
..

��$%17�����

NORMA

BRASILEIRA
ABNT NBR

14762

6HJXQGD�HGLomR�

09.07.2010 

9iOLGD�D�SDUWLU�GH�

09.08.2010

'LPHQVLRQDPHQWR�GH�HVWUXWXUDV�GH�DoR�

FRQVWLWXtGDV�SRU�SHUILV�IRUPDGRV�D�IULR�

Design of cold-formed steel structures 

ICS 77.140.01 ISBN 978-85-07-02181-0

1~PHUR�GH�UHIHUrQFLD�

ABNT NBR 14762:2010

���SiJLQDV

id6562375 pdfMachine by Broadgun Software  - a great PDF writer!  - a great PDF creator! - http://www.pdfmachine.com  http://www.broadgun.com 



ABNT NBR 14762:2010 

ii ��$%17��������7RGRV�RV�GLUHLWRV�UHVHUYDGRV

��$%17������

Todos os direitos reservados. A menos que especificado de RXWUR�PRGR��QHQKXPD�SDUWH�GHVWD�SXEOLFDomR�SRGH�VHU�UHSURGX]LGD�

RX�XWLOL]DGD�SRU�TXDOTXHU�PHLR��HOHWU{QLFR�RX�PHFkQLFR��LQFOXLQGR�IRWRFySLD�H�PLFURILOPH��VHP�SHUPLVVmR�SRU�HVFULWR�GD�$%17��

ABNT 

$Y�7UH]H�GH�0DLR�����������DQGDU�

20031-901 - Rio de Janeiro - RJ 

Tel.: + 55 21 3974-2300 

Fax: + 55 21 2220-1762 

abnt@abnt.org.br 

www.abnt.org.br 

Impresso no Brasil 

mailto:abnt@abnt.org.br
http://www.abnt.org.br


ABNT NBR 14762:2010 

��$%17��������7RGRV�RV�GLUHLWRV�UHVHUYDGRV� iii

6XPiULR 3iJLQD

3UHIiFLR�����������������������������������������������������������������������������������������������������������������������................................................vi

1 Escopo............................................................................................................................................................1

�� 5HIHUrQFLDV�normativas ................................................................................................................................1

�� 7HUPRV�H�GHILQLo}HV��simbologia e unidades.............................................................................................3

3.1 Termos e definio}HV��������������������������������������������������������������������������������������������������������..............................3

3.2 Simbologia .....................................................................................................................................................5

3.2.1 Letras romaQDV�PDL~VFXODV ������������������������������������������������������������������������������������������������.........................5

3.3 Unidades.......................................................................................................................................................12

4 Materiais .......................................................................................................................................................12

���� $oRV�SDra perfis...........................................................................................................................................12

���� $oRV�VHP�TXDOLILFDomR�estrutural para perfis...........................................................................................13

4.3 Parafusos .....................................................................................................................................................13

���� 3DUDIXVRV�GH�DoR�VHP�TXDOLILFDomR�estrutural .........................................................................................13

4.5 Eletrodos, arames e fluxos para soldagem ..............................................................................................13

4.6 Propriedades PHFkQLFDV�JHUDLV����������������������������������������������������������������������������������������������...................13

4.7 Durabilidade .................................................................................................................................................13

�� 6HJXUDQoD�H�HVWados-limites ......................................................................................................................14

���� &ULWpULRV�de segurDQoD�����������������������������������������������������������������������������������������������������...........................14

5.2 Estados-limites ............................................................................................................................................14

���� &RQGLo}HV�XVXDLV�UHlativas aos estados-limLWHV�~OWLPRV�(ELU) .............................................................14

���� &RQGLo}HV�XVXDLV�UHODWLYDV�DRV�HVtados-limites de serYLoRV��(LS) ......................................................14

�� $o}HV ������������������������������������������������������������������������������������������������������������������������....................................15

���� $o}HV�D�FRQVLGHUar e claVVLILFDomR�����������������������������������������������������������������������������������������..................15

���� $o}HV�SHrmanentes.....................................................................................................................................15

6.2.1 Generalidades ..............................................................................................................................................15

������ $o}HV�SHUPDQentes diretas........................................................................................................................15

������ $o}HV�SHUPDQentes indiretas ....................................................................................................................15

���� $o}HV�YDULiYHLV������������������������������������������������������������������������������������������������������������................................15

���� $o}HV�H[cepcionais ....................................................................................................................................16

6.5 Valores GDV�Do}HV ����������������������������������������������������������������������������������������������������������.............................16

6.5.1 Valores carDFWHUtVWLFRV ��������������������������������������������������������������������������������������������������.............................16

6.5.2 Valores caracteUtVWLFRV�QRPLQDLV �����������������������������������������������������������������������������������������.....................17

6.5.3 Valores representativos..............................................................................................................................17

6.5.4 Valores GH�FiOFXOR �������������������������������������������������������������������������������������������������������................................17

6.6 Coeficientes de SRQGHUDomR�GDV�Do}HV ���������������������������������������������������������������������������������������.............17

������ &RHILFLHQWHV�GH�SRQGHUDomR�GDV�Do}HV�QR�HVWDGR�OLPLWH�~OWLPR��(/8����������������������������������������������������

������ &RHILFLHQWHV�GH�SRQGHUDomR�H�IDWRUHV�GH�UHGXomR�GDV�Do}HV�QR�HVWDGR�OLPLWH�GH�VHUYLoR��(/6���������

���� &RPELQDo}HV�GH�Do}HV�������������������������������������������������������������������������������������������������������........................20

6.7.1 Generalidades ..............................................................................................................................................20

������ &RPELQDo}HV�~OWLPDV������������������������������������������������������������������������������������������������������............................20

������ &RPELQDo}HV�GH�VHUYLoR ���������������������������������������������������������������������������������������������������.........................22

7 ResistrQFLDV�����������������������������������������������������������������������������������������������������������������................................23

7.1 Valores das UHVLVWrQFLDV���������������������������������������������������������������������������������������������������..........................23

������ 9DORUHV�FDUDFWHUtsticos e nominais ...........................................................................................................23

7.1.2 Valores GH�FiOFXOR �������������������������������������������������������������������������������������������������������................................23

���� &RHILFLHQWHV�GH�SRQGHUDomR�GDV�UHVLVWrQFLDV�QR�HVWDGR�OLPLWH�~OWLPR��(/8� ����������������������������������������

���� &RHILFLHQWHV�GH�SRQGHUDomR�GDV�UHVLVWrQFLDV�QR�HVWDGR�OLPLWH�GH�VHUYLoR (ELS) ...............................23

�� $QiOLVH�HVWUXWXUDO��HVWDEilidade e dimensionamento ..............................................................................24

���� $QiOLVH�estrutural ........................................................................................................................................24



ABNT NBR 14762:2010 

iv ��$%17��������7RGRV�RV�GLUHLWRV�UHVHUYDGRV

8.2 Estabilidade dos componentes da estrutura............................................................................................24

���� 5HVLVWrQFLD�DR�HVFRDPHQWR�H�DXPHQWR�GD�UHVLVWrQFLD�DR�HVFRDPHQWR�GHYLGR�DR�HIHLWR�GR�WUDEDOKR�D�

frio .................................................................................................................................................................24

���� 0pWRGRV�SDUD�GLPHnsionamento de barra ................................................................................................24

�� &RQGLo}HV�HVSHFtILFDV�SDUD�R�dimensionamento de barras...................................................................25

���� &RQGLo}es gerais.........................................................................................................................................25

9.1.1 Aplicabilidade ..............................................................................................................................................25

������ 9DORUHV�Pi[LPRV�GD�UHODomR�ODUJXUa-espessura......................................................................................25

9.2 Flambagem local..........................................................................................................................................26

9.2.1 Generalidades ..............................................................................................................................................26

9.2.2 Largura efetiva de elementos AA e AL......................................................................................................26

9.2.3 Largura efetiva de elementos uniformemente comprimidos com enrijecedor de borda simples ......30

9.3 Flambagem distorcional .............................................................................................................................31

9.4 Efeito VKHDU�ODJ ............................................................................................................................................32

9.5 Enrijecedores transversais.........................................................................................................................33

9.5.1 Enrijecedores transversais em�VHo}HV�FRP�IRUoD�concentrada ............................................................33

���� %DUUDV�VXEPHWLGDV�j�IRUoD�D[LDO�GH�WUDomR ����������������������������������������������������������������������������������.............34

���� %DUUDV�VXEPHWLGDV�j�IRUoa axial de FRPSUHVVmR������������������������������������������������������������������������������.......38

9.7.1 Generalidades ..............................................................................................................................................38

������ )ODPEDJHP�JOREDO�SRU�IOH[mR��SRU�WRUomR�RX�SRU flexo-tRUomR��������������������������������������������������������������.38

9.7.3 Flambagem distorcional .............................................................................................................................43

������ /LPLWDomR�de esbeltez..................................................................................................................................44

9.7.5 Barras compostas comprimidas................................................................................................................44

9.8 Barras submetidas j�IOH[mR�VLPSOHV �����������������������������������������������������������������������������������������................44

9.8.1 Generalidades ..............................................................................................................................................44

9.8.2 Momento fletor.............................................................................................................................................44

������ )RUoD�cortante..............................................................................................................................................50

9.8.4 Momento fletor e foUoD�FRUWDQWH�combinados ..........................................................................................51

������ &iOFXOR�GH�deslocamentos .........................................................................................................................51

9.8.6 Barras compostas VXEPHWLGDV�j�IOH[mR�������������������������������������������������������������������������������������...............52

9.8.7 Vigas mistas GH�DoR�H�concreto .................................................................................................................53

��� &RQGLo}HV�HVSHFtILFDV�SDUD�R�dimensionamento GH�OLJDo}es ...............................................................54

����� &RQGLo}es gerais.........................................................................................................................................54

����� /LJDo}HV soldadas.......................................................................................................................................54

10.2.1 Generalidades ..............................................................................................................................................54

������� 6ROGDV�GH�SHQHWUDomR�HP�MXQWas de topo..................................................................................................54

10.2.3 Soldas de filete HP�VXSHUItFLHV�SODQDV����������������������������������������������������������������������������������....................55

10.2.4 Soldas de filete HP�VXSHUItFies curvas .....................................................................................................56

����� /LJDo}HV�parafusadas.................................................................................................................................57

10.3.1 Generalidades ..............................................................................................................................................57

������� 'LPHQV}es dos furos ..................................................................................................................................58

������� 'LVSRVLo}Hs construtivas ...........................................................................................................................58

10.3.4 Rasgamento entre furos ou entre furo e borda........................................................................................58

������� 3UHVVmR�GH�FRQWato (esmagamento)..........................................................................................................58

������� )RUoD�GH�WUDomR�UHVLVWHQWH�GH�FiOFXOR do parafuso .................................................................................59

������� )RUoD�GH�FLVDOKDPHQWR�UHVLVWHQWH�GH�FiOFXlo do parafuso .....................................................................59

������� 7UDomR�H�FLVDOKamento combinados..........................................................................................................59

10.4 Colapso por rasgamento ............................................................................................................................60

����� /LJDo}HV�FRP�SDUDIXsos auto-atarraxantes .............................................................................................61

������� 'LVSRVLo}Hs construtivas ...........................................................................................................................62

������� )RUoD�GH�FLVDOKDPHQWR resistente GH�FiOFXOR�����������������������������������������������������������������������������..............62

������� )RUoD�GH�WUDomR�Uesistente de�FiOFXOR �����������������������������������������������������������������������������������....................63

������� )RUoD�GH�FLVDOKDPHQWR�H�UDVJDPHQWR�GR�PHWDO�EDVH��SXOO�RYHU) combinados.....................................64

����� 3UHVVmR�GH�FRQWDWR�VREUe apoios de concreto ........................................................................................65

11 Dimensionamento com base em ensaios .................................................................................................65

����� $SOLFDomR�����������������������������������������������������������������������������������������������������������������.....................................65

����� &RQGLo}HV�SDUD�H[HFXomR�GH�ensaios.......................................................................................................65

11.3 Resposta estrutural .....................................................................................................................................66

����� (PLVVmR�GH�UHODWyrio ...................................................................................................................................66



ABNT NBR 14762:2010 

��$%17��������7RGRV�RV�GLUHLWRV�UHVHUYDGRV v

����� $QiOLVH�GRs resultados ...............................................................................................................................66

Anexo A (normativo)  DeslocamentoV�Pi[LPRs.....................................................................................................69

A.1 Generalidades ..............................................................................................................................................69

$��� &RQVLGHUDo}HV�GH�SURMHWR���������������������������������������������������������������������������������������������������........................69

$��� 9DORUHV�Pi[LPRV ������������������������������������������������������������������������������������������������������������.............................69

Anexo B (normativo) �$XPHQWR�GD�UHVLVWrQFLD�DR escoamento devido ao efeito do trabalho a frio.................72

B.1 Generalidades ..............................................................................................................................................72

B.2 Requisitos ....................................................................................................................................................72

%����� %DUUDV�VXEPHWLGDV�j�FRPSUHVVmR e barras submetLGDV�j�IOH[mR ������������������������������������������������������������

B.2.2 Barras submHWLGDV�j�WUDomR �����������������������������������������������������������������������������������������������........................73

B.3 Ensaios .........................................................................................................................................................73

Anexo C (normativo) �0pWRGR�GD�UHVLVWrQFLD�GLreta ...............................................................................................74

C.1 Generalidades ..............................................................................................................................................74

&��� )ODPEDJHP�HOiVWLFD�ORFDl, distorcional e global ......................................................................................75

&��� %DUUDV�VXEPHWLGDV�j�FRPSUHVVmR�FHQWUDGD������������������������������������������������������������������������������������.........75

C.3.1 Flambagem global da barra por�IOH[mR��WRUomR ou flexo�WRUomR �������������������������������������������������������������75

C.3.2 Flambagem local..........................................................................................................................................75

C.3.3 Flambagem distorcional .............................................................................................................................76

C.4 Barras submetidas j�IOH[mR�VLPSOHV �����������������������������������������������������������������������������������������................76

C.4.1 Flambagem laWHUDO�FRP�WRUomR���������������������������������������������������������������������������������������������......................76

C.4.2 Flambagem local..........................................................................................................................................76

C.4.3 Flambagem distorcional .............................................................................................................................77

&��� &iOFXOR�GH�deslocamentos .........................................................................................................................77

Anexo D (normativo)  Barras sem enrijecedores transversais VXMHLWDV�D�IRUoDV�concentradas .......................78

Anexo E (normativo)  Momento fletor de flambagem lateral com toUomR��HP�UHJLPH�HOiVWLFR��SDUD�EDUUDV�FRP�

VHomR�PRQRVVLPpWULFD��VXMHLWDV�j�IOH[mR�HP�WRUQR�GR�eixo perpendicular ao eixo de simetria .........82

Anexo F (normativo)  Barras com painel conectDGR�j�PHVD�WUacionada .............................................................85

Anexo G (normativo)  Vigas mistas de DoR�H�FRQFreto..........................................................................................87



ABNT NBR 14762:2010 

vi ��$%17��������7RGRV�RV�GLUHLWRV�UHVHUYDGRV

3UHIiFLR

$�$VVRFLDomR�%UDVLOHLUD�GH�1RUPDV�7pFQLFDV��$%17��p�R�)RUR�1DFLRQDO�GH�1RUPDOL]DomR��$V�1RUPDV�%UDVLOHLUDV��

FXMR� FRQWH~GR� p� GH� UHVSRQVDELOLGDGH� GRV� &RPLWrV� %UDVLOHLURV� �$%17�&%��� GRV� 2UJDQLVPRV� GH� 1RUPDOL]DomR�

6HWRULDO� �$%17�216�� H� GDV� &RPLVV}HV� GH� (VWXGR� (VSHFLDLV� �$%17�&((��� VmR� HODERUDGDV� SRU� &RPLVV}HV� GH�

Estudo (CE), formadas por representantes dos setores envolvidos, delas fazendo parte: produtores, consumidores 

H�QHXWURV��XQLYHUVLGDGH��ODERUDWyULR�H�RXWURV���

2V�'RFXPHQWRV�7pFQLFRV�$%17�VmR�HODERUDGRV�FRQIRUPH�DV�UHJUDV�GDV�'LUHWLYDV�$%17��3DUWH����

$� $VVRFLDomR� %UDVLOHLUD� GH� 1RUPDV� 7pFQLFDV� �$%17�� FKDPD� DWHQomR� SDUD� D� SRVVLELOLGDGH� GH� TXH� DOJXQV� GRV�

elementos deste documento podem ser objeto de diUHLWR� GH� SDWHQWH�� $� $%17� QmR� GHYH� VHU� FRQVLGHUDGD�

UHVSRQViYHO�SHOD�LGHQWLILFDomR�GH�TXDLVTXHU�GLUHLWRV�GH�SDWHQWHV���

$� $%17� 1%5� ������ IRL� HODERUDGD� QR� &RPLWr� %UDVLOHLUR� GH� &RQVWUXomR� &LYLO� �$%17�&%������ SHOD� &RPLVVmR�

GH�(VXGR�GH�(VWUXWXUDV�0HWiOLFDV��&(�������������2�3URMHWR�circulou em Consulta Nacional conforme Edital n� 11, 

GH������������D�������������FRP�R�Q~PHUR�GH�3URMHWR�$%17�1%5��������

(VWD� VHJXQGD� HGLomR� FDQFHOD� H� VXEVWLWXL� D� HGLomR� DQWHULRU� �$%17� 1%5� ������������� D� TXDO� IRL� WHFQLFDPHQWH�

revisada.

2�(VFRSR�GHVWD�1RUPD�%UDVLOHLUD�HP�LQJOrV�p�R�VHJXLQWH��

6FRSH

This Standard, based on limit states method, establishes the basic requirements for the design, to the ambient 

temperature, of cold-formed structural members, constituted by carbon or low-alloy steel sheet, strip or plate, 

connected by fasteners or welds and applicable to buildings. 

This Standard also applies to the design of other structures, besides buildings, since their particularities are 

considered, as for instance, the dynamic effects. 

The author of the project should identify all limit states applicable, even if some are not covered in this standard, 

and to project the structure so that those limit states are not violated. 

For situations or constructive solutions not covered in this standard, the author of the project should use a 

procedure accompanied by studies to maintain safety's level foreseen by this standard. For situations or 

constructive solutions covered by simplified way, the author of the project can use a more accurate procedure with 

the mentioned requirements. 
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'LPHQVLRQDPHQWR�GH�HVWUXWXUDV�GH�DoR�FRQVWLWXtGDV�SRU�SHUILV�IRUPDGRV�D�

frio

1 Escopo 

(VWD� 1RUPD�� FRP� EDVH� QR� PpWRGR� GRV� HVWDGRV�OLPLWHV�� HVWDEHOHFH� RV� UHTXLVLWRV� EiVLFRV� TXH� GHYHP� VHU�

REHGHFLGRV� QR� GLPHQVLRQDPHQWR�� j� WHPSHUDWXUD� DPELHQWH�� GH� SHUILV� HVWUXWXUDLV� GH� DoR� IRUPDGRV� D� IULR��

FRQVWLWXtGRV� SRU� FKDSDV� RX� WLUDV� GH� DoR�FDUERQR� RX� Doo de baixa liga, conectados por parafusos ou soldas 

H�GHVWLQDGRV�D�HVWUXWXUDV�GH�HGLItFLRV���

(VWD�1RUPD�WDPEpP�SRGH�VHU�HPSUHJDGD�SDUD�R�GLPHQVLRQDPHQWR�GH�RXWUDV�HVWUXWXUDV��DOpP�GH�HGLItFLRV��GHVGH�

que sejam consideradas as particularidades de cada tipo de HVWUXWXUD��FRPR��SRU�H[HPSOR��RV�HIHLWRV�GH�Do}HV�

GLQkPLFDV��

O autor do projeto deve identificar todos�RV�HVWDGRV�OLPLWHV�DSOLFiYHLV��PHVPR�TXH�DOJXQV�QmR�VHMDP�FLWDGRV�QHVWD�

Norma, projetando a estrutura de modo que esVHV�HVWDGRV�OLPLWHV�QmR�VHMDP�YLRODGRV��

3DUD� VLWXDo}HV� RX� VROXo}HV� FRQVWUXWLYDV� QmR� FREHUWDV por esta Norma, o autor do projeto deve usar um 

SURFHGLPHQWR�DFRPSDQKDGR�GH�HVWXGRV�SDUD�PDQWHU�R�QtYHO�GH�VHJXUDQoD�SUHYLVWR�SRU�HVWD��3DUD�VLWXDo}HV�RX�

VROXo}HV� FRQVWUXWLYDV� FREHUWDV� GH� PDQHLUD� VLPSOLILFDGa, o autor do projeto pode usar um procedimento mais 

preciso com os requisitos mencionados. 

�� 5HIHUrQFLDV�QRUPDWLYDV�

2V�GRFXPHQWRV�DSUHVHQWDGRV�D�VHJXLU�VmR�LQGLVSHQViYHLV�j�DSOLFDomR�GHVWH�GRFXPHQWR��3DUD�UHIHUrQFLDV�GDWDGDV��

DSOLFDP�VH�VRPHQWH�DV�HGLo}HV�FLWDGDV��3DUD�UHIHUrQFLDV�QmR�GDWDGDV��DSOLFDP�VH�DV�HGLo}HV�PDLV� UHFHQWHV�GR�

referido documento (incluindo emendas). 

