
Intr odução ao compor tamento
mecânico dos materiais

���������
	���
����������
�����������

�! �
�"�#�%$&�
'��(�)�
�+*�,-,-*



1 Intr odução
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1.1 Temperatura ª taxa de deformação
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2 Efeito da temperatura sobre o
compor tamento mecânico

2.1 Elasticidade , fluxo viscoso e visco-elasticidade
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2.2 Efeito da temperatura sobre os parâmetr os de
deformação plástica
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2.3 Fluência

2.3.1 Temperatura homóloga
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2.3.2 Fenomenologia da Fluência
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3 Efeito da taxa de deformação sobre
o compor tamento mecânico

3.1 Velocidade dos processos de deformação
plástica
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3.2 Esforços de impacto
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3.2.1 Ensaio de Pêndulo de Impacto
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J�IK��25132V?���S�6&JhE@?D25687�E@BC?A2V68792
/W25BNE|u@25=H?D2V7313INEsJ�=�>5=H1�/M=�J�2�/�1�=­�zE ¶ =�>V=H13/W=�J�2
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>52V6879�^?D2V7313=H4PEz>5I^?AE|J�=D25687�EzB^v�2 ¶ �(S&2x�h>5ED6&=D6&�C�H2VB�JhE�?`�z�(S&I^6hE8·��
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3.2.1.1 Transição dúctil-frágil
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432V6�J�=|J&256�=@79E@JhE�/M=@1�°��l6&254�732�7319E@yhEzB^v�=���}LBNE�/M=(J�2P432V1�?D25J�ICJhE
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E@4[>5=H6&J�I^TV¬n2V4%q@4[�fShE@IC4�=A?`Ez73251�INE@B�gx43S&y�?A2<79ICJ�=AJ&S�19E@68732t=D256�43E@I^=AJ�2s/Wr56&J�S�B^=D2t6&=A4�25SÑS�4�=
>5=@?A=�>5=@?A/W=H6�2V6f732�J&2[2V6�uH2V6�vhE@1�INE�J�IC��2V1325?�wfE
7925?D/W2519EZ79S�13E�J&2[7319E@6�4�I^T5U@=�6hU@=x>5=H1�13254�/M=@6�J�2513�
E%S�?ì>V13IC73g51�I^=[>5=H68�H2V6�I^2V68792:/hE@13E�=FJ&25432V68�H=HBK�nIC?A2V6879=FJ�2-/�13=­��2V79=@4�J�2�2V6�uH2V6�vhE@1�INE�2V?ì43IC73ShE@TV¬n2V4
=H6�J&2:=
>5=H?D/M=@1�7�Ez?A2V6f73=%��19�zuHI^B(/M=@4349E
4�251�=Hy�4�251��zE@J&=���=�251�25?D=H4�?AE@I^4�E@J�I^E@68792:�fS�2:S�?+>513IK79gV13I^=
J�2�/�1�=Z��2V73=�?AE@IC4F>5=H68�@256�IC2568792A2�1325/&13=(J�S&79�K�H2VBL/M=(J�2�432V1�J�2V�h6&I^J�=�E�/hE@1X79I^1
J&2�S�?ô256&49E@IC=�J&2
I^?D/hE@><79=�E@BK792V136hEz73IC�@=�E@=�J�=�/MrV6�J�S�BC=��
�%/W2543E@1�J�254X792V4�/�1�=Hy�B^2V?`Ez4L1325B^E@>5IC=H6hE@J&=H4�q
J�2V�h6&I^T]Uz=sJ�2:°���wf=x2V6�49EzI^=xJ�2P/MrV6�J�S�BC=sJ�2PIC?A/hEz>V79=
2ÑE�>]E@13E@>V73251�I^Ë]EzT]U@=ÌJhEÌ7913E@6�4�I^T]Uz=�J�~�><79ICBKYó��13�@uHICBcEz7319E]�HgVËÑJ�=�?D254�?A=Ìg®?|S&IC79=�~&73I^BP6hEÌ2V6�uH2�Y
6�vhEz13INEnw�/W=HI^4x/M2V13?DIC732AEl>5=H?D/hE@13E@T]U@=�JhE®J&S�>V73I^B^ICJhE@J�2�1�25BNEZ79IC�zE�J�2`J&=HI^4x?`EZ79251�INE@IC4�/M=H1x?D25I^=
J�2lS�? 256�43E@I^=Ì/hE@J�1�=H6�I^Ë5E@J�=�/M2V13?DIC73I^6�J�=&w-/W=H1D2<;n25?D/�B^=&wc254X79S�JhEz1`=�2<��25IC73=ÌJ&2l�zE@13I^�]�H25IC4AJ&2
/�1�=n>V254343E@?D256879=D43=Hy&132sE�7319E@6&43I^T5U@=��
� =�>]Ez43=�J�2�?`Ez73251�INE@IC4%?D2V7��zB^I^>V=H4
E�7913E@6�43ICT]U@=�J�~&>V79ICBKY¸��19�@uHICB_gD=@y�432V1��zE@JhE�25?Â?AEz792V13I^E@I^4�>5=H?
254X791�S&79S�13E@4�¹:¹:¹�20�F¹%��j®Ez732513I^E@I^4�>V=H?Î254X7913Sn79S�13Eå¹ Á ¹�E@/�132V432V6f79E@? uH2513E@B^?D2568792�2VB^2V�zE@J�E
J�S�><79ICB^I^J�E@J�2D?A2V43?D=�EÑyhE@IÒ;�Ez4t792V?A/W2513Ez79S�13E@4t2�6�U@=Ñ432�=@y�432V1��zEÑS�?AE®7�E@6�4�I^T5U@=ÑJ�~�><79ICBKYó��13�@uHICB
6�2V4�792V4�>5E@43=@45�
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Á ICuHS�19E Ð � ð ³IH[2V/�132V43256879E@T]U@=D254��fS�25?A�z79IC>]E�JhE|7913E@6�4�I^T]Uz=�J�~�>V73I^BÒYó��19�zuHI^Bh2V?�S�?)?AEz732513I^E@BW?A2<7��ZY
B^I^>V=��

3.2.2 Ensaio de queda de peso (drop-weigth test)
� Á I^u@S�19E Ð � ñ w_132<79I^13E@JhE�J�=�>]Ez79�@B^=@uH=�25BC2V791�©H6�IC>5=�J�2DS�?ô�¨E@y�1�I^>]Ez6f732�J�2D?`�@�fS�IC6hE@4
J�2D256&49E@IC=
?D25>]\z6�I^>V=|b Ð e¸w@?A=H4X7913E�S�?+E@/hE@13Ez79=�79�^/&I^>5=[/hE@13EFE%1�2]E@BCI^Ë]EzT]U@=[J�=
256&49E@IC=%J�2cIC?A/�E@>V73=%/W=H1��fS�2VJhE
J�2P/W2543= ¶ J&13=H/nY¸â�2VI^uHv87L73254�7�·<��¹�=@?A=�=�/�13G@/�13IC=
6�=H?D2:J�I^Ëzw86�254X792[256�43E@I^=�S�?AE
?`E@4�49E
g:BNEz6�T]E@J�E
25?Â�fS�2VJhE�B^IC�(1�2�43=Hy�1�2A=�>V=H13/W=lJ&2D/&13=p�zE�J�2�S�?AE�E@BC73S�19E�/�1�g<YóJ�2V732513?DI^6�E@JhE&�D.F4�132V43S�BK7�E@J�=@4
J�=å2V6�49E@IC=�49Uz=��fShE@B^IK7�Ez73IC�@=H4 ¶ �fS�25y�13EÌY�6hUz=��fS�25y�13E&w[=HS E@BC73251�6hEz79IK�zE@?A2V68792�J�2V��=@13?AE�Y�6hUz=
J�2<��=H13?AE&w�791�I^6�>5E�Y-6hUz=D7313I^6&>]E8·��ci�=@1�?D25IC=DJ�EA1325E@B^ICË]E@T5U@=�J�2V4�792x792V4�792tE��z�@1�INE@4:7325?D/M2V19Ez73S�19E@4
¶ u@2519EzB^?D2568792�25?�IC6f73251X�@EzB^=H4:J�2ÍÌ ÎÍ·:gs/W=H434��C�@25B!J�2V�h6&I^1XYó432sE�7325?D/M2V19Ez73S�19E�J�2x7919Ez6�43ICT]U@=D/hE@13E
J�S�><79ICB^I^J�E@J�2:6fS�BNE ¶ � {%k
wf6�ICBhJ�S�>V73I^BCIC7�wx7919Ez6�43IK79I^=@6�7325?D/M2V19Ez73S�132]·<w(E@>VI^?AEFJhEx�fShEzB�E���13Ez79S�13ExJ&=
>5=@13/W=�J�2
/�13=p�zE|6hU@=�=(>5=@13132z��}L4�792
/�E@19\@?D2V7313=|g
?tS�IC73=|?A2V6�=H4c4�256�4��C�@25B_q@4:>5E@19E@><792V13�^4X79IC>]E@4cJ&=
>5=@13/W=sJ�2�/�13=p�zE�2[79E@?|yWg5? /W=nJ�2P4�251�J&2V�h6�ICJ�=x/M=H1#S�? >V13IC73g51�I^=�/�132V>5IC43=��L{�254�79Es��=H1�?`E�E � {%k
/W=nJ�2x432V1%S&73I^BCI^Ë]EzJhE�>5=H?D=A/�E@19\@?D2V7313=DJ�2t/&13=Z��2<79=`J&2t256&uH256�v�E@13I^ED/hEz19EAJ&25>5ICJ�I^1P4�2t=`?AEz732513I^E@B
I^13��E@/�1�25432V687�E@1[>5=H?D/W=H1�79E@?A2V6879=|��19�zuHI^BM6hE|7925?D/W2519EZ79S�13E�J&2xS&43=DJ�=A>V=H?D/M=H6&2568792z�
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4 Fadiga

