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CAPÍTULO XV

PATOLOGIAS DO AÇO NA CONSTRUÇÃO: FALHAS 
NO PROCESSO CONSTRUTIVO E RECOMENDA-
ÇÕES

Mauricio da Silva Gregorio 
Eloan Marlon dos Reis Moreira

Bruno Matos de Farias
Rachel Cristina Santos Pires

RESUMO

AV�SDWRORJLDV��FRUURVmR��QR�PDWHULDO�PHWiOLFR�VmR�SURYRFDGDV�SHOD�GH¿-
FLrQFLD�GH�GUHQDJHP�GDV�iJXDV�SOXYLDLV��SURMHWRV�TXH�QmR�DWHQGHP�DV�

QRUPDV�H[LJLGDV��R�TXH�SHUPLWH�R�DFXPXOR�GH�XPLGDGH�H�GH�DJHQWHV�DJUHV-
VLYRV�FRPR�VDLV�VRO~YHLV��SURWHomR�DQWLFRUURVLYD�LQH¿FLHQWH��H[FHVVR�GH�GH-
IRUPDo}HV��FDXVDGRV�SRU�VREUHFDUJD�QD�HVWUXWXUD�HP�DoR��ÀDPEDJHP�JOREDO�
RX�ORFDO��TXH�p�UHVXOWDQWH�GH�XP�PRGHOR�HVWUXWXUDO�LQFRUUHWR��GH¿FLHQWH�QR�
VHX�HQULMHFLPHQWR�RX�SRVLomR�FRUUHWD�GD�SHoD�FRQIRUPH�R�PHOKRU�PRPHQWR�
GH�LQpUFLD�TXH�SRGH�QmR�WHU�VLGR�FRQVLGHUDGR�HP�SURMHWR�GH�FiOFXOR��IUDWXUD�
GDV� SHoDV� GHYLGR� D� GHWDOKHV� GH� SURMHWRV� LQDGHTXDGRV�� GHIHLWR� QR� SURFHV-
VR�GH�VROGD�H�PDQXWHQomR�SUHYHQWLYD�H¿FD]��2�ULVFR�GH�FRUURVmR�LPSDFWD�
GLUHWDPHQWH�QD�HVFROKD�GD�HVWUXWXUD�PHWiOLFD�FRPR�VROXomR��PHVPR�WHQGR�
LQ~PHUDV�YDQWDJHQV�VREUH�R�FRQFUHWR��&RPR�SDUWH�GHVWD�SURSRVWD�LQFOXL�VH�R�
OHYDQWDPHQWR�GDV�SDWRORJLDV�H�SRVVtYHLV�VROXo}HV�TXH�SRVVDP�VHU�XWLOL]DGDV�
QD�UHFXSHUDomR�GH�HVWUXWXUDV�HP�DoR��WHQGR�FRPR�PHWRGRORJLD�OHYDQWDPHQ-
WR�ELEOLRJUi¿FR�H�HVWXGR�GH�FDPSR�
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1. INTRODUÇÃO

(PERUD�VHMD�PDLV�DQWLJD�TXH�R�FRQFUHWR��D�HVWUXWXUD�PHWiOLFD�YROWRX�D�
VHU�HPSUHJDGD�HP�PDLRU�HVFDOD��SHOD�FRQVWUXomR�FLYLO�EUDVLOHLUD��DSHQDV�

HP�PHDGRV�GRV�DQRV�����+RMH�FRP�D�GHPDQGD�GD�FRQVWUXomR�FUHVFHQGR�H�
R�DXPHQWR�GR�FXVWR�GH� IXQFLRQiULR��RV� LQYHVWLPHQWRV�HP�REUDV�PHWiOLFDV�
FUHVFHUDP�PDLV�GH�����QD�SDUWLFLSDomR�GD�HVWUXWXUD�PHWiOLFD�QD�FRQVWUXomR��
�&%&$��������
� $�HYROXomR�GD�VRFLHGDGH�KXPDQD�VHPSUH�HVWHYH�UHODFLRQDGD�FRP�R�
VXUJLPHQWR�GH�QRYDV�WHFQRORJLDV��VHQGR�SRVVtYHO�FRUUHODFLRQDU�FDGD�JUDQGH�
SHUtRGR� GH� GHVHQYROYLPHQWR� GD� KXPDQLGDGH� FRP� D� GHVFREHUWD� GH� QRYRV�
PDWHULDLV��3$9$1$7,��������
� 2�IHUUR��PDWHULDO�FRP�JUDQGH�LPSRUWkQFLD�QD�FRQVWUXomR��p�XP�PHWDO�
REWLGR�HP�VLGHU~UJLFDV�SRU�PHLR�GRV�PLQpULRV�GH�IHUUR��VHQGR�R�TXDUWR�HOH-
PHQWR�PDLV�DEXQGDQWH�QD�FURVWD�WHUUHVWUH��3$9$1$7,��������
� 2V�FKDPDGRV�DoRV�HVWUXWXUDLV��RV�DoRV�XWLOL]DGRV�QD�FRQVWUXomR��VmR�
DTXHOHV�TXH��DV�VXDV�SURSULHGDGHV�GH�GXFWLOLGDGH��UHVLVWrQFLD��HQWUH�RXWUDV��
VmR� XWLOL]DGRV� HP� HOHPHQWRV� TXH� WHP� D� FDUDFWHUtVWLFD� GH� VXSRUWDU� FDUJDV��
7HP�UHVSDOGR�QDV�QRUPDV�GH�GLPHQVLRQDPHQWR�$,6,�/5)'��$,6&�/5)'�H�
$%17�1%5�������WHQGR�GLYHUVDV�FODVVL¿FDo}HV��2�FRPSRUWDPHQWR�GR�DoR�
p�GH¿QLGR�SHODV�SURSULHGDGHV�PHFkQLFDV�TXDQGR�VXMHLWR�D�HVIRUoRV�TXH�GH-
WHUPLQDP�D�FDSDFLGDGH�GH�UHVLVWrQFLD�GR�PDWHULDO�WUDQVPLWLQGR�RV�HVIRUoRV�
DSOLFDGRV�SDUD�QmR�KDYHU�GHIRUPDomR�RX�UXSWXUD��7(2%$/'2���������
� $�&RUURVmR�p�XP�IDWRU�TXH�WHP�TXH�VHU�REVHUYDGR�QD�XWLOL]DomR�GR�
DoR��p�D�DOWHUDomR�TXtPLFR�ItVLFD�TXH�XPD�VXEVWDQFLD�VRIUH�GHYLGR�j�UHDomR�
FRP�R�VHX�PHLR��&RP�HVVDV�DOWHUDo}HV�R�DoR�VH�WUDQVIRUPD�HP�FRPSRVWRV�
TXtPLFRV�LJXDLV�DR�PLQpULR�GH�IHUUR��ID]HQGR�TXH�R�PDWHULDO�WHQKD�SHUGD�GH�
FDUDFWHUtVWLFDV�LPSRUWDQWHV�FRPR�HODVWLFLGDGH��UHVLVWrQFLD�PHFkQLFD��GXFWLOL-
GDGH��HQWUH�RXWUDV��WHQGR�WDPEpP�UHGXomR�GH�VHomR�UHVLVWHQWH��1R�DoR��VH�Gi�
SRU�FRUURVmR�HOHWUROtWLFD�RX�TXtPLFD��VHQGR�D�SULPHLUD�FRP�PDLV�IUHTXrQFLD��
'HYHQGR�HYLWDU�VROXo}HV�HUUDGDV�QD�DQiOLVH�GR�SURMHWR��SUHMXGLFDQGR�SRVWH-
ULRUPHQWH�D�HVWUXWXUD��',$6��������
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� 2�HIHLWR�FRUURVLYR�p�LQLPLJR�GD�HVWUXWXUD�PHWiOLFD��JHUDQGR�FXVWRV�
H� LQVHJXUDQoD�QD�KRUD�GH�VXD�HVFROKD�FRPR�VROXomR�FRQVWUXWLYD��SRU�HVVH�
PRWLYR�HVVH�DVVXQWR�GHYH�VHU�GLVFXWLGR�HP�ODUJD�HVFDOD�SDUD�HVFODUHFHU�VXDV�
SRVVtYHLV�FDXVDV�
� $�PHWRGRORJLD�DSOLFDGD�SDUD�HVWH�HVWXGR�� VHUi�DWUDYpV�GH� OHYDQWD-
PHQWR�ELEOLRJUi¿FR�H�HVWXGR�GH�FDPSR��DRQGH�VHUi�SURSRVWR�VROXo}HV�SDUD�
HYLWDU�SRQWRV�GH�SRQWRV�GH�FRUURVmR��1R�FDPSR��VHUmR�DQDOLVDGDV�DV�SDWR-
ORJLDV�GHVFULWDV�DEDL[R�H�SURSRQGR�SRVVtYHLV�Do}HV�SDUD�D�SUHVHUYDomR�GD�
HVWUXWXUD�PHWiOLFD��TXH�GHSHQGH�GHVGH�VXD�FRQFHSomR��SDVVDQGR�SHOR�GHVHQ-
YROYLPHQWR�GR�SURMHWR��IDEULFDomR��PRQWDJHP�H�XPD�PDQXWHQomR�SUHYHQWL-
YD�H¿FD]�
� 1HVWH�HVWXGR��VHUi�DSUHVHQWDGR�R�UHJLVWUR�GDV�DQRPDOLDV�HQFRQWUDGDV�
H�R�OHYDQWDPHQWR�GDV�SRVVtYHLV�FDXVDV��&RP�EDVH�QRV�GDGRV�GH�FDPSR��VH-
UmR�DERUGDGDV�DV�SDWRORJLDV�FRQVWDWDGDV��SURYHQLHQWHV�GH�FRUURVmR��DWDTXH�
SRU�VDLV�VRO~YHLV��IDOKDV�GH�SODQHMDPHQWR��PRQWDJHP�H�PDQXWHQomR�LQFRUUH-
WD�
2�REMHWLYR�SULQFLSDO�GHVWH�HVWXGR��p�GHWDOKDU�R�Pi[LPR�SRVVtYHO�GH�IDOKDV�
TXH�SRVVDP�PRVWUDU�SRQWRV�GH�FRUURVmR��FRP�HVWHV�GDGRV��DX[LOLDU�HP�VXD�
FRQVHUYDomR�SDUD�SRGHU�REWHU�XPD�PDLRU�YLGD�GD�HVWUXWXUD�

2. REVISÃO BIBLIOGRÁFICA
2.1 Características das Estruturas 

([LVWHP�PDLV�GH������WLSRV�GH�DoRV�GLIHUHQWHV�H�FHUFD�GH�����GHOHV�WL-
YHUDP�VHX�GHVHQYROYLPHQWR�~OWLPRV����DQRV��2V�DoRV�FDUERQR�WrP�HP�

VXD�FRPSRVLomR�TXDQWLGDGHV�GH�HOHPHQWRV�TXtPLFRV�OLPLWDGRV��TXH�p�DMXV-
WDGR�FRQIRUPH�XWLOL]DomR��2�PDLRU�LQWHUHVVH�¿FD�QRV�DoRV�HVWUXWXUDLV�GH�DOWD�
H�PpGLD�UHVLVWrQFLD�PHFkQLFD��HVVH�WHUPR�p�GHVLJQDWLYR�D�WRGRV�RV�DoRV��TXH�
GHYLGR�j�VXD�GXFWLELOLGDGH��UHVLVWrQFLD�H�GHPDLV�SURSULHGDGHV��VmR�XWLOL]DGDV�
SDUD�SHoDV�QD�FRQVWUXomR�TXH�HVWmR�VXMHLWDV�D�FDUUHJDPHQWR��&%&$��������
0XLWDV�FDUDFWHUtVWLFDV�GRV�DoRV�VmR�GHWHUPLQDGDV�SHOD�VXD�FRPSRVLomR�TXt-
PLFD��XWLOL]DGDV�HP�DSOLFDo}HV�HVWUXWXUDLV��R�TXH�SHUPLWH�VXDV�TXDOLGDGHV�
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PHFkQLFDV��SURSULHGDGHV�GLIHUHQFLDGDV�FRP�YDULDo}HV�SHTXHQDV�GRV�FRP-
SRQHQWHV�GHVVH�PDWHULDO��2V�DoRV�VmR�OLJDV�TXH�FRQWHP�IHUUR�H�QR�Pi[LPR�
���GH� FDUERQR�QD� VXD� FRPSRVLomR�� HPERUD� HVVH� YDORU� QRUPDOPHQWH�QmR�
SDVVD�GH�����SDUD�HYLWDU�DVVLP�VXD�GXUH]D��IDFLOLWDQGR�H�SRVVLELOLWDQGR�VXD�
DSOLFDomR��2XWURV�HOHPHQWRV�TXH�FRPS}HV�HVVH�PDWHULDO�VmR�R�VLOtFLR��6L���R�
PDQJDQrV��0Q���R�HQ[RIUH��6��H�R�IyVIRUR��3���TXH�VmR�HOHPHQWRV�TXH�UHVXO-
WDP�GR�SURFHVVR�GH�ODPLQDomR��7(2%$/'2���������
� (OHV� VH� GLIHUHQFLDP�VH� HQWUH� VL� SHOR� WDPDQKR�� IRUPD�� FRPSRVLomR�
TXtPLFD�H�WDPDQKR�GRV�JUmRV��6XD�FRPSRVLomR�SRGH�VHU�DOWHUDGD�GH�DFRUGR�
FRP�R�LQWHUHVVH�GH�VXD�XWLOL]DomR��REWHQGR�DoRV�FRP�GLIHUHQWHV�UHVLVWrQFLDV��
GXFWLELOLGDGH�VROGDELOLGDGH��UHVLVWrQFLD�D�FRUURVmR�DWPRVIpULFD�HQWUH�RXWURV�
�)(55$=��������
� $�UHVLVWrQFLD�D� WUDomR�p�PHGLGD�SHOD�IRUoD�QHFHVViULD�SDUD�JHUDU�D�
TXHEUD�SRU�HVWLUDPHQWR�GR�PDWHULDO��$�'XUH]D�p�D�SURSULHGDGH�FDUDFWHUtVWLFD�
GR�PDWHULDO�VyOLGR��TXH�H[SUHVVD�VXD�UHVLVWrQFLD�D�GHIRUPDo}HV�SHUPDQHQWH��
VHQGR�GLUHWDPHQWH�UHODFLRQDGD�FRP�D�IRUoD�GH�OLJDomR�GRV�iWRPRV��$�SULQ-
FLSDO�PDQHLUD�GH�DYDOLDU�D�GXUH]D�FRQVLVWH�HP�YHUL¿FDU�D�UHVLVWrQFLD�TXH�D�
VXSHUItFLH�GR�PDWHULDO�RIHUHFH�j�SHQHWUDomR�GH�XPD�SHoD�GH�PDLRU�GXUH]D�
�52'5,*8(6��������
� $� GXFWLOLGDGH� SRGH� VHU� GHVFULWD� FRPR� D� FDSDFLGDGH� TXH� RV� FHUWRV�
WLSRV�GH�PDWHULDLV�DSUHVHQWDP�GH�GHIRUPDU�VHP�URPSHU��3RGH�VHU�PHGLGR�
SRU�PHLR�GR�DORQJDPHQWR�RX�GD�HVWULFomR��RX�VHMD��UHGXomR�QD�iUHD�GH�VH-
omR�WUDQVYHUVDO�GR�FRUSR�GH�SURYD��4XDQWR�PDLV�G~FWLO�R�DoR��PDLRU�VHUi�D�
UHGXomR�GH�iUHD�RX�DORQJDPHQWR�DQWHV�GD�UXSWXUD��$�GXFWLOLGDGH�WHP�JUDQGH�
LPSRUWkQFLD�GHYLGR�j�DSOLFDomR�HP�REUDV�PHWiOLFDV��52'5,*8(6��������
$V�SULQFLSDLV�FDUDFWHUtVWLFDV�GRV�DoRV�SDUD�DSOLFDomR�HVWUXWXUDO�VmR��ERP�HV-
FRDPHQWR��ERD�WHQDFLGDGH��VROGDELOLGDGH��KRPRJHQHLGDGH��SRGH�VHU�FRUWDGR�
SRU�FKDPD�VHP�HQGXUHFHU��DOpP�GH�XPD�H[FHOHQWH�WUDEDOKDELOLGDGH�HP�FRUWH��
GREUD�H�IXUDo}HV��VHP�DSUHVHQWDU�GHIHLWRV��&%&$��������
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2.2. Principais Patologias

2�WHUPR��SDWRORJLD��p�GHULYDGR�GR�JUHJR��SDWKRV���GRHQoD��H�ORJLD���FLrQ-
FLD��HVWXGR��H�VLJQL¿FD��HVWXGR�GD�GRHQoD���3RGH�VH�DWULEXLU�SDWRORJLD�

DR�HVWXGR�GRV�GDQRV�RFRUULGRV�DR�PDWHULDO�GHYLGR�D�H[SRVLomR�H�DomR�GH�
PHLRV�H[WHUQRV��/277(50$11��������
� $�FRUURVmR�FRQVLVWH��HP�JHUDO��HP�XP�SURFHVVR�HVSRQWkQHR�SUHVHQ-
WH� QDV�PDLV�YDULDGDV� DWLYLGDGHV��(VWH�SURFHVVR�SRGH� VHU� GH¿QLGR� FRPR�R�
IHQ{PHQR�UHVXOWDQWH�GD�DomR�TXtPLFD�RX�HOHWURTXtPLFD�GH�XP�PHLR�VREUH�
XP�GHWHUPLQDGR�PDWHULDO��VHQGR�XVXDOPHQWH�DVVRFLDGR�DRV�PHWDLV��SRUpP�
SRGHQGR�RFRUUHU� HP�PDWHULDLV� QmR�PHWiOLFRV� FRPR�FRQFUHWR� H� SROtPHURV�
�*(17,/��������
� 2V�SURFHVVRV�GH�FRUURVmR�GH�PHWDLV�HQYROYHP�XPD�JUDQGH�YDULHGD-
GH�GH�PHFDQLVPRV�TXH��FRQWXGR��SRGHP�VHU�UHXQLGRV�HP�TXDWUR�JUXSRV��FRU-
URVmR�HP�PHLRV�DTXRVRV��R[LGDomR�H�FRUURVmR�TXHQWH��FRUURVmR�HP�PHLRV�
RUJkQLFRV�H�FRUURVmR�SRU�PHWDLV�OtTXLGRV��$�FRUURVmR�HP�PHLRV�DTXRVRV�p�D�
PDLV�IUHTXHQWH��YLVWR�TXH�D�PDLRULD�GRV�IHQ{PHQRV�GH�FRUURVmR�RFRUUH�QR�
PHLR�DPELHQWH��QR�TXDO�D�iJXD�p�R�PDLV�LPSRUWDQWH�VROYHQWH��:2/<1(&��
������
� $�GHWHULRUDomR�FDXVDGD�SHOD�LQWHUDomR�ItVLFR�TXtPLFD�HQWUH�R�PDWH-
ULDO�H�R�VHX�PHLR�RSHUDFLRQDO�FDXVD�DOWHUDo}HV�SUHMXGLFLDLV�H�LQGHVHMiYHLV��
WDLV�FRPR�GHVJDVWH��YDULDo}HV�TXtPLFDV�RX�PRGL¿FDo}HV�HVWUXWXUDLV��WRUQDQ-
GR�LQDGHTXDGR�D�XWLOL]DomR�GR�PDWHULDO��*(17,/��������
� 'HVVD�IRUPD��TXDQGR�DFRQWHFH�R�GHVJDVWH�GR�PHWDO�GHYLGR�DR�IHQ{-
PHQR�GH�R[LGDomR�� LQLFLD�VH�D�FRUURVmR��(P�XP�FLFOR�YLFLRVR��RFRUUH�XP�
PDLRU�GHVSUHQGLPHQWR�GR�PHWDO��TXH�YDL�¿FDQGR�PDLV�H[SRVWR�DRV�GDQRV�
FDXVDGRV� SHOR� FRQWDWR� FRP�D� DWPRVIHUD�� 6H� R�PHWDO� FRQWDU� FRP� IHUUR� QD�
FRPSRVLomR�Gi�VH�LQtFLR�j�IHUUXJHP��4XDQGR�HVWmR�R[LGDGRV�H�FRUURtGRV��RV�
PHWDLV�IHUURVRV�FRPHoDP�D�JHUDU�R�KLGUy[LGR�IHUURVR��H�VXD�FDPDGD�DYHUPH-
OKDGD�FRQKHFLGD�FRPR�IHUUXJHP��$�IHUUXJHP�GHVWUyL�D�UHVLVWrQFLD�GR�PHWDO�
H��GHSHQGHQGR�GH�VXD�DPSOLWXGH��LQYLDELOL]D�D�UHFXSHUDomR��%,632��������
48,0$7,&��������
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� &RUURVmR�SRU�SLWHV��GR�LQJOrV�SLW���SRoR��RX��FRYD���p�XPD�IRUPD�
GH�FRUURVmR�ORFDOL]DGD�TXH�FRQVLVWH�QD�IRUPDomR�GH�SHTXHQDV�FDYLGDGHV�GH�
SURIXQGLGDGH�FRQVLGHUiYHO�H�R�PDLV�LPSRUWDQWH��VLJQL¿FDWLYD�IUHQWH�D�HVSHV-
VXUD�GR�PDWHULDO��2FRUUH�GH�PDQHLUD�H[WUHPDPHQWH�GHWHUPLQDGD��SRGHQGR��
SRUWDQWR��VHU�FKDPDGD�GH�SXQWLIRUPH��QmR�DSUHVHQWDQGR�DWDTXH�QR�PDWHULDO�
FLUFXQGDQWH��*(17,/��������
� &RUURVmR�SRU�FRQFHQWUDomR�GLIHUHQFLDO�p�D�YDULDomR�GH�GHWHUPLQDGRV�
FRPSRQHQWHV�QR�PHLR�QR�TXDO�R�PDWHULDO�HVWi�SHUPDQHQWHPHQWH�RX�PHVPR�
HYHQWXDOPHQWH�LPHUVR��HP�FRQWDWR��SURYRFD�LJXDOPHQWH�DomR�FRUURVLYD��6HX�
PHFDQLVPR�GH� DomR� p� D� IRUPDomR�GH�SLOKDV� GH� FRQFHQWUDomR� L{QLFD�GLIH-
UHQFLDO�H�SLOKDV�GH�DHUDomR�GLIHUHQFLDO��(VVD�FRUURVmR�SRGH�VHU�GLYLGLGD�HP�
FRUURVmR�SRU�FRQFHQWUDomR�L{QLFD�GLIHUHQFLDO��DVVRFLDGD�FRP�D�YDULDomR�GH�
GHWHUPLQDGDV�FRQFHQWUDo}HV�L{QLFDV�SURSULDPHQWH�GLWDV�GR�PHLR��D�FRUURVmR�
SRU�DHUDomR�GLIHUHQFLDO��YDULDQGR�D�FRQFHQWUDomR�GH�GHWHUPLQDGRV�JDVHV�GD�
DWPRVIHUD�JDVRVD�TXDQGR�WRFD�R�PDWHULDO��D�FRUURVmR�HP�IUHVWDV��RFDVLRQDGD�
SRU�FRQ¿JXUDomR�JHRPpWULFD�GR�PDWHULDO�FRUURVtYHO��TXH�SRVVLELOLWD�D�IRU-
PDomR�GH�YDULDo}HV�GH�FRQFHQWUDomR�RX�GH�DHUDomR�H�SHOR�PHVPR�PRWLYR��D�
FRUURVmR�¿OLIRUPH��PDV�DVVRFLDGD�D�FRQ¿JXUDo}HV�GRV�UHYHVWLPHQWRV�DSOLFD-
GRV��FRPR�SLQWXUD��*(17,/��������
� &RUURVmR�JDOYkQLFD�p�R�FRQWDWR�HOpWULFR�HQWUH�PDWHULDLV�GLIHUHQWHV��$�
LQWHQVLGDGH�GHVWD�FRUURVmR�VHUi�SURSRUFLRQDO�j�GLVWkQFLD�HQWUH�RV�YDORUHV�GRV�
PDWHULDLV�HQYROYLGRV�QD�WDEHOD�GH�SRWHQFLDLV�HOHWURTXtPLFRV��HP�RXWUDV�SD-
ODYUDV��QD��QREUH]D��GRV�PDWHULDLV��([HUFH�LQÀXrQFLD�QHVWH�WLSR�GH�FRUURVmR�
D�SURSRUFLRQDOLGDGH�HQWUH�DV�iUHDV�DQyGLFD�H�FDWyGLFD��7DO�SURSRUomR�GHYHUi�
VHU�PDLRU�SRVVtYHO�FRP�YLVWDV�D�VH�REWHU�D�PtQLPD�FRUURVmR�QD�iUHD�DQyGLFD�
DOLDGD�j�VXD�XQLIRUPLGDGH��$//(1�HW�DO���������
� $�ÀDPEDJHP�RX�HQFXUYDGXUD�RFRUUH�HP�SHoDV�HVEHOWDV� �SHoDV�QD�
TXDO�D�iUHD�GH�VHomR�WUDQVYHUVDO�p�SHTXHQD�HP�UHODomR�DR�VHX�FRPSULPHQWR���
TXDQGR�VmR� VXEPHWLGDV�D�XP�HVIRUoR�GH�FRPSUHVVmR�D[LDO��$�ÀDPEDJHP�
DFRQWHFH�TXDQGR�D�SHoD�VRIUH�ÀH[mR�WUDQVYHUVDOPHQWH�GHYLGR�j�FRPSUHVVmR�
D[LDO��$�ÀDPEDJHP�p�XPD�LQVWDELOLGDGH�HOiVWLFD��DVVLP��D�SHoD�SRGH�SHUGHU�
VXD�HVWDELOLGDGH�PHVPR�VH�Mi�WLYHU�DWLQJLGR�R�VHX�HVFRDPHQWR��(VWH�FRODSVR�
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RFRUUHUi�VHPSUH�HP�WRUQR�GR�HL[R�GH�PHQRU�PRPHQWR�GH�LQpUFLD�GH�VXD�VH-
omR�WUDQVYHUVDO��0(/&21,$1���������
� &RUURVmR�DWPRVIpULFD�VmR�IDWRUHV�TXH�LQÀXHQFLDP�QD�VXD�DomR�FRU-
URVLYD��FRUURVLYLGDGH��VmR��D�WHPSHUDWXUD��TXH�DOWHUD�D�YHORFLGDGH�GDV�UHD-
o}HV�TXtPLFDV��D�FKXYD��TXH�ODYD�D�VXSHUItFLH�GH�LPSXUH]DV��SDUWLFXODGRV��H�
DUUDVWD�SURGXWRV�TXH�RIHUHFHP�SURWHomR��H�R�YHQWR��TXH�DOWHUD�D�FRPSRVLomR�
UHODWLYD�GRV�SROXHQWHV�GR�DU��*(17,/��������*(0(//,��������

2.2. Hipóteses geradas no processo de patologia no aço 

A KLSyWHVH�JHUDGD�QR�SURFHVVR�GH�SDWRORJLD�GR�DoR�FRQVLVWH�QD�GLVFULomR�GH�SRVVtYHLV�HUURV�TXH�LQÀXHQFLDP�GLUHWDPHQWH�QD�TXDOLGDGH�H�UHVLV-
WrQFLD��SRGHQGR�FRQGHQDU�WRGD�D�HVWUXWXUD��3$9$1$7,��������
� $�LQWHJUDomR�HQWUH�SURMHWR��IDEULFDomR�H�PRQWDJHP��p�GH�PXLWD�LP-
SRUWkQFLD��RQGH�GHYHUmR�VHU�GLVFXWLGDV�DV�VROXo}HV�GH�SURMHWRV�H�DV�FDUDF-
WHUtVWLFDV�GDV�SHoDV�IDEULFDGDV��GH�WDO�VRUWH�D�VH�HYLWDU�QD�PRQWDJHP�D�QmR�
GLVSRQLELOLGDGH� GH� HTXLSDPHQWRV�� FXVWR� H[FHVVLYR�� LQFRPSDWLELOLGDGH� GD�
VHTXrQFLD� FRQVWUXWLYD�� DOWHUDomR� QR� HVTXHPD� HVWiWLFR�� �5$$'� -Ò1,25��
������
� $V�HVWUXWXUDV�PHWiOLFDV�UHTXHUHP�FXLGDGRV�QR�PRPHQWR�GD�FRQFHS-
omR�GR�SURMHWR��GHWDOKDPHQWR�GDV�OLJDo}HV�H�WUDWDPHQWRV�GH�SUHYHQomR���)D-
OKDV�QR�VHX�FXPSULPHQWR�RULJLQDP�SUREOHPDV� IUHTXHQWHV��FRPR�FRUURVmR�
GRV�HOHPHQWRV�UHVLVWHQWHV�H�XPD�PHQRU�VHJXUDQoD�j�LQFrQGLRV��2XWUR�JUDQGH�
SUREOHPD�HQIUHQWDGR�p�D�DXVrQFLD�GH�ORFDLV�LQFHVVtYHLV�SDUD�R�DSHUWR�GRV�SD-
UDIXVRV��3DUD�UHDOL]DU�XPD�OLJDomR��p�SUHFLVR�FRORFDU�R�SDUDIXVR�QR�IXUR��DV�
)DOKDV�QR�*DEDULWR�GH�)XUDomR�VmR�RFDVLRQDGRV�SRU�JDEDULWRV�IHLWRV�HUUDGRV��
GHL[DQGR�RV�SDUDIXVRV�FRP�XPD�IROJD�PDLRU�GR�TXH�D�VROLFLWDGD��GHL[DQGR�
RV�SDUDIXVRV�IROJDGRV��p�XP�HUUR�GLPHQVLRQDO�
� 2V� )XURV� QmR� 3UHYLVWRV� HP� 3URMHWR�� QRUPDOPHQWH� RFRUUH� TXDQGR�
SUHFLVD�SDVVDU�WXEXODo}HV�QmR�SUHYLVWDV�HP�SURMHWR��LVVR�UHGX]�D�VHomR�QR�
DoR��H�D�UHVLVWrQFLD�GRV�SHU¿V��SRGHQGR�FRORFDU�HP�FRODSVR�D�HVWUXWXUD
$�SLQWXUD�p�XPD�WpFQLFD�GH�SURWHomR�DQWLFRUURVLYD�H[LVWHQWH��HOD�WHP�SRU�¿-
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QDOLGDGH�DSOLFDomR�GH�UHYHVWLPHQWRV�DQWLFRUURVLYRV�DWUDYpV�GD�SLQWXUD��VHQ-
GR�XPD�GDV�WpFQLFDV�PDLV�XWLOL]DGDV�SDUD�SURWHomR��D�IDOKD�HP�VXD�DSOLFDomR�
SRGH�JHUDU�SUREOHPDV�QD�SURWHomR�GD�HVWUXWXUD��UHFRPHQGDGR�MDWHDU�H�SLQWDU�
R�PDWHULDO�
� 'HYLGR�jV�FRQGLo}HV�SDUWLFXODUHV�GH�FDGD�REUD��FRPR�DFHVVLELOLGDGH��
WRSRJUD¿D�ORFDO��GLVSRQLELOLGDGH�GH�FDQWHLUR��WLSR�GH�HVWUXWXUD��HQWUH�RXWUDV��
D�PRQWDJHP�HVWDUi�VXMHLWD�D�GHVD¿RV�HVSHFt¿FRV�H�SUySULRV�GH�FDGD�HPSUH-
HQGLPHQWR��6HQGR�DVVLP��GHYH�VHU�HODERUDGR�XP�SODQR�GH�PRQWDJHP�TXH�
FRQWHPSOD� GHVHQKRV� H� GLDJUDPDV� GH�PRQWDJHP�� GHVHQKRV� H� FRQVWLWXLQWHV�
GRV�VXEFRQMXQWRV�GD�HVWUXWXUD��WUHOLoDV���SURJUDPDomR�GH�HPEDUTXH��OLVWD�GH�
H[SHGLomR��GH¿QH�FRPSRVLomR�GH�FDGD�VXEFRQMXQWR�H�PRGR�D�VHU�HQYLDGR�
SDUD�REUD���FURQRJUDPD�H�SUD]R�¿QDO��QR�LQWXLWR�GH�RULHQWDU�WRGR�R�SURFHVVR�
UHODFLRQDGR�DRV�DVSHFWRV�HVSHFt¿FRV�GH�PRQWDJHP��WLSR�GH�HVWUXWXUD�H�FRQ-
FHSo}HV�GH�IDEULFDomR���5$$'�-81,25��������
� 2�6XEGLPHQVLRQDPHQWR�GD�(VWUXWXUD�p�TXDQGR�D�HVWUXWXUD�HVWi�GL-
PHQVLRQDGD�FRP�FDSDFLGDGH�LQIHULRU�D�VROLFLWDGD��RFRUUHQGR�XPD�VREUHFDU-
JD�SRGHQGR�OHYDU�D�WULQFDV�H�UXSWXUD�GH�SRQWRV�GD�HVWUXWXUD�
(PHQGDV� PDOIHLWDV�� JHUDQGR� H[FHQWULFLGDGH� QD� WUDQVPLVVmR� GH� HVIRUoRV��
RFRUUH�PXLWR�HP�SHoDV�HPHQGDGDV�HP�FDQWHLURV�VHP�R�GHYLGR�DFRPSDQKD-
PHQWR�H�GHWDOKDPHQWR�GH�SURMHWR�
� 2�FRQWUROH�GH�TXDOLGDGH�UH~QH�WRGDV�DV�DWLYLGDGHV�TXH�YLVDP�D�SUH-
YHQomR�GH� IDOKDV�GH�SURMHWR�� IDEULFDomR�H�PRQWDJHP��QmR�VH� UHVWULQJLQGR�
VRPHQWH�j�IXQomR�GH�LQVSHomR��$OpP�GD�YHUL¿FDomR�GDV�PDWpULDV�SULPDV��GR�
SURGXWR�HP�IDEULFDomR��GD�PRQWDJHP��GDV�IHUUDPHQWDV�H�GRV�FDOLEUDGRUHV��
LQFOXL�D�LQYHVWLJDomR�GDV�FDXVDV�GRV�GHIHLWRV��D�HVFROKD�GRV�PpWRGRV�H�GRV�
SODQRV�GH�LQVSHomR��D�DQiOLVH�GRV�GDGRV�UHODWLYRV�jV�SHUGDV�H�D�GHWHUPLQDomR�
GR�QtYHO�GH�TXDOLGDGH�GHVHMDGR�QR�PHUFDGR���5$$'�-81,25��������
� 2� DPELHQWH� WHP� XPD� LQÀXrQFLD�PXLWR� JUDQGH� QR� FRPSRUWDPHQWR�
GD�HVWUXWXUD��QR�FDVR�GH�HVWUXWXUDV�H[SRVWDV�DR�WHPSR�H�HVWUXWXUDV�SUy[LPDV�
DR�PDU��WHQGHP�D�WHU�XPD�QHFHVVLGDGH�GH�PDLRU�FXLGDGR�QD�VXD�SURWHomR��
VHQGR�PXLWR�XWLOL]DGR�DoRV�FRPR�R�FRUWHP��TXH�WHP�XPD�UHVLVWrQFLD�PDLRU�
D�FRUURVmR�DWPRVIpULFD��GHYLGR�D�SiWLQD�TXH�R�SURWHJH��3$9$1$7,��������
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3. RECOMENDAÇÕES NA PREVENÇÃO  