ABNT NBR 5004:1981, &KDSDV�ILQDV�GH�DoR�GH�EDL[D�OLJD�H�DOWD�UHVLVWrQFLD�PHFkQLFD

ABNT NBR 5920:2009, %RELQDV� H� FKDSDV� ILQDV� ODPLQDGDV� D� IULR� GH� DoR� GH� EDL[D� OLJD�� UHVLVWHQWHV� j� FRUURVmR�

DWPRVIpULFD��SDUD�XVR�HVWUXWXUDO�±�5HTXLVLWRV�

ABNT NBR 5921:2009, %RELQDV�H�FKDSDV�ILQDV�ODPLQDGDV�D�TXHQWH�GH�DoR�GH�EDL[D� OLJD��UHVLVWHQWHV�j�FRUURVmR�

DWPRVIpULFD��SDUD�XVR�HVWUXWXUDO�±�5HTXLVLWRV�

ABNT NBR 6118:2007, 3URMHWR�GH�HVWUXWXUDV�GH�FRQFUHWR�±�3URFHGLPHQWR

ABNT NBR 6120:2000, &DUJDV�SDUD�R�FiOFXOR�GH�HVWUXWXUDV�GH�HGLILFDo}HV

ABNT NBR 6123:1988, )RUoDV�GHYLGDV�DR�YHQWR�HP�HGLILFDo}HV�

ABNT NBR 6355:2003, 3HUILV�HVWUXWXUDLV�GH�DoR�IRUPDGRV�D�IULR�±�3DGURQL]DomR�

ABNT NBR 6649:1986, &KDSDV�ILQDV�D�IULR�GH�DoR�FDUERQR�SDUD�XVR�HVWUXWXUDO

ABNT NBR 6650:1986, &KDSDV�ILQDV�D�TXHQWH�GH�DoR�FDUERQR�SDUD�XVR�HVWUXWXUDO

ABNT NBR 7008:2003, &KDSDV� H� ERELQDV� GH� DoR� UHYHVWLGDV� FRP� ]LQFR� RX� FRP� OLJD� ]LQFR�IHUUR� SHOR� SURFHVVR�

FRQWtQXR�GH�LPHUVmR�D�TXHQWH�±�(VSHFLILFDomR
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ABNT NBR 7013:2003, &KDSDV� H� ERELQDV� GH� DoR� UHYHVWLGDV� SHOR� SURFHVVR� FRQWtQXR� GH� LPHUVmR� D� TXHQWH� ±�

Requisitos gerais 

ABNT NBR 7188:1984, &DUJD�PyYHO�HP�SRQWH�URGRYLiULD�H�SDVVDUHOD�GH�SHGHVWUH

ABNT NBR 8681:2003, $o}HV�H�VHJXUDQoD�QDV�HVWUXWXUDV�±�3URFHGLPHQWR

ABNT NBR 8800:2008, 3URMHWR�GH�HVWUXWXUDV�GH�DoR�H�GH�HVWUXWXUDV�PLVWDV�GH�DoR�H�FRQFUHWR�GH�HGLItFLRV

ABNT NBR 14964:2003, &KDSDV� H� ERELQDV� GH� DoR� ]LQFDGDV� SHOR� SURFHVVR� FRQWtQXR� GH� HOHWURGHSRVLomR� ±�

Requisitos gerais 

ABNT NBR 15421:2006, Projeto de estruturas resistHQWHV�D�VLVPRV�±�3URFHGLPHQWR

ISO 898-1:2009, Mechanical properties of fasteners made of carbon VWHHO�DQG�DOOR\�VWHHO�±�3DUW����EROWV��VFUHZV�

and studs with specified property classeV�±�&RDUVH�WKUHDG�DQG�ILQH�SLWFK�WKUHDG�

ISO 4016:1999, +H[DJRQ�KHDG�EROWV�±�3URGXFW�JUDGH�&

AISI S902-02, Stub-column test method for effective area of cold-formed steel columns 

ANSI/RMI MH16.1:2008, Specification for the design, testing and utilization of industrial steel storage racks

ASTM A307-07b, Standard specification for carbon steel bolts and studs, 60 000 PSI tensile strength

ASTM A325-09, Standard specification for structural bolts, steel, heat treated, 120/105 ksi minimum tensile 

strength 

ASTM A325M-09, Standard specification for structural bolts, steel, heat treated 830 MPa minimum tensile strength 

(Metric) 

ASTM A354-07a, Standard specification for quenched and tempered alloy steel bolts, studs, and other externally 

threaded fasteners 

ASTM A370-09a, Standard test methods and definitions for mechanical testing of steel products 

ASTM A394-08, Standard specification for steel transmission tower bolts, zinc-coated and bare  

ASTM A449-07b, Standard specification for hex cap screws, bolts and studs, steel, heat treated, 120/105/90 ksi 

minimum tensile strength, general use

ASTM A490-08b, Standard specification for structural bolts, alloy steel, heat treated, 150 ksi minimum tensile 

strength 

ASTM A490M-09, Standard specification for high-strength steel bolts, classes 10.9 and 10.9.3, for structural steel 

joints (Metric) 

AWS A5.1/A5.1M:2004, Specification for carbon steel electrodes for shielded metal arc welding

AWS A5.5/A5.5M:2006, Specification for low-alloy steel electrodes for shielded metal arc welding

$:6�$�����$����0�±����5������Specification for carbon steel electrodes and fluxes for submerged arc welding

AWS A5.18/A5.18M:2005, Specification for carbon steel electrodes and rods for gas shielded arc welding 

AWS A5.20/A5.20M:2005, Carbon steel electrodes for flux cored arc welding
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AWS A5.23/A5.23M:2007, Specification for low-alloy steel electrodes and fluxes for submerged arc welding

AWS A5.28/A5.28M:2005, Specification for low-alloy steel electrodes and rods for gas shielded arc welding

AWS A5.29/A5.29M:2005, Low-alloy steel electrodes for flux cored arc welding

AWS D1.1/D1.1M:2008, 6WUXFWXUDO�ZHOGLQJ�FRGH�±�VWHHO

AWS D1.3/D1.3M:2008, 6WUXFWXUDO�ZHOGLQJ�FRGH�±�VKHHW�VWHHO

EN 1992-1-1:2005, 'HVLJQ� RI� FRQFUHWH� VWUXFWXUHV� ±� 3DUW� ����� *HQHUDO� ±� &RPPRQ� UXOHV� IRU� EXLOGLQJV� DQG� FLYLO�

engineering structures 

EN 1993-1-1:2005, 'HVLJQ�RI�VWHHO�VWUXFWXUHV�±�3DUW������*HQHUDO�UXOHV�DQG�UXOHV�IRU�EXLOGLQJV�

EN 1994-1-1:2007, 'HVLJQ�RI�FRPSRVLWH�VWHHO�DQG�FRQFUHWH�VWUXFWXUHV�±�3DUW������*HQHUDO�±�&RPPRQ� UXOHV�DQG�

rules for buildings  

�� 7HUPRV�H�GHILQLo}HV��VLPERORJLD�H�XQLGDGHV�

���� 7HUPRV�H�GHILQLo}HV�

3DUD�RV�HIHLWRV�GHVWH�GRFXPHQWR��DSOLFDP�VH�RV�VHJXLQWHV�WHUPRV�H�GHILQLo}HV��

3.1.1

projeto

FRQMXQWR� GH�FiOFXORV� �GLPHQVLRQDPHQWR��� GHVHQKRV�� HVSHFLILFDo}HV� GH� IDEULFDomR�H� GH�PRQWDJHP�GD� HVWUXWXUD��

2�GLPHQVLRQDPHQWR�GHYH�REHGHFHU�jV�SUHVFULo}HV�GHVWD�1RUPD�H�RV�GHVHQKRV�H�HVSHFLILFDo}HV�GH� IDEULFDomR�

H�GH�PRQWDJHP�GD�HVWUXWXUD�GHYHP�REHGHFHU�jV�FRQGLo}HV�HVWDEHOHFLGDV�QD�$%17�1%5������

3.1.2

DoR�YLUJHP�

DoR�UHFHELGR�GR�SURGXWRU�RX�GLVWULEXLGRU�DQWHV�GDV�RSHUDo}HV�GH�IRUPDomR�D�IULR�

3.1.3

DoR�FRP�TXDOLILFDomR�HVWUXWXUDO�

DoR�SURGX]LGR�FRP�EDVH�HP�HVSHFLILFDomR�TXH�R�FODVVLILFD�FRPR�HVWUXWXUDO�H�HVWDEHOHFH�D�FRPSRVLomR�TXtPLFD�H�

DV�SURSULHGDGHV�PHFkQLFDV�

3.1.4

DoR�VHP�TXDOLILFDomR�HVWUXWXUDO�

DoR�SURGX]LGR�FRP�EDVH�HP�HVSHFLILFDomR�TXH�HVWDEHOHFH�DSHQDV�D�FRPSRVLomR�TXtPLFD�

3.1.5

SHUILO�HVWUXWXUDO�GH�DoR�IRUPDGR�D�IULR�

perfil obtido por dobramento, em prensa dobradeira, de tiUDV�FRUWDGDV�GH�FKDSDV�RX�ERELQDV��RX�SRU�FRQIRUPDomR�

FRQWtQXD�HP�FRQMXQWR�GH�PDWUL]HV�URWDWLYDV��D�SDUWLU�GH�ERELQDV�ODPLQDGDV�D�IULR�RX�D�TXHQWH��UHYHVWLGDV�RX�QmR��

VHQGR�DPEDV�DV�RSHUDo}HV�UHDOL]DGDV�FRP�R�DoR�HP�WHPSHUDWXUD�DPELHQWH�

3.1.6

elemento

parte constituinte de um perfil formado a frio (mesa, alma, enrijecedor) 

3.1.7

elemento com bordas vinculadas [elemento AA] 

elemento plano com as duas bordas vinculadas a outros elHPHQWRV�QD�GLUHomR�ORQJLWXGLQDO�GR�SHUILO��YHU�)LJXUD����
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3.1.8

elemento com borda livre [elemento AL] 

elemento plano vinculado a outro elemento em apenas uma ERUGD�QD�GLUHomR�ORQJLWXGLQDO�GR�SHUILO��YHU�)LJXUD����

3.1.9

enrijecedor de borda simples 

HQULMHFHGRU�GH�ERUGD�FRQVWLWXtGR�SRU�XP�~QLFR�HOHPHQWR�SODQR��YHU�)LJXUD����

3.1.10

HOHPHQWR�FRP�HQULMHFHGRU�HV��LQWHUPHGLiULR�V��

elemento enrijecido entre as bordas longitudinais por meio GH�HQULMHFHGRU�HV��LQWHUPHGLiULR�V��SDUDOHOR�V��j�GLUHomR�

longitudinal do perfil (ver Figura 1) 

3.1.11

subelemento 

SDUWH�FRPSUHHQGLGD�HQWUH�HQULMHFHGRUHV�LQWHUPHGLiULRV�DGMDFHQWHV��RX�HQWUH�D�ERUGD�H�R�HQULMHFHGRU�LQWHUPHGLiULR�

adjacente (ver Figura 1) 

3.1.12

espessura 

HVSHVVXUD�GD�FKDSD�GH�DoR��H[FOXLQGR�UHYHVWLPHQWRV�

3.1.13

largura nominal do elemento 

ODUJXUD�WRWDO�GR�HOHPHQWR�LQFOXLQGR�DV�UHJL}HV�GH�GREUD��PHGLGD�QR�SODQR�GD�VHomR�WUDQVYHUVDO�H�HPSUHJDGD�SDUD�

GHVLJQDomR�GR�SHUILO�

3.1.14

largura do elemento [largura] 

ODUJXUD�GD�SDUWH�SODQD�GH�XP�HOHPHQWR��PHGLGD�QR�SODQR�GD�VHomR�WUDQVYHUVDO�

3.1.15

largura efetiva 

largura de um elemento reduzida para efeiWR�GH�SURMHWR��GHYLGD�j�IODPEDJHP�ORFDO

3.1.16

UHODomR�ODUJXUD�HVSHVVXUD�

UHODomR�HQWUH�D�SDUWH�SODQD�GH�XP�HOHPHQWR�H�VXD�HVSHVVXUD�

)LJXUD���²�,OXVWUDomR�GRV�WLSRV�GH�HOHPHQWRV�FRPSRQHQWHV�GH�SHUILV�IRUPDGRV�D�IULR�
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3.2 Simbologia 

1R� TXH� VH� UHIHUH� DRV� SHUILV� HVWUXWXUDLV� GH� DoR� IRUPDGRV� D� IULR� H� VXDV� OLJDo}HV�� DERUGDGRV� SRU� HVWD� 1RUPD��

RV�VtPERORV�H�VHXV�UHVSHFWLYRV�VLJQLILFDGRV�VmR�RV�VHJXLQWHV��

������ /HWUDV�URPDQDV�PDL~VFXODV�

A� ±�iUHD�EUXWD�GD�VHomR�WUDQVYHUVDO�GD�EDUUD�

±�iUHD�HVWDEHOHFLGD�SDUD�FiOFXOR�GH�HQULMHFHGRUHV�WUDQVYHUVDLV�

Aef ±�iUHD�HIHWLYD�GD�VHomR�WUDQVYHUVDO�GD�EDUUD�

Agv� ±�iUHD�EUXWD�VXMHLWD�D�FLVDOKDPHQWR�QD�YHULILFDomR�GR�FRODSVR�SRU�UDVJDPHQWR�

An ±�iUHD�OtTXLGD�GD�VHomR�WUDQVYHUVDO�GD�EDUUD�QD�UHJLmR�GD�OLJDomR�

An0�� ±�iUHD�OtTXLGD�GD�VHomR�WUDQVYHUVDO�GD�EDUUD�IRUD�GD�UHJLmR�GD�OLJDomR�

Ant� ±�iUHD�OtTXLGD�VXMHLWD�j�WUDomR�QD�YHULILFDomR�GR�FRODSVR�SRU�UDVJDPHQWR�

Anv� ±�iUHD��OtTXLGD�VXMHLWD�D�FLVDOKDPHQWR�QD�YHULILFDomR�GR�FRODSVR�SRU�UDVJDPHQWR�

Ab ±�iUHD�EUXWD�GD�VHomR�WUDQVYHUVDO�GR�SDUDIXVR�

As ±�iUHD�GD�VHomR�WUDQVYHUVDO�GR�HQULMHFHGRU�GH�DOPD�

Bc ±�SDUkPHWUR�HPSUHJDGR�QR�FiOFXOR�GD�UHVLVWrQFLD�DR�HVFRDPHQWR�GD�UHJLmR�GDV�GREUDV�fyc

C� ±�SDUkPHWUR�HPSUHJDGR�QR�FiOFXOR�GD�UHVLVWrQFLD�DR�HVFRDPHQWR�PRGLILFDGD�fya

Cb ±�IDWRU�GH�PRGLILFDomR�SDUD�GLDJUDPD�GH�PRPHQWR�IOHWRU�QmR�XQLIRUPH�

Cm� ±�IDWRU�HPSUHJDGR�QR�FiOFXOR�GR�PRPHQWR�IOHWRU�GH�IODPEDJHP�JOREDO�HOiVWLFD�FRQIRUPH�$QH[R�(�

Cp� ±�IDWRU�GH�FRUUHomR�

Cs� ±�IDWRU�HPSUHJDGR�QR�FiOFXOR�GR�PRPHQWR�IOHWRU�GH�IODPEDJHP�JOREDO�HOiVWLFD�FRQIRUPH�$QH[R�(�

Ct� ±�FRHILFLHQWH�GH�UHGXomR�XVDGR�QR�FiOFXOR�GD�iUHD�OtTXLGD�HIHWLYD�

Cw ±�FRQVWDQWH�GH�HPSHQDPHQWR�GD�VHomR�WUDQVYHUVDO�

D� ±�ODUJXUD�QRPLQDO�GR�HQULMHFHGRU�GH�ERUGD�

E� ±�PyGXOR�GH�HODVWLFLGDGH�GR�DoR��DGRWDGR�LJXDO�D���������03D�

F� ±�IRUoD��YDORU�GH�DomR��HP�JHUDO�

FG,k� ±�YDORU�FDUDFWHUtVWLFR�GD�DomR�SHUPDQHQWH�

FQ,k�� ±�YDORU�FDUDFWHUtVWLFR�GD�DomR�YDULiYHO�

FQ,exc�� ±�YDORU�GD�DomR�WUDQVLWyULD�H[FHSFLRQDO�

FRd� ±�IRUoD�UHVLVWHQWH�GH�FiOFXOR��HP�JHUDO�
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FSd� ±�IRUoD�VROLFLWDQWH�GH�FiOFXOR��HP�JHUDO�

G� ±�PyGXOR�GH�HODVWLFLGDGH�WUDQVYHUVDO��DGRWDGR�LJXDO�D��������03D�

H� ±�DOWXUD�WRWDO�GR�SLODU��GLVWkQFLD�GR�WRSR�j�EDVH��

Ia ±�PRPHQWR�GH�LQpUFLD�GH�UHIHUrQFLD�GR�HQULMHFHGRU�GH�ERUGD�

Is ±� PRPHQWR�GH�LQpUFLD�GD�VHomR�EUXWD�GR�HQULMHFHGRU�GH�ERUGD��HP�WRUQR�GR�VHX�SUySULR�HL[R�EDULFrQWULFR�

paralelo ao elemento a ser enrijecido. A parte curva entre o enrijecedor e o elemento a ser enrijecido 

QmR�GHYH�VHU�FRQVLGHUDGD�

Ix ; Iy� ±�PRPHQWRV�GH�LQpUFLD�GD�VHomR�EUXWD�HP�UHODomR�DRV�HL[RV�SULQFLSDLV�x e y, respectivamente 

J� ±�FRQVWDQWH�GH�WRUomR�

KxLx� ±�FRPSULPHQWR�HIHWLYR�GH�IODPEDJHP�JOREDO�HP�UHODomR�DR�HL[R�x

KyLy� ±�FRPSULPHQWR�HIHWLYR�GH�IODPEDJHP�JOREDO�HP�UHODomR�DR�HL[R�y

KzLz� ±�FRPSULPHQWR�HIHWLYR�GH�IODPEDJHP�JOREDO�SRU�WRUomR�

L� ±�FRPSULPHQWR�GH�UHIHUrQFLD�HPSUHJDGR�QR�FiOFXOR�GR�HIHLWR�shear lag

±�GLVWkQFLD�HQWUH�SRQWRV�WUDYDGRV�ODWHUDOPHQWH�GD�EDUUD�

±�FRPSULPHQWR�GD�EDUUD�

±�FRPSULPHQWR�GR�FRUGmR�GH�VROGD�

� ±�YmR�WHyULFR�HQWUH�DSRLRV�RX�R�GREUR�GR�FRPSULPHQWR�WHyULFR�GR�EDODQoR�

MA� ±�PRPHQWR�IOHWRU�VROLFLWDQWH��HP�PyGXOR��QR��
o
 quarto do segmento analisado para FLT 

MB� ±�PRPHQWR�IOHWRU�VROLFLWDQWH��HP�PyGXOR��no centro do segmento analisado para FLT 

MC� ±�PRPHQWR�IOHWRU�VROLFLWDQWH��HP�PyGXOR��QR��
o
 quarto do segmento analisado para FLT 

Mdist� ±�PRPHQWR�IOHWRU�GH�IODPEDJHP�GLVWRUFLRQDO�HOiVWLFD�

Me ±�PRPHQWR�IOHWRU�GH�IODPEDJHP�JOREDO�HOiVWLFD��)/7�±�IODPEDJHP�ODWHUDO�FRP�WRUomR��

M � ±�PRPHQWR�IOHWRU�GH�IODPEDJHP�ORFDO�HOiVWLFD�

MPi[� ±�PRPHQWR�IOHWRU�VROLFLWDQWH�Pi[LPR��HP�PyGXOR��QR�VHJPHQWR�DQDOLVDGR�SDUD�)/7�

Mn� ±�PRPHQWR� IOHWRU� VROLFLWDQWH� FDOFXODGR� FRQVLGHUDQGR� DV� FRPELQDo}HV� GH� Do}HV� SDUD� RV� HVWDGRV�OLPLWHV�

GH�VHUYLoR��FRQIRUPH�������

MRd ±�PRPHQWR�IOHWRU�UHVLVWHQWH�GH�FiOFXOR�

MRe� ±�YDORU�FDUDFWHUtVWLFR�GR�PRPHQWR�IOHWRU�UHVLVWHQWH��DVVRFLDGR�j�IODPEDJHP�JOREDO�

MRk ±�YDORU�FDUDFWHUtVWLFR�GR�PRPHQWR�IOHWRU�UHVLVWHQWH�

MR ±�YDORU�FDUDFWHUtVWLFR�GR�PRPHQWR�IOHWRU�UHVLVWHQWH��DVVRFLDGR�j�IODPEDJHP�ORFDO�
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MRdist� ±�YDORU�FDUDFWHUtVWLFR�GR�PRPHQWR�IOHWRU�UHVLVWHQWH��DVVRFLDGR�j�IODPEDJHP�GLVWRUFLRQDO�

MRser� ±�PRPHQWR�IOHWRU�UHVLVWHQWH��FRQIRUPH�Anexo C, calculado substituindo o produto Wfy por Mn

Mx,Rd  ; My,Rd  ±�PRPHQWRV�IOHWRUHV�UHVLVWHQWHV�GH�FiOFXOR�HP�UHODomR�DRV�HL[RV�SULQFLSDLV�x e y, respectivamente 

MSd� ±�PRPHQWR�IOHWRU�VROLFLWDQWH�GH�FiOFXOR�

Mx,Sd ; My,Sd��� ±�PRPHQWRV�IOHWRUHV�VROLFLWDQWHV�GH�FiOFXOR�HP�UHODomR�DRV�HL[RV�SULQFLSDLV x e y, respectivamente 

M1 ; M2� ±�PHQRU�H�PDLRU�PRPHQWR�IOHWRU�GH�H[tremidade da barra, respectivamente 

Nc,Rd ±�IRUoD�D[LDO�GH�FRPSUHVVmR�UHVLVWHQWH�GH�FiOFXOR�

Nc,Re� ±�YDORU�FDUDFWHUtVWLFR�GD�IRUoD�D[LDO�GH�FRPSUHVVmR�UHVLVWHQWH��DVVRFLDGR�j�IODPEDJHP�JOREDO�

Nc,Rk� ±�YDORU�FDUDFWHUtVWLFR�GD�IRUoD�D[LDO�GH�FRPSUHVVmR�UHVLVWHQWH�

Nc,R ±�YDORU�FDUDFWHUtVWLFR�GD�IRUoD�D[LDO�GH�FRPSUHVVmR�UHVLVWHQWH��DVVRFLDGR�j�IODPEDJHP�ORFDO�

Nc,Rdist� ±�YDORU�FDUDFWHUtVWLFR�GD�IRUoD�D[LDO�GH�FRPSUHVVmR�UHVLVWHQWH��DVVRFLDGR�j�flambagem distorcional 

Nc,Sd� ±�IRUoD�D[LDO�GH�FRPSUHVVmR�VROLFLWDQWH�GH�FiOFXOR�

Ndist� ±�IRUoD�D[LDO�GH�IODPEDJHP�GLVWRUFLRQDO�HOiVWLFD�

Ne� ±�IRUoD�D[LDO�GH�IODPEDJHP�JOREDO�HOiVWLFD�

Nex ; Ney    ±� IRUoDV� D[LDLV� GH� IODPEDJHP� JOREDO� HOiVWLFD� SRU� IOH[mR� HP� UHODomR� DRV� HL[RV� x e y,

respectivamente 

Nez� ±�IRUoD�D[LDO�GH�IODPEDJHP�JOREDO�HOiVWLFD�SRU�WRUomR�

Nexz� ±�IRUoD�D[LDO�GH�IODPEDJHP�JOREDO�HOiVWLFD�SRU�IOH[R�WRUomR�

N ±�IRUoD�D[LDO�GH�IODPEDJHP�ORFDO�HOiVWLFD�

Ns,Rd� ±�IRUoD�D[LDO�GH�FRPSUHVVmR�UHVLVWHQWH�GH�FiOFXOR�GR�HQULMHFHGRU�GH�DOPD�

Nt,Rd ±�IRUoD�D[LDO�GH�WUDomR�UHVLVWHQWH�GH�FiOFXOR�

Nt,Sd� ±�IRUoD�D[LDO�GH�WUDomR�VROLFLWDQWH�GH�FiOFXOR�

Rd� ±�YDORU�GH�FiOFXOR�GRV�HVIRUoRV�UHVLVWHQWHV��HP�JHUDO�

Sd� ±�YDORU�GH�FiOFXOR�GRV�HVIRUoRV�VROLFLWDQWHV��HP�JHUDO�

Sser, Slim ����� � ±� YDORU� GRV� HIHLWRV� HVWUXWXUDLV� GH� LQWHUHVVH�� REWLGRV� FRP�EDVH� QDV�FRPELQDo}HV� GH� VHUYLoR� GDV�

Do}HV��H�YDORUHV�OLPLWHV�SDUD�HVVHV�HIHLWRV��UHVSHFWLYDPHQWH�

VRd ±�IRUoD�FRUWDQWH�UHVLVWHQWH�GH�FiOFXOR�

VSd� ±�IRUoD�FRUWDQWH�VROLFLWDQWH�GH�FiOFXOR�

W� ±� PyGXOR� GH� UHVLVWrQFLD� HOiVWLFR� GD� VHomR� EUXWD� HP� UHODomR� j� ILEUD� H[WUHPD� TXH� DWLQJH�

o escoamento 
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Wc� ±�PyGXOR�GH�UHVLVWrQFLD�HOiVWLFR�GD�VHomR�EUXWD�HP�UHODomR�j�ILEUD�H[WUHPD�FRPSULPLGD�

Wc,ef � ±�PyGXOR�GH�UHVLVWrQFLD�HOiVWLFR�GD�VHomR�HIHWLYD�HP�UHODomR�j�ILEUD�H[WUHPD�FRPSULPLGD�

Wef ±� PyGXOR� GH� UHVLVWrQFLD� HOiVWLFR� GD� VHomR� HIHWLYD� HP� UHODomR� j� ILEUD� H[WUHPD� TXH� DWLQJH�

o escoamento 

Xf� ±�YDORU�PpGLR�GR�IDWRU�IDEULFDomR�

Xm� ±�YDORU�PpGLR�GR�IDWRU�PDWHULDO�

������ /HWUDV�URPDQDV�PLQ~VFXODV�

a� ±�GLVWkQFLD�HQWUH�HQULMHFHGRUHV�WUDQVYHUVDLV�GH�DOPD�

am� ±�ODUJXUD�GD�DOPD�UHIHUHQWH�j�OLQKD�PpGLD�GD�VHomR�

b� ±�ODUJXUD�GR�HOHPHQWR��p�D�GLPHQVmR�SODQD�GR�HOHPHQWR�VHP�LQFOXLU�GREUDV�

bc� ±� ODUJXUD� GR� WUHFKR� FRPSULPLGR� GH� HOHPHQWRV� VRE� JUDGLHQWH� GH� WHQV}HV� QRUPDLV�� FRQIRUPH��

indicada nas Tabelas 4 e 5 

bef ±�ODUJXUD�HIHWLYD�

bef,1 ; bef,2�� ±�ODUJXUDV�HIHWLYDV�LQGLFDGDV�QD�7DEHOD���H�QD�)LJXUD���

bf ± largura nominal da mesa 

bf0� ±�ODUJXUD�GH�UHIHUrQFLD�HPSUHJDGD�QR�FiOFXOR�GR�HIHLWR�shear lag 

bm� ±�ODUJXUD�GD�PHVD�UHIHUHQWH�j�OLQKD�PpGLD�GD�VHomR�

bs� ±�ODUJXUD�QRPLQDO�GR�HQULMHFHGRU�HP�SHUILO�rack 

bw� ±�ODUJXUD�QRPLQDO�GD�DOPD�

c� ±�FRPSULPHQWR��QD�GLUHomR�ORQJLWXGLQDO�GD�EDUUD��GH�DWXDomR�GD�IRUoD�FRQFHQWUDGD�

cm� ±�ODUJXUD�GR�HQULMHFHGRU�GH�ERUGD�UHIHUHQWH�j�OLQKD�PpGLD�GD�VHomR�

d� ±�ODUJXUD�GR�HQULMHFHGRU�GH�ERUGD�

� ±�GLkPHWUR�QRPLQDO�GR�SDUDIXVR�

� ±�DOWXUD�GD�VHomR�

def ±�ODUJXUD�HIHWLYD�GR�HQULMHFHGRU�GH�ERUGD�

dh � � �� ± GLkPHWUR�GD�FDEHoD�RX�GR�IODQJH�GR�SDUDIXVR�DXWR�DWDUUD[DQWH�

ds ±�ODUJXUD�HIHWLYD�UHGX]LGD�GR�HQULMHFHGRU�GH�ERUGD�

dw   ±�GLkPHWUR�GD�DUUXHOD�GR�SDUDIXVR�DXWR�DWDUUD[DQWH�

dwe � �� ±�GLkPHWUR�HIHWLYR�DVVRFLDGR�DR�UDVJDPHQWR�GR�PHWDO�EDVH��pull-over)
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e� ±� GLVWkQFLD�� QD�GLUHomR�GD� IRUoD��GR�FHQWUR�GR� IXUR�SDGUmR�j�ERUGD�PDLV�SUy[LPD�GR� IXUR�DGMDFHQWH�

� � RX�j�H[WUHPLGDGH�GR�HOHPHQWR�FRQHFWDGR�

� ±� EDVH�GR�ORJDULWPR�QDWXUDO��LJXDO�D����������

e1 ; e2� ±� GLVWkQFLDV� GR� FHQWUR� GRV� IXURV� GH� H[WUHPLGDGH� jV� UHVSHFWLYDV� ERUGDV�� QD� GLUHomR� SHUSHQGLFXODU�

j�VROLFLWDomR��

fu� ±� UHVLVWrQFLD�j�UXSWXUD�GR�DoR�QD�WUDomR�

fub� ±� UHVLVWrQFLD�j�UXSWXUD�GR�SDUDIXVR�QD�WUDomR�

fu1 � ±� UHVLVWrQFLD� j� UXSWXUD� QD� WUDomR� GR� HOHPento conectado em contato com a arruela ou 

D�FDEHoD�GR�SDUDIXVR�DXWR�DWDUUD[DQWH�

fu2 � ± UHVLVWrQFLD� j� UXSWXUD� QD� WUDomR� GR� HOHPHQWR� FRQHFWDGR� TXH� QmR� HVWi� HP� FRQWDWR� FRP�

D�DUUXHOD�RX�D�FDEHoD�GR�parafuso auto-atarraxante 

fw� ±�UHVLVWrQFLD�j�UXSWXUD�GD�VROGD�

fy� ±�UHVLVWrQFLD�DR�HVFRDPHQWR�GR�DoR�

fya� ±�UHVLVWrQFLD�DR�HVFRDPHQWR�GR�DoR�PRGLILFDGD��FRQVLGHUDQGR�R�WUDEDOKR�D�IULR�

fyc� ±�UHVLVWrQFLD�DR�HVFRDPHQWR�GR�DoR�QD�UHJLmR�GDV�GREUDV�GR�SHUILO�

fyf� ±�UHVLVWrQFLD�DR�HVFRDPHQWR�GR�DoR��Ppdia, para as partes planas do perfil 

g� ±�HVSDoDPHQWR�GRV�SDUDIXVRV�QD�GLUHomR�SHUSHQGLFXODU�j�VROLFLWDomR�

� ±�GLVWkQFLD�HQWUH�RV�SDUDIXVRV�RX�VROGDV�QD�GLUHomR�SHUSHQGLFXODU�DR�HL[R�GD�EDUUD�

h� ±�ODUJXUD�GD�DOPD��DOWXUD�GD�SDUWH�SODQD�GD�DOPD��

� ±�GLPHQVmR�GR�HQULMHFHGRU�HP�OLJDo}HV�FRP�VROGD�GH�ILOHWH�HP�VXSHUItFLH�FXUYD�

� ±�DOWXUD�GR�DQGDU��GLVWkQFLD�HQWUH�FHQWURV�GDV�YLJDV�GH�GRLV�SLVRV�FRQVHFXWLYRV��

j� ±�SDUkPHWUR�HPSUHJDGR�QR�FiOFXOR�GR�PRPHQWR�IOHWRU�GH�IODPEDJHP�JOREDO�HOiVWLFD�FRQIRUPH�$QH[R�(�

k� ±�FRHILFLHQWH�GH�IODPEDJHP�ORFDO�GR�HOHPHQWR�

k � ±�FRHILFLHQWH�GH�IODPEDJHP�ORFDO�SDUD�D�VHomR�FRPSOHWD�

kv� ±�FRHILFLHQWH�GH�IODPEDJHP�ORFDO�SRU�FLVDOKDPHQWR�

m� ±�GLVWkQFLD�HQWUH�R�FHQWUR�GH�WRUomR�H�R�SODQR�PpGLR�GD�DOPD�HP�SHUILO�8�

� ±�SDUkPHWUR�HPSUHJDGR�QR�FiOFXOR�GD�UHVLVWrQFLD�DR�HVFRDPHQWR�GD�UHJLmR�GDV�GREUDV�fyc

� ±�JUDX�GH�OLEHUGDGH�

N� ±�H[SRHQWH�HPSUHJDGR�QR�FiOFXOR�GR�FRHILFLHQWH�GH�IODPEDJHP�ORFDO�k

±�Q~PHUR�GH�HQVDLRV�
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q� ±� �YDORU� GH� FiOFXOR�GD� IRUoD� XQLIRUPHPHQWH� GLVWULEXtGD� GH� UHIHUrQFLD� HPSUHJDGD� QR�GLPHQVLRQDPHQWR��

GDV�OLJDo}HV�GH�EDUUDV�FRPSRVWDV�VXEPHWLGDV�j�IOH[mR�

r� ±�UDLR�GH�JLUDomR�GD�VHomR�EUXWD�

re� ±�UDLR�H[WHUQR�GH�GREUDPHQWR�

ri ±�UDLR�LQWHUQR�GH�GREUDPHQWR�

ro ±�UDLR�GH�JLUDomR�SRODU�GD�VHomR�EUXWD�HP�UHODomR�DR�FHQWUR�GH�WRUomR�

rx ±�UDLR�GH�JLUDomR�GD�VHomR�EUXWD�HP�UHODomR�DR�HL[R�SULQFLSDO�x

ry ±�UDLR�GH�JLUDomR�GD�VHomR�EUXWD�HP�UHODomR�DR�HL[R�SULQFLSDO�y

s� ±�HVSDoDPHQWR�GRV�SDUDIXVRV�QD�GLUHomR�GD�VROLFLWDomR�

±� HVSDoDPHQWR� GRV� SDUDIXVRV� RX� VROGDV�� QD� GLUHomR� GR� HL[R� GD� EDUUD�� HP� EDUUDV� FRP� VHomR� ,

FRPSRVWDV�SRU�GRLV�SHUILV�8��VXEPHWLGDV�j�IOH[mR�

t� ±�HVSHVVXUD�GD�FKDSD�RX�GR�HOHPHQWR�

±�PHQRU�HVSHVVXUD�GD�SDUWH�FRQHFWDGD�

tc � ±�SURIXQGLGDGH�GH�SHQHWUDomR�do parafuso auto-atarraxante 

tef ±�GLPHQVmR�HIHWLYD��JDUJDQWD�HIHWLYD��GD�VROGD�GH�SHQHWUDomR�RX�GH�ILOHWH�

ts ±�HVSHVVXUD�GR�HQULMHFHGRU�WUDQVYHUVDO�

t1 � ±� HVSHVVXUD� GR� HOHPHQWR� FRQHFWDGR� HP� FRQWDWR� FRP� D� DUUXHOD� RX� D� FDEHoD� GR� SDUDIXVR��

auto-atarraxante 

t2 � ±� HVSHVVXUD� GR� HOHPHQWR� FRQHFWDGR� TXH� QmR� HVWi� HP� FRQWDWR� FRP� D� DUUXHOD� RX� D� FDEHoD� GR��

parafuso auto-atarraxante 

w1 ; w2 ±�SHUQDV�GR�ILOHWH�GH�VROGD�HP�VXSHUItFLHV�SODQDV�

xm� ±�GLVWkQFLD�GR�FHQWUyLGH�HP�UHODomR�j�OLQKD�PpGLD�GD�DOPD��QD�GLUHomR�GR�HL[R�x

x0 ±�GLVWkQFLD�GR�FHQWUR�GH�WRUomR�DR�FHQWUyLGH��QD�GLUHomR�GR�HL[R�x

y0 ±�GLVWkQFLD�GR�FHQWUR�GH�WRUomR�DR�FHQWUyLGH��QD�GLUHomR�GR�HL[R�y

������ /HWUDV�JUHJDV�PLQ~VFXODV�

 ; r ; c ; h��±�FRHILFLHQWHV�HPSUHJDGRV�QR�FiOFXOR�GD�IRUoD�UHsistente em barras sem enrijecedores transversais  

VXMHLWDV�D�IRUoDV�FRQFHQWUDGDV��

e� ±�FRHILFLHQWH�HPSUHJDGR�QR�FiOFXOR�GD�IRUoD�UHVLVWHQWH�DR�HVPDJDPHQWR�HP�OLJDo}HV�SDUDIXVDGDV�

� ±�FRHILFLHQWH�GH�GLODWDomR�WpUPLFD��DGRWDGR�LJXDO�D�����[���
-5
��&

-1

w ; f ; � ±� SDUkPHWURV� HPSUHJDGRV� QR� FiOFXOR� GR� PRPHQWR� IOHWRU� GH� IODPEDJHP� JOREDO� HOiVWLFD� FRQIRUPH��

Anexo E 

0� ±�tQGLFH�GH�FRQILDELOLGDGH�DOYR�
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± deslocamento, flecha, em geral 

0 ±�FRQWUDIOHFKD�GD�YLJD�

1 ± GHVORFDPHQWR�GHYLGR�jV�Do}HV�SHUPDQHQWHV��VHP�HIHLWRV�GH�ORQJD�GXUDomR�

2 ± GHVORFDPHQWR�GHYLGR�DRV�HIHLWRV�GH�ORQJD�GXUDomR�GDV�Do}HV�SHUPDQHQWHV�

3 ± GHVORFDPHQWR�GHYLGR�jV�Do}HV�YDULiYHLV�

Pi[� �± GHVORFDPHQWR�Pi[LPR�GD�YLJD�

tot ± soma de 1, 2 e 3

f� ±�FRHILFLHQWH�GH�YDULDomR�GR�IDWRU�IDEULFDomR�

m� ±�FRHILFLHQWH�GH�YDULDomR�GR�IDWRU�PDWHULDO�

t� ±�FRHILFLHQWH�GH�YDULDomR�REWLGR�HP�HQVDLRV�

� ±�FRHILFLHQWH�GH�SRQGHUDomR�GDV�Do}HV�RX�GDV�UHVLVWrQFLDV��HP�JHUDO�

dist� ±�tQGLFH�GH�HVEHOWH]�UHGX]LGR�DVVRFLDGR�j�IODPEDJHP�GLVWRUFLRQDO�

tQGLFH�GH�HVEHOWH]�UHGX]LGR�DVVRFLDGR�j�IODPEDJHP�ORFDO�

p� ±�tQGLFH�GH�HVEHOWH]�UHGX]LGR�GR�HOHPHQWR�RX�GD�VHomR�FRPSOHWD�

pd� ±�tQGLFH�GH�HVEHOWH]�UHGX]LGR�GR�HOHPHQWR�FDOFXODGR�FRP�D�WHQVmR� n

p0� ±�YDORU�GH�UHIHUrQFLD�GR�tQGLFH�GH�HVEHOWH]�UHGX]LGR�GR�HOHPHQWR�

0� ±�tQGLFH�GH�HVEHOWH]�UHGX]LGR�DVVRFLDGR�j�IODPEDJHP�JOREDO�

� ±�FRHILFLHQWH�GH�3RLVVRQ�GR�DoR��DGRWDGR�LJXDO�D�����

� ±�kQJXOR�HQWUH�R�SODQR�GD�PHVD�H�R�SODQR�GR�HQULMHFHGRU�GH�ERUGD�VLPSOHV�

� ±�kQJXOR�HQWUH�R�SODQR�GD�DOPD�H�R�SODQR�GD�VXSHUItFLH�GH�DSRLR�

� ±�PDVVD�HVSHFtFLD��DGRWDGD�LJXDO�D�������NJ�P
3

� ±�IDWRU�GH�UHGXomR�GD�IRUoD�D[LDO�GH�FRPSUHVVmR�UHVLVWHQWH��DVVRFLDGR�j�IODPEDJHP�JOREDO��

dist� ±�IDWRU�GH�UHGXomR�GR�HVIRUoR�UHVLVWHQWH��DVVRFLDGR�j�IODPEDJHP�GLVWRUFLRQDO�

FLT�±�IDWRU�GH�UHGXomR�GR�PRPHQWR�IOHWRU�UHVLVWHQWH��DVVRFLDGR�j�IODPEDJHP�ODWHUDO�FRP�WRUomR�

� ±�WHQVmR�QRUPDO��HP�JHUDO�

cr� ±�WHQVmR�FRQYHQFLRQDO�GH�IODPEDJHP�HOiVWLFD�GH�FKDSD�

n� ±�WHQVmR�QRUPDO�GH�FRPSUHVVmR�FDOFXODGD�FRP�EDVH�QDV�FRPELQDo}HV�GH�Do}HV�SDUD�RV�HVWDGRV�OLPLWHV�GH��

�VHUYLoR�

� ±�IDWRU�GH�UHGXomR�GDV�Do}HV��IDWRU�GH�FRPELQDomR�GH�Do}HV�

±�UHODomR� 2/ 1�HPSUHJDGD�QR�FiOFXOR�GR�FRHILFLHQWH�GH�IODPEDJHP�ORFDO�GR�HOHPHQWR
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3.3 Unidades 

$V�H[SUHVV}HV�DSUHVHQWDGDV�QHVWD�1RUPD�VmR�WRGDV�DGLmensionais, portanto devem ser empregadas grandezas 

com unidades coerentes, salvo onde explicitamente indicado. 

4 Materiais 

���� $oRV�SDUD�SHUILV�

4.1.1 (VWD� 1RUPD� UHFRPHQGD� R� XVR� GH� DoRV� FRP� TXDOLILFDomR� HVWUXWXUDO� H� TXH� SRVVXDP� SURSULHGDGHV�

PHFkQLFDV�DGHTXDGDV�SDUD� UHFHEHU�R� WUDEDOKR�D� IULR��'HYHP�DSUHVHQWDU�D� UHODomR�HQWUH�D� UHVLVWrQFLD�j� UXSWXUD��

H�D�UHVLVWrQFLD�DR�HVFRDPHQWR� fu/fy��PDLRU�RX�LJXDO�D������H�R�DORQJDPHQWR�DSyV�UXSWXUD�QmR�GHYH�VHU�PHQRU�TXH�

10 % para base de medida igual a 50 mm ou 7 % para base de medida igual a 200 mm, tomando-se como 

UHIHUrQFLD�RV�HQVDLRV�GH�WUDomR�FRQIRUPH�$670�$�����

4.1.2 $�7DEHOD� �� DSUHVHQWD� RV� YDORUHV� QRPLQDLV�PtQLPRV� GD� UHVLVWrQFLD� DR� HVFRDPHQWR� �fy�� H� GD� UHVLVWrQFLD��

j�UXSWXUD��fu��GH�DoRV�UHODFLRQDGRV�SRU�1RUPDV�%UDVLOHLUDV�UHIHUHQWHV�D�FKDSDV�ILQDV�SDUD�XVR�HVWUXWXUDO��1mR�VmR�

UHODFLRQDGRV�RV� DoRV�FRP� UHVLVWrQFLD�DR�HVFRDPHQWR� LQIHULRU� D�����03D��SRU� QmR� HVWDUHP�VHQGR�XWLOL]DGRV�QD�

SUiWLFD�� ,QIRUPDo}HV� FRPSOHWDV� VREUH� RV� DoRV� UHODFLRQDGRV� QD� 7DEHOD� �� HQFRQWUDP�VH� QDV� 1RUPDV�

FRUUHVSRQGHQWHV��3DUD�DoRV�GHVWLQDGRV�D�FKDSDV grossas, deve ser consultada a ABNT NBR 8800.  

4.1.3 $oRV�QmR�UHODFLRQDGRV�QD�7DEHOD���RX�QD�$%17�NBR 8800 podem ser empregados, desde que atendam 

jV�H[LJrQFLDV�GH��������1HVVH�FDVR�GHve ser consultada a Norma correspondente.

7DEHOD���²�&KDSDV�ILQDV�GH�DoR�HVSHFLILFDGDV�SRU�1RUPDV�%UDVLOHLUDV�SDUD�XVR�HVWUXWXUDO�
a

(VSHFLILFDomR�
Grau fy

(MPa)

fu

(MPa)

CF-26 260/260 400/410 

CF-28 280/280 440/440 
ABNT NBR 6649 / ABNT NBR 6650 

&KDSDV�ILQDV��D�IULR�D�TXHQWH��GH�DoR�FDUERQR�
CF-30 ---/300 ---/490 

F-32/Q-32 310 410 

F-35/Q-35 340 450 

Q-40 380 480 

Q-42 410 520 

ABNT NBR 5004 

&KDSDV�ILQDV�GH�DoR�GH�EDL[D�OLJD�H�DOWD�UHVLVWrQFLD�PHFkQLFD�

Q-45 450 550 

CFR 400 ---/250 ---/380 ABNT NBR 5920 / ABNT NBR 5921 

&KDSDV�ILQDV�H�ERELQDV�ILQDV��D�IULR�D�TXHQWH���GH�DoR�GH�EDL[D�

OLJD��UHVLVWHQWHV�j�FRUURVmR�DWPRVIpULFD�
CFR 500 310/370 450/490 

ZAR 250 250 360 

ZAR 280 280 380 

ZAR 320 320 390 

ZAR 345 345 430 

ABNT NBR 7008 / ABNT NBR 7013 / ABNT NBR 14964 

&KDSDV�ILQDV�H�ERELQDV�ILQDV�FRP�UHYHVWLPHQWR�PHWiOLFR�
b

ZAR 400 400 450 
a
�� $�IDL[D�GH�HVSHVVXUD�GLVSRQtYHO�YDULD�GH�DFRUGR�FRP�R�SURGXWRU�GH�DoR��

b
  Graus conforme ABNT NBR 7008.
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���� $oRV�VHP�TXDOLILFDomR�HVWUXWXUDO�SDUD�SHUILV�

$�XWLOL]DomR�GH�DoRV�VHP�TXDOLILFDomR�HVWUXWXUDO�SDUD�SHUILV�p� WROHUDGD�VH�R�DoR�SRVVXLU�SURSULHGDGHV�PHFkQLFDV�

adequadas para receber o trabalho a frio. 

1mR�GHYHP�VHU�DGRWDGRV�QR�SURMHWR�YDORUHV�VXSHULRUHV�D�����03D�H�����03D�SDUD�D�UHVLVWrQFLD�DR�HVFRDPHQWR fy
H�D�UHVLVWrQFLD�j�UXSWXUD�fu, respectivamente. 

