q �R�E�M�H�F�W�L�Y�H �L�V �W�R �D�X�W�R�P�D�W�H �V�W�U�X�F�W�X�U�D�O �Y�H�U�L�¿�F�D�W�L�R�Q �D�F�F�R�U�G�L�Q�J �W�R
�(�X�U�R�F�R�G�H �s �D�Q�G �W�R �F�R�P�S�X�W�H �W�K�H �U�H�T�X�L�U�H�G �U�H�L�Q�I�R�U�F�H�P�H�Q�W �D�U�H�D�V �F�R�Q�W�L�Q�X�R�X�V�O�\
�D�F�U�R�V�V �W�K�H �H�Q�W�L�U�H �V�O�D�E �G�R�P�D�L�Q��

�$ �3�\�W�K�R�Q���E�D�V�H�G �W�R�R�O �K�D�V �E�H�H�Q �G�H�Y�H�O�R�S�H�G �W�R �H�Y�D�O�X�D�W�H �E�R�W�K �8�O�W�L�P�D�W�H �/�L�P�L�W
�6�W�D�W�H ���8�/�6�� �D�Q�G �6�H�U�Y�L�F�H�D�E�L�O�L�W�\ �/�L�P�L�W �6�W�D�W�H ���6�/�6�� �F�R�Q�G�L�W�L�R�Q�V �D�W �H�D�F�K �Q�R�G�H
�R�I �W�K�H �)�(�0 �P�H�V�K�� �7�K�H �S�U�R�J�U�D�P �L�P�S�O�H�P�H�Q�W�V �(�X�U�R�F�R�G�H �s �G�H�V�L�J�Q �H�T�X�D�W�L�R�Q�V��
�D�X�W�R�P�D�W�L�F�D�O�O�\ �G�H�W�H�U�P�L�Q�H�V �W�K�H �U�H�T�X�L�U�H�G �U�H�L�Q�I�R�U�F�H�P�H�Q�W �L�Q �W�Z�R �R�U�W�K�R�J�R�Q�D�O
�G�L�U�H�F�W�L�R�Q�V�� �D�Q�G �Y�L�V�X�D�O�L�]�H�V �W�K�H �U�H�V�X�O�W�V �D�V �F�R�Q�W�R�X�U �S�O�R�W�V�� �S�U�R�Y�L�G�L�Q�J �L�Q�W�X�L�W�L�Y�H
�U�H�L�Q�I�R�U�F�H�P�H�Q�W �G�H�P�D�Q�G �P�D�S�V�� �7�K�L�V �H�Q�D�E�O�H�V �D �W�U�D�Q�V�S�D�U�H�Q�W�� �G�H�W�D�L�O�H�G�� �D�Q�G
�G�D�W�D���G�U�L�Y�H�Q �D�S�S�U�R�D�F�K �W�R �V�O�D�E �G�H�V�L�J�Q��

�7�K�H �S�U�R�S�R�V�H�G �P�H�W�K�R�G�R�O�R�J�\ �L�V �Y�D�O�L�G�D�W�H�G �W�K�U�R�X�J�K �D �F�D�V�H �V�W�X�G�\ �F�R�P�S�D�U�L�Q�J �W�K�H
�F�R�P�S�X�W�D�W�L�R�Q�D�O �U�H�V�X�O�W�V �Z�L�W�K �D �W�U�D�G�L�W�L�R�Q�D�O �G�H�V�L�J�Q �U�H�S�R�U�W �I�R�U �D�Q �H�[�L�V�W�L�Q�J �E�U�L�G�J�H
�V�O�D�E�� �7�K�H �¿�Q�G�L�Q�J�V �G�H�P�R�Q�V�W�U�D�W�H �W�K�D�W �W�K�H �G�H�Y�H�O�R�S�H�G �W�R�R�O �H�c�H�F�W�L�Y�H�O�\ �V�W�U�H�D�P�O�L�Q�H�V
�W�K�H �G�H�V�L�J�Q �S�U�R�F�H�V�V�� �U�H�G�X�F�H�V �P�D�W�H�U�L�D�O �X�V�D�J�H�� �D�Q�G �H�Q�K�D�Q�F�H�V �E�R�W�K �H�d�F�L�H�Q�F�\ �D�Q�G
�F�O�D�U�L�W�\ �L�Q �W�K�H �U�H�L�Q�I�R�U�F�H�P�H�Q�W �O�D�\�R�X�W�� �Z�K�L�O�H �I�X�O�O�\ �F�R�P�S�O�\�L�Q�J �Z�L�W�K �(�X�U�R�F�R�G�H �G�H�V�L�J�Q
�V�W�D�Q�G�D�U�G�V��

�.�H�\�Z�R�U�G�V

�5�H�L�Q�I�R�U�F�H�G �F�R�Q�F�U�H�W�H �V�O�D�E�V�� �)�L�Q�L�W�H �H�O�H�P�H�Q�W �P�H�W�K�R�G ���)�(�0���� �(�X�U�R�F�R�G�H �s��
�5�H�L�Q�I�R�U�F�H�P�H�Q�W �R�S�W�L�P�L�]�D�W�L�R�Q�� �'�H�V�L�J�Q �D�X�W�R�P�D�W�L�R�Q�� �6�W�U�X�F�W�X�U�D�O �Y�H�U�L�¿�F�D�W�L�R�Q��
�6�H�U�Y�L�F�H�D�E�L�O�L�W�\ �D�Q�G �X�O�W�L�P�D�W�H �O�L�P�L�W �V�W�D�W�H�V�� �3�\�W�K�R�Q �S�U�R�J�U�D�P�P�L�Q�J
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�'�H�Q�Q�D �D�Y�K�D�Q�G�O�L�Q�J �S�U�H�V�H�Q�W�H�U�D�U �H�W�W �E�H�U�l�N�Q�L�Q�J�V�U�D�P�Y�H�U�N �I�|�U �D�X�W�R�P�D�W�L�V�H�U�D�G
�N�R�Q�V�W�U�X�N�W�L�R�Q�V�Y�H�U�L�¿�H�U�L�Q�J �R�F�K �D�U�P�H�U�L�Q�J�V�I�|�U�G�H�O�Q�L�Q�J �D�Y �D�U�P�H�U�D�G�H �E�H�W�R�Q�J�S�O�D�W�W�R�U
���5�&�� �E�D�V�H�U�D�W �S�n �U�H�V�X�O�W�D�W �I�U�n�Q �¿�Q�L�W�D �H�O�H�P�H�Q�W�P�H�W�R�G�H�Q ���)�(�0���� �,�V�W�l�O�O�H�W �I�|�U �D�W�W
�X�W�I�|�U�D �Q�\�D �)�(�0���D�Q�D�O�\�V�H�U �I�R�N�X�V�H�U�D�U �D�U�E�H�W�H�W �S�n �H�I�W�H�U�E�H�K�D�Q�G�O�L�Q�J �D�Y �Q�R�G�D�O�D
�L�Q�W�H�U�Q�D �N�U�D�I�W�H�U �± �I�U�l�P�V�W �E�|�M�P�R�P�H�Q�W �± �����H�[�S�R�U�W�H�U�D�G�H �I�U�n�Q �G�H�Q �N�R�P�P�H�U�V�L�H�O�O�D
�)�(�0���S�U�R�J�U�D�P�Y�D�U�D�Q �%�5�,�*�$�'�( �3�O�X�V�� �+�X�Y�X�G�P�n�O�H�W �l�U �D�W�W �D�X�W�R�P�D�W�L�V�H�U�D
�V�W�U�X�N�W�X�U�Y�H�U�L�¿�H�U�L�Q�J �H�Q�O�L�J�W �(�X�U�R�N�R�G �s �R�F�K �D�W�W �N�R�Q�W�L�Q�X�H�U�O�L�J�W �E�H�U�l�N�Q�D �G�H�Q
�H�U�I�R�U�G�H�U�O�L�J�D �D�U�P�H�U�L�Q�J�V�D�U�H�D�Q �|�Y�H�U �K�H�O�D �S�O�D�W�W�D�Q�V �X�W�E�U�H�G�Q�L�Q�J��

�(�W�W �3�\�W�K�R�Q���E�D�V�H�U�D�W �Y�H�U�N�W�\�J �K�D�U �X�W�Y�H�F�N�O�D�W�V �I�|�U �D�W�W �X�W�Y�l�U�G�H�U�D �E�n�G�H
�E�U�R�W�W�J�U�l�Q�V�W�L�O�O�V�W�n�Q�G ���8�/�6�� �R�F�K �E�U�X�N�V�J�U�l�Q�V�W�L�O�O�V�W�n�Q�G ���6�/�6�� �Y�L�G �Y�D�U�M�H �Q�R�G �L
�)�(�0���Q�l�W�H�W�� �3�U�R�J�U�D�P�P�H�W �L�P�S�O�H�P�H�Q�W�H�U�D�U �G�L�P�H�Q�V�L�R�Q�H�U�L�Q�J�V�Y�L�O�O�N�R�U�H�Q �I�U�n�Q
�(�X�U�R�N�R�G �s�� �E�H�V�W�l�P�P�H�U �D�X�W�R�P�D�W�L�V�N�W �G�H�Q �H�U�I�R�U�G�H�U�O�L�J�D �D�U�P�H�U�L�Q�J�H�Q �L �W�Y�n
�R�U�W�R�J�R�Q�D�O�D �U�L�N�W�Q�L�Q�J�D�U �R�F�K �Y�L�V�X�D�O�L�V�H�U�D�U �U�H�V�X�O�W�D�W�H�Q �V�R�P �N�R�Q�W�X�U�G�L�D�J�U�D�P�� �Y�L�O�N�H�W �J�H�U
�L�Q�W�X�L�W�L�Y�D �D�U�P�H�U�L�Q�J�V�E�H�K�R�Y�V�N�D�U�W�R�U�� �'�H�W�W�D �P�|�M�O�L�J�J�|�U �H�Q �W�U�D�Q�V�S�D�U�H�Q�W�� �G�H�W�D�O�M�H�U�D�G
�R�F�K �G�D�W�D�G�U�L�Y�H�Q �P�H�W�R�G �I�|�U �S�O�D�W�W�G�H�V�L�J�Q��

�'�H�Q �I�|�U�H�V�O�D�J�Q�D �P�H�W�R�G�H�Q �Y�D�O�L�G�H�U�D�V �J�H�Q�R�P �H�Q �I�D�O�O�V�W�X�G�L�H �V�R�P �M�l�P�I�|�U
�E�H�U�l�N�Q�L�Q�J�V�U�H�V�X�O�W�D�W�H�Q �P�H�G �H�Q �W�U�D�G�L�W�L�R�Q�H�O�O �N�R�Q�V�W�U�X�N�W�L�R�Q�V�U�D�S�S�R�U�W �I�|�U �H�Q
�E�H�¿�Q�W�O�L�J �E�U�R�S�O�D�W�W�D�� �5�H�V�X�O�W�D�W�H�Q �Y�L�V�D�U �D�W�W �G�H�W �X�W�Y�H�F�N�O�D�G�H �Y�H�U�N�W�\�J�H�W �H�c�H�N�W�L�Y�W
�H�c�H�N�W�L�Y�L�V�H�U�D�U �G�H�V�L�J�Q�S�U�R�F�H�V�V�H�Q�� �P�L�Q�V�N�D�U �P�D�W�H�U�L�D�O�D�Q�Y�l�Q�G�Q�L�Q�J�H�Q �R�F�K �I�|�U�E�l�W�W�U�D�U
�E�n�G�H �H�c�H�N�W�L�Y�L�W�H�W �R�F�K �W�\�G�O�L�J�K�H�W �L �D�U�P�H�U�L�Q�J�V�O�D�\�R�X�W�H�Q�� �V�D�P�W�L�G�L�J�W �V�R�P �G�H�W �K�H�O�W
�X�S�S�I�\�O�O�H�U �(�X�U�R�N�R�G�H�Q�V �G�H�V�L�J�Q�V�W�D�Q�G�D�U�G�H�U��

�.�H�\�Z�R�U�G�V

�$�U�P�H�U�D�G�H �E�H�W�R�Q�J�S�O�D�W�W�R�U�� �)�L�Q�L�W�D �H�O�H�P�H�Q�W�P�H�W�R�G�H�Q ���)�(�0���� �(�X�U�R�N�R�G �s��
�$�U�P�H�U�L�Q�J�V�R�S�W�L�P�H�U�L�Q�J�� �'�H�V�L�J�Q�D�X�W�R�P�D�W�L�R�Q�� �6�W�U�X�N�W�X�U�H�O�O �Y�H�U�L�¿�H�U�L�Q�J�� �%�U�X�N�V�� �R�F�K
�E�U�R�W�W�J�U�l�Q�V�W�L�O�O�V�W�n�Q�G�� �3�\�W�K�R�Q���S�U�R�J�U�D�P�P�H�U�L�Q�J
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�, �Z�R�X�O�G �O�L�N�H �W�R �H�[�S�U�H�V�V �P�\ �V�L�Q�F�H�U�H �J�U�D�W�L�W�X�G�H �W�R �P�\ �D�F�D�G�H�P�L�F �V�X�S�H�U�Y�L�V�R�U��
�3�U�R�I�H�V�V�R�U �-�R�K�Q �/�H�D�Q�G�H�U �R�I �.�7�+�� �I�R�U �K�L�V �W�K�R�X�J�K�W�I�X�O �J�X�L�G�D�Q�F�H�� �F�R�Q�W�L�Q�X�R�X�V
�H�Q�F�R�X�U�D�J�H�P�H�Q�W�� �D�Q�G �F�R�Q�V�W�U�X�F�W�L�Y�H �I�H�H�G�E�D�F�N �W�K�U�R�X�J�K�R�X�W �W�K�L�V �W�K�H�V�L�V�� �+�L�V �V�X�S�S�R�U�W
�K�D�V �E�H�H�Q �L�Q�V�W�U�X�P�H�Q�W�D�O �L�Q �V�K�D�S�L�Q�J �E�R�W�K �W�K�H �G�L�U�H�F�W�L�R�Q �D�Q�G �G�H�S�W�K �R�I �W�K�L�V �Z�R�U�N��

�, �D�P �H�T�X�D�O�O�\ �J�U�D�W�H�I�X�O �W�R �'�U�� �(�O�L�V�D �.�K�R�X�U�L �&�K�D�O�R�X�K�L�� �P�\ �V�X�S�H�U�Y�L�V�R�U �D�W �:�6�3��
�I�R�U �K�H�U �S�U�R�I�H�V�V�L�R�Q�D�O �L�Q�V�L�J�K�W �D�Q�G �L�Q�Y�D�O�X�D�E�O�H �D�G�Y�L�F�H�� �+�H�U �L�Q�G�X�V�W�U�\ �S�H�U�V�S�H�F�W�L�Y�H
�D�Q�G �P�H�Q�W�R�U�V�K�L�S �K�D�Y�H �J�U�H�D�W�O�\ �H�Q�U�L�F�K�H�G �W�K�H �S�U�D�F�W�L�F�D�O �U�H�O�H�Y�D�Q�F�H �R�I �W�K�L�V �U�H�V�H�D�U�F�K��
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����



f ct; �H�c �0�3�D �(�c�H�F�W�L�Y�H �W�H�Q�V�L�O�H �V�W�U�H�Q�J�W�K �R�I �F�R�Q�F�U�H�W�H

f yk �0�3�D �&�K�D�U�D�F�W�H�U�L�V�W�L�F �V�W�H�H�O �\�L�H�O�G �V�W�U�H�Q�J�W�K
f yd �0�3�D �'�H�V�L�J�Q �\�L�H�O�G �V�W�U�H�Q�J�W�K �R�I �U�H�L�Q�I�R�U�F�H�P�H�Q�W
� s �0�3�D �7�H�Q�V�L�O�H �U�H�L�Q�I�R�U�F�H�P�H�Q�W �V�W�U�H�V�V
� s;�K���t �0�3�D �0�D�[�L�P�X�P �W�H�Q�V�L�O�H �V�W�H�H�O �V�W�U�H�V�V �D�W �6�/�6
� sd �0�3�D �'�H�V�L�J�Q �V�W�H�H�O �V�W�U�H�V�V �I�R�U �D�Q�F�K�R�U�D�J�H


 c; 
 s �± �3�D�U�W�L�D�O �V�D�I�H�W�\ �I�D�F�W�R�U�V �I�R�U �F�R�Q�F�U�H�W�H �D�Q�G �V�W�H�H�O
Es �0�3�D �6�W�H�H�O �P�R�G�X�O�X�V �R�I �H�O�D�V�W�L�F�L�W�\
Ecm �0�3�D �0�H�D�Q �F�R�Q�F�U�H�W�H �P�R�G�X�O�X�V �R�I �H�O�D�V�W�L�F�L�W�\
E �H�c

c �0�3�D �(�c�H�F�W�L�Y�H �F�R�Q�F�U�H�W�H �P�R�G�X�O�X�V �L�Q�F�O�X�G�L�Q�J �F�U�H�H�S
’ �± �&�U�H�H�S �F�R�H�d�F�L�H�Q�W

MEd �1��P�P �'�H�V�L�J�Q �E�H�Q�G�L�Q�J �P�R�P�H�Q�W �D�W �8�/�6
M �(�G���6�/�6 �1��P�P �'�H�V�L�J�Q �E�H�Q�G�L�Q�J �P�R�P�H�Q�W �D�W �6�/�6
NEd �1 �'�H�V�L�J�Q �D�[�L�D�O �I�R�U�F�H ���W�H�Q�V�L�R�Q �S�R�V�L�W�L�Y�H��
N �(�G���6�/�6 �1 �$�[�L�D�O �I�R�U�F�H �D�W �6�/�6
MRd �1��P�P �'�H�V�L�J�Q �E�H�Q�G�L�Q�J �U�H�V�L�V�W�D�Q�F�H

x �P�P �1�H�X�W�U�D�O �D�[�L�V �G�H�S�W�K �I�U�R�P �F�R�P�S�U�H�V�V�H�G �H�G�J�H
xb �P�P �%�D�O�D�Q�F�H�G �Q�H�X�W�U�D�O �D�[�L�V �G�H�S�W�K
" cu �± �8�O�W�L�P�D�W�H �F�R�Q�F�U�H�W�H �F�R�P�S�U�H�V�V�L�Y�H �V�W�U�D�L�Q
" s �± �7�H�Q�V�L�O�H �V�W�H�H�O �V�W�U�D�L�Q
" yd �± �6�W�H�H�O �\�L�H�O�G �V�W�U�D�L�Q
" sm �± �0�H�D�Q �V�W�H�H�O �V�W�U�D�L�Q
" cm �± �0�H�D�Q �F�R�Q�F�U�H�W�H �V�W�U�D�L�Q

�; � �± �(�X�U�R�F�R�G�H �s �F�R�Q�F�U�H�W�H �V�W�U�H�V�V �E�O�R�F�N �S�D�U�D�P�H�W�H�U�V
C �1 �5�H�V�X�O�W�D�Q�W �F�R�Q�F�U�H�W�H �F�R�P�S�U�H�V�V�L�Y�H �I�R�U�F�H
! �± �'�L�P�H�Q�V�L�R�Q�O�H�V�V �Q�H�X�W�U�D�O �D�[�L�V �S�D�U�D�P�H�W�H�U
m �± �1�R�U�P�D�O�L�]�H�G �E�H�Q�G�L�Q�J �P�R�P�H�Q�W

As �P�P2 �$�U�H�D �R�I �W�H�Q�V�L�O�H �U�H�L�Q�I�R�U�F�H�P�H�Q�W
A0

s �P�P2 �$�U�H�D �R�I �F�R�P�S�U�H�V�V�L�R�Q �U�H�L�Q�I�R�U�F�H�P�H�Q�W
Ac;�H�c �P�P2 �(�c�H�F�W�L�Y�H �F�R�Q�F�U�H�W�H �W�H�Q�V�L�R�Q �D�U�H�D
hc;�H�c �P�P �(�c�H�F�W�L�Y�H �K�H�L�J�K�W �R�I �W�H�Q�V�L�R�Q �]�R�Q�H
� p;�H�c �± �(�c�H�F�W�L�Y�H �U�H�L�Q�I�R�U�F�H�P�H�Q�W �U�D�W�L�R

wk �P�P �&�K�D�U�D�F�W�H�U�L�V�W�L�F �F�U�D�F�N �Z�L�G�W�K
w�O�L�P �P�P �$�O�O�R�Z�D�E�O�H �F�U�D�F�N �Z�L�G�W�K
sr; �K���t �P�P �0�D�[�L�P�X�P �F�U�D�F�N �V�S�D�F�L�Q�J
kt �± �/�R�D�G �G�X�U�D�W�L�R�Q �I�D�F�W�R�U �I�R�U �F�U�D�F�N�L�Q�J
k1; k2; k3; k4 �± �&�U�D�F�N �V�S�D�F�L�Q�J �F�R�H�d�F�L�H�Q�W�V

f bd �0�3�D �'�H�V�L�J�Q �E�R�Q�G �V�W�U�H�Q�J�W�K
lb;rqd �P�P �%�D�V�L�F �U�H�T�X�L�U�H�G �D�Q�F�K�R�U�D�J�H �O�H�Q�J�W�K
lbd �P�P �'�H�V�L�J�Q �D�Q�F�K�R�U�D�J�H �O�H�Q�J�W�K
l0 �P�P �'�H�V�L�J�Q �O�D�S �O�H�Q�J�W�K
� 1 : : : � 6 �± �$�Q�F�K�R�U�D�J�H �D�Q�G �O�D�S �O�H�Q�J�W�K �P�R�G�L�¿�F�D�W�L�R�Q �I�D�F�W�R�U�V
As;req �P�P2 �5�H�T�X�L�U�H�G �U�H�L�Q�I�R�U�F�H�P�H�Q�W �D�U�H�D
As;prov �P�P2 �3�U�R�Y�L�G�H�G �U�H�L�Q�I�R�U�F�H�P�H�Q�W �D�U�H�D