2V�SURFHVVRV�FRQVWUXWLYRV�WrP�HYROXtGR��R�DoR�WHP�FRODERUDGR�SDUD�GH-
VHQYROYHU�QRYDV�IRUPDV�FRQVWUXWLYDV��DXPHQWDQGR�D�H¿FiFLD�GH�QRYDV�

WHFQRORJLDV�H�VROXo}HV� WpFQLFDV�SDUD�DXPHQWDU�D�SURGXWLYLGDGH�GDV�REUDV��
&RP�R�DXPHQWR�GDV�HVWUXWXUDV�PLVWDV�H�PHWiOLFDV��RV�FDQWHLURV�WrP�VH�LQ-
GXVWULDOL]DGR��SRUpP�HVVH�VLVWHPD�H[LJH�PDLV�DLQGD�GRV�SUR¿VVLRQDLV�OLJD-
GRV�WDQWR�QD�iUHD�GH�SURMHWR�TXDQWR�H[HFXomR�FRQKHFLPHQWRV�GLIHUHQFLDGRV�
WDQWR�GD� WHRULD�TXDQWR�GD�SUDWLFD�� SDUD� WHU� XP�PHOKRU� DSURYHLWDPHQWR�GD�
FRQVWUXomR��6,/9$��������
� $WXDOPHQWH��H[LVWHP�UHYHVWLPHQWRV��WpFQLFDV�H�DoRV�GHVHQYROYLGRV�
FRP�HOHPHQWRV�TXH�EXVFDP�SURWHJHU�RV�SURGXWRV� IHLWRV�j�EDVH�GH�PHWDLV�
FRQWUD�R�DWDTXH�TXtPLFR�GD�FRUURVmR��SUHYHQLQGR�R�FRQWDWR�HQWUH�R�DJHQWH�
FRUURVLYR�H�R�PHWDO�DWUDYpV�GD�IRUPDomR�GH�XPD�SHOtFXOD�SURWHWRUD��RX��QHX-
WUDOL]DQGR�R�HIHLWR�GR�DJHQWH�DJUHVVRU��6$/(6�HW�DO��������
� $�SURWHomR�FRQWUD�FRUURVmR��UHYHVWLPHQWR�SLQWXUD���YDULD�FRP�R�DP-
ELHQWH�RQGH�D�HVWUXWXUD�VHUi�HPSUHJDGD��(VVHV�SURFHVVRV�GH�UHYHVWLPHQWR�H�
SLQWXUD�SRGHP�ID]HU�GD�GLVFULomR�GR�SURMHWR��FRQIRUPH�DV�QRUPDV�WpFQLFDV��
$�QmR�FRQIRUPLGDGH�QD�REVHUYDomR�GR�SURFHGLPHQWR�GLPLQXL�D�GXUDELOLGD-
GH�GHVVD�HVWUXWXUD�SRGHQGR�DLQGD�LQWHUIHULU�QR�FRPSURPHWLPHQWR�GH�ODMHV�H�
YHGDo}HV��6$/(6�HW�DO��������
� *HRPHWULD�GRV�FRPSRQHQWHV�VmR�6XSHUItFLHV�SODQDV�RX�OLVDV�VmR�GH-
VHMiYHLV��JHRPHWULDV�FXUYDV�VmR�SUHIHUtYHLV�jV�TXH�DSUHVHQWDP�kQJXORV��SRLV�
SRVVLELOLWDP�PHOKRU�XQLIRUPL]DomR�GR�UHYHVWLPHQWR�
� $�XQLmR�HQWUH�FRPSRQHQWHV��D�LQVSHomR�GH�XQL}HV�VROGDGDV�RX�SDUD-
IXVDGDV�p�GH�SULPRUGLDO�LPSRUWkQFLD�SDUD�D�GXUDELOLGDGH�GDV�HVWUXWXUDV��2�
GHVFXLGR�FRP�HVWD�LQWHUIDFH�SRGH�RFDVLRQDU�GHVJDVWHV�GHVQHFHVViULRV�HQWUH�
DV�SHoDV�RX�DLQGD�¿VVXUDV�LPSHUFHSWtYHLV�D�ROKR�QX��PDV�TXH�SRGHP�FRP-
SURPHWHU�SDUWH�GD�HVWUXWXUD�FRP�R�WHPSR�
� 3URWHomR� FRQWUD� LQFrQGLR�� PDWHULDLV� SURMHWDGRV�� SODFDV� GH� JHVVR�
DFDUWRQDGR��Om�GH�URFKD�H�WLQWD�LQWXPHVFHQWH��$�HVWUXWXUD�GH�DoR�FDUUHJD�R�
UyWXOR�GH�TXH�p�PHQRV�UHVLVWHQWH�DR�IRJR�TXDQGR�FRPSDUDGD�DR�FRQFUHWR��
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2FRUUH�TXH�D�HVWUXWXUD�PHWiOLFD�p�PDLV�OHYH��PDLV�HVEHOWD�H�PHOKRU�FRQGXWRU�
WpUPLFD�TXH�R�FRQFUHWR��SRUpP�HVWHV�IDWRUHV�QmR�D�WRUQDP�PHQRV�UHVLVWHQWH�
HP�FDVR�GH�LQFrQGLR�TXDQGR�H[LVWH�D�SURWHomR�DGHTXDGD��H�TXH�ID]�SDUWH�GR�
HVFRSR�GR�SURMHWR�H�GR�FXVWR�GD�REUD���$PERV�VLVWHPDV�HVWUXWXUDLV��DoR�RX�
FRQFUHWR��HQWUDP�HP�UXtQD�TXDQGR�D�WHPSHUDWXUD�GR�VLQLVWUR�DWLQJH�����&�
DSUR[LPDGDPHQWH�

4. CONCLUSÃO

3DUD�HYLWDU�HVVHV�SRQWRV�GH�FRUURVmR��R�DoR�GHYH�SDVVDU�SRU�PDQXWHQomR�
H�SUHYHQomR�GH�SDWRORJLDV��RV� FDVRV�GH� IDOKDV� ORFDOL]DGDV�RX�JOREDLV�

SRGHP�OHYDU�D�HVWUXWXUD�DR�FRODSVR��SRGHQGR�DIHWDU�YLGDV�KXPDQDV�H�SHUGDV�
HFRQ{PLFDV�LPSRUWDQWHV��2�VXFHVVR�GD�REUD�TXH�HQYROYH�HVWUXWXUD�PHWiOLFD�
GHSHQGH�GHVGH�VXD�FRQFHSomR��SDVVDQGR�SHOR�GHVHQYROYLPHQWR�GR�SURMHWR��
IDEULFDomR��PRQWDJHP�H�XPD�PDQXWHQomR�SUHYHQWLYD�H¿FD]��1DV� IiEULFDV�
GHYHPRV�WHU�FRQWUROHV�GH�SURGXomR�ULJRURVRV��DVVLP�FRPR�FRQWUROH�GLPHQ-
VLRQDO�H�UHFRPHQGD�VH�XPD�SUp�PRQWDJHP�GD�HVWUXWXUD�DVVHJXUDQGR�R�PtQL-
PR�GH�IDOKDV�QR�FDQWHLUR��
� 'HWDOKDU�SRVVLELOLGDGHV�GH�IDOKDV�TXH�SRVVDP�JHUDU�SRQWRV�GH�FRU-
URVmR��FRP�HVVHV�GDGRV�DX[LOLDU�HP�VXD�FRQVHUYDomR�SDUD�SRGHUPRV�REWHU�D�
GXUDELOLGDGH�GD�HVWUXWXUD�
� 'HVGH�D�HWDSD�GR�SURMHWR�DWp�D�IDVH�¿QDO�GD�PRQWDJHP��GHYHP�H[LVWLU�
FXLGDGRV�TXH�SUHFLVDP�VHU�REVHUYDGRV�SDUD�QmR�FRPHWHU�HUURV�FRQVWUXWLYRV��
IDFLOPHQWH�HYLWiYHLV�SRU�PHLR�GR�SODQHMDPHQWR�H�¿VFDOL]DomR�H¿FLHQWHV�
� 'HVWD�IRUPD��GHYH�WHU�XP�FRQWUROH�UtJLGR�GH�TXDOLGDGH�SDUD�SDGURQL-
]DU�H�JDUDQWLU�XPD�ERD�IDEULFDomR�H�H[HFXomR�
� &RQFOXL�VH�DLQGD�TXH�D�DSOLFDomR�LQFRUUHWD�GRV�SURFHVVRV�SRGH�RFD-
VLRQDU�SRQWRV�GH�FRUURVmR��p�LPSRUWDQWH�D�PDQXWHQomR�SUHYHQWLYD�SDUD�HYL-
WDU�HVVHV�SUREOHPDV�DOpP�GH�XPD�¿VFDOL]DomR�UtJLGD�DWHQGHQGR�D�OHJLVODomR�
YLJHQWH�
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0(/&21,$1��6��0HFkQLFD�7pFQLFD�H�5HVLVWrQFLD�GRV�0DWHULDLV������HGL-
omR��6mR�3DXOR��(GLWRUD�eULFD�������

3$9$1$7,��+��&��,QWURGXomR�j�7HFQRORJLD�GRV�0DWHULDLV��$SRVWLOD�GR�&XU-
VR�GH�7pFQLFR�GH�0HFkQLFD�,QGXVWULDO�GR�,QVWLWXWR�)HGHUDO�GH�6DQWD�&DWDUL-
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QD�������
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UDQWH
PHOKRU�SURWHomR�DRV�PHWDLV��������'LVSRQtYHO�HP�
KWWSV���ZZZ�TXLPDWLF�FRP�EU�EORJ���������HQWHQGHU�D�GLIHUHQFD�HQWUH�R-
[LGDFDR�IHUUXJHP�H�FRUURVDR�JDUDQWH�PHOKRU�SURWHFDR�DRV�PHWDLV��� $FHV-
VR�HP�����RXW�������

5$$'�-81,25��$�$��'LUHWUL]HV�SDUD�IDEULFDomR�H�PRQWDJHP�GDV�HVWUXWX-
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