4.3 Parafusos 

(VWD�1RUPD� UHFRPHQGD�R� XVR� GH� SDUDIXVRV� GH� DoR� FRP� TXDOLILFDomR� HVWUXWXUDO�� FRPXQV� RX� GH� DOWD� UHVLVWrQFLD�

�YHU�7DEHOD������,QIRUPDo}HV�FRPSOHWDV�VREUH�RV�SDUDIXVos relacionados na Tabela 16 encontram-se nas Normas 

correspondentes. 

���� 3DUDIXVRV�GH�DoR�VHP�TXDOLILFDomR�HVWUXWXUDO�

$�XWLOL]DomR�GH�SDUDIXVRV�GH�DoR�VHP�TXDOLILFDomR�HVWUXWXUDO� p� WROHUDGD�GHVGH�TXH�QmR�VHMD�DGRWDGR�QR�SURMHWR�

valor superior a 300 MPa para a resistrQFLD�j�UXSWXUD�GR�SDUDIXVR�QD�WUDomR�fub.

4.5 Eletrodos, arames e fluxos para soldagem 

2V� HOHWURGRV�� DUDPHV� H� IOX[RV� SDUD� VROGDJHP� GHYHP� HVWDU� GH� DFRUGR� FRP� DV� H[LJrQFLDV� GDV� HVSHFLILFDo}HV��

AWS A5.1, AWS A5.5, AWS A5.17, AWS A5.18, AWS A5.20, AWS A5.23, AW6������H�$:6�$������RQGH�DSOLFiYHO��

���� 3URSULHGDGHV�PHFkQLFDV�JHUDLV�

3DUD�HIHLWR�GH� FiOFXOR� GHYHP�VHU� DGRWDGRV��SDUD�RV� Doos aqui previstos, os seguintes valores de propriedades 

PHFkQLFDV��

D�� PyGXOR�GH�HODVWLFLGDGH��E = 200 000 MPa; 

b) coeficiente de Poisson,  = 0,3; 

F�� PyGXOR�GH�HODVWLFLGDGH�WUDQVYHUVDO��G = 77 000 MPa; 

G�� FRHILFLHQWH�GH�GLODWDomR�WpUPLFD��  = 1,2 x 10
-5
ÛC

-1
;

H�� PDVVD�HVSHFtILFD��  = 7 850 kg/m
3
.

4.7 Durabilidade 

3DUD�DVVHJXUDU�DGHTXDGD�GXUDELOLGDGH�GRV�SHUILV�H�GHPDLV�FRPSRQHQWHV�GH�DoR�IRUPDGRV�D�IULR��WHQGR�HP�YLVWD�D�

XWLOL]DomR� SUHYLVWD� GD� HVWUXWXUD� H� VXD� YLGD� ~WLO� SURMHWDGD�� RV� VHJXLQWHV� IDtores inter-relacionados devem ser 

observados na fase de projeto: 

D�� D�XWLOL]DomR�SUHYLVWD�GD�HGLILFDomR��

b) o desempenho esperado; 

F�� DV�FRQGLo}HV�DPELHQWDLV�QR�WRFDQWH�j�FRUURVmR�GR�DoR��

G�� D�FRPSRVLomR�TXtPLFD��DV�SURSULHGDGHV�PHFkQLFDV�H�R�GHVHPSHQKR�JOREDO�GRV�PDWHULDLV��

H�� RV�HIHLWRV�GHFRUUHQWHV�GD�DVVRFLDomR�GH�PDWHULDLV�GLIHUHQWHV��

I�� DV�GLPHQV}HV��D�IRUPD�H�RV�GHWDOKHV�FRQVWUXWLYRV��HP�HVSHFLDO�DV�OLJDo}HV��

J�� D�TXDOLGDGH�H�R�FRQWUROH�GD�TXDOLGDGH�QD�IDEULFDomR�e na montagem (no que couber, devem ser obedecidas 

DV�H[LJrQFLDV�GDV�$%17�1%5������H�$%17�1%5��������
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K�� DV� PHGLGDV� GH� SURWHomR� FRQWUD� FRUURVmR� �QR� TXH� FRXEHU�� GHYHP� VHU� REHGHFLGDV� DV� H[LJrQFLDV� GD��

ABNT NBR 8800); 

L�� DV�SURYiYHLV�PDQXWHQo}HV�DR�ORQJR�GD�YLGD�~WLO�SURMHWDGD�GD�HGLILFDomR��

�� 6HJXUDQoD�H�HVWDGRV�OLPLWHV�

���� &ULWpULRV�GH�VHJXUDQoD�

2V�FULWpULRV�GH�VHJXUDQoD�DGRWDGRV�QHVWD�1RUPD�EDVHLDP�VH�QD�$%17�1%5�������

5.2 Estados-limites 

5.2.1 Para os efeitos desta Norma, devem ser consideraGRV� RV� HVWDGRV�OLPLWHV� ~OWLPRV� �(/8�� H� RV� HVWDGRV�

OLPLWHV� GH� VHUYLoR� �(/6��� 2V� HVWDGRV�OLPLWHV� ~OWLPRV� HVWmR� UHODFLRQDGRV� FRP� D� VHJXUDQoD� GD� HVWUXWXUD� VXMHLWD��

jV� FRPELQDo}HV� PDLV� GHVIDYRUiYHLV� GH� Do}HV� SUHYLVWDV� HP� WRGD� D� YLGD� ~WLO� SURMHWDGD�� GXUDQWH� D� FRQVWUXomR��

RX� TXDQGR� DWXDU� XPD� DomR� HVSHFLDO� RX� H[FHSFLRQDO�� 2V� HVWDGRV�OLPLWHV� GH� VHUYLoR� HVWmR� UHODFLRQDGRV� FRP��

o desempenho da estrutXUD�VRE�FRQGLo}HV�QRUPDLV�GH�XWLOL]DomR��

5.2.2 2� PpWRGR� GRV� HVWDGRV�OLPLWHV� XWLOL]DGR� SDUD� R� GLPHnsionamento de uma estrutura exige que nenhum 

HVWDGR�OLPLWH�DSOLFiYHO� VHMD�H[FHGLGR�TXDQGR�D�HVWUXWXUD� IRU�VXEPHWLGD�D� WRGDV�DV�FRPELQDo}HV�DSURSULDGDV�GH�

Do}HV��6H�XP�RX�PDLV�HVWDGRV�OLPLWHV�IRUHP�H[FHGLGRV��D�HVWUXWXUD�QmR�DWHQGH�PDLV�DRV�REMHWLYRV�SDUD�RV�TXDLV�

foi projetada. 

���� &RQGLo}HV�XVXDLV�UHODWLYDV�DRV�HVWDGRV�OLPLWHV�~OWLPRV��(/8��

5.3.1 $V� FRQGLo}HV� XVXDLV� GH� VHJXUDQoD� UHIHUHQWHV� DRV� HVWDGRV�OLPLWHV� ~OWLPRV� VmR� H[SUHVVDV� SRU�

desigualdades do tipo: 

 (Sd , Rd)  0 

onde

Sd UHSUHVHQWD� RV� YDORUHV� GH� FiOFXOR� GRV� HVIRUoRV� DWXDQWHV� �HP� DOJXQV� FDVRV� HVSHFtILFRV�� GDV� WHQV}HV��

DWXDQWHV���REWLGRV�FRP�EDVH�QDV�FRPELQDo}HV�~OWLPDV�GH�Do}HV�GDGDV�HP��������

Rd UHSUHVHQWD�RV�YDORUHV�GH�FiOFXOR�GRV�FRUUHVSRQGHQWHV�HVIRUoRV�UHVLVWHQWHV��HP�DOJXQV�FDVRV�HVSHFtILFRV���

GDV�WHQV}HV�UHVLVWHQWHV���REWLGRV�HP�GLYHUVDV�SDUWHV�GHVWD�1RUPD��FRQIRUPH�R�WLSR�GH�VLWXDomR��

5.3.2 4XDQGR� D� VHJXUDQoD� p� YHULILFDGD� LVRODGDPHQWH� HP� UHODomR� D� FDGD� XP� GRV� HVIRUoRV� DWXDQWHV�� DV�

FRQGLo}HV�GH�VHJXUDQoD�WRPDP�D�VHJXLQWH�IRUPD�VLPSOLILFDGD��

Rd Sd

���� &RQGLo}HV�XVXDLV�UHODWLYDV�DRV�HVWDGRV�OLPLWHV�GH�VHUYLoRV��(/6��

$V�FRQGLo}HV�XVXDLV�UHIHUHQWHV�DRV�HVWDGRV�OLPLWHV�GH�VHUYLoR�VmR�H[SUHVVDV�SRU�GHVLJXDOGDGHV�GR�WLSR��

Sser Slim

onde

Sser representa os valores dos efeitos estruturais de inteUHVVH��REWLGRV�FRP�EDVH�QDV�FRPELQDo}HV�GH�VHUYLoR��

GDV�Do}HV�GDGDV�HP��������

Slim representa os valores-limites adotados para esses efeitos, fornecidos no Anexo A para o caso dos  

deslocamentos.  
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�� $o}HV�

���� $o}HV�D�FRQVLGHUDU�H�FODVVLILFDomR�

6.1.1 1D�DQiOLVH�HVWUXWXUDO� GHYH�VHU�FRQVLGHUDGD�D� LQIOXrQFLD�GH� WRGDV�DV�Do}HV�TXH�SRVVDP�SURGX]LU� HIHLWRV�

significativos para a estrutura, levando-se em FRQWD�RV�HVWDGRV�OLPLWHV�~OWLPRV�H�GH�VHUYLoR��

6.1.2 $V�Do}HV�D�FRQVLGHUDU�FODVVLILFDP�VH��GH�DFRUGR�FRP�D�$%17�1%5�������HP�SHUPDQHQWHV��YDULiYHLV�H�

excepcionais. 

���� $o}HV�SHUPDQHQWHV�

6.2.1 Generalidades 

$o}HV�SHUPDQHQWHV�VmR�DV�TXH�RFRUUHP�FRP�YDORUHV�SUDWLFDPHQWH�FRQVWDQWHV�GXUDQWH�WRGD�D�YLGD�~WLO�SURMHWDGD�

GD� FRQVWUXomR�� 7DPEpP� VmR� FRQVLGHUDGDV� SHUPDQHQWHV� DV� Do}HV� TXH� FUHVFHP� QR� WHPSR�� WHQGHQGR��

a um valor-limite constante. 

$V� Do}HV� SHUPDQHQWHV� VmR� VXEGLYLGLGDV� HP� GLUHWDV� H� Lndiretas e devem ser consideradas com seus valores 

UHSUHVHQWDWLYRV�PDLV�GHVIDYRUiYHLV�SDUD�D�VHJXUDQoD��

������ $o}HV�SHUPDQHQWHV�GLUHWDV�

$V� Do}HV� SHUPDQHQWHV� GLUHWDV� VmR� FRQVWLWXtGDV� SHOR� SHVR� SUySULR� GD� HVWUXWXUD� H� SHORV� SHVRV� SUySULRV� GRV�

elementos construtivos fixos e das LQVWDODo}HV�SHUPDQHQWHV��&RQVWLWXHP�WDPEpP�DomR�SHUPDQHQWH�RV�HPSX[RV�

SHUPDQHQWHV�� FDXVDGRV� SRU�PRYLPHQWR� GH� WHUUD� H�GH� RXWURV�PDWHULDLV� JUDQXORVRV� TXDQGR� IRUHP�DGPLWLGRV� QmR�

UHPRYtYHLV��

2� SHVR� HVSHFtILFR� GR� DoR� H� GH� RXWURV� PDWHULDLV� HVWUXWXUDLs e dos elementos construtivos fixos correntemente 

HPSUHJDGRV� QDV� FRQVWUXo}HV�� QD� DXVrQFLD� GH� LQIRUPDo}Hs mais precisas, podem ser avaliados com base nos 

valores indicados na ABNT NBR 6120. 

2V�SHVRV�GDV�LQVWDODo}HV�SHUPDQHQWHV�XVXDOPHQWH�VmR�FRnsiderados com os valores indicados pelos respectivos 

fornecedores. 

������ $o}HV�SHUPDQHQWHV�LQGLUHWDV�

$V�Do}HV�SHUPDQHQWHV�LQGLUHWDV�VmR�FRQVWLWXtGDV�SHODV�GHIRUPDo}HV�LPSRVWDV�SRU�UHWUDomR�H�IOXrQFLD�GR�FRQFUHWR��

GHVORFDPHQWRV�GH�DSRLR�H�LPSHUIHLo}HV�JHRPpWULFDV��

$� UHWUDomR� H� D� IOXrQFLD� GR� FRQFUHWR� GH� GHQVLGDGH� QRUPDl devem ser calculadas conforme a ABNT NBR 6118.  

3DUD�R�FRQFUHWR�GH�EDL[D�GHQVLGDGH��QD�DXVrQFLD�GH�1RUPD�%UDVLOHLUD�DSOLFiYHO��GHYHP�VHU�FDOFXODGDV�FRQIRUPH�

EN 1992-1-1. 

2V� GHVORFDPHQWRV� GH� DSRLR� VRPHQWH� SUHFLVDP� VHU� FRQVLGHUDGRV� TXDQGR� JHUDUHP� HVIRUoRV� VLJQLILFDWLYRV��

HP�UHODomR�DR�FRQMXQWR�GDV�RXWUDV�Do}HV��(VVHV�GHVORFDPHQWRV�GHYHP�VHU�FDOFXODGRV�FRP�DYDOLDomR�SHVVLPLVWD�

GD� ULJLGH]� GR�PDWHULDO� GD� IXQGDomR�� FRUUHVSRQGHQWH�� HP�SULQFtSLR�� DR�TXDQWLO� GH� ����GD� UHVSHFWLYD� GLVWULEXLomR��

GH�SUREDELOLGDGH��2�FRQMXQWR�IRUPDGR�SHORV�GHVORFDPHQWRV�GH�WRGRV�RV�DSRLRV�FRQVWLWXL�VH�QXPD�~QLFD�DomR��

$V�LPSHUIHLo}HV�JHRPpWULFDV�SRGHP�GHU�OHYDGDV�HP�FRQWD�FRQIRUPH�$%17�1%5�������

���� $o}HV�YDULiYHLV�

$o}HV� YDULiYHLV� VmR� DV� TXH� RFRUUHP� FRP� YDORUHV� TXH� DSUHVHQWDP� YDULDo}HV� VLJQLILFDWLYDV� GXUDQWH� D� YLGD� ~WLO�

SURMHWDGD�GD�FRQVWUXomR���
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$V� Do}HV� YDULiYHLV� FRPXPHQWH� H[LVWHQWHV� VmR� FDXVDGDV� SHOR� XVR� H� RFXSDomR� GD� HGLILFDomR�� FRPR� DV� Do}HV�

decorrentes de sobrecargas em pisos e coberturas, de HTXLSDPHQWRV� H� GH� GLYLVyULDV� PyYHLV�� GH� SUHVV}HV�

KLGURVWiWLFDV�H�KLGURGLQkPLFDV��SHOD�DomR�GR�YHQWR�H�SHOD�YDULDomR�GD�WHPSHUDWXUD�GD�HVWUXWXUD��

$V� Do}HV� YDULiYHLV� FDXVDGDV� SHOR� XVR� H� RFXSDomR� VmR� IRUQHFLGDV� SHODV� $%17� 1%5� ������ $%17� 1%5� ������

e, no caso de passarelas de pedestres, pela ABNT NBR 7188. 

2V�HVIRUoRV�FDXVDGRV�SHOD�DomR�GR�YHQWR�GHYHP�VHr determinados de acordo com a ABNT NBR 6123.  

2V� HVIRUoRV� GHFRUUHQWHV� GD� YDULDomR� XQLIRUPH� GH� WHPSHUDWXUD� GD� HVWUXWXUD� VmR� FDXVDGRV� SHOD� YDULDomR� GD�

WHPSHUDWXUD�GD�DWPRVIHUD�H�SHOD�LQVRODomR�GLUHWD�H�GHYHP�VHU�GHWHUPLQDGRV�SHOR�UHVSRQViYHO�WpFQLFR�SHOR�SURMHWR�

estrutural considerando, entre outros SDUkPHWURV�UHOHYDQWHV��R�ORFDO�GD�FRQVWUXomR�H�DV�GLPHQV}HV�GRV�HOHPHQWRV�

HVWUXWXUDLV��5HFRPHQGD�VH��SDUD�D�YDULDomR��GD�WHPSHUDWXUD�GD�DWPRVIHUD��D�DGRomR�GH�XP��YDORU��FRQVLGHUDQGR�

�����GD�GLIHUHQoD�HQWUH�DV�WHPSHUDWXUDV�PpGLDV�Pi[LPD�H�PtQLPD��QR�ORFDO�GD�REUD��FRP�XP�PtQLPR�GH�����&��

3DUD�D� LQVRODomR�GLUHWD�� GHYH�VHU� IHLWR�XP�HVWXGR� HVSHFtILFR��1RV� HOHPHQWRV�HVWUXWurais em que a temperatura 

SRVVD� WHU� GLVWULEXLomR� VLJQLILFDWLYDPHQWH� GLIHUHQWH� GD� uniforme, devem ser considerados os efeitos dessa 

GLVWULEXLomR�� 1D� IDOWD� GH� GDGRV� PDLV� SUHFLVRV�� SRGH� VHU� DGPLWLGD� XPD� YDULDomR� OLQHDU� HQWUH� RV� YDORUHV��

GH�WHPSHUDWXUD�DGRWDGRV��GHVGH�TXH�D�YDULDomR�GH�WHPSHUDWXUa considerada entre uma face e outra da estrutura 

QmR�VHMD�LQIHULRU�D����&��

4XDQGR�D�HVWUXWXUD��SHODV�VXDV�FRQGLo}HV�GH�XVR��HVWLYHU�VXMHLWD�D�FKRTXHV�RX�YLEUDo}HV��RV�UHVSHFWLYRV�HIHLWRV�

GHYHP�VHU�FRQVLGHUDGRV�QD�GHWHUPLQDomR�GDV�VROLFLWDo}Hs e a possibilidade de fadiga deve ser considerada no 

dimensionamento dos elementos estruturais. 

���� $o}HV�H[FHSFLRQDLV�

$o}HV� H[FHSFLRQDLV� VmR� DV� TXH� WrP� GXUDomR� H[WUHPDPHQWH� FXUWD� H� SUREDELOLGDGH� PXLWR� EDL[D� GH� RFRUUrQFLD�

GXUDQWH� D� YLGD� GD� FRQVWUXomR�� PDV� TXH� GHYHP� VHU� FRQVLGHUadas nos projetos de determinadas estruturas.  

6mR� Do}HV� H[FHSFLRQDLV� DTXHODV� GHFRUUHQWHV� GH� FDXVDV� FRPR� H[SORV}HV�� FKRTXHV� GH� YHtFXORV�� LQFrQGLRV��

enchentes e sismos excepcionais. 

1R� SURMHWR� GH� HVWUXWXUDV� VXMHLWDV� D� VLWXDo}HV� H[FHSFLRQDLV� GH� FDUUHJDPHQWRV�� FXMRV� HIHLWRV� QmR� SRVVDP� VHU�

controlados por outros meios, devem ser consideradas Do}HV� H[FHSFLRQDLV� FRP�RV� YDORUHV�GHILQLGRV��HP�FDGD�

FDVR�SDUWLFXODU��SRU�1RUPDV�%UDVLOHLUDV�HVSHFtILFDV��

���� 9DORUHV�GDV�Do}HV�

������ 9DORUHV�FDUDFWHUtVWLFRV�

2V�YDORUHV�FDUDFWHUtVWLFRV��Fk��GDV�Do}HV�VmR�HVWDEHOHFLGRV�QHVWD�VXEVHomR�HP�IXQomR�GD�YDULDELOLGDGH�GH�VXDV�

intensidades. 

�������� $o}HV�SHUPDQHQWHV�

3DUD�DV�Do}HV�SHUPDQHQWHV��RV�YDORUHV�FDUDFWHUtVWLFRV��Fgk��GHYHP�VHU�DGRWDGRV� LJXDLV�DRV�YDORUHV�PpGLRV�GDV�

UHVSHFWLYDV� GLVWULEXLo}HV� GH� SUREDELOLGDGH�� (VVHV� YDORUHV� HVWmR� GHILQLGRV� QHVWD� VXEVHomR� RX� HP� 1RUPDV�

%UDVLOHLUDV�HVSHFtILFDV��FRPR�D�$%17�1%5�������

�������� $o}HV�YDULiYHLV�

2V� YDORUHV� FDUDFWHUtVWLFRV� GDV� Do}HV� YDULiYHLV�� Fqk�� VmR� HVWDEHOHFLGRV� SRU� FRQVHQVR� H� LQGLFDGRV� HP� 1RUPDV�

%UDVLOHLUDV�HVSHFtILFDV��(VVHV�YDORUHV�WrP�XPD�SUREDELOLGDGH�SUHHVWDEHOHFLda de serem ultrapassados no sentido 

GHVIDYRUiYHO�� GXUDQWH� XP� SHUtRGR� SURMHWDGR� GH� ��� DQRV�� H� HVWmR� GHILQLGRV� QHVWD� VXEVHomR� RX� HP� 1RUPDV�

%UDVLOHLUDV�HVSHFtILFDV��FRPR�DV�$%17�NBR 6120, ABNT NBR 6123 e ABNT NBR 8800. 
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������ 9DORUHV�FDUDFWHUtVWLFRV�QRPLQDLV�

3DUD�DV�Do}HV�TXH�QmR�WHQKDP�VXD�YDULDELOLGDGH�DGHTXDGDPHQWH�H[SUHVVD�SRU�GLVWULEXLo}HV�GH�SUREDELOLGDGH��RV�

YDORUHV�FDUDFWHUtVWLFRV�VmR�VXEVWLWXtGRV�SRU�YDORUHV�FDUDFWHUtVWLFRV�QRPLQDLV��HVFRlhidos de modo a assegurar o 

QtYHO�GH�H[LJrQFLD�GHVWD�1RUPD���

6.5.3 Valores representativos 

$V�Do}HV�VmR�TXDQWLILFDGDV�SRU�VHXV�YDORUHV�UHSUHVHQWDWLYRV��Fr, que podem ser: 

D�� YDORUHV�FDUDFWHUtVWLFRV�RX�YDORUHV�FDUDFWHUtVWLFRV�QRPLnais, conforme 6.5.1 ou 6.5.2, respectivamente, e que 

VmR�GHQRPLQDGRV�VLPSOHVPHQWH�YDORUHV�FDUDFWHUtVWLFRV�QHVWD�1RUPD��

E�� YDORUHV�FRQYHQFLRQDLV�H[FHSFLRQDLV��TXH�VmR�RV�YDORUHV�DUELWUDGRV�SDUD�DV�Do}HV�H[FHSFLRQDLV��

F�� YDORUHV�UHGX]LGRV��HP�IXQomR�GD�FRPELQDomR�GH�Do}HV��WDLV�FRPR��

� QDV�YHULILFDo}HV�GH�HVWDGRV�OLPLWHV�~OWLPRV��TXDQGR�D�DomR�FRQVLGHUDGD�VH�FRPELQD�FRP�D�DomR�SULQFLSDO��

�YHU���������GHWHUPLQDGRV�D�SDUWLU�GRV�YDORUHV�FDUDFWHUtVWLFRV�SHOD�H[SUHVVmR� 0 Fk , que considera muito 

EDL[D� D� SUREDELOLGDGH� GH� RFRUUrQFLD� VLPXOWkQHD� GRV� YDORUHV� FDUDFWHUtVWLFRV� GH� GXDV� RX� PDLV� Do}HV�

YDULiYHLV� GH� QDWXUH]DV� GLIHUHQWHV� �HQWHQGH�VH� SRU� Do}HV� YDULiYHLV� GH� QDWXUH]DV� GLIHUHQWHV� DTXHODV�

RULJLQDGDV�SRU�DJHQWHV�GLVWLQWRV��SRU�H[HPSOR��DomR�GR�YHQWR��VREUHFDUJD�GH�FREHUWXUD��FDUJD�DFLGHQWDO�

de piso e carga de equipamento smR�GH�QDWXUH]DV�GLIHUHQWHV���

� QDV� YHULILFDo}HV� GH� HVWDGRV�OLPLWHV� GH� VHUYLoR� (ver 6.7.3), determinados a partir dos valores 

FDUDFWHUtVWLFRV�SHODV�H[SUHVV}HV� 1 Fk e 2 Fk��TXH�HVWLPDP�YDORUHV� IUHT�HQWHV�H�TXDVH�SHUPDQHQWHV��

UHVSHFWLYDPHQWH��GH�XPD�DomR�TXH�DFRPSDQKD�D�DomR�SULQFLSDO��YHU�����������

������ 9DORUHV�GH�FiOFXOR�

2V� YDORUHV� GH� FiOFXOR� GDV� Do}HV� VmR� REWLGRV� D� SDUWLU� GRV� YDORUHV� UHSUHVHQWDWLYRV�� Fr, multiplicando-os pelos 

UHVSHFWLYRV�FRHILFLHQWHV�GH�SRQGHUDomR� f definidos em 6.6. 