�c79g�=P?D=H?A2V6879=:J�IC43>5Sn79I^?D=H4�E:1�2543/W=H4X7�EPJ�=H4_?`EZ79251�INE@IC4�E:254X��=H13TV=H4_254X7��z73I^>5=@4�=HSs�fShEz432<Yó254X7��z73I^>5=@4
E@/�BCI^>5E@J�=H4c2V?�S�?�?AEz792V13I^E@B¸��}L?�E@?|yW=H4:=H4:>]Ez43=H4�E�E@/�B^IC>]E@T5U@=�J�=�254X��=H13TV=A=(>5=@13132�6�=�4�256879ICJ�=
J�2[E@S�?D256879E@1L=HS�J�I^?DI^6fS�IC1�EF792V6�49Uz=s>V=H6879I^6fShEz?A2V6f732@�L}L4X792:79IC/M=
J�2P>5E@131�25u8E@?D256873=xgP>�vhEz?`E@J&=
J�2~+3ú@ù<ù9Ã¸ø8ú@÷`Ã$#hÆRÈl÷`È-#ÙÈZÆ�Ï-#hÅd+�ÈZ��}L?Û256�u@256�vhEz13INEnw�256873132V79Ez796&=�w���132V�,ÐV687925?D2568732�256�>V=H687913E@?A=@4
=HS&7313=�73I^/W=`J�2�>5E@131�25u8E@?D256873=�wÙ=H6&J�2�E`792V6�49Uz=lEz/�B^IC>]E@JhED=H43>VI^B^E`E@=�1�25J�=@1
J�2|S�?��zE@B^=H1�?AgVJ�I^=
>5=@?+S�?AE%JhEzJhE%��132V�(Ï&r56�>VINE&��}�4X792c73I^/W=%J�2:>5E@131�25u8E@?D256873=Fgc>�vhE@?AE@J�=%J�2Ñ+3ú@ù�ù9Ã¸ø8ú@÷`Ã$#hÆ¦ÈÑ+$Òd+<û Åd+�È
2t=(>5=@13132s/M=@1�2�;&2V?A/&B^=�2V?±2VIK;n=H4VwÙ256&uH132V6hE@uH2V6�45w�?D=HB^E@45wWE@43E@4%J�2tE]�nI^U@=`2V6879132t=HS&791�=H45� � 2V4�792V4
>]Ez43=H4c=@y�432V1��zEZYR4�2FS�?AEs��=H1�?`EsE@BC7325136�Ez79IK�@E�J�2FJ&25uH13E@JhE@T5U@=|JhEs�(ICJhEt~&73I^B�J�=|?AEz792V13I^E@B ¶ =HS�4�2¦�3E&w
=t>V=H?D/M=H6&2568792[43=@��1�2[��13Ez79S&19ExE@/MG@4-S�? J&2V792V13?DI^6hEzJ�=x7325?D/M=xJ�2�=H/M2V19E@T5U@=f·�/W=H1-S&?º��256�©H?D256&=
J�2V6�=H?DI^6hE@J&=FÄVúC�@ÅKø8ú@�
�º�¨E@J�ICu8EAg�1�254�/M=H6&49�]�H2VB#/W=H1FS&?`E`u@19E@6�J&2�/hE@13>V25B^E�J�=H4
>]Ez43=H4
J�2|�¨EzB^vhE`J&2�>5=H?D/M=@6�2568792V4
25?
432V1��(I^TV=��`� �¨E@J&I^u8E���132V�fÏ�2568792V?A2V68792`2V4�79�l/W=H1
7919�z4xJ&2`E@>VI^J�2V6879254xuH13Ep�@254s2568�H=HBK�H2V6�J�=®u@19E@6�J&2
6f~�?D2513=DJ�2��(�C79IC?`Ez4��¨Ez7�EzI^4 ¶ Ez>5I^J&2568792V4�J�2�791�25?�wh�fS�25JhEz4�J�2sE]�(INU@=f·��-�n25Sl>5=H68791�=HB^2�1�25/�1�25432V687�E
S�?�/�1�=Hy�B^2V?`E�43=(>5I^E@B�132VBNEz73IC�zE@?D2568792:uH13E]�H2@�#�[? J�=H4cEz43/W25>V73=H4c?AE@I^4�IC?A/W=H1�79E@68792V4#J�Ex�¨E@J�ICu8E�g
�fS�2�25B^E|/M=(J�2
=(>5=H1�13251:?D254�?A=�/�E@19E|792V6�43¬(254[E@y�E@IK;n=�J�=�B^IC?AIK792[J�2�254�>5=8E@?D256873=DJ&=D?AEz732513I^E@BW2
E�/W=H434�I^y�ICB^I^J�E@J�2�J�=�=(>5=H1�13r56&>5INEAJ�2t�¨E@J�ICu8EAJ&2V�H2�4�251F>V=H6�43ICJ�2513E@JhE�6�=�/&13=Z��2<79=�J�2|2V6�uH2V6�vhE@1�INE&�
� �¨E@J�I^uHE�g[=Hy�4�251X�@EzJhEt25?º73=nJ�E@4�Ez4->VBNE@4�43254#J�2�?`Ez73251�INE@IC45wH?D2V79�@B^IC>5=H4Vw8>52513\@?DI^>5=@45wf/M=@B^I^?Dg51�I^>V=H4
2�6�=H4P?AE@I^4��zE@1�INE@J&=H4�79IC/M=@4:J�2�>5=H?D/MG@43IC73=H45�

4.1 Parâmetr os da solicitação cíclica
� Á ICuHS�13E î �Kd|1�25/�1�25432V687�E�2543�fS�2V?`EZ79I^>5E@?D2568792sS�?�2V4���=H1�T5=�>V�^>5BCI^>V=A79�C/�I^>V=�� � E`/�13�z79IC>]E&wW7�E@6873=
E���=H13?AE`J�2�=@6�JhE ¶ �fS�2�6�2V4�732A>5E@43=�g�432V6�=HICJhE@BÇ·�wÙ�fShE@6873=®E`��1�25�fÏ�r56&>5INEnw!�fShEz6f73=�E�Ez?A/�BCIC73S�J�2
JhE��zE@13I^E@T]U@=�J�2�792V6�49Uz=`/W=nJ�2V?)�zE@13I^E@1PE@=DB^=H6&uH=�J�=D7325?D/M=&�-�ì��=H13?AE�J�2x=H6�JhE�132V/�132V43256879E@JhE
6hE®�hu@S�19E&w�2568791�2V7�Ez6f73=�w�g�~&73I^B�/hE@13EÑJ�2V�h6&I^1tS&?`E®4�g51�I^2�J�2`/hE@19\z?A2<7913=@4t�fS�2�43U@=�S�49EzJ�=H4|6hEz4
J�IC43>5S&4343¬(254[43=@y�132
�¨E@J�ICu8E&�L}L4X79254[/hE@13\@?D2V791�=H4:49Uz=�³
dH�P��?A/�BCIC73S�J�2FJ�2
73256�43U@=AÕ�Ó ¢ Ö�Ô�Õ�Ö ¾ Ö ÔI×ÉØ�
mn� Á E@IÒ;�E|J&2�73256�43U@= s Õ ¢ Õ %AÙ@Ú ß Õ %('*)
Ð �Pk!256�43U@=D?`�Z;nIC?`EtÕ %AÙ�Ú
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Á I^u@S�19E î �KdH³h�[?�254X��=H13TV=A>V�^>VB^I^>V=|79�C/�I^>V=