����



�$�O�O �H�T�X�D�W�L�R�Q�V �L�Q �t���t���r �D�Q�G �t���t���s �D�U�H �V�\�P�E�R�O�L�F�� �I�R�O�O�R�Z�L�Q�J �(�X�U�R�F�R�G�H �s
���(�1 �r�z�z�s���r���r����

���W���W���_�»�ß�«�À�‚�ß�™ �8�«�À�«�ß �U�ß�‚�ß�™ �l�_�8�U�m

�7�K�H �S�X�U�S�R�V�H �R�I �W�K�H �8�O�W�L�P�D�W�H �/�L�P�L�W �6�W�D�W�H ���8�/�6�� �Y�H�U�L�¿�F�D�W�L�R�Q �L�V �W�R �H�Q�V�X�U�H �W�K�D�W
�D �U�H�L�Q�I�R�U�F�H�G �F�R�Q�F�U�H�W�H �U�H�F�W�D�Q�J�X�O�D�U �F�U�R�V�V �V�H�F�W�L�R�Q �F�D�Q �V�D�I�H�O�\ �U�H�V�L�V�W �W�K�H �G�H�V�L�J�Q
�E�H�Q�G�L�Q�J �P�R�P�H�Q�WMEd �D�Q�G �D�[�L�D�O �I�R�U�F�HNEd �X�Q�G�H�U �I�D�F�W�R�U�H�G �O�R�D�G �F�R�P�E�L�Q�D�W�L�R�Q�V��
�L�Q �D�F�F�R�U�G�D�Q�F�H �Z�L�W�K �(�X�U�R�F�R�G�H �s ���(�1 �r�z�z�s���r���r�� �&�O�D�X�V�H �w���r����

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

�‡�H�T�X�L�O�L�E�U�L�X�P �R�I �L�Q�W�H�U�Q�D�O �I�R�U�F�H�V �D�Q�G �P�R�P�H�Q�W�V��

�‡�O�L�Q�H�D�U �V�W�U�D�L�Q �G�L�V�W�U�L�E�X�W�L�R�Q �R�Y�H�U �W�K�H �F�U�R�V�V �V�H�F�W�L�R�Q��

�‡�I�X�O�O �V�W�U�D�L�Q �F�R�P�S�D�W�L�E�L�O�L�W�\ �E�H�W�Z�H�H�Q �F�R�Q�F�U�H�W�H �D�Q�G �U�H�L�Q�I�R�U�F�H�P�H�Q�W��

�‡�Q�R�Q�O�L�Q�H�D�U �F�R�Q�F�U�H�W�H �F�R�P�S�U�H�V�V�L�R�Q �E�H�K�D�Y�L�R�U �U�H�S�U�H�V�H�Q�W�H�G �E�\ �D�Q �H�T�X�L�Y�D�O�H�Q�W
�U�H�F�W�D�Q�J�X�O�D�U �V�W�U�H�V�V �E�O�R�F�N��

���W���W���W�����™�Ø�«�£�Á �=�‚�ß�™�Ô�«�‚�» �N�Ô�Ç�Ñ�™�Ô�ß�«�™�Ø

�7�K�H �G�H�V�L�J�Q �Y�D�O�X�H�V �R�I �P�D�W�H�U�L�D�O �V�W�U�H�Q�J�W�K�V �D�U�H �G�H�¿�Q�H�G �D�F�F�R�U�G�L�Q�J �W�R �(�1 �r�z�z�s���r���r��
�&�O�D�X�V�H �s���u���s��

f cd =
f ck


 c

���t���r��

f yd =
f yk


 s

���t���s��

�7�K�H �<�R�X�Q�J�¶�V �P�R�G�X�O�X�V �R�I �U�H�L�Q�I�R�U�F�H�P�H�Q�W �V�W�H�H�O �L�V �G�H�Q�R�W�H�G �E�\Es�� �D�Q�G �W�K�H
�F�R�U�U�H�V�S�R�Q�G�L�Q�J �\�L�H�O�G �V�W�U�D�L�Q �L�V��

" yd =
f yd

Es

���t���t��

�7�K�H �X�O�W�L�P�D�W�H �F�R�P�S�U�H�V�V�L�Y�H �V�W�U�D�L�Q �R�I �F�R�Q�F�U�H�W�H �L�V �G�H�Q�R�W�H�G �E�\" cu ���(�1 �r�z�z�s���r���r��
�&�O�D�X�V�H �t���r���t����

���W���W���W���"�™�Ç�À�™�ß�Ô�«�• �N�‚�Ô�‚�À�™�ß�™�Ô�Ø

�7�K�H �H�c�H�F�W�L�Y�H �G�H�S�W�K �W�R �W�K�H �W�H�Q�V�L�O�H �U�H�L�Q�I�R�U�F�H�P�H�Q�W �L�V �J�L�Y�H�Q �E�\��

d = h � c � �

2
���t���u��

�Z�K�H�U�Hh �L�V �W�K�H �W�R�W�D�O �V�H�F�W�L�R�Q �K�H�L�J�K�W��c �L�V �W�K�H �F�R�Q�F�U�H�W�H �F�R�Y�H�U�� �D�Q�G� �L�V �W�K�H
�U�H�L�Q�I�R�U�F�H�P�H�Q�W �E�D�U �G�L�D�P�H�W�H�U��

����



���W���W���W�����Ç�Á�•�Ô�™�ß�™ ���Ç�À�Ñ�Ô�™�Ø�Ø�«�Ç�Á �=�Ç�•�™�»

�&�R�Q�F�U�H�W�H �L�Q �F�R�P�S�U�H�V�V�L�R�Q �L�V �U�H�S�U�H�V�H�Q�W�H�G �E�\ �W�K�H �(�X�U�R�F�R�G�H �s �H�T�X�L�Y�D�O�H�Q�W
�U�H�F�W�D�Q�J�X�O�D�U �V�W�U�H�V�V �E�O�R�F�N ���(�1 �r�z�z�s���r���r�� �&�O�D�X�V�H �w���s���x���� �7�K�H �U�H�V�X�O�W�L�Q�J
�F�R�P�S�U�H�V�V�L�Y�H �I�R�U�F�H �L�V��

C = �f cdb�x ���t���v��

�Z�K�H�U�H��

�‡b �L�V �W�K�H �V�H�F�W�L�R�Q �Z�L�G�W�K��

�‡x �L�V �W�K�H �Q�H�X�W�U�D�O �D�[�L�V �G�H�S�W�K �P�H�D�V�X�U�H�G �I�U�R�P �W�K�H �F�R�P�S�U�H�V�V�H�G �H�G�J�H��

�‡� �D�Q�G� �D�U�H �F�R�Q�F�U�H�W�H �V�W�U�H�Q�J�W�K�±�G�H�S�H�Q�G�H�Q�W �V�W�U�H�V�V �E�O�R�F�N �S�D�U�D�P�H�W�H�U�V��

�7�K�H �U�H�V�X�O�W�D�Q�W �F�R�P�S�U�H�V�V�L�Y�H �I�R�U�F�H �D�F�W�V �D�W �D �G�L�V�W�D�Q�F�H�x /2 �I�U�R�P �W�K�H �F�R�P�S�U�H�V�V�H�G
�H�G�J�H��

���W���W���W���U�ß�Ô�‚�«�Á ���Ç�À�Ñ�‚�ß�«�Ž�«�»�«�ß�ó �‚�Á�• �U�ß�™�™�» �U�ß�Ô�™�Ø�Ø

�$ �O�L�Q�H�D�U �V�W�U�D�L�Q �G�L�V�W�U�L�E�X�W�L�R�Q �R�Y�H�U �W�K�H �F�U�R�V�V �V�H�F�W�L�R�Q �L�V �D�V�V�X�P�H�G ���(�1 �r�z�z�s���r���r��
�&�O�D�X�V�H �w���r���� �$�W �X�O�W�L�P�D�W�H �F�R�Q�G�L�W�L�R�Q�V�� �W�K�H �F�R�Q�F�U�H�W�H �V�W�U�D�L�Q �D�W �W�K�H �F�R�P�S�U�H�V�V�H�G �H�G�J�H
�U�H�D�F�K�H�V" cu�� �D�Q�G �W�K�H �W�H�Q�V�L�O�H �U�H�L�Q�I�R�U�F�H�P�H�Q�W �V�W�U�D�L�Q �L�V �R�E�W�D�L�Q�H�G �I�U�R�P �F�R�P�S�D�W�L�E�L�O�L�W�\��

" s = " cu
d � x

x
���t���w��

�7�K�H �W�H�Q�V�L�O�H �U�H�L�Q�I�R�U�F�H�P�H�Q�W �V�W�U�H�V�V �L�V �H�Y�D�O�X�D�W�H�G �D�V��

� s =

(
f yd; "s � " yd

Es" s; "s < " yd

���t���x��

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

���W���W���W���
�‚�»�‚�Á�•�™�• �>�™�â�ß�Ô�‚�» ���ò�«�Ø ���™�Ñ�ß�¨

�7�K�H �E�D�O�D�Q�F�H�G �Q�H�X�W�U�D�O �D�[�L�V �G�H�S�W�K �F�R�U�U�H�V�S�R�Q�G�V �W�R �W�K�H �F�R�Q�G�L�W�L�R�Q �Z�K�H�U�H �W�K�H
�W�H�Q�V�L�O�H �U�H�L�Q�I�R�U�F�H�P�H�Q�W �U�H�D�F�K�H�V �W�K�H �\�L�H�O�G �V�W�U�D�L�Q �V�L�P�X�O�W�D�Q�H�R�X�V�O�\ �Z�L�W�K �W�K�H �X�O�W�L�P�D�W�H
�F�R�Q�F�U�H�W�H �V�W�U�D�L�Q ���(�1 �r�z�z�s���r���r�� �&�O�D�X�V�H �w���s���t����

xb =
" cu

" cu + " yd

d ���t���y��

�7�K�L�V �Y�D�O�X�H �V�H�S�D�U�D�W�H�V �\�L�H�O�G�L�Q�J �D�Q�G �Q�R�Q���\�L�H�O�G�L�Q�J �U�H�L�Q�I�R�U�F�H�P�H�Q�W �E�H�K�D�Y�L�R�U �D�Q�G
�L�V �X�V�H�G �W�R �G�H�W�H�U�P�L�Q�H �W�K�H �D�S�S�O�L�F�D�E�O�H �V�W�H�H�O �V�W�U�H�V�V �P�R�G�H�O��

����



���W���W���W���=�Ç�À�™�Á�ß ���Ó�â�«�»�«�Ž�Ô�«�â�À �*�Á�•�»�â�•�«�Á�£ ���ò�«�‚�» �!�Ç�Ô�•�™
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�R�I �F�R�P�S�U�H�V�V�L�R�Q �U�H�L�Q�I�R�U�F�H�P�H�Q�W �L�V �L�Q�F�O�X�G�H�G �I�R�O�O�R�Z�L�Q�J �W�K�H �V�D�P�H �F�O�D�X�V�H�� �7�K�H
�H�c�H�F�W�L�Y�H �W�H�Q�V�L�R�Q �D�U�H�D �L�V �W�K�H�Q �R�E�W�D�L�Q�H�G �D�V��

Ac;�H�c= b hc;�H�c ���t���r�y��

�7�K�H �H�c�H�F�W�L�Y�H �U�H�L�Q�I�R�U�F�H�P�H�Q�W �U�D�W�L�R �L�V �G�H�¿�Q�H�G �D�V��

� p;�H�c=
As

Ac;�H�c
���t���r�z��

�Z�K�H�U�HAs �L�V �W�K�H �D�U�H�D �R�I �W�H�Q�V�L�O�H �U�H�L�Q�I�R�U�F�H�P�H�Q�W�� �7�K�H �E�D�U �G�L�D�P�H�W�H�U� �D�Q�G �V�S�D�F�L�Q�J
�D�U�H �V�H�O�H�F�W�H�G �D�F�F�R�U�G�L�Q�J �W�R �(�X�U�R�F�R�G�H �O�L�P�L�W�V ���&�O�D�X�V�H �x���t���r�� �W�R �H�Q�V�X�U�H �U�H�D�O�L�V�W�L�F �F�U�D�F�N
�F�R�Q�W�U�R�O��

���W���W���W���=�™�‚�Á �Ø�ß�Ô�‚�«�Á �•�«�¢�¢�™�Ô�™�Á�•�™

�7�K�H �P�H�D�Q �V�W�U�D�L�Q �G�L�c�H�U�H�Q�F�H �E�H�W�Z�H�H�Q �U�H�L�Q�I�R�U�F�H�P�H�Q�W �V�W�H�H�O �D�Q�G �F�R�Q�F�U�H�W�H �L�V
�H�Y�D�O�X�D�W�H�G �X�V�L�Q�J �(�X�U�R�F�R�G�H �s�� �(�T�� ���x���z����

����



" sm � " cm = �K���t

8>><>>:
� s;�K���t � kt

f ct; �H�c

� p;�H�c
(1 + � �L�Q�V�W� p;�H�c)

Es

; 0:6
� s;�K���t

Es

9>>=>>; ���t���s�q��

�Z�K�H�U�H��

�‡f ct; �H�c�L�V �W�K�H �H�c�H�F�W�L�Y�H �W�H�Q�V�L�O�H �V�W�U�H�Q�J�W�K �R�I �F�R�Q�F�U�H�W�H�� �D�G�M�X�V�W�H�G �I�R�U �F�R�Q�F�U�H�W�H �D�J�H
�D�Q�G �O�R�Q�J���W�H�U�P �O�R�D�G�L�Q�J �H�c�H�F�W�V��

�‡� �L�Q�V�W= Es/ Ecm �L�V �W�K�H �P�R�G�X�O�D�U �U�D�W�L�R �Z�L�W�K�R�X�W �F�U�H�H�S��

�‡kt = 0 :4 �I�R�U �O�R�Q�J���W�H�U�P ���S�H�U�P�D�Q�H�Q�W�� �O�R�D�G�L�Q�J �D�Q�Gkt = 0 :6 �I�R�U �V�K�R�U�W���W�H�U�P
���U�D�U�H�� �O�R�D�G�L�Q�J ���(�X�U�R�F�R�G�H �s�� �&�O�D�X�V�H �x���t���u����

�7�K�H �L�Q�V�W�D�Q�W�D�Q�H�R�X�V �P�R�G�X�O�D�U �U�D�W�L�R �L�V �X�V�H�G �E�H�F�D�X�V�H �F�U�H�H�S �L�V �Q�R�W �F�R�Q�V�L�G�H�U�H�G �L�Q
�W�K�H �V�W�U�D�L�Q �G�L�c�H�U�H�Q�F�H �W�K�D�W �J�R�Y�H�U�Q�V �F�U�D�F�N �I�R�U�P�D�W�L�R�Q��

���W���W���W���=�‚�ò�«�À�â�À �•�Ô�‚�•�¹ �Ø�Ñ�‚�•�«�Á�£

�7�K�H �P�D�[�L�P�X�P �F�U�D�F�N �V�S�D�F�L�Q�Jsr; �K���t �L�V �F�D�O�F�X�O�D�W�H�G �D�F�F�R�U�G�L�Q�J �W�R �(�X�U�R�F�R�G�H �s��
�(�T�� ���x���r�r����

sr; �K���t = k3c + k1k2k4
�

� p;�H�c
���t���s�r��

�Z�K�H�U�H��

�‡c �L�V �W�K�H �F�R�Q�F�U�H�W�H �F�R�Y�H�U��

�‡� �L�V �W�K�H �H�T�X�L�Y�D�O�H�Q�W �U�H�L�Q�I�R�U�F�H�P�H�Q�W �E�D�U �G�L�D�P�H�W�H�U��

�‡k1 �D�F�F�R�X�Q�W�V �I�R�U �E�R�Q�G �S�U�R�S�H�U�W�L�H�V �R�I �W�K�H �U�H�L�Q�I�R�U�F�H�P�H�Q�W ���H���J���� �S�O�D�L�Q �R�U
�K�L�J�K���E�R�Q�G �E�D�U�V����

�‡k2 �D�F�F�R�X�Q�W�V �I�R�U �W�K�H �V�W�U�H�V�V �G�L�V�W�U�L�E�X�W�L�R�Q ���E�H�Q�G�L�Q�J �R�U �S�X�U�H �W�H�Q�V�L�R�Q����

�‡k3 �D�Q�Gk4 �D�U�H �F�R�H�d�F�L�H�Q�W�V �U�H�F�R�P�P�H�Q�G�H�G �E�\ �(�X�U�R�F�R�G�H �s��

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

sr; �K���t = 1 :3(h � x) ���t���s�s��

�L�V �D�S�S�O�L�H�G �L�Q �D�F�F�R�U�G�D�Q�F�H �Z�L�W�K �(�X�U�R�F�R�G�H �S�U�R�Y�L�V�L�R�Q�V��

����



���W���W���W�����Ô�‚�•�¹ �í�«�•�ß�¨

�7�K�H �F�K�D�U�D�F�W�H�U�L�V�W�L�F �F�U�D�F�N �Z�L�G�W�K �L�V �¿�Q�D�O�O�\ �R�E�W�D�L�Q�H�G �X�V�L�Q�J �(�X�U�R�F�R�G�H �s�� �(�T�� ���x���y����

wk = sr; �K���t (" sm � " cm) ���t���s�t��

�7�K�L�V �I�R�U�P�X�O�D�W�L�R�Q �H�[�S�O�L�F�L�W�O�\ �F�D�S�W�X�U�H�V �W�K�H �L�Q�À�X�H�Q�F�H �R�I �U�H�L�Q�I�R�U�F�H�P�H�Q�W �U�D�W�L�R�� �E�D�U
�G�L�D�P�H�W�H�U�� �E�R�Q�G �S�U�R�S�H�U�W�L�H�V�� �O�R�D�G �G�X�U�D�W�L�R�Q�� �D�Q�G �F�R�Q�F�U�H�W�H �W�H�Q�V�L�O�H �S�U�R�S�H�U�W�L�H�V��

���W���W���W���>�™�™�• �¢�Ç�Ô �‚�Á �«�ß�™�Ô�‚�ß�«�ì�™ �Ø�Ç�»�â�ß�«�Ç�Á

�7�K�H �F�U�D�F�N �Z�L�G�W�K �I�R�U�P�X�O�D�W�L�R�Q �L�Q �(�X�U�R�F�R�G�H �s �L�V �L�P�S�O�L�F�L�W �Z�L�W�K �U�H�V�S�H�F�W �W�R �W�K�H �W�H�Q�V�L�O�H
�U�H�L�Q�I�R�U�F�H�P�H�Q�W �D�U�H�DAs�� �%�R�W�K �W�K�H �P�D�[�L�P�X�P �F�U�D�F�N �V�S�D�F�L�Q�Jsr; �K���t �D�Q�G �W�K�H �P�H�D�Q
�V�W�U�D�L�Q �G�L�c�H�U�H�Q�F�H(" sm � " cm) �G�H�S�H�Q�G �G�L�U�H�F�W�O�\ �R�U �L�Q�G�L�U�H�F�W�O�\ �R�QAs �W�K�U�R�X�J�K �W�K�H
�H�c�H�F�W�L�Y�H �U�H�L�Q�I�R�U�F�H�P�H�Q�W �U�D�W�L�R�� �W�K�H �Q�H�X�W�U�D�O �D�[�L�V �S�R�V�L�W�L�R�Q�� �D�Q�G �W�K�H �V�W�H�H�O �V�W�U�H�V�V�� �$�V
�D �U�H�V�X�O�W�� �W�K�H �F�K�D�U�D�F�W�H�U�L�V�W�L�F �F�U�D�F�N �Z�L�G�W�K �F�D�Q�Q�R�W �E�H �H�[�S�U�H�V�V�H�G �L�Q �F�O�R�V�H�G �I�R�U�P �D�V �D
�G�L�U�H�F�W �I�X�Q�F�W�L�R�Q �R�IAs��

�(�X�U�R�F�R�G�H �s �W�K�H�U�H�I�R�U�H �S�U�R�Y�L�G�H�V �F�U�D�F�N �Z�L�G�W�K �H�[�S�U�H�V�V�L�R�Q�V �H�[�F�O�X�V�L�Y�H�O�\ �L�Q �D
�Y�H�U�L�¿�F�D�W�L�R�Q �I�R�U�P�D�W�� �U�H�T�X�L�U�L�Q�J �W�K�D�W��

wk(As) � w�O�L�P ���t���s�u��

�U�D�W�K�H�U �W�K�D�Q �V�X�S�S�O�\�L�Q�J �D�Q �H�[�S�O�L�F�L�W �G�H�V�L�J�Q �H�T�X�D�W�L�R�Q �I�R�UAs�� �&�R�Q�V�H�T�X�H�Q�W�O�\��
�G�H�W�H�U�P�L�Q�D�W�L�R�Q �R�I �W�K�H �P�L�Q�L�P�X�P �U�H�L�Q�I�R�U�F�H�P�H�Q�W �D�U�H�D �V�D�W�L�V�I�\�L�Q�J �W�K�H �F�U�D�F�N �Z�L�G�W�K
�O�L�P�L�W �U�H�T�X�L�U�H�V �D �Q�X�P�H�U�L�F�D�O �R�U �L�W�H�U�D�W�L�Y�H �S�U�R�F�H�G�X�U�H��

�7�K�L�V �G�H�S�H�Q�G�H�Q�F�\ �E�H�F�R�P�H�V �S�D�U�W�L�F�X�O�D�U�O�\ �U�H�O�H�Y�D�Q�W �L�Q �)�(�0���E�D�V�H�G �V�O�D�E �G�H�V�L�J�Q��
�Z�K�H�U�H �W�K�H �L�Q�W�H�U�Q�D�O �I�R�U�F�H�V �Y�D�U�\ �V�S�D�W�L�D�O�O�\ �D�F�U�R�V�V �W�K�H �V�O�D�E �D�Q�G �F�U�D�F�N �Z�L�G�W�K
�Y�H�U�L�¿�F�D�W�L�R�Q �P�X�V�W �E�H �S�H�U�I�R�U�P�H�G �L�Q�G�H�S�H�Q�G�H�Q�W�O�\ �D�W �H�D�F�K �L�Q�W�H�J�U�D�W�L�R�Q �S�R�L�Q�W�� �$�Q
�D�X�W�R�P�D�W�H�G �L�W�H�U�D�W�L�Y�H �D�S�S�U�R�D�F�K �H�Q�D�E�O�H�V �F�R�Q�V�L�V�W�H�Q�W �H�Q�I�R�U�F�H�P�H�Q�W �R�I �(�X�U�R�F�R�G�H �s
�F�U�D�F�N �Z�L�G�W�K �U�H�T�X�L�U�H�P�H�Q�W�V �Z�K�L�O�H �H�Q�V�X�U�L�Q�J �W�K�D�W �W�K�H �P�L�Q�L�P�X�P �Q�H�F�H�V�V�D�U�\
�U�H�L�Q�I�R�U�F�H�P�H�Q�W �D�U�H�D �L�V �R�E�W�D�L�Q�H�G��

���W���W���W�����»�£�Ç�Ô�«�ß�¨�À�«�• �«�À�Ñ�»�™�À�™�Á�ß�‚�ß�«�Ç�Á �‚�Á�• �«�ß�™�Ô�‚�ß�«�ì�™ �Ø�«�ø�«�Á�£

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

�r�� �5�H�W�U�L�H�Y�H �W�K�H �V�H�F�W�L�R�Q�D�O �J�H�R�P�H�W�U�\�� �P�D�W�H�U�L�D�O �S�U�R�S�H�U�W�L�H�V�� �U�H�L�Q�I�R�U�F�H�P�H�Q�W �O�D�\�R�X�W
�S�D�U�D�P�H�W�H�U�V�� �V�H�U�Y�L�F�H �F�O�D�V�V�� �D�Q�G �6�/�6 �L�Q�W�H�U�Q�D�O �I�R�U�F�H�V(M �(�G���6�/�6; N �(�G���6�/�6)��

�s���$�V�V�L�J�Q �D�Q �L�Q�L�W�L�D�O �U�H�L�Q�I�R�U�F�H�P�H�Q�W �D�U�H�DAs�� �Q�R�W �O�R�Z�H�U �W�K�D�Q �W�K�H �P�L�Q�L�P�X�P
�U�H�L�Q�I�R�U�F�H�P�H�Q�W �U�H�T�X�L�U�H�G �E�\ �(�X�U�R�F�R�G�H �s�� �&�O�D�X�V�H �z���s���r���r��

�t�� �&�R�P�S�X�W�H �W�K�H �Q�H�X�W�U�D�O �D�[�L�V �G�H�S�W�K�� �P�D�[�L�P�X�P �V�W�H�H�O �V�W�U�H�V�V�� �H�c�H�F�W�L�Y�H �W�H�Q�V�L�R�Q
�D�U�H�D�� �P�H�D�Q �V�W�U�D�L�Q �G�L�c�H�U�H�Q�F�H�� �P�D�[�L�P�X�P �F�U�D�F�N �V�S�D�F�L�Q�J�� �D�Q�G �F�U�D�F�N �Z�L�G�W�K��

����



�u���(�Y�D�O�X�D�W�H �W�K�H �F�U�D�F�N �Z�L�G�W�K �F�R�Q�G�L�W�L�R�Qwk � w�O�L�P��

�v���,�I �W�K�H �F�R�Q�G�L�W�L�R�Q �L�V �Q�R�W �V�D�W�L�V�¿�H�G�� �L�Q�F�U�H�P�H�Q�WAs �D�Q�G �U�H�S�H�D�W �W�K�H �F�D�O�F�X�O�D�W�L�R�Q�V��

�7�K�H �L�W�H�U�D�W�L�R�Q �F�R�Q�W�L�Q�X�H�V �X�Q�W�L�O �F�R�Q�Y�H�U�J�H�Q�F�H��

As;�U�H�T���6�/�6= �K�B�M
�

As

�� wk(As) � w�O�L�P; As � As;�K�B�M
	

���t���s�v��

�7�K�H �F�R�U�U�H�V�S�R�Q�G�L�Q�J �3�\�W�K�R�Q �F�D�O�O �L�V��

�*���H�+�m�H���i�B�Q�M�_�2�b�m�H�i�n�a�G�a �4 �r�n�F�n�`�2�B�M�7�n�`�2�+�i�n�+�`�Q�b�b�n�b�2�+�i�B�Q�M�U
�J�n�1�/�n�a�G�a�4�J�n�1�/�n�a�G�a�-
�L�n�1�/�n�a�G�a�4�L�n�1�/�n�a�G�a�-
�b�T���+�B�M�;�4�K�B�M�n�b�T���+�B�M�;�-
�H�Q���/�n�/�m�`���i�B�Q�M�4�H�Q���/�n�/�m�`���i�B�Q�M�-
�+�Q�M�+�`�2�i�2�n�+�Q�p�2�`�4�+�-
�T�?�B�n�2�[�4�T�?�B�n�2�[�-
�#���`�b�n�#�Q�M�/�n�T�`�Q�T�4�#���`�b�n�#�Q�M�/�n�T�`�Q�T�2�`�i�B�2�b�-
�/�n�K���B�M�n�2�t�i�2�`�M���H�n�#���`�b�4�/�-
�`�2�B�M�7�n�`�2�+�i�n�+�`�Q�b�b�n�b�2�+�i�B�Q�M�4�+�`�Q�b�b�n�b�2�+�i�B�Q�M�n�B�M�+�H�m�/�B�M�;�n���b

�V
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�7�K�H �S�U�R�F�H�G�X�U�H �L�V �D�S�S�O�L�H�G �L�Q�G�H�S�H�Q�G�H�Q�W�O�\ �D�W �H�D�F�K �L�Q�W�H�J�U�D�W�L�R�Q �S�R�L�Q�W �R�I �W�K�H �)�(�0
�P�H�V�K�� �7�K�L�V �Q�R�G�H���E�\���Q�R�G�H �D�S�S�U�R�D�F�K �F�D�S�W�X�U�H�V �W�K�H �I�X�O�O �V�S�D�W�L�D�O �Y�D�U�L�D�W�L�R�Q �R�I �F�U�D�F�N
�Z�L�G�W�K �G�H�P�D�Q�G�� �X�Q�O�L�N�H �W�U�D�G�L�W�L�R�Q�D�O �V�W�U�L�S���E�D�V�H�G �P�H�W�K�R�G�V��

�7�K�H �U�H�V�X�O�W�L�Q�J �6�/�6 �U�H�L�Q�I�R�U�F�H�P�H�Q�W �U�H�T�X�L�U�H�P�H�Q�W�V �D�U�H �V�W�R�U�H�G �V�H�S�D�U�D�W�H�O�\ �I�R�U �W�K�H
�O�R�Q�J�L�W�X�G�L�Q�D�O �D�Q�G �W�U�D�Q�V�Y�H�U�V�H �G�L�U�H�F�W�L�R�Q�V�� �'�H�S�H�Q�G�L�Q�J �R�Q �W�K�H �G�H�V�L�J�Q �V�W�U�D�W�H�J�\�� �W�K�H
�J�R�Y�H�U�Q�L�Q�J �W�H�Q�V�L�O�H �U�H�L�Q�I�R�U�F�H�P�H�Q�W �D�W �H�D�F�K �Q�R�G�H �P�D�\ �E�H �W�D�N�H�Q �D�V �W�K�H �P�D�[�L�P�X�P �R�I
�W�K�H �8�/�6 �D�Q�G �6�/�6 �U�H�T�X�L�U�H�P�H�Q�W�V��

As;�U�H�T= �K���t(As;�U�H�T���8�/�6; As;�U�H�T���6�/�6) ���t���s�w��

�7�K�H �F�R�P�S�X�W�H�G �U�H�L�Q�I�R�U�F�H�P�H�Q�W �¿�H�O�G�V �I�R�U�P �W�K�H �E�D�V�L�V �I�R�U �U�H�L�Q�I�R�U�F�H�P�H�Q�W �]�R�Q�L�Q�J��
�H�Q�Y�H�O�R�S�H �J�H�Q�H�U�D�W�L�R�Q�� �D�Q�G �D�X�W�R�P�D�W�H�G �V�O�D�E �G�H�V�L�J�Q �S�U�R�F�H�G�X�U�H�V��

���W���W���i�‚�»�«�•�‚�ß�«�Ç�Á �Ç�¢ �N�™�Ô�¢�Ç�Ô�À�™�• ���‚�»�•�â�»�‚�ß�«�Ç�Á�Ø

�%�H�I�R�U�H �D�S�S�O�\�L�Q�J �W�K�H �G�H�Y�H�O�R�S�H�G �I�U�D�P�H�Z�R�U�N �W�R �I�X�O�O���V�F�D�O�H �G�H�V�L�J�Q �V�W�X�G�L�H�V�� �L�W
�Z�D�V �H�V�V�H�Q�W�L�D�O �W�R �Y�D�O�L�G�D�W�H �W�K�H �F�R�U�U�H�F�W�Q�H�V�V �R�I �D�O�O �(�X�U�R�F�R�G�H���E�D�V�H�G �F�D�O�F�X�O�D�W�L�R�Q�V
�L�P�S�O�H�P�H�Q�W�H�G�� �7�K�L�V �Y�D�O�L�G�D�W�L�R�Q �V�W�H�S �H�Q�V�X�U�H�G �W�K�D�W �W�K�H �Q�X�P�H�U�L�F�D�O �U�H�V�X�O�W�V �S�U�R�G�X�F�H�G
�E�\ �W�K�H �3�\�W�K�R�Q �S�U�R�J�U�D�P �Z�H�U�H �F�R�Q�V�L�V�W�H�Q�W �Z�L�W�K �H�V�W�D�E�O�L�V�K�H�G �D�Q�D�O�\�W�L�F�D�O �V�R�O�X�W�L�R�Q�V
�D�Q�G �P�D�Q�X�D�O �G�H�V�L�J�Q �F�K�H�F�N�V��

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

����



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

���W���W�����Á�•�¨�Ç�Ô�‚�£�™ �‚�Á�• �8�‚�Ñ �8�™�Á�£�ß�¨ ���‚�»�•�â�»�‚�ß�«�Ç�Á�Ø

�"�«�ì�™�Á �N�‚�Ô�‚�À�™�ß�™�Ô�Ø �‚�•�•�Ç�Ô�•�«�Á�£ �ß�Ç �ß�¨�™ �•�‚�Ø�™ �Ø�ß�â�•�ó

f ck = 35 �J�S��; f ctk;0:05 = 2 :2 �J�S��; 
 c = 1 :5; � ct = 1 :0;

f yk = 500 �J�S��; 
 s = 1 :15; � = 16 �K�K ���E�D�U �Q�X�P�E�H�U �r�w��

�U�ß�™�Ñ ���Y ���™�Ø�«�£�Á �\�™�Á�Ø�«�»�™ �U�ß�Ô�™�Á�£�ß�¨ �Ç�¢ ���Ç�Á�•�Ô�™�ß�™

f ctd =
� ct � f ctk;0:05


 c

=
1:0 � 2:2

1:5
= 1 :47�J�S��

�U�ß�™�Ñ ���Y ���™�Ø�«�£�Á �
�Ç�Á�• �U�ß�Ô�™�Á�£�ß�¨

f bd = 2 :25 � � 1 � � 2 � f ctd

�$�V�V�X�P�L�Q�J �J�R�R�G �E�R�Q�G �F�R�Q�G�L�W�L�R�Q�V ��� 1 = 1 :0��
�D�Q�G �E�D�U �G�L�D�P�H�W�H�U� 32�K�K��� 2 = 1 :0����

f bd = 2 :25 � 1:0 � 1:0 � 1:47 = 3:31�J�S��

�U�ß�™�Ñ ���Y ���™�Ø�«�£�Á �p�«�™�»�• �U�ß�Ô�™�Á�£�ß�¨ �Ç�¢ �Q�™�«�Á�¢�Ç�Ô�•�™�À�™�Á�ß

f yd =
f yk


 s

=
500

1:15
� 434:8 �J�S��

�$�V�V�X�P�H �W�K�H �E�D�U �L�V �I�X�O�O�\ �V�W�U�H�V�V�H�G��� sd = f yd��

�U�ß�™�Ñ ���Y �
�‚�Ø�«�• �Q�™�Ó�â�«�Ô�™�• ���Á�•�¨�Ç�Ô�‚�£�™ �8�™�Á�£�ß�¨

lb;rqd =
�

4
� � sd

f bd

=
16

4
� 434:78

3:3075
� 526�K�K

�U�ß�™�Ñ ���Y ���•�µ�â�Ø�ß�À�™�Á�ß �!�‚�•�ß�Ç�Ô�Ø �¢�Ç�Ô ���Á�•�¨�Ç�Ô�‚�£�™

� 1 = 1 :0 ���V�W�U�D�L�J�K�W �E�D�U��; � 2 = 1 :0 ���Q�R �F�R�D�W�L�Q�J��
� 3 = 1 :0 ���X�Q�F�R�Q�¿�Q�H�G��; � 4 = 1 :0 ���Q�R �Z�H�O�G�H�G �W�U�D�Q�V�Y�H�U�V�H �E�D�U�V��

� 5 = 1 :0 ���Q�R �W�U�D�Q�V�Y�H�U�V�H �S�U�H�V�V�X�U�H��;
As;req

As;prov

= 1 :0 ���I�X�O�O �X�W�L�O�L�]�D�W�L�R�Q��

����



�U�ß�™�Ñ ���Y ���™�Ø�«�£�Á ���Á�•�¨�Ç�Ô�‚�£�™ �8�™�Á�£�ß�¨

lbd = � 1� 2� 3� 4� 5 � lb;rqd � As;req

As;prov

= 1 :0 � 526�K�K� 1:0 = 526 �K�K

�U�ß�™�Ñ ���Y �8�‚�Ñ �8�™�Á�£�ß�¨ �¢�Ç�Ô �����  �8�‚�Ñ�Ñ�™�• �
�‚�Ô�Ø

�$�F�F�R�U�G�L�Q�J �W�R �6�6���(�1 �r�z�z�s���r���r �y���x���t��

� 6 = 1 :4

l0 = � 6 � lbd = 1 :4 � 526 � 736�K�K ���I�X�O�O �D�Q�F�K�R�U�D�J�H��

�U�ß�™�Ñ ���Y �Q�™�•�â�•�™�• �U�ß�Ô�™�Ø�Ø �_�ß�«�»�«�ø�‚�ß�«�Ç�Á �l�D�Ñ�ß�«�Ç�Á�‚�» ���™�Ø�«�£�Á ���•�µ�â�Ø�ß�À�™�Á�ß�m

�)�R�U �F�D�V�H�V �Z�L�W�K �S�D�U�W�L�D�O �E�D�U �X�W�L�O�L�]�D�W�L�R�Q�� �D�V�V�X�P�HAs,req

As,prov
= 0 :75��

lb;rqd =
�

4
� � sd � 0:75

f bd

� 394�P�P; lbd = 394 �P�P; l0 = 1 :4 � 394 � 552�P�P

�U�ß�™�Ñ ���Y �!�‚�ì�Ç�Ô�‚�Ž�»�™ ���Ç�Á�•�«�ß�«�Ç�Á�Ø �l�D�Ñ�ß�«�Ç�Á�‚�»�m

�$�S�S�O�\�L�Q�J �U�H�G�X�F�W�L�R�Q �I�D�F�W�R�U�V �I�R�U �F�R�P�S�U�H�V�V�L�R�Q �G�X�U�L�Q�J �F�R�Q�F�U�H�W�L�Q�J ��� 2 = 0 :7�� �D�Q�G
�F�R�Q�¿�Q�H�P�H�Q�W ��� 3 = 0 :7����

lbd = 1 :0 � 0:7 � 0:7 � 1:0 � 1:0 � 394 � 193�P�P; l0 = 1 :4 � 193 � 271�P�P

�U�ß�™�Ñ �����Y �N�Ô�‚�•�ß�«�•�‚�» ���™�Ø�«�£�Á ���Ñ�Ñ�Ô�Ç�‚�•�¨

�8�V�L�Q�J �V�L�P�S�O�L�¿�H�G �(�X�U�R�F�R�G�H �I�R�U�P�X�O�D �D�Q�G �W�\�S�L�F�D�O �W�D�E�X�O�D�W�H�G �Y�D�O�X�H�V �Z�L�W�K
As,req

As,prov
� 0:7��

l0 � � 6 � �

4
� � sd � 0:7

f bd

� 1:4 � 4 � 92 � 450�K�K

�!�«�Á�‚�» �Q�™�Ø�â�»�ß�Ø

lbd = 526 �K�K���N�H�H�S �w�q�q �P�P��

l0 = 450 �K�K���S�U�D�F�W�L�F�D�O �O�D�S �O�H�Q�J�W�K��

�1�R�W�H�� �7�K�H �Y�D�O�X�H450�K�K�L�Q �W�K�H �W�D�E�O�H �U�H�S�U�H�V�H�Q�W�V �W�K�H �S�U�D�F�W�L�F�D�O �O�D�S �O�H�Q�J�W�K �I�R�U
�E�D�U �Q�X�P�E�H�U �r�w �Z�L�W�K �v�q�� �R�I �E�D�U�V �O�D�S�S�H�G �D�W �R�Q�H �V�H�F�W�L�R�Q�� �F�R�Q�V�L�G�H�U�L�Q�J �W�\�S�L�F�D�O
�V�W�U�H�V�V �X�W�L�O�L�]�D�W�L�R�Q �R�I �x�q�� �D�Q�G �I�D�Y�R�U�D�E�O�H �V�L�W�H �F�R�Q�G�L�W�L�R�Q�V��

����



���W���i�«�Ø�â�‚�»�«�ø�‚�ß�«�Ç�Á �‚�Á�• �*�Á�ß�™�Ô�Ñ�Ô�™�ß�‚�ß�«�Ç�Á �ß�¨�Ô�Ç�â�£�¨ ���Ç�Á�ß�Ç�â�Ô �N�»�Ç�ß�Ø �‚�Á�•
�Q�™�«�Á�¢�Ç�Ô�•�™�À�™�Á�ß �u�Ç�Á�«�Á�£

�7�K�H �F�R�P�S�X�W�H�G �U�H�L�Q�I�R�U�F�H�P�H�Q�W �G�L�V�W�U�L�E�X�W�L�R�Q�V �D�U�H �Y�L�V�X�D�O�L�]�H�G �X�V�L�Q�J �F�R�Q�W�R�X�U
�S�O�R�W�V �D�Q�G �]�R�Q�L�Q�J �G�L�D�J�U�D�P�V�� �7�K�L�V �V�W�H�S �D�O�O�R�Z�V �H�Q�J�L�Q�H�H�U�V �W�R �L�Q�W�H�U�S�U�H�W �F�U�L�W�L�F�D�O
�D�U�H�D�V �R�I �W�K�H �V�O�D�E �D�Q�G �D�V�V�H�V�V �U�H�L�Q�I�R�U�F�H�P�H�Q�W �U�H�T�X�L�U�H�P�H�Q�W�V �X�Q�G�H�U �G�L�c�H�U�H�Q�W �O�R�D�G
�F�R�P�E�L�Q�D�W�L�R�Q�V��

���W���W�����Ç�Á�ß�Ç�â�Ô �N�»�Ç�ß �"�™�Á�™�Ô�‚�ß�«�Ç�Á

�7�K�H �Q�R�G�D�O �U�H�L�Q�I�R�U�F�H�P�H�Q�W �D�U�H�D�V �F�D�O�F�X�O�D�W�H�G �I�R�U �H�D�F�K �O�R�D�G �F�R�P�E�L�Q�D�W�L�R�Q �D�U�H
�X�V�H�G �W�R �J�H�Q�H�U�D�W�H �U�H�L�Q�I�R�U�F�H�P�H�Q�W �H�Q�Y�H�O�R�S�H�V �X�Q�G�H�U �8�/�6 �D�Q�G �6�/�6 �F�R�Q�G�L�W�L�R�Q�V��
�7�K�H�V�H �H�Q�Y�H�O�R�S�H�V �U�H�S�U�H�V�H�Q�W �W�K�H �J�R�Y�H�U�Q�L�Q�J �U�H�L�Q�I�R�U�F�H�P�H�Q�W �G�H�P�D�Q�G �L�Q �E�R�W�K �V�O�D�E
�G�L�U�H�F�W�L�R�Q�V�� �7�K�H �U�H�L�Q�I�R�U�F�H�P�H�Q�W �G�L�V�W�U�L�E�X�W�L�R�Q �D�F�U�R�V�V �W�K�H �V�O�D�E �L�V �Y�L�V�X�D�O�L�]�H�G �X�V�L�Q�J
�3�\�W�K�R�Q�¶�V�K���i�T�H�Q�i�H�B�#�O�L�E�U�D�U�\�� �D�V �L�O�O�X�V�W�U�D�W�H�G �L�Q �W�K�H �I�R�O�O�R�Z�L�Q�J �S�U�R�F�H�G�X�U�H��

���W���W���W���*�Á�Ñ�â�ß�Ø �‚�Á�• �!�â�Á�•�ß�«�Ç�Á �U�«�£�Á�‚�ß�â�Ô�™

�7�K�H �S�O�R�W�W�L�Q�J �I�X�Q�F�W�L�R�Q �U�H�F�H�L�Y�H�V �W�K�U�H�H �L�Q�S�X�W�V��

�‡�$ �O�L�V�W �R�I�h���`�;�2�i�S�Q�B�M�i�R�E�M�H�F�W�V �F�R�Q�W�D�L�Q�L�Q�J �F�R�R�U�G�L�Q�D�W�H�V ��x�� y�� �D�Q�G
�U�H�L�Q�I�R�U�F�H�P�H�Q�W �D�U�H�D�V �����b�n�i�Q�T�����b�n�#�Q�i�i�Q�K����

�‡�$ �W�L�W�O�H �V�W�U�L�Q�J �I�R�U �O�D�E�H�O�L�Q�J �W�K�H �S�O�R�W��

�‡�7�K�H �V�O�D�E �V�L�G�H ���a�B�/�2�h�v�T�2�X�h�Q�T�R�U�a�B�/�2�h�v�T�2�X�"�Q�i�i�Q�K�� �V�S�H�F�L�I�\�L�Q�J �Z�K�L�F�K �O�D�\�H�U
�R�I �U�H�L�Q�I�R�U�F�H�P�H�Q�W �W�R �Y�L�V�X�D�O�L�]�H��

���W���W���W�����ò�ß�Ô�‚�•�ß�«�Á�£ ���Ç�Ç�Ô�•�«�Á�‚�ß�™�Ø �‚�Á�• �Q�™�«�Á�¢�Ç�Ô�•�™�À�™�Á�ß �i�‚�»�â�™�Ø

�7�K�H �I�X�Q�F�W�L�R�Q �H�[�W�U�D�F�W�V �W�K�H �Q�R�G�D�Ox �D�Q�Gy �F�R�R�U�G�L�Q�D�W�H�V �I�U�R�P �W�K�H�h���`�;�2�i�S�Q�B�M�i
�R�E�M�H�F�W�V�� �,�W �D�O�V�R �V�H�O�H�F�W�V �W�K�H �U�H�L�Q�I�R�U�F�H�P�H�Q�W �Y�D�O�X�H�V �F�R�U�U�H�V�S�R�Q�G�L�Q�J �W�R �W�K�H �F�K�R�V�H�Q
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�7�K�H �V�H�O�H�F�W�H�G �F�R�P�S�R�Q�H�Q�W �I�R�U �D�Q�D�O�\�V�L�V �L�V �W�K�H �W�R�S �K�R�U�L�]�R�Q�W�D�O �V�O�D�E �R�I �W�K�H
�U�H�L�Q�I�R�U�F�H�G �F�R�Q�F�U�H�W�H �E�R�[ �V�H�F�W�L�R�Q�� �Z�K�L�F�K �I�R�U�P�V �W�K�H �G�H�F�N �V�X�U�I�D�F�H �G�L�U�H�F�W�O�\ �E�H�Q�H�D�W�K
�W�K�H �U�R�D�G�Z�D�\�� �7�K�L�V �V�O�D�E �F�D�U�U�L�H�V �W�K�H �D�S�S�O�L�H�G �W�U�D�d�F �O�R�D�G�V �D�Q�G �W�U�D�Q�V�I�H�U�V �W�K�H�P �W�R �W�K�H
�O�R�Q�J�L�W�X�G�L�Q�D�O �J�L�U�G�H�U�V �D�Q�G �W�U�D�Q�V�Y�H�U�V�H �G�L�D�S�K�U�D�J�P�V�� �7�K�H �)�(�0 �P�R�G�H�O �U�H�S�U�H�V�H�Q�W�V
�W�K�H �H�Q�W�L�U�H �E�U�L�G�J�H �V�W�U�X�F�W�X�U�H�� �E�X�W �R�Q�O�\ �W�K�H �X�S�S�H�U �V�O�D�E �K�D�V �E�H�H�Q �H�[�W�U�D�F�W�H�G �I�R�U
�G�H�W�D�L�O�H�G �S�R�V�W���S�U�R�F�H�V�V�L�Q�J �X�V�L�Q�J �W�K�H �G�H�Y�H�O�R�S�H�G �3�\�W�K�R�Q �W�R�R�O��

�)�L�J�X�U�H �u���t �V�K�R�Z�V �D �W�K�U�H�H���G�L�P�H�Q�V�L�R�Q�D�O �Y�L�H�Z �R�I �W�K�H �F�R�P�S�O�H�W�H �)�(�0 �P�R�G�H�O��
�K�L�J�K�O�L�J�K�W�L�Q�J �W�K�H �V�W�U�X�F�W�X�U�D�O �O�D�\�R�X�W �D�Q�G �V�X�S�S�R�U�W �F�R�Q�G�L�W�L�R�Q�V�� �)�L�J�X�U�H �u���u �S�U�H�V�H�Q�W�V
�W�K�H �W�R�S �S�O�D�Q �Y�L�H�Z �R�I �W�K�H �G�H�F�N �V�O�D�E�� �)�L�J�X�U�H �u���v �G�L�V�S�O�D�\�V �D �W�\�S�L�F�D�O �F�U�R�V�V���V�H�F�W�L�R�Q
�W�K�U�R�X�J�K �W�K�H �E�R�[ �J�L�U�G�H�U�� �H�P�S�K�D�V�L�]�L�Q�J �W�K�H �S�R�V�L�W�L�R�Q �D�Q�G �W�K�L�F�N�Q�H�V�V �R�I �W�K�H �V�O�D�E �W�K�D�W
�F�R�Q�V�W�L�W�X�W�H�V �W�K�H �I�R�F�X�V �R�I �W�K�L�V �W�K�H�V�L�V��
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�)�L�J�X�U�H �u���t�� �7�K�U�H�H���G�L�P�H�Q�V�L�R�Q�D�O �Y�L�H�Z �R�I �W�K�H �)�(�0 �P�R�G�H�O �R�I �W�K�H �E�U�L�G�J�H �L�Q �%�5�,�*�$�'�( �3�O�X�V��

�)�L�J�X�U�H �u���u�� �3�O�D�Q �Y�L�H�Z �R�I �W�K�H �G�H�F�N �V�O�D�E �L�Q�G�L�F�D�W�L�Q�J �W�K�H �D�U�H�D �D�Q�D�O�\�]�H�G �L�Q �W�K�L�V �W�K�H�V�L�V��
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�)�L�J�X�U�H �u���v�� �7�\�S�L�F�D�O �F�U�R�V�V���V�H�F�W�L�R�Q �R�I �W�K�H �E�U�L�G�J�H �V�K�R�Z�L�Q�J �W�K�H �W�R�S �V�O�D�E �X�Q�G�H�U �V�W�X�G�\��

���W���*�Á�Ñ�â�ß ���‚�ß�‚ �l�"�™�Ç�À�™�ß�Ô�ó�X �=�‚�ß�™�Ô�«�‚�»�Ø�X �8�Ç�‚�•�Ø�X �
�Ç�â�Á�•�‚�Ô�ó ���Ç�Á�•�«�ß�«�Ç�Á�Ø�m

�7�K�H �)�(�0 �D�Q�D�O�\�V�L�V �I�U�R�P �%�5�,�*�$�'�( �3�O�X�V �S�U�R�Y�L�G�H�G �W�K�H �Q�H�F�H�V�V�D�U�\ �J�H�R�P�H�W�U�L�F
�D�Q�G �O�R�D�G�L�Q�J �L�Q�I�R�U�P�D�W�L�R�Q�� �7�K�H �V�O�D�E �G�H�F�N �Z�D�V �P�R�G�H�O�H�G �X�V�L�Q�J �V�K�H�O�O �H�O�H�P�H�Q�W�V
�Z�L�W�K �D�S�S�U�R�S�U�L�D�W�H �V�X�S�S�R�U�W �D�Q�G �E�R�X�Q�G�D�U�\ �F�R�Q�G�L�W�L�R�Q�V �U�H�À�H�F�W�L�Q�J �W�K�H �D�F�W�X�D�O �E�U�L�G�J�H
�E�H�K�D�Y�L�R�U�� �7�K�H �J�H�Q�H�U�D�O �S�D�U�D�P�H�W�H�U�V �G�H�V�F�U�L�E�H�G �L�Q �W�K�H �I�R�O�O�R�Z�L�Q�J �V�H�F�W�L�R�Q�V �Z�H�U�H
�X�V�H�G��

���W���W���"�™�Ç�À�™�ß�Ô�ó

�7�K�H �E�U�L�G�J�H �L�V �F�R�Q�V�W�U�X�F�W�H�G �D�V �D �F�O�R�V�H�G �U�H�L�Q�I�R�U�F�H�G �F�R�Q�F�U�H�W�H �V�O�D�E �I�U�D�P�H�� �D�Q�G �L�W�V
�J�H�R�P�H�W�U�L�F �S�U�R�S�H�U�W�L�H�V �D�U�H �G�R�F�X�P�H�Q�W�H�G �L�Q �W�K�H �R�U�L�J�L�Q�D�O �G�H�V�L�J�Q�� �D�V �S�U�H�V�H�Q�W�H�G �L�Q
�7�D�E�O�H �u���r�� �7�K�H �E�U�L�G�J�H �K�D�V �D �V�N�H�Z �D�Q�J�O�H �R�I �D�S�S�U�R�[�L�P�D�W�H�O�\12� �U�H�O�D�W�L�Y�H �W�R �W�K�H
�D�E�X�W�P�H�Q�W�V�� �D�V �V�S�H�F�L�¿�H�G �L�Q �W�K�H �R�U�L�J�L�Q�D�O �G�H�V�L�J�Q �G�R�F�X�P�H�Q�W�D�W�L�R�Q��

�7�D�E�O�H �u���r�� �%�U�L�G�J�H �*�H�R�P�H�W�U�L�F �3�D�U�D�P�H�W�H�U�V �I�U�R�P �'�H�V�L�J�Q �'�R�F�X�P�H�Q�W�D�W�L�R�Q��

�3�D�U�D�P�H�W�H�U �9�D�O�X�H

�%�U�L�G�J�H �7�\�S�H �&�O�R�V�H�G �U�H�L�Q�I�R�U�F�H�G �F�R�Q�F�U�H�W�H �V�O�D�E �I�U�D�P�H
�7�K�H�R�U�H�W�L�F�D�O �6�S�D�Q4:5�K
�6�\�V�W�H�P �6�S�D�Q 4:7�K
�)�U�H�H �:�L�G�W�K 10:5 �K
�'�H�F�N �7�K�L�F�N�Q�H�V�V 0:50�K
�$�E�X�W�P�H�Q�W �+�H�L�J�K�W3:74�K
�%�R�W�W�R�P �6�O�D�E �'�L�P�H�Q�V�L�R�Q�V4:9 �K �î 0:50�K �î 11:22�K
�6�N�H�Z �$�Q�J�O�H 12�

���W���W���=�‚�ß�™�Ô�«�‚�» �N�Ô�Ç�Ñ�™�Ô�ß�«�™�Ø

�7�K�H �P�D�W�H�U�L�D�O �S�U�R�S�H�U�W�L�H�V �X�V�H�G �L�Q �W�K�H �R�U�L�J�L�Q�D�O �G�H�V�L�J�Q �Z�H�U�H �D�G�R�S�W�H�G �I�R�U �W�K�H
�F�R�P�S�X�W�D�W�L�R�Q�D�O �D�Q�D�O�\�V�L�V�� �D�V �S�U�H�V�H�Q�W�H�G �L�Q �7�D�E�O�H �u���s��
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�7�D�E�O�H �u���s�� �0�D�W�H�U�L�D�O �3�U�R�S�H�U�W�L�H�V �I�U�R�P �2�U�L�J�L�Q�D�O �'�H�V�L�J�Q��

�0�D�W�H�U�L�D�O �3�U�R�S�H�U�W�\ �9�D�O�X�H

�&�R�Q�F�U�H�W�H �&�t�v���u�v

�&�K�D�U�D�F�W�H�U�L�V�W�L�F �V�W�U�H�Q�J�W�K(f ck ) 35�J�S��
�0�H�D�Q �F�R�P�S�U�H�V�V�L�Y�H �V�W�U�H�Q�J�W�K(f cm ) 43�J�S��
�(�O�D�V�W�L�F�L�W�\ �P�R�G�X�O�X�V(Ecm ) 34�:�S��
�8�Q�L�W �Z�H�L�J�K�W(
 c) 25�F�L �K� 3

�5�H�L�Q�I�R�U�F�H�P�H�Q�W �.�v�q�q�&���7
�<�L�H�O�G �V�W�U�H�Q�J�W�K(f yk ) 500�J�S��
�'�H�V�L�J�Q �V�W�U�H�Q�J�W�K(f yd ) 435�J�S��
�(�O�D�V�W�L�F�L�W�\ �P�R�G�X�O�X�V(Es) 200�:�S��

���W���W���8�Ç�‚�•�«�Á�£ ���Ç�Á�•�«�ß�«�Ç�Á�Ø

�7�K�H �O�R�D�G �F�D�V�H�V �D�Q�G �F�R�P�E�L�Q�D�W�L�R�Q�V �I�U�R�P �W�K�H �R�U�L�J�L�Q�D�O �G�H�V�L�J�Q �Z�H�U�H �D�V �S�U�H�V�H�Q�W�H�G �L�Q
�7�D�E�O�H �u���t��

�7�D�E�O�H �u���t�� �/�R�D�G�L�Q�J �&�R�Q�G�L�W�L�R�Q�V �I�U�R�P �2�U�L�J�L�Q�D�O �'�H�V�L�J�Q��

�/�R�D�G �7�\�S�H �9�D�O�X�H

�3�H�U�P�D�Q�H�Q�W �/�R�D�G�V
�&�R�Q�F�U�H�W�H �V�H�O�I���Z�H�L�J�K�W25�F�L �K� 3

�5�R�D�G �V�X�U�I�D�F�L�Q�J 2:40�F�L �K� 2

�*�&���S�D�W�K �V�X�U�I�D�F�L�Q�J 1:80�F�L �K� 2

�7�U�D�d�F �/�R�D�G�V ���/�0�r��
�$�[�O�H �O�R�D�G �r(Q1k ) 300�F�L
�$�[�O�H �O�R�D�G �s(Q2k ) 200�F�L
�'�L�V�W�U�L�E�X�W�H�G �O�R�D�G(q1k ) 9 �F�L �K� 2

�(�Q�Y�L�U�R�Q�P�H�Q�W�D�O �/�R�D�G�V
�0�D�[�L�P�X�P �W�H�P�S�H�U�D�W�X�U�H(Te;max ) 36 � �*
�0�L�Q�L�P�X�P �W�H�P�S�H�U�D�W�X�U�H(Te;min ) � 30 � �*
�5�H�I�H�U�H�Q�F�H �Z�L�Q�G �V�S�H�H�G(vb) 24�K �b� 1

���W���W���
�Ç�â�Á�•�‚�Ô�ó ���Ç�Á�•�«�ß�«�Ç�Á�Ø

�7�K�H �I�R�X�Q�G�D�W�L�R�Q �D�Q�G �V�X�S�S�R�U�W �F�R�Q�G�L�W�L�R�Q�V �I�U�R�P �W�K�H �R�U�L�J�L�Q�D�O �G�H�V�L�J�Q �K�D�Y�H �E�H�H�Q
�F�R�Q�V�L�G�H�U�H�G �D�V �S�U�H�V�H�Q�W�H�G �L�Q �7�D�E�O�H �u���u��

�7�D�E�O�H �u���u�� �%�R�X�Q�G�D�U�\ �&�R�Q�G�L�W�L�R�Q�V �I�U�R�P �2�U�L�J�L�Q�D�O �'�H�V�L�J�Q��

�3�D�U�D�P�H�W�H�U �9�D�O�X�H

�)�R�X�Q�G�D�W�L�R�Q �7�\�S�H �6�K�D�O�O�R�Z �I�R�X�Q�G�D�W�L�R�Q �R�Q �U�R�F�N
�9�H�U�W�L�F�D�O �6�S�U�L�Q�J �6�W�L�c�Q�H�V�V(ksk ) 266 760�F�L �K� 3

�+�R�U�L�]�R�Q�W�D�O �6�S�U�L�Q�J �6�W�L�c�Q�H�V�V4000�F�L �K� 3

�6�D�I�H�W�\ �&�O�D�V�V �s
�'�H�V�L�J�Q �/�L�I�H 120�v�2���`�b���/�r�q�q��

�7�K�H �L�Q�S�X�W �G�D�W�D �S�U�H�V�H�Q�W�H�G �L�Q �7�D�E�O�H �u���u �Z�H�U�H �H�[�W�U�D�F�W�H�G �G�L�U�H�F�W�O�\ �I�U�R�P
�W�K�H �R�U�L�J�L�Q�D�O �E�U�L�G�J�H �G�H�V�L�J�Q �G�R�F�X�P�H�Q�W�D�W�L�R�Q �D�Q�G �V�X�E�V�H�T�X�H�Q�W�O�\ �X�V�H�G �D�V �L�Q�S�X�W
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�S�D�U�D�P�H�W�H�U�V �I�R�U �W�K�H �F�R�P�S�X�W�D�W�L�R�Q�D�O �I�U�D�P�H�Z�R�U�N �G�H�Y�H�O�R�S�H�G �L�Q �W�K�L�V �W�K�H�V�L�V�� �7�K�H
�P�D�W�H�U�L�D�O �S�U�R�S�H�U�W�L�H�V �X�V�H�G �L�Q �W�K�H �Q�H�Z �P�H�W�K�R�G �U�H�À�H�F�W �W�K�H �D�F�W�X�D�O �G�H�V�L�J�Q �S�D�U�D�P�H�W�H�U�V
�H�P�S�O�R�\�H�G �L�Q �W�K�H �F�R�Q�V�W�U�X�F�W�L�R�Q �R�I �%�U�L�G�J�H �1�R�� �r�q�q���s�u�s�u�s���r�� �S�U�R�Y�L�G�L�Q�J �D �U�H�D�O�L�V�W�L�F
�E�D�V�L�V �I�R�U �Y�D�O�L�G�D�W�L�Q�J �W�K�H �F�R�P�S�X�W�D�W�L�R�Q�D�O �P�H�W�K�R�G�R�O�R�J�\ �D�J�D�L�Q�V�W �W�U�D�G�L�W�L�R�Q�D�O �G�H�V�L�J�Q
�D�S�S�U�R�D�F�K�H�V��

���W�����‚�ß�‚ ���Ç�Á�ì�™�Ô�Ø�«�Ç�Á �‚�Á�• �i�™�Ô�«�¢�«�•�‚�ß�«�Ç�Á

�7�K�H �G�D�W�D �H�[�F�K�D�Q�J�H �E�H�W�Z�H�H�Q �W�K�H �)�(�0 �P�R�G�H�O �D�Q�G �W�K�H �G�H�Y�H�O�R�S�H�G
�F�R�P�S�X�W�D�W�L�R�Q�D�O �W�R�R�O �I�R�U�P�V �D �N�H�\ �V�W�H�S �L�Q �W�K�H �S�U�R�S�R�V�H�G �G�H�V�L�J�Q �Z�R�U�N�À�R�Z�� �$�V
�R�X�W�O�L�Q�H�G �L�Q �&�K�D�S�W�H�U �t�� �W�K�H �L�Q�W�H�U�Q�D�O �I�R�U�F�H�V �R�E�W�D�L�Q�H�G �I�U�R�P �%�5�,�*�$�'�( �3�O�X�V
�Z�H�U�H �H�[�S�R�U�W�H�G �D�V �(�[�F�H�O �¿�O�H�V �F�R�Q�W�D�L�Q�L�Q�J �Q�R�G�D�O �F�R�R�U�G�L�Q�D�W�H�V �D�Q�G �L�Q�W�H�U�Q�D�O �I�R�U�F�H�V
���%�H�Q�G�L�Q�J �P�R�P�H�Q�W�V �D�Q�G �$�[�L�D�O �I�R�U�F�H�V�� �I�R�U �H�D�F�K �O�R�D�G �F�R�P�E�L�Q�D�W�L�R�Q��

�6�L�Q�F�H �D�F�F�X�U�D�W�H �L�Q�S�X�W �G�D�W�D �L�V �F�U�X�F�L�D�O �I�R�U �U�H�O�L�D�E�O�H �G�H�V�L�J�Q �Y�H�U�L�¿�F�D�W�L�R�Q�� �D
�W�K�R�U�R�X�J�K �Y�D�O�L�G�D�W�L�R�Q �R�I �W�K�H �F�R�Q�Y�H�U�W�H�G �G�D�W�D �Z�D�V �S�H�U�I�R�U�P�H�G�� �7�K�H �E�H�Q�G�L�Q�J
�P�R�P�H�Q�W�V �D�Q�G �D�[�L�D�O �I�R�U�F�H�V �H�[�W�U�D�F�W�H�G �I�U�R�P �W�K�H �)�(�0 �P�R�G�H�O �Z�H�U�H �F�R�P�S�D�U�H�G
�D�J�D�L�Q�V�W �W�K�H �F�D�V�H �V�W�X�G�\ �U�H�S�R�U�W �W�R �Y�H�U�L�I�\ �F�R�Q�V�L�V�W�H�Q�F�\�� �7�K�L�V �F�R�P�S�D�U�L�V�R�Q �F�R�Q�¿�U�P�H�G
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