���� &RHILFLHQWHV�GH�SRQGHUDomR�GDV�Do}HV�

$V�Do}HV�GHYHP�VHU�SRQGHUDGDV�SHOR�FRHILFLHQWH� f, dado por: 

f = f1 f2 f3

onde

f1 p�D�SDUFHOD�GR�FRHILFLHQWH�GH�SRQGHUDomR�GDV�Do}HV� f��TXH�FRQVLGHUD�D�YDULDELOLGDGH�GDV�Do}HV��

f2 p�D�SDUFHOD�GR�FRHILFLHQWH�GH�SRQGHUDomR�GDV�Do}HV� f��TXH�FRQVLGHUD�D�VLPXOWDQHLGDGH�GH�DWXDomR�GDV��

Do}HV��

f3 p�D�SDUFHOD�GR�FRHILFLHQWH�GH�SRQGHUDomR�GDV�Do}HV� f��TXH�FRQVLGHUD�RV�SRVVtYHLV�HUURV�GH�DYDOLDomR�GRV��

HIHLWRV�GDV�Do}HV��VHMD�SRU�SUREOHPDV�FRQVWUXWLYRV��VHMD�SRU�GHILFLrQFLD�GR�PpWRGR�GH�FiOFXOR�HPSUHJDGR��

de valor igual ou superior a 1,10. 

Os valores de f encontram-se estabelecidos em 6.6.1 e 6.6.2. 
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������ &RHILFLHQWHV�GH�SRQGHUDomR�GDV�Do}HV�QR�HVWDGR�OLPLWH�~OWLPR��(/8��

2V�YDORUHV�EDVH�SDUD�YHULILFDomR�GRV�HVWDGRV�OLPLWHV�~OWLPRV�VmR�DSUHVHQWDGRV�QDV�7DEHODV���H����SDUD�R�SURGXWR�

f1 f3 e para f2, respectivamente. O produto f1 f3�p�UHSUHVHQWDGR�SRU� g ou q. O coeficiente f2�p�LJXDO�DR�IDWRU�GH�

FRPELQDomR 0.

2�YDORU�GR�FRHILFLHQWH�GH�SRQGHUDomR�GH�FDUJDV�SHUPDQHQWes de mesma origem, num dado carregamento, deve 

ser o mesmo ao longo de toda a estrutura. 

������ &RHILFLHQWHV�GH�SRQGHUDomR�H�IDWRUHV�GH�UHGXomR�GDV�Do}HV�QR�HVWDGR�OLPLWH�GH�VHUYLoR��(/6��

6.6.2.1 (P�JHUDO��R�FRHILFLHQWH�GH�SRQGHUDomR�GDV�Do}HV�SDUD�RV�HVWDGRV�OLPLWHV�GH�VHUYLoR�� f��p�LJXDO�D������

6.6.2.2 1DV�FRPELQDo}HV�GH�Do}HV�GH�VHUYLoR��YHU��������VmR�XVDGRV�RV�IDWRUHV�GH�UHGXomR� 1 e 2, dados  

QD�7DEHOD����SDUD�REWHQomR�GRV�YDORUHV�IUHTXHQWHV�H�TXDVH�SHUPDQHQWHV�GDV�Do}HV�YDULiYHLV��UHVSHFWLYDPHQWH��

7DEHOD���²�9DORUHV�GRV�FRHILFLHQWHV�GH�SRQGHUDomR�GDV�Do}HV� f = f1 f3

$o}HV�SHUPDQHQWHV�

( g)
a c

Diretas 

&RPELQDo}HV�

3HVR�SUySULR�

de estruturas 

PHWiOLFDV

Peso 

SUySULR�GH�

estruturas 

SUp�

moldadas 

3HVR�SUySULR�GH�

estruturas  

moldadas no  

local e de

elementos  

construtivos 

industrializados 

e empuxos  

permanentes 

3HVR�SUySULR�GH�

elementos 

construtivos 

industrializados 

FRP�DGLo}HV�

in loco

3HVR�SUySULR�GH�

elementos 

construtivos em 

geral e 

equipamentos 

Indiretas 

Normais 
1,25

(1,00) 

1,30

(1,00) 

1,35

(1,00) 

1,40

(1,00) 

1,50

(1,00) 

1,20

(0)

Especiais ou 

GH�FRQVWUXomR�

1,15

(1,00) 

1,20

(1,00) 

1,25

(1,00) 

1,30

(1,00) 

1,40

(1,00) 

1,20

(0)

Excepcionais 
1,10

(1,00) 

1,15

(1,00) 

1,15

(1,00) 

1,20

(1,00) 

1,30

(1,00) 

0

(0)

$o}HV�YDULiYHLV�

( q)
a d 

Efeito da temperatura 
b

$omR�GR�YHQWR� $o}HV�WUXQFDGDV�
e

'HPDLV�Do}HV�YDULiYHLV��

incluindo as decorrentes do 

XVR�H�RFXSDomR�

Normais 1,20 1,40 1,20 1,50 
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Tabela 2��FRQWLQXDomR��

$o}HV�YDULiYHLV�

( q)
a d 

Efeito da temperatura 
b

$omR�GR�YHQWR� $o}HV�WUXQFDGDV�
e

'HPDLV�Do}HV�YDULiYHLV��

incluindo as decorrentes do 

XVR�H�RFXSDomR�

Especiais ou 

GH�FRQVWUXomR�
1,00 1,20 1,10 1,30 

Excepcionais 1,00 1,00 1,00 1,00 

a   
2V�YDORUHV�HQWUH�SDUrQWHVHV�FRUUHVSRQGHP�DRV�FRHILFLHQWHV�SDUD�DV�Do}HV�SHUPDQHQWHV�IDYRUiYHLV�j�VHJXUDQoD��Do}HV�

YDULiYHLV�H�H[FHSFLRQDLV�IDYRUiYHLV�j�VHJXUDQoD�QmR�GHYHP VHU�LQFOXtGDV�QDV�FRPELQDo}HV��
b

2�HIHLWR�GH�WHPSHUDWXUD�FLWDGR�QmR�LQFOXL�R�JHUDGR�SRU�HTXLSDPHQWRV��R�TXDO�GHYH��VHU�FRQVLGHUDGR�DomR�GHFRUUHQWH�GR�

XVR�H�RFXSDomR�GD�HGLILFDomR��
c

1DV�FRPELQDo}HV�QRUPDLV��DV�Do}HV�SHUPDQHQWHV�GLUHWDV�TXH�QmR�VmR�IDYRUiYHLV�j�VHJXUDQoD�SRGHP��RSFLRQDOPHQWH��

ser consideradas todas agrupadas, com coeficiente de ponderDomR�LJXDO�D������TXDQGR�DV�Do}HV�YDULiYHLV�GHFRUUHQWHV�

GR�XVR�H�RFXSDomR� IRUHP�VXSHULRUHV�D���N1�P
2
��RX������TXDQGR� LVVR�QmR�RFRUUHU��1DV�FRPELQDo}HV�HVSHFLDLV�RX�GH�

FRQVWUXomR�� RV� FRHILFLHQWHV� GH� SRQGHUDomR� VmR� UHVSHFWLYDPHQWH� ����� H� ������ H� QDV� FRPELQDo}HV� H[FHSFLRQDLV��

1,15 e 1,20. 
d
� 1DV�FRPELQDo}HV�QRUPDLV��VH�DV�Do}HV�SHUPDQHQWHV�GLUHWDV�TXH�QmR�VmR�IDYRUiYHLV�j�VHJXUDQoD�IRUHP�DJUXSDGDV��DV�

Do}HV� YDULiYHLV� TXH� QmR� VmR� IDYRUiYHLV� j� VHJXUDQoD� SRGHP�� RSFLRQDOPHQWH�� VHU� FRQVLGHUDGDV� WDPEpP� WRGDV�

DJUXSDGDV�� FRP� FRHILFLHQWH� GH� SRQGHUDomR� LJXDO� D� ����� TXDQGR� DV� Do}HV� YDULiYHLV� GHFRUUHQWHV� GR� XVR� H� RFXSDomR�

forem superiores a 5 kN/m
2
�� RX������TXDQGR� LVVR�QmR�RFRUUHU� �PHVPR�QHVVH�FDVR��R�HIHLWR�GD� WHPSHUDWXUD�SRGH�VHU�

FRQVLGHUDGR� LVRODGDPHQWH�� FRP� R� VHX� SUySULR� FRHILFLHQWH� GH� SRQGHUDomR��� 1DV� FRPELQDo}HV� HVSHFLDLV� RX� GH�

FRQVWUXomR��RV�FRHILFLHQWHV�GH�SRQGHUDomR�VmR�UHVSHFWLYDPHQWH������H�������H�QDV�FRPELQDo}HV�H[FHSFLRQDLV��VHPSUH�

1,00.
e    

$o}HV�WUXQFDGDV�VmR�FRQVLGHUDGDV�Do}HV�YDULiYHLV�FXMD�GLVWULEXLomR�GH�Pi[LPRV�p�WUXQFDGD�SRU�XP�GLVSRVLWLYR�ItVLFR��GH�

PRGR�TXH�R�YDORU�GHVVD�DomR�QmR�SRVVD�VXSHUDU�R�OLPLWH�FRUUHspondente. O coeficiente de SRQGHUDomR�PRVWUDGR�QHVWD�

Tabela se aplica a esse valor-limite.

7DEHOD���²�9DORUHV�GRV�IDWRUHV�GH�FRPELQDomR� 0�H�GH�UHGXomR� 1 e 2�SDUD�DV�Do}HV�YDULiYHLV�

f2
a

$o}HV�

0 1 2
d

/RFDLV� HP� TXH� QmR� Ki� SUHGRPLQkQFLD� GH� SHVRV� H� GH�

HTXLSDPHQWRV� TXH� SHUPDQHFHP� IL[RV� SRU� ORQJRV� SHUtRGRV� GH�

WHPSR��QHP�GH�HOHYDGDV�FRQFHQWUDo}HV�GH�SHVVRDV�
b

0,5 0,4 0,3 

/RFDLV�HP�TXH�Ki�SUHGRPLQkQFLD�GH�SHVRV�H�GH�HTXLSDPHQWRV�

TXH� SHUPDQHFHP� IL[RV� SRU� ORQJRV� SHUtRGRV� GH� WHPSR�� RX� GH�

HOHYDGDV�FRQFHQWUDo}HV�GH�SHVVRDV�
c

0,7 0,6 0,4 

$o}HV�YDULiYHLV�

causadas pelo 

XVR�H�RFXSDomR�

%LEOLRWHFDV�� DUTXLYRV�� GHSyVLWRV�� RILFLQDV� H� JDUDJHQV� H�

sobrecargas em coberturas 
0,8 0,7 0,6 

9HQWR� 3UHVVmR�GLQkPLFD�GR�YHQWR�QDV�estruturas em geral 0,6 0,3 0 

Temperatura 
9DULDo}HV�XQLIRUPHV�GH� WHPSHUDWXUD�HP�UHODomR�j�PpGLD�DQXDO�

local
0,6 0,5 0,3 

Passarelas de pedestres 0,6 0,4 0,3 &DUJDV�PyYHLV�

e seus efeitos 

GLQkPLFRV� Pilares e outros elementos ou subestruturas que suportam vigas 

de rolamento de pontes rolantes 
0,7 0,6 0,4 

a
�� 9HU�DOtQHD�F��GH��������

b
�� (GLILFDo}HV�UHVLGHQFLDLV�GH�DFHVVR�UHVWULWR�

c
�� (GLILFDo}HV�FRPHUFLDLV��GH�HVFULWyULRV�H�GH�DFHVVR�S~EOLFR��

d
�� 3DUD�FRPELQDo}HV�H[FHSFLRQDLV�RQGH�D�DomR principal for sismo, admite-se adotar para 2 o valor zero.



ABNT NBR 14762:2010 

20 ��$%17��������7RGRV�RV�GLUHLWRV�UHVHUYDGRV

���� &RPELQDo}HV�GH�Do}HV�

6.7.1 Generalidades 

8P�FDUUHJDPHQWR�p�GHILQLGR�SHOD�FRPELQDomR�GDV�Do}HV�TXH� WrP�SUREDELOLGDGHV�QmR�GHVSUH]iYHLV�GH�DWXDUHP�

simultaneamente sobre a estrutura, duUDQWH�XP�SHUtRGR�SUHHVWDEHOHFLGR��

$� FRPELQDomR�GDV�Do}HV� GHYH�VHU� IHLWD� GH� IRUPD�TXH� SRVVDP�VHU� GHWHUPLQDGRV� RV� HIHLWRV�PDLV� GHVIDYRUiYHLV�

SDUD�D�HVWUXWXUD��D�YHULILFDomR�GRV�HVWDGRV�OLPLWHV�~OWLPRV�H�GRV�HVWDGRV�OLPLWHV�GH�VHUYLoR�GHYH�VHU�UHDOL]DGD�HP�

IXQomR�GH�FRPELQDo}HV�~OWLPDV�H�FRPELQDo}HV�GH�VHUYLoR��UHVSHFWLYDPHQWH��

������ &RPELQDo}HV�~OWLPDV�

8PD�FRPELQDomR�~OWLPD�GH�Do}HV�SRGH�VHU�FODVVLILFDGD�HP�QRUPDO��HVSHFLDO��GH�FRQVWUXomR�H�H[FHSFLRQDO��

�������� &RPELQDo}HV�~OWLPDV�QRUPDLV�

$V�FRPELQDo}HV�~OWLPDV�QRUPDLV�GHFRUUHP�GR�XVR�SUHYLVWR�SDUD�D�HGLILFDomR��

'HYHP�VHU�FRQVLGHUDGDV�WDQWDV�FRPELQDo}HV�GH�Do}HV�TXDQWDV�IRUHP�QHFHVViULDV�SDUD�YHULILFDomR�GDV�FRQGLo}HV�

GH� VHJXUDQoD� HP� UHODomR� D� WRGRV� RV� HVWDGRV�OLPLWHV� ~OWLPRV� DSOLFiYHLV�� (P� FDGD� FRPELQDomR� GHYHP� HVWDU�

LQFOXtGDV�DV�Do}HV�SHUPDQHQWHV�H�D�DomR�YDULiYHO�SULQFLSDO��FRP�VHXV�YDORUHV�FDUDFWHUtVWLFRV�H�DV�GHPDLV�Do}HV�

YDULiYHLV��FRQVLGHUDGDV�VHFXQGiULDV��FRP�VHXV�YDORUHV�UHGX]LGRV�GH�FRPELQDomR��

3DUD�FDGD�FRPELQDomR��DSOLFD�VH�D�VHJXLQWH�H[SUHVVmR��

)()( kQj,0j

n

2j

qjkQ1,q1

m

1i

ki,Ggid FFFF

onde

FGi,k UHSUHVHQWD�RV�YDORUHV�FDUDFWHUtVWLFRV�GDV�Do}HV�SHUPDQHQWHV��

FQ1,k p�R�YDORU�FDUDFWHUtVWLFR�GD�DomR�YDULiYHO�FRQVLGHUDGD�SULQFLSDO�SDUD�D�FRPELQDomR��

FQj,k UHSUHVHQWD�RV�YDORUHV�FDUDFWHUtVWLFRV�GDV�Do}HV�YDULiYHLV�TXH�SRGHP�DWXDU�FRQFRPLWDQWHPHQWH�FRP��

D�DomR�YDULiYHO�SULQFLSDO��

�������� &RPELQDo}HV�~OWLPDV�HVSHFLDLV�

$V�FRPELQDo}HV�~OWLPDV�HVSHFLDLV�GHFRUUHP�GD�DWXDomR�GH�Do}HV�YDULiYHLV�GH�QDWXUH]D�RX�LQWHQVLGDGH�HVSHFLDO��

FXMRV�HIHLWRV�VXSHUDP�HP�LQWHQVLGDGH�RV�HIHLWRV�SURGX]LGRV�SHODV�Do}HV�FRQVLGHUDGDV�QDV�FRPELQDo}HV�QRUPDLV��

2V� FDUUHJDPHQWRV� HVSHFLDLV� VmR� WUDQVLWyULRV�� FRP� GXUDomR�PXLWR� SHTXHQD� HP� UHODomR� DR� SHUtRGR� GH� YLGD� ~WLO�

projetada da estrutura.  

$�FDGD�FDUUHJDPHQWR�HVSHFLDO�FRUUHVSRQGH�XPD�~QLFD�FRPELQDomR�~OWLPD�HVSHFLDO�GH�Do}HV��QD�TXDO�GHYHP�HVWDU�

SUHVHQWHV�DV�Do}HV�SHUPDQHQWHV�H�D�DomR�YDULiYHO�HVSHFLDO��FRP�VHXV�YDORUHV�FDUDFWHUtVWLFRV��H�DV�GHPDLV�Do}HV�

YDULiYHLV� FRP� SUREDELOLGDGH� QmR� GHVSUH]iYHO� GH� RFRUUrQFLD� VLPXOWkQHD�� FRP� VHXV� YDORUHV� UHGX]LGRV� GH�

FRPELQDomR��

$SOLFD�VH�D�VHJXLQWH�H[SUHVVmR��

)()( kQj,ef0j,

n

2j

qjkQ1,q1

m

1i

ki,Ggid FFFF
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onde

FGi,k UHSUHVHQWD�RV�YDORUHV�FDUDFWHUtVWLFRV�GDV�Do}HV�SHUPDQHQWHV��

FQ1,k p�R�YDORU�FDUDFWHUtVWLFR�GD�DomR�YDULiYHO�HVSHFLDO��

FQj,k UHSUHVHQWD�RV�YDORUHV�FDUDFWHUtVWLFRV�GDV�Do}HV�YDULiYHLV�TXH�SRGHP�DWXDU�FRQFRPLWDQWHPHQWH�FRP��

D�DomR�YDULiYHO�HVSHFLDO��

0j,ef UHSUHVHQWD�RV� IDWRUHV�GH�FRPELQDomR�HIHWLYRV�GH�FDGD�XPD�GDV�Do}HV�YDULiYHLV�TXH�SRGHP�DWXDU��

FRQFRPLWDQWHPHQWH�FRP�D�DomR�YDULiYHO�HVSHFLDO�FQ1.

Os fatores 0j,ef� VmR� LJXDLV� DRV� IDWRUHV� 0j� DGRWDGRV� QDV� FRPELQDo}HV� QRUPDLV�� VDOYR� TXDQGR� D� DomR� YDULiYHO�

especial FQ1� WLYHU� XP� WHPSR� GH� DWXDomR� PXLWR� SHTXHQR�� FDVR� HP� TXH� 0j,ef podem ser tomados como os 

FRUUHVSRQGHQWHV�IDWRUHV�GH�UHGXomR� 2j.