î �Pk!256�43U@=D?A�C6�I^?AEsÕ %('*)
ð �Pk!256�43U@=D?AgVJ�INE|Õ %æ¢ Ö�Ô�Õ�Ö�Û�Ö ÔI×ÉØ�
ñ �XH[E@Ë]Uz=DJ&2�73256�4�¬n2V4%¯ ¢ Ö Ô�×¢ØÖ Ô�Õ�Ö

� =z7�EZYó432��fS�2-�fShE@I^4��fS�251�J&=HI^4!J�254X792V4L/hE@19\z?A2<7913=@4�J�2<�h6�2V?+>V=H?A/&B^2V79E@?D2568792#=H4�6&�C�H2VI^4�J�2-73256�43U@=
6�=Ñ2V4���=H1�T5=Ñ>V�^>VB^I^>V=�� � E�/�19�Z79I^>5ElS�4�ShE@BC?A2V6f732ASn79I^BCI^Ë5EZYR4�2 s Õõ=@S�Õ�Ó 2A¯|�®.
Sn7913=®/hE@19\z?A2<7913=
J�2<�h6�I^J&=å6hE��huHS�13E�g�=å>5=H?D/�1�I^?D256879=ÌJ�2�=H6�JhE�J&=å254���=@13T5=�>V�^>5BCI^>V=�wXÜ_wP?D25J�ICJ�=�2V? ��2V1�73Ë
¶ »ÞÝàßzÀ�á±»½¼z¾h¿RÀ²�t.
y&43251X�zEZYR4�2��(S&2�=�I^68792V1��zE@B^=`J�2|792V?A/W=�J�2V>5=H1�13I^J&=�E@/MG@4 T >5IC>5B^=@4%432V19��JhE@J&=
/W=H1 s µ ¢ T Ü_�

4.2 Ensaios de Fadiga
� Á E@J�ICu8E�g:S�?ï��256�©@?A2V6�=
?|S�IK79=F>V=H?A/&B^2<;n=�wHEz��2V79E@J�=
/W=H1�J�IK�H251�43=H4L�¨Ez73=H132V4�2<;(7325136&=H45w(2:Ez73I^6�uH2
>5=@?A/W=H6�2V6f73254-J�2%2V6�uH256&vhE@13I^Ex�(IC79E@I^4V�L{%2V4�7�Ex��=H13?AEx=@4�256&49E@IC=H4-J&2��¨E@J�ICu8E�J�2V�@25? 43251�J�254�256�vhE­Y
J�=H4�ICJ�2]E@BC?A2V68792®J&2Í��=@13?AE�Eå1325/&13=(J�S�Ë5IC1�E@4�>5=@6�J�I^TV¬n2V4�J�2ÍS�43=�J�2V4�73254�>5=H?D/M=@6�2568792V45� � =
/hE@4�49E@J&= ¶ I^4�73=�g�Ez6f73254�JhE�I^68�H2V6�T]Uz=sJ�=@4-E]�(I^¬(2549·�=H4�/�13IC6�>5IC/hE@IC4�>5=H?D/W=H6�256873254�43SZ��2VIC73=H4#q
�¨EzJ�I^u8E
2513E@?�25IK;n=H4t2�=Ñ/�1�I^6�>VI^/hE@B#256&49E@IC=ÑS&79ICB^ICË]E@J�=�132V/�13=(J�S�ËVINE®2V4�732�79I^/W=®J&2�43=HBCI^>VIC7�EzT]U@=��l� Á ICuHSnY
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