�������� &RPELQDo}HV�~OWLPDV�GH�FRQVWUXomR�

$V� FRPELQDo}HV� ~OWLPDV� GH� FRQVWUXomR� GHYHP� VHU� OHYadas em conta nas estruturas em que haja riscos de 

RFRUUrQFLD�GH�HVWDGRV�OLPLWHV�~OWLPRV��Mi�GXUDQWH�D�IDVH�GH�FRQVWUXomR��2�FDUUHJDPHQWR�GH�FRQVWUXomR�p�WUDQVLWyULR�

H�VXD�GXUDomR�GHYH�VHU�GHILQLGD�HP�FDGD�FDVR�SDUWLFXODU���

'HYHP�VHU�FRQVLGHUDGDV�WDQWDV�FRPELQDo}HV�GH�Do}HV�TXDQWDV�VHMDP�QHFHVViULDV�SDUD�YHULILFDomR�GDV�FRQGLo}HV�

GH�VHJXUDQoD�HP�UHODomR�D�WRGRV�RV�HVWDGRV�OLPLWHV�~OWLPRV�TXH�VmR�GH�VH�WHPHU�GXUDQWH�D�IDVH�GH�FRQVWUXomR��

(P�FDGD�FRPELQDomR�GHYHP�HVWDU�SUHVHQWHV�DV�Do}HV�SHUPDQHQWHV�H�D�DomR�YDULiYHO�SULQFLSDO��FRP�VHXV�YDORUHV�

FDUDFWHUtVWLFRV� H� DV� GHPDLV� Do}HV� YDULiYHLV�� FRQVLGHUDGDV� VHFXQGiULDV�� FRP� VHXV� YDORUHV� UHGX]LGRV� GH�

FRPELQDomR��

3DUD�FDGD�FRPELQDomR��DSOLFD�VH�D�PHVPD�H[SUHVVmR�GDGD�HP����������RQGH�FQ1,k�p�R�YDORU�FDUDFWHUtVWLFR�GD�DomR�

YDULiYHO�DGPLWLGD�FRPR�SULQFLSDO�SDUD�D�VLWXDomR�WUDQVLWyULD�FRQVLGHUDGD��

�������� &RPELQDo}HV�~OWLPDV�H[FHSFLRQDLV�

$V�FRPELQDo}HV�~OWLPDV�H[FHSFLRQDLV�GHFRUUHP�GD�DWXDomR�GH�Do}HV�H[FHSFLRQDLV�TXH�SRGHP�SURYRFDU�HIHLWRV�

FDWDVWUyILFRV��$V�Do}HV�H[FHSFLRQDLV�VRPHQWH�GHYHP�VHr consideradas no projeto de estrutura de determinados 

WLSRV� GH� FRQVWUXomR�� QRV� TXDLV� HVVDV� Do}HV� QmR� SRVVDm ser desprezadas e que, alpP� GLVVR�� QD� FRQFHSomR�

HVWUXWXUDO��QmR�SRVVDP�VHU� WRPDGDV�PHGLGDV�TXH�DQXOHP�RX�DWHQXHP�D�JUDYLGDGH�GDV�FRQVHT�rQFLDV�GRV�VHXV�

HIHLWRV��2�FDUUHJDPHQWR�H[FHSFLRQDO�p�WUDQVLWyULR��FRP�GXUDomR�H[WUHPDPHQWH�FXUWD��

$� FDGD� FDUUHJDPHQWR� H[FHSFLRQDO� FRUUHVSRQGH� XPD� ~QLFD� FRPELQDomR� ~OWLPD� H[FHSFLRQDO� GH� Do}HV�� QD� TXDO�

GHYHP�ILJXUDU�DV�Do}HV�SHUPDQHQWHV�H�D�DomR�YDULiYHO�H[FHSFLRQDO��FRP�VHXV�YDORUHV�FDUDFWHUtVWLFRV��H�DV�GHPDLV�

Do}HV� YDULiYHLV� FRP� SUREDELOLGDGH� QmR� GHVSUH]iYHO� GH� RFRUUrQFLD� VLPXOWkQHD�� FRP� VHXV� YDORres reduzidos de 

FRPELQDomR��FRQIRUPH�D�$%17�1%5�������1RV�FDVRV�GH�Do}HV�VtVPLFDV��GHYH�VHU�XWLOL]DGD�D�$%17�1%5��������

$SOLFD�VH�D�VHJXLQWH�H[SUHVVmR��

)()( kQj,ef0j,

n

1j

qjexcQ,

m

1i

ki,Ggid FFFF

onde

FQ,exc�p�R�YDORU�GD�DomR�WUDQVLWyULD�H[FHSFLRQDO��
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������ &RPELQDo}HV�GH�VHUYLoR�

6.7.3.1 Generalidades 

$V� FRPELQDo}HV� GH� VHUYLoR� VmR� FODVVLILFDGDV� GH� DFRUGR� FRP� VXD� SHUPDQrQFLD� QD� HVWUXWXUD� HP� TXDVH�

SHUPDQHQWHV��IUHT�HQWHV�H�UDUDV��

$V�H[SUHVV}HV�JHUDLV�DSUHVHQWDGDV�HP���������D���������LQFOXHP�DV�Do}HV�SHUPDQHQWHV��(P�DOJXPDV�YHULILFDo}HV�

apresentadas no Anexo A,�HVVDV�Do}HV�SRGHP�VHU�GHVFRQVLGHUDGDV��

�������� &RPELQDo}HV�TXDVH�SHUPDQHQWHV�GH�VHUYLoR�

$V�FRPELQDo}HV�TXDVH�SHUPDQHQWHV�VmR�DTXHODV�TXH�SRGHP�DWXDU�GXUDQWH�JUDQGH�SDUWH�GR�SHUtRGR�GH�YLGD�GD�

HVWUXWXUD��GD�RUGHP�GD�PHWDGH�GHVVH�SHUtRGR��(VVDV�FRPELQDo}HV�VmR�XWLOL]DGDV�SDUD�RV�HIHLWRV�GH�ORQJD�GXUDomR�

H�SDUD�D�DSDUrQFLD�GD�FRQVWUXomR��

1DV� FRPELQDo}HV� TXDVH� SHUPDQHQWHV�� WRGDV� DV� Do}HV� YDULiYHLV� VmR� FRQVLGHUDGDV� FRP� VHXV� YDORUHV� TXDVH�

permanentes 2 FQ,k :

)( kQj,2j

n

1j

m

1i

kGi,ser FFF

1R� FRQWH[WR� GRV� HVWDGRV�OLPLWHV� GH� VHUYLoR�� R� WHUPR� ³DSDUrQFLD´� GHYH� VHU� HQWHQGLGR� FRPR� UHODFLRQDGR� D�

GHVORFDPHQWRV� H[FHVVLYRV� TXH�QmR� SURYRTXHP�GDQRV� D�RXWURV� FRPSRQHQWHV� GD� FRQVWUXomR�� H� QmR� D� TXHVW}HV�

PHUDPHQWH�HVWpWLFDV��

�������� &RPELQDo}HV�IUHTXHQWHV�GH�VHUYLoR�

$V�FRPELQDo}HV� IUHTXHQWHV� VmR�DTXHODV� TXH�VH� UHSHWHP�PXLWDV� YH]HV�GXUDQWH�R�SHUtRGR�GH�YLGD� SURMHWDGD�GD�

estrutura, da ordem da 10
5
�YH]HV�HP����DQRV��RX�TXH�WHQKDP�GXUDomR�WRWDO� LJXDO�D�XPD�SDUWH�QmR�GHVSUH]iYHO�

GHVVH�SHUtRGR��GD�RUGHP�GH������(VVDV�FRPELQDo}HV�VmR�XWLOL]DGDV�SDUD�RV�HVWDGRV�OLPLWHV� UHYHUVtYHLV�� LVWR�p��

TXH� QmR� FDXVDP� GDQRV� SHUPDQHQWHV� j� HVWUXWXUD� RX� D� RXWURV� FRPSRQHQWHV� GD� FRQVWUXomR�� LQFOXLQGR� RV�

UHODFLRQDGRV� DR� FRQIRUWR� GRV� XVXiULRV� H� DR� IXQFLRQDPHQWR� GH� HTXLSDPHQWRV�� WDLV� FRPR� YLEUDo}HV� H[FHVVLYDV��

movimentos laterais excessivos que comprometam a YHGDomR�� HPSRoDPHQWRV� HP� FREHUWXUDV� H� DEHUWXUDV� GH�

fissuras. 

1DV�FRPELQDo}HV�IUHT�HQWHV��D�DomR�YDULiYHO�SULQFLSDO�FQ1�p�WRPDGD�FRP�VHX�YDORU�IUHTXHQWH� 1 FQ1,k e todas as 

GHPDLV�Do}HV�YDULiYHLV�VmR�WRPDGDV�FRP�VHXV�YDORUHV�TXDVH�SHUPDQHQWHV� 2 FQ,k :

)( kQj,2j

n

2j

kQ1,1

m

1i

kGi,ser FFFF

�������� &RPELQDo}HV�UDUDV�GH�VHUYLoR�

$V�FRPELQDo}HV�UDUDV�VmR�DTXHODV�TXH�SRGHP�DWXDU�QR�Pi[LPR�DOJXPDV�KRUDV�GXUDQWH�R�SHUtRGR�SURMHWDGR�GH�

YLGD� GD� HVWUXWXUD�� (VVDV� FRPELQDo}HV� VmR� XWLOL]DGDV� SDUD� RV� HVWDGRV�OLPLWHV� LUUHYHUVtYHLV�� LVWR� p�� TXH� FDXVDP�

GDQRV� SHUPDQHQWHV� j� HVWUXWXUD� RX� D� RXWURV� FRPSRQHQWHV� GD� FRQVWUXomR�� H� SDUD� DTXHOHV� UHODFLRQDGRV� DR�

funcionamento adequado da estrutura, tais como IRUPDomR�GH�ILVVXUDV�H�GDQRV�DRV�IHFKDPHQWRV��

1DV� FRPELQDo}HV� UDUDV�� D� DomR� YDULiYHO� SULQFLSDO�FQ1� p� WRPDGD� FRP� VHX� YDORU� FDUDFWHUtVWLFR� FQ1,k e todas as 

GHPDLV�Do}HV�YDULiYHLV�VmR�WRPDGDV�FRP�VHXV�YDORUHV�IUHTXHQWHV� 1 FQ,k:

)( kQj,1j

n

2j

kQ1,

m

1i

kGi,ser FFFF
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�� 5HVLVWrQFLDV�

���� 9DORUHV�GDV�UHVLVWrQFLDV�

������ 9DORUHV�FDUDFWHUtVWLFRV�H�QRPLQDLV�

7.1.1.1 $V�UHVLVWrQFLDV�GRV�PDWHULDLV�VmR�UHSUHVHQWDGDV�SHORV�YDORUHV�FDUDFWHUtVWLFRV�GHILQLGRV�FRPR�DTXHOHV�

TXH��HP�XP�ORWH�GH�PDWHULDO��WrP�DSHQDV�����GH�SUREDELOLGDGH�GH�QmR�VHUHP�DWLQJLGRV��

7.1.1.2 1HVWD�1RUPD�� R� YDORU� FDUDFWHUtVWLFR� SRGH� VHU� VXEVWLWXtGR� SHOR� YDORU� QRPLQDO�� TXDQGR� IRUQHFLGR� SRU�

1RUPD�RX�HVSHFLILFDomR�DSOLFiYHO�DR�PDWHULDO��3RU�VLPSOLFLGDGH��R�WHUPR�³QRPLQDO´�DSOLFDGR�D�XPD�UHVLVWrQFLD�SRGH�

VLJQLILFDU�WDQWR�XPD�UHVLVWrQFLD�FDUDFWHUtVWLFD�TXDQWR�XPD�UHVLVWrQFLD�QRPLQDO��

������ 9DORUHV�GH�FiOFXOR�

7.1.2.1 $�UHVLVWrQFLD�GH�FiOFXOR�fd�GR�DoR�p�GHILQLGD�FRPR��

m

k
d

f
f

1HVVD�H[SUHVVmR��fk�p�D�UHVLVWrQFLD�FDUDFWHUtVWLFD�RX�QRPLQDO�H� m�p�R�FRHILFLHQWH�GH�SRQGHUDomR�GD�UHVLVWrQFLD��

dado por: 

m = m1 m2 m3

onde

m1 p�D�SDUFHOD�GR�FRHILFLHQWH�GH�SRQGHUDomR�TXH�FRQVLGHUD�D�YDULDELOLGDGH�GD�UHVLVWrQFLD�GR�DoR��

m2 p� D� SDUFHOD� GR� FRHILFLHQWH� GH� SRQGHUDomR� TXH� FRQVLGHUD� D� GLIHUHQoD� HQWUH� D� UHVLVWrQFLD� GR� DoR� QR�

corpo de prova e na estrutura; 

m3 p� D� SDUFHOD� GR� FRHILFLHQWH� GH� SRQGHUDomR� TXH� FRQVLGHUD� RV� GHVYLRV� JHUDGRV� QD� FRQVWUXomR� H� DV��

DSUR[LPDo}HV�IHLWDV�HP�SURMHWR�GR�SRQWR�GH�YLVWD�GDV�UHVLVWrQFLDV�

7.1.2.2 4XDQGR�XPD�GHWHUPLQDGD�UHVLVWrQFLD�QmR�GHSHQGHU�GH�medidas feitas convencionalmente em ensaios 

GH�FRUSRV�GH�SURYD�SDGURQL]DGRV�GRV�DoRV�HPSUHJDGRV��SRGHP�VHU�XWLOL]DGDV�WHQV}HV�UHVLVWHQWHV�GH�FiOFXOR�SDUD�

D� GHWHUPLQDomR� GDV� VROLFLWDo}HV� UHVLVWHQWHV� GH� FiOFXOR�� 2V� YDORUHV� GDV� WHQV}HV� UHVLVWHQWHV� GH� FiOFXOR� VmR�

estabelecidos, em cada caso particular, a partir das teorLDV�GH�UHVLVWrQFLD�GRV�HOHPHQWRV�HVWUXWXUDLV�FRQVLGHUDGRV��

���� &RHILFLHQWHV�GH�SRQGHUDomR�GDV�UHVLVWrQFLDV�QR�HVWDGR�OLPLWH�~OWLPR��(/8��

2V�YDORUHV�GR�FRHILFLHQWH�GH�SRQGHUDomR�GD�UHVLVWrQFLD� m, aqui representado simplesmente por ��VmR�IRUQHFLGRV�

HP�SDUWHV�HVSHFtILFDV�GHVWD�1RUPD���

���� &RHILFLHQWHV�GH�SRQGHUDomR�GDV�UHVLVWrQFLDV�QR�HVWDGR�OLPLWH�GH�VHUYLoR��(/6��

Os limites estabelecidos para os estados-limitHV�GH�VHUYLoR�QmR�QHFHVVLWDP�GH�PLQRUDomR��SRUWDQWR�� m = 1,00. 
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�� $QiOLVH�HVWUXWXUDO��HVWDELOLGDGH�H�GLPHQVLRQDPHQWR�

���� $QiOLVH�HVWUXWXUDO�

2�REMHWLYR�GD�DQiOLVH�HVWUXWXUDO�p�GHWHUPLQDU�RV�HIHLWRV�GDV�Do}HV�QD�HVWUXWXUD��YLVDQGR�HIHWXDU� YHULILFDo}HV�GH�

HVWDGRV�OLPLWHV�~OWLPRV�H�GH�VHUYLoR��

$� DQiOLVH� HVWUXWXUDO� GHYH� VHU� IHLWD� FRP� EDVH� HP� XP� PRdelo realista, que permita representar a resposta da 

estrutura e dos materiais estruturais, levando-se em cRQWD� DV� GHIRUPDo}HV� FDXVDGDV� SRU� WRGRV� RV� HVIRUoRV�

VROLFLWDQWHV� UHOHYDQWHV��2QGH�QHFHVViULR��D� LQWHUDomR�VROR�HVWUXWXUD�H�R�FRPSRUWDPHQWR�GDV� OLJDo}HV�GHYHP�VHU�

contemplados no modelo. 

4XDQWR�DRV�PDWHULDLV��HVWD�1RUPD�SUHYr�D�DQiOLVH�JOREDO�HOiVWLFD��GLDJUDPD�WHQVmR�GHIRUPDomR�HOiVWLFR�OLQHDU����

'HYH�VHU�HPSUHJDGR�R�SURFHGLPHQWR�GH�DQiOLVH�HVWUXWXUDO�GD�$%17�1%5�������R�TXDO�HVWDEHOHFH�FULWpULRV�SDUD�

DYDOLDU� D� LPSRUWkQFLD�GR�HIHLWR�GRV�GHVORFDPHQWRV�QD� UHVSosta da estrutura, bem como estabelece limites para 

HPSUHJR� GD� DQiOLVH� OLQHDU�� 1HVVH� SURFHGLPHQWR�� SHUPLWH-se o uso do comprimento de flambagem igual ao 

comprimento destravado da barra (K = 1,0). O emprego de valores de K� VXSHULRUHV� D� ���� p� VXEVWLWXtGR� SRU�

LPSHUIHLo}HV�JHRPpWULFDV�H�GH�PDWHULDO�LQLFLDLV�HTXLYDOHQWHV���

8.2 Estabilidade dos componentes da estrutura 

A estabilidade individual dos componentes da estrutura deYH�VHU�DVVHJXUDGD�SHOR�DWHQGLPHQWR�GDV�H[LJrQFLDV�GD�

6HomR���RX�GR�$QH[R�&��$V�LPSHUIHLo}HV�DVVRFLDGDV�D�HVVHV�FRPSRQHQWHV�Mi�HVWmR�LQFRUSRUDGDV�jV�H[SUHVV}HV�

de dimensionamento. No projeto de barras isoladas, SRGH�VHU�HPSUHJDGR�R�PpWRGR�GR�FRPSULPHQWR�HIHWLYR�GH�

flambagem, com os valores do coeficiente de flambagem K obtidos conforme ABNT NBR 8800. 

2V�HVIRUoRV�UHVLVWHQWHV�H�D�ULJLGH]�GRV�FRPSRQHQWHV�SUHYistos para conter lateralmente vigas e pilares em alguns 

pontos, definindo comprimentos destravados entre esses poQWRV��GHYHP�DWHQGHU�jV�H[LJrQFLDV�GHVWD�1RUPD�H�GD�

ABNT NBR 8800, respectivamente.  

���� 5HVLVWrQFLD�DR�HVFRDPHQWR�H�DXPHQWR�GD�UHVLVWrQFLD�DR�HVFRDPHQWR�GHYLGR�DR�HIHLWR�GR�

trabalho a frio 

$�UHVLVWrQFLD�DR�HVFRDPHQWR�XWLOL]DGD�QR�SURMHWR�GHYH�VHU�DGRWDGD�FRPR�XP�GRV�YDORUHV�HVWDEHOHFLGRV�D�VHJXLU��

D�� D�UHVLVWrQFLD�DR�HVFRDPHQWR�GR�DoR�YLUJHP�fy��DSOLFiYHO�D�TXDOTXHU�FDVR��RX

E�� D� UHVLVWrQFLD�DR�HVFRDPHQWR�GR�DoR�PRGLILFDGD� fya� OHYDQGR�VH�HP�FRQVLGHUDomR�R�HIHLWR�GR� WUDEDOKR�D� IULR��

conforme Anexo B. 

���� 0pWRGRV�SDUD�GLPHQVLRQDPHQWR�GH�EDUUD�

8.4.1� 1HVWD�1RUPD�VmR�SUHYLVWRV�RV�VHJXLQWHV�PpWRGRV�SDUD�R�GLPHQVLRQDPHQWR�GH�EDUUDV��

D�� PpWRGR� GD� ODUJXUD� HIHWLYD� �0/(��� HP� TXH� D� IODPEDJHP� ORFDO� p� FRQVLGHUDGD� SRU� PHLR� GH� SURSULHGDGHV�

JHRPpWULFDV�HIHWLYDV� �UHGX]LGDV��GD�VHomR� WUDQVYHUVDO�GDV�EDUUDV��RULXQGDV�GR�FiOFXOR�GDV� ODUJXUDV�HIHWLYDV�

dos elementos totalmente ou parcialmente comprimidos, conforme 9.2.2 e 9.2.3. Adicionalmente, deve ser 

considerada a flambagem distorcional, conforme 9.7.3 SDUD�EDUUDV�VXEPHWLGDV�j�FRPSUHVVmR�H���������SDUD�

EDUUDV�VXEPHWLGDV�j�IOH[mR��

E�� PpWRGR� GD� VHomR� HIHWLYD� �06(��� HP� TXH� D� IODPEDJHP� ORFDO� p� FRQVLGHUDGD� SRU� PHLR� GH� SURSULHGDGHV�

JHRPpWULFDV�HIHWLYDV��UHGX]LGDV��GD�VHomR�WUDQVYHUVDO�GDV�EDUUDV��FDOFXODGas diretamente conforme 9.7.2 b) 

SDUD� EDUUDV� VXEPHWLGDV� j� FRPSUHVVmR�� �������� E�� e 9.8.2.2 b) para barras VXEPHWLGDV� j� IOH[mR��

Adicionalmente, deve ser considerada a flambagem distorcional, conforme 9.7.3 para barras submetidas  

j�FRPSUHVVmR�H���������SDUD�EDUUDV�VXEPHWLGDV�j�IOH[mR��
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F�� PpWRGR�GD�UHVLVWrQFLD�GLUHWD��05'���FRQIRUPH�$QH[R�&��FRP�EDVH�QDV�SURSULHGDGHV�JHRPpWULFDV�GD�VHomR��

EUXWD�H�HP�DQiOLVH�JHUDO� GH�HVWDELOLGDGH�HOiVWLFD�TXH�SHUPLWD� LGHQWLILFDU�� SDUD�R� FDVR�HP�DQiOLVH�� WRGRV�RV�

PRGRV� GH� IODPEDJHP� H� VHXV� UHVSHFWLYRV� HVIRUoRV� FUtWLFRV�� (VVH� PpWRGR� SRGH� VHU� HPSUHJDGR� FRPR�

DOWHUQDWLYD� jV� VXEVHo}HV� ���� SDUD� FiOFXOR� GH� Nc,Rd�� ������ SDUD� FiOFXOR� GH� MRd� H� ������ SDUD� FiOFXOR� GH�

deslocamentos. 

8.4.2 3DUD� RV� FDVRV� QmR� SUHYLVWRV� QHVWD� 1RUPD�� R� GLPensionamento pode ser feito com base em ensaios, 

FRQIRUPH�6HomR�����

�� &RQGLo}HV�HVSHFtILFDV�SDUD�R�dimensionamento de barras 

���� &RQGLo}HV�JHUDLV�

9.1.1 Aplicabilidade 

(VWD�VHomR�WUDWD�GR�GLPHQVLRQDPHQWR�GH�EDUUDV�SULVPiWLFDV�VXEPHWLGDV�D�Do}HV�HVWiWLFDV��H[FHWR�SHUILV�WXEXODUHV�

FRP�VHomR�WUDQVYHUVDO�FLUFXODU��RV�TXDLV�GHYHP�VHU�GLPHQVLRQDGRV�FRQIRUPH�D�$%17�1%5�������

������ 9DORUHV�Pi[LPRV�GD�UHODomR�ODUJXUD�HVSHVVXUD�

$�UHODomR�ODUJXUD�HVSHVVXUD�GH�XP�HOHPHQWR��GHVFRQVLGHUDQGR�HQULMHFHGRUHV�LQWHUPHGLiULRV��QmR�GHYH�XOWUDSDVVDU�

os valores estabelecidos na Tabela 4. 

7DEHOD���²�9DORUHV�Pi[LPRV�GD�UHODomR�ODUJXUD�HVSHVVXUD�

&DVR�D�VHU�DQDOLVDGR� 9DORU�Pi[LPR�GD�

UHODomR�ODUJXUD�

espessura 
a

Elemento comprimido AA, tendo uma borda vinculada a alma ou mesa e a outra a 

enrijecedor de borda simples 
(b/t)Pi[ = 60 

  b

Elemento comprimido AA, tendo uma borda vinculada a alma e a outra a mesa ou 

outro tipo de enrijecedor de borda com Is Ia conforme 9.2.3 
(b/t)Pi[ = 90 

$OPD�GH�SHUILV�8�QmR�HQULMHFLGRV�VXMHLWD�j�FRPSUHVVmR�XQLIRUPH� �b/t)Pi[ = 90

Elemento comprimido com ambas as bordas vinculadas a elementos AA  (b/t)Pi[ = 500
   c 

Elemento comprimido AL ou AA com enrijecedor de borda tendo Is < Ia
conforme 9.2.3 

(b/t)Pi[ = 60
b

Alma de vigas sem enrijecedores transversais (b/t)Pi[ = 200 

Alma de vigas com enrijecedores transversais apenas nos apoios e satisfazendo 

DV�H[LJrQFLDV�GH�������
(b/t)Pi[ = 260 

$OPD� GH� YLJDV� FRP� HQULMHFHGRUHV� WUDQVYHUVDLV� QRV� DSRLRV� H� LQWHUPHGLiULRV��

VDWLVID]HQGR�DV�H[LJrQFLDV�GH�������
(b/t)Pi[ = 300 

a   
b�p�D�ODUJXUD�GR�HOHPHQWR��t�p�D�HVSHVVXUD��

b   
3DUD�HYLWDU�GHIRUPDo}HV�H[FHVVLYDV�GR�HOHPHQWR��UHFRPHQGD�VH��b/t)Pi[ = 30. 

c
3DUD�HYLWDU�GHIRUPDo}HV�H[FHVVLYDV�GR�HOHPHQWR��UHFRPHQGD�VH��b/t)Pi[ = 250.



ABNT NBR 14762:2010 

26 ��$%17��������7RGRV�RV�GLUHLWRV�UHVHUYDGRV

9.2 Flambagem local 

9.2.1 Generalidades 

$�IODPEDJHP�ORFDO�SRGH�VHU�FRQVLGHUDGD�FRP�EDVH�QR�PpWRGR�GD�ODUJXUD�HIHWLYD��D�SDUWLU�GR�FiOFXOR�GDV�ODUJXUDV�

efetivas dos elementos totalmente ou parcialmente compriPLGRV��FRQIRUPH�������H��������RX�FRP�EDVH�QR�PpWRGR�

GD� VHomR� HIHWLYD�� D� SDUWLU� GR� FiOFXOR� GDV� SURSULHGDGHV� JHRPpWULFDV� HIHWLYDV� GD� VHomR� WUDQVYHUVDO� GDV� EDUUDV��

calculadas diretamente conforme 9.7.2 b), 9.8.2.1 b) e 9.8.2.2 b). 

9.2.2 Largura efetiva de elementos AA e AL 

A largura efetiva de elementos totalmente ou parcialmente comprimidos deve ser calculada conforme 9.2.2.1  

H����������SDUD�RV�FDVRV�GH�FiOFXOR�GR�HVIRUoo resistente e de deslocamentos, respectivamente. 

�������� &iOFXOR�GR�HVIRUoR�UHVLVWHQWH�

A largura efetiva bef deve ser calculada conforme descrito a seguir: 

 todos os elementos AA indicados na Tabela 5 e os elemHQWRV�$/�LQGLFDGRV�QD�7DEHOD���VHP�LQYHUVmR�QR�VLQDO�

GD�WHQVmR��  0): 

bef  = b     para p  0,673 

bef  = b(1-0,22/ p) / p  para p > 0,673 

� HOHPHQWRV�$/�LQGLFDGRV�QD�7DEHOD���FRP�LQYHUVmR�QR�VLQDO�GD�WHQVmR��  < 0): 

bef  = bc     para p  0,673 

bef  = bc(1-0,22/ p) / p  para p > 0,673 

onde

b p�D�ODUJXUD�GR�HOHPHQWR��

bc p�D�ODUJXUD�GD�UHJLmR�FRPSULPLGD�GR�HOHPHQWR��FDOFXODGD�FRP�EDVH�QD�VHomR�HIHWLYD��

p p�R�tQGLFH�GH�HVEHOWH]�UHGX]LGR�GR�HOHPHQWR��GHILQLGR�FRPR��

0,5

0,5

cr

p
)/0,95(kE

tb

Para p �������D�ODUJXUD�HIHWLYD�p�D�SUySULD�ODUJXUD�GR�HOHPHQWR�

cr�p�D�WHQVmR�FRQYHQFLRQDO�GH�IODPEDJHP�HOiVWLFD�GR�HOHPHQWR��GDGD�SRU��

22

2

)1(12 tb

E
kcr

t p�D�HVSHVVXUD�GR�HOHPHQWR��

k p�R�FRHILFLHQWH�GH�IODPEDJHP�ORFDO�GR�HOHPHQWR��FDOFXODGR�GH�DFRUGR�FRP�D�7DEHOD���SDUD�HOHPHQWRV�$$��

ou de acordo com a Tabela 6 para elementos AL; 
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p�R�FRHILFLHQWH�GH�3RLVVRQ�GR�DoR��DGRWDGR�LJXDO�D������

p�D�WHQVmR�QRUPDO�GH�FRPSUHVVmR��GHIinida conforme descrito a seguir: 

D�� HVWDGR�OLPLWH�~OWLPR�GH�HVFRDPHQWR�GD�VHomR�

Para cada elemento totalmente ou parcialmente comprimido, �p�D�Pi[LPD�WHQVmR�GH�FRPSUHVVmR��FDOFXODGD�

SDUD�D�VHomR�HIHWLYD��TXH�RFRUUH�TXDQGR�D�VHomR�DWLQJH�R�LQtFLR�GR�HVFRDPHQWR��6H�D�Pi[LPD�WHQVmR�IRU�GH�

WUDomR� �SRGH�VHU�FDOFXODGD�DGPLWLQGR�VH�GLVWULEXLomR�OLQHDU�GH�WHQV}HV��$�VHomR�HIHWLYD��QHVWH�FDVR��GHYH�VHU�

GHWHUPLQDGD�SRU�DSUR[LPDo}HV�VXFHVVLYDV��

E�� HVWDGR�OLPLWH�~OWLPR de instabilidade da barra 

6H�D�EDUUD� IRU�VXEPHWLGD�j�FRPSUHVVmR��  = fy, sendo �R� IDWRU�GH� UHGXomR�GD� IRUoD�D[LDO�GH�FRPSUHVVmR�

UHVLVWHQWH��DVVRFLDGR�j�IODPEDJHP�JOREDO��FRQIRUPH��������6H�D�EDUUD�IRU�VXEPHWLGD�j�IOH[mR��  = FLTfy, sendo 

FLT� R� IDWRU�GH� UHGXomR�GR�PRPHQWR� IOHWRU� UHVLVWHQWH��DVVRFLDGR�j� IODPEDJHP� ODWHUDO�FRP� WRUomR�� FRQIRUPH�

9.8.2.2.

�������� &iOFXOR�GH�GHVORFDPHQWRV�

2� FiOFXOR� GH� GHVORFDPHQWRV� HP�EDUUDV� FRP� VHo}HV� WUDQVYHUVDLV� FRQVWLWXtGDV� SRU� HOHPHQWRV� HVEHOWRV� GHYH� VHU�

IHLWR�SRU�DSUR[LPDo}HV�VXFHVVLYDV��FRQVLGHUDQGR�D�UHGXomR�GH�VXD�ULJLGH]�DVVRFLDGD�j�IODPEDJHP�ORFDO��3DUD�LVWR��

devem ser calculadas as larguras efetivas bef�GRV�HOHPHQWRV�GD�VHomR�WUDQVYHUVDO�TXH�VH�HQFRQWUHP�WRWDOPHQWH�RX�

SDUFLDOPHQWH�VXEPHWLGRV�D�WHQV}HV�QRUPDLV�GH�FRPSUHVVmR��FRQIRUPH����������VXEVWLWXLQGR� p por pd.

onde:

0,5
)/(0,95 n

pd
kE

tb

K p�R�FRHILFLHQWH�GH�IODPEDJHP�ORFDO�GR�HOHPHQWR��FDlculado de acordo com a Tabela 5 para elementos AA  

ou de acordo com a Tabela 6 para elementos AL e n� p� D� Pi[LPD� WHQVmR� QRUPDO� GH� FRPSUHVVmR��

FDOFXODGD�SDUD�D�VHomR� WUDQVYHUVDO�HIHWLYD�H�FRQVLGHUDQGR�DV�FRPELQDo}HV�GH�Do}HV�SDUD�RV�HVWDGRV�

OLPLWHV�GH�VHUYLoR�FRQIRUPH��������
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7DEHOD���²�/DUJXUD�HIHWLYD�H�FRHILFLHQWHV�GH�IODPEDJHP�ORFDO�SDUD�HOHPHQWRV�$$�

Caso a 

b

/2/2bef bef

-

k = 4,0 

Caso b 
ef,2ef,1b

b

b

1

-

2 0  = 2 / 1 < 1,0 

bef,1 = bef / (3- )

bef,2 = bef�±�bef,1

k = 4 + 2(1- ) + 2(1- )
3

Caso c 
ef,1

b ef,2

b

b

cb

-

1

2

+

A parte tracionada deve ser considerada 

totalmente efetiva.

-0,236 <  = 2 / 1 < 0 

bef,1 = bef / (3- )

bef,2 = bef�±�bef,1 

k = 4 + 2(1- ) + 2(1- )
3

Caso d 
bef,1

bef,2

c

-

+b

1

2

b

A parte tracionada deve ser considerada 

totalmente efetiva.

 = 2 / 1  -0,236 

bef,1 = bef / (3- )

bef,2 = 0,5bef

sendo bef,1 + bef,2 bc

k = 4 + 2(1- ) + 2(1- )
3

127$� 2�VLQDO�����LQGLFD�FRPSUHVVmR��
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7DEHOD���²�/DUJXUD�HIHWLYD�H�FRHILFLHQWHV�GH�IODPEDJHP�ORFDO�SDUD�HOHPHQWRV�$/�

Caso a efb

b

k = 0,43 

Caso b 

ef

b

1

b

2

0  = 2 / 1 < 1,0 

k = 0,578 / (  + 0,34) 

Caso c 

1

efb

cb
+

2

A parte tracionada deve ser considerada 

totalmente efetiva. 

- 1,0  = 2 / 1 < 0 

k� �����±��  + 17,1
2

Caso d 

efb

b

2
_

1

2 1

e

- 1,0  = 2 / 1  1,0 

k� ������±�����  + 0,07
2

127$� 2�VLQDO�����LQGLFD�FRPSUHVVmR��
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9.2.3 Largura efetiva de elementos uniformemente comprimidos com enrijecedor de borda simples 

A largura efetiva de elementos uniformemente comprimidos com enrijecedor de borda simples deve ser calculada 

conforme 9.2.3.1 e 9.2.3.2, para os FDVRV�GH�FiOFXOR�GR�HVIRUoR�UHVLVWHQWH�e de deslocamentos, respectivamente. 

�������� &iOFXOR�GR�HVIRUoR�UHVLVWHQWH�

Para p0  0,673 

127$� (QULMHFHGRU�GH�ERUGD�QmR�p�QHFHVViULR��

bef = b

ds = def

Para p0 > 0,673 

bef,1 = (Is/Ia)(bef/2)  (bef/2)

bef,2 = bef�±�bef,1

ds = (Is/Ia) def def

onde

0,5p0
)/0,623(

/

E

tb

Isp�R�PRPHQWR�GH�LQpUFLD�GD�VHomR�EUXWD�GR�HQULMHFHGRU�HP�UHODomR�DR�HL[R�TXH�SDVVD�SHOR�VHX�FHQWUyLGH�H��

p�SDUDOHOR�DR�HOHPHQWR�D�VHU�HQULMHFLGR��$�UHJLmR�GD�GREUD�HQWUH�R�HQULMHFHGRU�H�R�HOHPHQWR�D�VHU�HQULMHFLGR�

QmR� GHYH  ser considerada parte integrante do enrijecedor. Portanto, para o enrijecedor representado  

na Figura 2: 

)/12(
23

s sentdI

Ia p�R�PRPHQWR�GH�LQpUFLD�GH�UHIHUrQFLD�GR�HQULMHFHGRU�ERUGD��GDGR�SRU��

556328,0487,0399 0
43

0
4

ppa ttI

p�D�WHQVmR�QRUPDO�GHILQLGD�HP�����������

b p�D�ODUJXUD�GR�HOHPHQWR��)LJXUD�����

bef p�D�ODUJXUD�HIHWLYD�GR�HOHPHQWR��FDOFXODGD�FRnforme 9.2.2.1, com o seguinte valor de k:

 para D/b  0,25  

k = 3,57(Is/Ia)
n
 + 0,43  4 (considerar Is/Ia  1) 

  para 0,25 < D/b  0,8 

k� �������±��D/b)(Is/Ia)
n
 + 0,43  4 (considerar Is/Ia  1) 

 n� ��������±������ p0)  1/3 
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bef,1 e bef,2 VmR�DV�SDUFHODV�GD�ODUJXUD�HIHWLYD�GR�HOHPHQWR��)LJXUD�����

D p�D�GLPHQVmR�QRPLQDO�GR�HQULMHFHGRU�GH�ERUGD��)LJXUD�����

d �p�D�ODUJXUD�GR�HQULMHFHGRU�GH�ERUGD��)LJXUD�����

def p�D�ODUJXUD�HIHWLYD�GR�HQULMHFHGRU�FDOFXODGD�FRQIRUPH����������)LJXUD�����

ds p�D�ODUJXUD�HIHWLYD�UHGX]LGD�GR�HQULMHFHGRU�H�DGRWDGD�QR�FiOFXOR�GDV�SURSULHGDGHV�GD�VHomR�HIHWLYD��

do perfil (Figura 2); 

p�R�kQJXOR�IRUPDGR�SHOR�HOHPHQWR�H�R�HQULMHFHGRU�GH�ERUGD��VHQGR���  140 .

)LJXUD���²�(OHPHQWR�XQLIRUPHPHQWH�FRPSULmido com enrijecedor de borda simples 

�������� &iOFXOR�GH�GHVORFDPHQWRV�

Deve ser adotado o mesmo procedimento estabelecido em 9.2.3.1, substituindo  por n��TXH�p�D�WHQVmR�FDOFXODGD�

FRQVLGHUDQGR�DV�FRPELQDo}HV�GH�Do}HV�SDUD�RV�HVWDGRV�OLPLWHV�GH�VHUYLoR�FRQIRUPH��������

9.3 Flambagem distorcional 

$V� VHo}HV� WUDQVYHUVDLV� GH� EDUUDV� SRGHP� DSUHVHQWDU� IODPEDgem distorcional, conforme ilustrado na Figura 3. 

'HSHQGHQGR� GD� IRUPD� GD� VHomR� H� GDV� GLPHQV}HV� GRV� HOementos, o modo de flambagem distorcional pode 

FRUUHVSRQGHU� DR� PRGR� FUtWLFR�� GHYHQGR� portanto, ser considerado no dimensionamento, conforme 9.7.3 para 

EDUUDV�VXEPHWLGDV�j�FRPSUHVVmR�FHQWUDGD�RX�9.8.2.3 para barras sXEPHWLGDV�j�IOH[mR��
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3DUD�EDUUDV�LVRODGDV��)LJXUDV��D�D��G���R�FiOFXOR�GRV�HVIRUoRV�FUtWLFRV�GH�IODPEDJHP�HOiVWLFD�GLVWRUFLRQDO�SRGH�VHU�

IHLWR� FRP�EDVH�QD� WHRULD�GD�HVWDELOLGDGH�HOiVWLFD��RX�FRQIRUPH� IRUPXODomR�GLUHWD�DSUR[LPDGD��GHVGH�TXH�HVWHMD�

JDUDQWLGD�FRUUHODomR�DGHTXDGD�FRP�RV�UHVXOWDGRV�WHyULFRV��3DUD�EDUUDV�FRP�SDLQHO�FRQHFWDGR�j�PHVD�WUDFLRQDGD�

e a mesa comprimida livre (Figura 3e) p�UHFRPHQGDGR�R�SURFHGLPHQWR�GR�$QH[R�)��

2V�SHUILV�8�VLPSOHV��VHP�HQULMHFHGRUHV�GH�ERUGD��QmR�VmR�SDVVtYHLV�GH�IODPEDJHP�GLVWRUFLRQDO��GLVSHQVDQGR�VH�

SRUWDQWR�WDO�YHULILFDomR�QHVVH�FDVR��H[FHWR�HP�SHUILV�VXEPHWLGRV�j�IOH[mR�FRP�SDLQHO�FRQHFWDGR�j�PHVD�WUDFLRQDGD�

e a mesa comprimida livre, onde a flambagem distorcional do conjunto alma-mesa comprimida pode corresponder 

DR�PRGR�FUtWLFR��1HVVH�FDVR�GHYH�VH�FRQVultar bibliografia especializada.  

)LJXUD���²�([HPSORV�GH�IODPEDJHP�GLVWRUFLRQDO�GD�VHomR�WUDQVYHUVDO�

9.4 Efeito VKHDU�ODJ

Para vigas com comprimento L inferior a 30 bf0�� VXEPHWLGDV� D� XPD� IRUoD� FRQFHQWUDGD� RX� YiULDV� IRUoDV�

FRQFHQWUDGDV�FRP�HVSDoDPHQWR�VXSHULRU�D�2 bf0��DV�SURSULHGDGHV�JHRPpWULFDV�GD�VHomR�GHYHP�VHU�GHWHUPLQDGDV�

tomando-se como larguras efetivas das mesas tracionada e comprimida, a largura real multiplicada pelos fatores 

GH� UHGXomR� LQGLFDGRV� QD� 7DEHOD� ��� 3DUD� D� PHVD� FRPSULPLGD�� WDO� ODUJXUD� HIHWLYD� QmR� SRGH� XOWUDSDVVDU��

a determinada com base na flambagem local conforme 9.2.2 ou 9.2.3. 

7DEHOD���²�)DWRUHV�GH�UHGXomR�GD�ODUJXUD�GD�PHVD�

//Ef0 )DWRUHV�GH�UHGXomR� //Ef0� )DWRUHV�GH�UHGXomR�

30 1,00 14 0,82 

25 0,96 12 0,78 

20 0,91 10 0,73 

18 0,89 8 0,67 

16 0,86 6 0,55 
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onde

L p� R� YmR� GDV� YLJDV� VLPSOHVPHQWH� DSRLDGDV�� RX� D� GLVWkQFLD� HQWUH� SRQWRV� GH� LQIOH[mR� SDUD� DV� YLJDV��

FRQWtQXDV��RX�GXDV�YH]HV�R�FRPSULPHQWR�GRV�EDODQoRV��

bf0 p�D�ODUJXUD�GH�UHIHUrQFLD��WRPDGD�FRPR�D�ODUJXUD�OLYUH�GD�PHVD��GLVWkQFLD�HQWUH�D�IDFH�GD�DOPD�H�D��

ERUGD�OLYUH��SDUD�VHo}HV�,, U e Z��RX�D�PHWDGH�GD�GLVWkQFLD�OLYUH�HQWUH�DV�DOPDV�SDUD�VHo}HV�FDL[mR��

FDUWROD�H�VLPLODUHV��3DUD�PHVDV�GH�VHomR�,, U e Z enrijecidas nas bordas, bf0 deve ser tomada como 

a largura livre da mesa mais a largura nominal do enrijecedor de borda. 

9.5 Enrijecedores transversais 

������ (QULMHFHGRUHV�WUDQVYHUVDLV�HP�VHo}HV�FRP�IRUoD�FRQFHQWUDGD�

'HYHP� VHU� SUHYLVWRV� HQULMHFHGRUHV� WUDQVYHUVDLV� QDV� VHo}HV� GRV� DSRLRV� H� QDV� VHo}HV� LQWHUPHGLiULDV� VXMHLWDV� D�

IRUoDV�FRQFHQWUDGDV��H[FHWR�QRV�FDVRV�HP�TXH�VH�GHPRQVWUH�TXH�WDLV�HQULMHFHGRUHV�QmR�VHMDP�QHFHVViULRV��YHU�

Anexo D), ou ainda nos casos onde as almas sejam ligadas a RXWUDV�YLJDV�RX�SLODUHV��$�IRUoD�D[LDO�UHVLVWHQWH�GH�

FiOFXOR�GH�HQULMHFHGRUHV�WUDQVYHUVDLV�Ns,Rd  deve ser calculada por: 

a) enrijecedores tracionados: Ns,Rd = Afy /   ( = 1,10) 

b) enrijecedores comprimidos: Ns,Rd = Afy /  (  = 1,10) 

onde

p� R� IDWRU� GH� UHGXomR� GD� IRUoD� D[LDO� GH� FRPSUHVVmR� UHVLVWHQWH�� DVVRFLDGR� j� IODPEDJHP�JOREDO� GH� XPD��

EDUUD�KLSRWpWLFD��FRQIRUPH��������com comprimento efetivo de flambagem KL igual a altura da viga e a 

VHomR� WUDQVYHUVDO� D� VHU� FRQVLGHUDGD� p� D� IRUPDGD�SHlo enrijecedor mais uma faixa de alma de largura 

igual a 10 t, se o enrijecedor for de extremidade, ou igual a 18 t� VH� R� HQULMHFHGRU� IRU� LQWHUPHGLiULR���

'HYH�VHU�DGPLWLGD�IODPEDJHP�SRU�IOH[mR�HP�UHODomR�DR�HL[R�FRQWLGR�QR�SODQR�PpGLR�GD�DOPD��

A = 18t
2
 + As�SDUD�HQULMHFHGRUHV�SRVLFLRQDGRV�HP�VHo}HV�LQWHUPHGLiULDV�GD�EDUUD��RX�

A = 10t
2
 + As para enrijecedores posicionados em�VHo}HV�GH�H[WUHPLGDGH�GD�EDUUD��

onde

As p�D�iUHD�GD�VHomR�WUDQVYHUVDO�GR�HQULMHFHGRU��

t p�D�HVSHVVXUD�GD�DOPD�GD�YLJD��

$�UHODomR�ODUJXUD�HVSHVVXUD�GR�HQULMHFHGRU�b/ts�QmR�GHYH�XOWUDSDVVDU�RV�VHJXLQWHV�YDORUHV��

1,28(E/fy)
0,5 

para enrijecedores AA 

0,42(E/fy)
0,5

 para enrijecedores AL 

������ (QULMHFHGRUHV�WUDQVYHUVDLV�IRUoD�FRUWDQWH�

2V�HQULMHFHGRUHV�WUDQVYHUVDLV�SDUD�IRUoD�FRUWDQWH��SUHYLVWRV�HP�������GHYHP�DWHQGHU�jV�VHJXLQWHV�H[LJrQFLDV��

� D�UHODomR�a/h�QmR�GHYH�H[FHGHU�����QHP�>�����h/t)]
2
 ; 

� R�PRPHQWR�GH�LQpUFLD�Is GH�XP�HQULMHFHGRU�VLPSOHV�RX�GXSOR��HP�UHODomR�DR�HL[R�FRQWLGR�QR�SODQR�PpGLR�GD�

DOPD��QmR�GHYH�VHU�LQIHULRU�D���

Is,min = 5ht
3
(h/a - 0,7a/h)  (h/50)

4
.
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���� %DUUDV�VXEPHWLGDV�j�IRUoD�D[LDO�GH�WUDomR�

9.6.1 (VWD� VXEVHomR� DSOLFD�VH� D� EDUUDV� VXEPHWLGDV� j� IRUoD� D[LDO� GH� WUDomR�� 1R� GLPHQVLRQDPHQWR� GHYH� VHU�

DWHQGLGD�D�VHJXLQWH�FRQGLomR��

Nt,Sd Nt,Rd

onde

Nt,Sd p�D�IRUoD�D[LDO�GH�WUDomR�VROLFLWDQWH�GH�FiOFXOR��

Nt,Rd p�D�IRUoD�D[LDO�GH�WUDomR�UHVLVWHQWH�GH�Filculo, determinada conforme 9.6.2. 

'HYHP�DLQGD�VHU�REVHUYDGDV�DV�FRQVLGHUDo}HV�HVWDEHOHFLGDV�HP��������UHODFLRQDGDV�j�OLPLWDomR�GH�HVEHOWH]��

9.6.2 $� IRUoD� D[LDO� GH� WUDomR� UHVLVWHQWH� GH� FiOFXOR�Nt,Rd� p� R� PHQRU� GRV� YDORUHV� REWLGRV� FRQVLGHUDQGR�VH� RV�

HVWDGRV�OLPLWHV�~OWLPRV�GH�HVFRDPHQWR�GD�VHomR�EUXWD��UXSWXUD�GD�VHomR�OtTXLGD�IRUD�GD�UHJLmR�GD�OLJDomR�H�UXSWXUD�

GD�VHomR�OtTXLGD�QD�UHJLmR�GD�OLJDomR��GH�DFRUGR�FRP�DV�H[SUHVV}HV�LQGLFDGDV�D�VHJXLU��

D��SDUD�HVFRDPHQWR�GD�VHomR�EUXWD�

Nt,Rd = Afy /   ( = 1,10) 

E��SDUD�UXSWXUD�QD�VHomR�OtTXLGD�IRUD�GD�UHJLmR�GD�OLJDomR�

Nt,Rd = An0fu /  (  = 1,35)

F��SDUD�UXSWXUD�GD�VHomR�OtTXLGD�QD�UHJLmR�GD�OLJDomR�

Nt,Rd = CtAnfu /   (  = 1,65) 

onde

A p�D�iUHD�EUXWD�GD�VHomR�WUDQVYHUVDO�GD�EDUUD��

An0 p�D�iUHD�OtTXLGD�GD�VHomR�WUDQVYHUVDO�GD�EDUUD�IRUD�GD�UHJLmR�GD�OLJDomR��SRU�H[HPSOR��GHFRUUHQWH�GH�IXURV��

RX�UHFRUWHV�TXH�QmR�HVWHMDP�DVVRFLDGRV�j�OLJDomR�GD�EDUUD���

An p�D�iUHD�OtTXLGD�GD�VHomR�WUDQVYHUVDO�GD�EDUUD�QD�UHJLmR�GD�OLJDomR��VHQGR�TXH��

3DUD�FKDSDV�FRP�OLJDo}HV�SDUDIXVDGDV�HP�zig-zag, devem ser analisadas as SURYiYHLV�OLQKDV�GH�UXSWXUD��

�)LJXUD��D���VHQGR�D�VHomR�FUtWLFD�DTXHOD�FRUUHVSRQGHQWH�DR�PHQRU�YDORU�GD�iUHD�OtTXLGD��$�iUHD�OtTXLGD�

GD�VHomR�GH�UXSWXUD�DQDOLVDGD�GHYH�VHU�FDOFXODGD�SRU��

An = 0,9(A - nf df t + ts
2
 / 4g)

3DUD�OLJDo}HV�VROGDGDV��FRQVLGHUDU�An = A. Nos casos em que houver apenas soldas transversais (soldas  

de topo), An�GHYH�VHU�FRQVLGHUDGD�LJXDO�j�iUHD�EUXWa da(s) parte(s) conectada(s) apenas. 

df p�D�GLPHQVmR�GR�IXUR�QD�GLUHomR�SHUSHQGLFXODU�j�VROLFLWDomR��FRQIRUPH�7DEHOD�����

nf p�D�TXDQWLGDGH�GH�IXURV�FRQWLGRV�QD�OLQKD�GH�UXSWXUD�DQDOLVDGD��

s p�R�HVSDoDPHQWR�GRV�IXURV�QD�GLUHomR�GD�VROLFLWDomR��)LJXUD��D���

g p�R�HVSDoDPHQWR�GRV�IXURV�QD�GLUHomR�SHUSHQGLFXODU�j�VROLFLWDomR��)LJXUD��D���



ABNT NBR 14762:2010 

��$%17��������7RGRV�RV�GLUHLWRV�UHVHUYDGRV 35

t p�D�HVSHVVXUD�GD�SDUWH�FRQHFWDGD�DQDOLVDGD��

Ct p�R�FRHILFLHQWH�GH�UHGXomR�GD�iUHD�OtTXLGD��GDGR�SRU��

��� FKDSDV�FRP�OLJDo}HV�SDUDIXVDGDV��

� XP�SDUDIXVR�RX�WRGRV�RV�SDUDIXVRV�GD�OLJDomR�FRQWLGRV�HP�XPD�~QLFD�VHomR�WUDQVYHUVDO��

Ct = 2,5(d/g)  1,0 

� GRLV�SDUDIXVRV�QD�GLUHomR�GD�VROLFLWDomR��DOLQKDGRV�RX�HP�]LJXH]DJXH��

Ct = 0,5 + 1,25(d/g)  1,0 

� WUrV�SDUDIXVRV�QD�GLUHomR�GD�VROLFLWDomR��DOLQKDGRV�RX�HP�]LJXH]DJXH��

Ct = 0,67 + 0,83(d/g)  1,0 

� TXDWUR�RX�PDLV�SDUDIXVRV�QD�GLUHomR�GD�VROLFLWDomR��DOLQKDGRV�RX�HP�]LJXH]DJXH��

Ct = 0,75 + 0,625(d/g)  1,0 

d�p�R�GLkPHWUR�QRPLQDO�GR�SDUDIXVR��

(P�FDVRV�GH�HVSDoDPHQWRV�GLIHUHQWHV��WRPDU�VHPSUH�R�PDLRU�YDORU�GH�g�SDUD�FiOFXOR�GH�Ct;

1RV�FDVRV�HP�TXH�R�HVSDoDPHQWR�HQWUH�IXURV�g IRU�LQIHULRU�j�VRPD�GDV�GLVWkQFLDV�HQWUH�RV�FHQWURV�GRV�

IXURV�GH�H[WUHPLGDGH�jV�UHVSHFWLYDV�ERUGDV��QD�GLUHomR�SHUSHQGLFXODU�j�VROLFLWDomR��e1 + e2), Ct deve ser 

calculado substituindo g por e1 + e2;

+DYHQGR�XP�~QLFR�SDUDIXVR�QD�VHomR�DQDOLVDGD� Ct deve ser calculado tomando-se g� FRPR�D�SUySULD�

largura bruta da chapa; 

1RV�FDVRV�GH�IXURV�FRP�GLVSRVLomR�HP�zig-zag, com g inferior a 3d, Ct deve ser calculado tomando-se g

igual ao maior valor entre 3d e a soma  e1 + e2.

���FKDSDV�FRP�OLJDo}HV�VROGDGDV��

  soldas longitudinais associadas a soldas transversais: 

Ct = 1,0 

  somente soldas longitudinais ao longo de ambas as bordas: 

para b L < 1,5b: Ct = 0,75 

para 1,5b L < 2b: Ct = 0,87  

para L  2b: Ct = 1,0 
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���SHUILV�FRP�OLJDo}HV�SDUDIXVDGDV��

 todos os elementos conectados, com dois ou�PDLV�SDUDIXVRV�QD�GLUHomR�GD�VROLFLWDomR��

Ct = 1,0 

� WRGRV�RV�SDUDIXVRV�FRQWLGRV�HP�XPD�~QLFD�VHomR�WUDQVYHUVDO��LQFOXtQGR�R�FDVR�SDUWLFXODU�GH�XP��

� � ~QLFR� SDUDIXVR� QD� OLJDomR��� R� SHUILO� GHYH� VHU� WUDWDGR� FRPR� FKDSD� HTXLYDOHQWH� �)LJXUD� �E���

� � FRQIRUPH�DOtQHD�D���FRP�Ct dado por: 

Ct = 2,5(d/g)  1,0 

� FDQWRQHLUDV� H� SHUILV� 8� FRP� GRLV� RX� PDLV� SDUDIXVRV� QD� GLUHomR� GD� VROLFLWDomR�� VHQGR� TXH��

� QHP�WRGRV�RV�HOHPHQWRV�HVWmR�FRQHFWDGRV��)LJXUD��F���

Ct� �����±�����x/L) (devendo, no entanto ser usado 0,9 coPR�OLPLWH�VXSHULRU��H�QmR�VH�SHUPLWLQGR�

R�XVR�GH�OLJDo}HV�TXH�UHVXOWHP�HP�XP�YDORU�LQIHULRU�D������

���SHUILV�FRP�OLJDo}HV�VROGDGDV��

 apenas soldas transversais: 

Ct = 1,0 

� WRGRV� RV� HOHPHQWRV� FRQHFWDGRV� SRU� VROGDV� ORQJLWXGLQDLV� RX� SRU� XPD� FRPELQDomR� GH� VROGDV��

longitudinais e transversais: 

Ct = 1,0 

  cantoneiras com soldas longitudinais (Figura 4d): 

Ct� �����±�����x/L) �GHYHQGR�� QR� HQWDQWR�� VHU� XVDGR� ���� FRPR� OLPLWH� VXSHULRU�� H� QmR� VH��

SHUPLWLQGR�R�XVR�GH�OLJDo}HV�TXH�UHVXOWHP�HP�XP�YDORU�LQIHULRU�D������

 - perfis U com soldas longitudinais (Figura 4d): 

Ct� �����±������x/L) �GHYHQGR�� QR� HQWDQWR�� VHU� XVDGR� ���� FRPR� OLPLWH� VXSHULRU�� H� QmR� VH�

SHUPLWLQGR�R�XVR�GH�OLJDo}HV�TXH�UHVXOWHP�HP�XP�YDORU�LQIHULRU�D������

onde

b p�D�ODUJXUD�GD�FKDSD��

L p�R�FRPSULPHQWR�GD�OLJDomR�SDUDIXVDGD��)LJXUD��F) ou o comprimento da solda (Figura 4d); 

x p�D�H[FHQWULFLGDGH�GD�OLJDomR��WRPDGD�FRPR�D�GLVWkQFLD�HQWUH�R�FHQWUyLGH�GD�VHomR�GD�EDUUD�H�R�SODQR�GH��

FLVDOKDPHQWR� GD� OLJDomR� �)LJXUDV� �F� H� �G��� 1R� FDVR� GH� SHUILO� 8� FRQHFWDGR� SHODV�PHVDV� SRU�PHLR� GH�

SDUDIXVRV��D�H[FHQWULFLGDGH�GD�OLJDomR�GHYH�VHU�GHWHUPLQDGD�VXEVWLWXLQGR�R�SHUILO�8�SRU�GXDV�FDQWRQHLUDV�

ILFWtFLDV��REWLGDV�GLYLGLQGR�VH�R�SHUILO�8�SRU�XP�SODQR�SDUDOHOR�jV�PHVDV��QD�DOWXUD�GR�VHX�FHQWUyLGH��
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)LJXUD���²�/LQKDV�GH�UXSWXUD�H�JUDQGH]DV�SDUD�FiOFXOR�GR�FRHILFLHQWH�&W

9.6.3 5HFRPHQGD�VH�TXH�R� tQGLFH�GH�HVEHOWH]�GDV�EDUUDV� WUDFLRQDGDV�� WRPDGR�FRPR�D�PDLRU� UHODomR�HQWUH�R�

comprimento destravado e o raio� GH� JLUDomR� FRUUHVSRQGHQWH� �L/r�� QmR� H[FHGD� ����� 3DUD� DV� EDUUDV� FRPSRVWDV�

WUDFLRQDGDV��RX�VHMD��DTXHODV�FRQVWLWXtGDV�SRU�XP�RX�PDLV�SHUILV�DVVRFLDGRV��p�WDPEpP�UHFRPHQGDGR�TXH�R�tQGLFH�

GH�HVEHOWH]�GH�FDGD�SHUILO�FRPSRQHQWH�GD�EDUUD�QmR�H[FHGD������
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���� %DUUDV�VXEPHWLGDV�j�IRUoD�D[LDO�GH�FRPSUHVVmR�

9.7.1 Generalidades 

(VWD� VXEVHomR� DSOLFD�VH� D� EDUUDV� VXEPHWLGDV� j� IRUoD� D[LDO� GH� FRPSUHVVmR�� 1R� GLPHQVLRQDPHQWR� GHYH� VHU�

DWHQGLGD�D�VHJXLQWH�FRQGLomR��

Nc,Sd Nc,Rd

onde

Nc,Sd p�D�IRUoD�D[LDO�GH�FRPSUHVVmR�VROLFLWDQWH�GH�FiOFXOR��

Nc,Rd p�D�IRUoD�D[LDO�GH�FRPSUHVVmR�UHVLVWHQWH�GH�FiOFXOR��WRPDGD�FRPR�R�PHQRU�YDORU�FDOFXODGR�HP��������

e 9.7.3. 

'HYHP� DLQGD� VHU� REVHUYDGDV� DV� FRQVLGHUDo}HV� HVWDEHOHFLGDV� HP� ������ H� ������� UHODFLRQDGDV� j� OLPLWDomR� GH�

HVEHOWH]�H�jV�EDUUDV�FRPSRVWDV��

������ )ODPEDJHP�JOREDO�SRU�IOH[mR��SRU�WRUomR�RX�SRU�IOH[R�WRUomR�

$�IRUoD�D[LDO�GH�FRPSUHVVmR�UHVLVWHQWH�GH�FiOFXOR Nc,Rd deve ser calculada por: 

Nc,Rd = Aef fy/ (  = 1,20) 

onde

p�R�IDWRU�GH�UHGXomR�GD�IRUoD�D[LDO�GH�FRPSUHVVmR�UHVLVWHQWH��DVVRFLDGR�j�IODPEDJHP�JOREDO��FDOFXODGR��

 conforme indicado a seguir ou obtido diretamente da Tabela 8 para os casos em que 0�QmR�VXSHUH������

 para 1,50 :
2

00,658

 para 1,50 :
2

0

0,877

0 p�R�tQGLFH�GH�HVEHOWH]�UHGX]LGR�DVVRFLDGR�j�IODPEDJHP�JOREDO��GDGR�SRU��

5,0

0

e

y

N

Af

Ne p�D�IRUoD�D[LDO�GH�IODPEDJHP�JOREDO�HOiVWLFD, conforme 9.7.2.1, 9.7.2.2 ou 9.7.2.3; 

A p�D�iUHD�EUXWD�GD�VHomR�WUDQVYHUVDO�GD�EDUUD��

Aef p� D� iUHD� HIHWLYD� GD� VHomR� WUDQVYHUVDO� GD� EDUUD�� FDOFXODGD� FRP� EDVH� HP� XPD� GDV� GXDV� RSo}HV��

apresentadas a seguir: 

D�� QR�PpWRGR�GD�ODUJXUD�HIHWLYD��0/(), conforme 9.2.2 e 9.2.3, adotando  = fy;

E�� QR�PpWRGR�GD�VHomR�HIHWLYD��06(���FRQIRUPH�LQGLFDGR�D�VHJXLU��

Aef = A    para p  0,776 

8,08,0

115,0
1

pp

ef AA  para p > 0,776 
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5,0

N

Afy
p

N �p�D� IRUoD�D[LDO�GH� IODPEDJHP�ORFDO�HOiVWLFD��FDOFXODGD�SRU�PHLR�GH�DQiOLVH�GH�HVWDELOLGDGH�HOiVWLFD��RX���

GH�IRUPD�GLUHWD��VHJXQGR�D�H[SUHVVmR��

A
tb

E
k

w
22

2

)1(12
N

2V� YDORUHV�GR� FRHILFLHQWH� GH� IODPEDJHP� ORFDO� SDUD� D� VHomR� FRPSOHWD�� k  , podem ser calculados pelas 

H[SUHVV}HV�LQGLFDGDV�QD�7DEHOD���RX�REWLGRV�GLUHWDPHQWH�GD�7DEHOD�����2V�YDORUHV�GD�7DEHOD����VmR�PDLV�

SUHFLVRV�TXH�RV�IRUQHFLGRV�SHODV�H[SUHVV}HV�GD�7DEHOD����XPD�YH]�TXH�FRUUHVSRQGHP�D�YDORUHV�REWLGRV�

GLUHWDPHQWH�GD�DQiOLVH�JHUDO�GH�HVWDELOLGDGH�HOiVWLFD��

7DEHOD���²�9DORUHV�GH� �HP�IXQomR�GR�tQGLFH�GH�HVEHOWH]�UHGX]LGR� 0

0 0,00 0,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09 0

0,0 1,000 1,000 1,000 1,000 0,999 0,999 0,998 0,998 0,997 0,997 0,0

0,1 0,996 0,995 0,994 0,993 0,992 0,991 0,989 0,988 0,987 0,985 0,1

0,2 0,983 0,982 0,980 0,978 0,976 0,974 0,972 0,970 0,968 0,965 0,2

0,3 0,963 0,961 0,958 0,955 0,953 0,950 0,947 0,944 0,941 0,938 0,3

0,4 0,935 0,932 0,929 0,926 0,922 0,919 0,915 0,912 0,908 0,904 0,4

0,5 0,901 0,897 0,893 0,889 0,885 0,881 0,877 0,873 0,869 0,864 0,5

0,6 0,860 0,856 0,851 0,847 0,842 0,838 0,833 0,829 0,824 0,819 0,6

0,7 0,815 0,810 0,805 0,800 0,795 0,790 0,785 0,780 0,775 0,770 0,7

0,8 0,765 0,760 0,755 0,750 0,744 0,739 0,734 0,728 0,723 0,718 0,8

0,9 0,712 0,707 0,702 0,696 0,691 0,685 0,680 0,674 0,669 0,664 0,9

1,0 0,658 0,652 0,647 0,641 0,636 0,630 0,625 0,619 0,614 0,608 1,0

1,1 0,603 0,597 0,592 0,586 0,580 0,575 0,569 0,564 0,558 0,553 1,1

1,2 0,547 0,542 0,536 0,531 0,525 0,520 0,515 0,509 0,504 0,498 1,2

1,3 0,493 0,488 0,482 0,477 0,472 0,466 0,461 0,456 0,451 0,445 1,3

1,4 0,440 0,435 0,430 0,425 0,420 0,415 0,410 0,405 0,400 0,395 1,4

1,5 0,390 0,385 0,380 0,375 0,370 0,365 0,360 0,356 0,351 0,347 1,5

1,6 0,343 0,338 0,334 0,330 0,326 0,322 0,318 0,314 0,311 0,307 1,6

1,7 0,303 0,300 0,296 0,293 0,290 0,286 0,283 0,280 0,277 0,274 1,7

1,8 0,271 0,268 0,265 0,262 0,259 0,256 0,253 0,251 0,248 0,246 1,8

1,9 0,243 0,240 0,238 0,235 0,233 0,231 0,228 0,226 0,224 0,221 1,9

2,0 0,219 0,217 0,215 0,213 0,211 0,209 0,207 0,205 0,203 0,201 2,0

2,1 0,199 0,197 0,195 0,193 0,192 0,190 0,188 0,186 0,185 0,183 2,1

2,2 0,181 0,180 0,178 0,176 0,175 0,173 0,172 0,170 0,169 0,167 2,2

2,3 0,166 0,164 0,163 0,162 0,160 0,159 0,157 0,156 0,155 0,154 2,3

2,4 0,152 0,151 0,150 0,149 0,147 0,146 0,145 0,144 0,143 0,141 2,4

2,5 0,140 0,139 0,138 0,137 0,136 0,135 0,134 0,133 0,132 0,131 2,5

2,6 0,130 0,129 0,128 0,127 0,126 0,125 0,124 0,123 0,122 0,121 2,6

2,7 0,120 0,119 0,119 0,118 0,117 0,116 0,115 0,114 0,113 0,113 2,7

2,8 0,112 0,111 0,110 0,110 0,109 0,108 0,107 0,106 0,106 0,105 2,8

2,9 0,104 0,104 0,103 0,102 0,101 0,101 0,100 0,099 0,099 0,098 2,9

3,0 0,097 - - - - - - - - - 3,0
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7DEHOD���²�&RHILFLHQWH�GH�IODPEDJHP�ORFDO�N �SDUD�D�VHomR�FRPSOHWD�HP�EDUUDV�VRE�FRPSUHVVmR�FHQWUDGD�

Caso a 

6HomR�8�VLPSOHV�H�6HomR�=�VLPSOHV�

ZE

EI
EI

EZ

k  = 4,0 + 3,4  +21,8 - 174,3 + 319,9 237,6 63,6

(0,1  1,0)

Caso b 

6HomR�8�HQULMHFLGR��6HomR�=�HQULMHFLGR�H�6HomR�FDUWROD�

IE IE

ZE ZE ZE

IE
'

'

'

k = 6,8 - 5,8 9,2 6,0

(0,1  1,0 e 0,1 D/bw  0,3)

Caso c 

6HomR rack

IE

ZE

EV

'

k  �����±���� 2,8 1,6

(0,1  1,0 ; 0,1 D/bw  0,3 e 0,1 bs/bw  0,4)

Caso d 

6HomR�WXEXODU�UHWDQJXODU�FRP�VROGD�GH�FRVWXUD�FRQWtQXD�

�SDUD�VHomR�WXEXODU�UHWDQJXODU�IRUPDGD�SRU�GRLV�SHUILV�8�VLPSOHV�RX�8�HQULMHFLGR�FRP�VROGD�GH�

costura intermitente, k  deve ser calculado para cada perfil isoladamente). 

IE

ZE

k = 6,6 - 5,8 8,6 5,4

(0,1  1,0)

NOTA 1 bf, bw, bs e D�VmR�DV�GLPHQV}HV�QRPLQDLV�GRV�HOHPHQWRV��FRQIRUPH�LQGLFDGR�QD�)LJXUD�FRUUHVSRQGHQWH��

NOTA 2  = bf / bw.
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7DEHOD����²�9DORUHV�GR�FRHILFLHQWH�GH�IODPEDJHP�ORFDO�N �SDUD�EDUUDV�VRE�FRPSUHVVmR�FHQWUDGD��

Caso a Caso b Caso c Caso d 

 = Ef / Ew 6HomR�8�VLPSOHV�H�

6HomR�=�VLPSOHV�

6HomR�8�HQULMHFLGR��

6HomR�=�HQULMHFLGR�H�

6HomR�FDUWROD�

6HomR rack

6HomR�WXEXODU�

retangular (solda de 

FRVWXUD�FRQWtQXD��

0,1 4,25 - - - 

0,2 4,52 6,04 - 5,67 

0,3 4,33 5,73 5,76 5,44 

0,4 3,71 5,55 5,61 5,29 

0,5 2,88 5,40 5,47 5,16 

0,6 2,17 5,26 5,35 5,03 

0,7 1,67 5,11 5,23 4,87 

0,8 1,32 4,89 5,10 4,66 

0,9 1,06 4,56 4,85 4,37 

1,0 0,88 4,10 4,56 4,00 

NOTA 1 bf, bw, bs e D�VmR�DV�GLPHQV}HV�QRPLQDLV�GRV�HOHPHQWRV��FRQIRUPH�LQGLFDGR�QDV�)LJXUDV�GD�

Tabela 9. 

127$��� 3DUD�R�FDVR�E��RV�YDORUHV�VmR�YiOLGRV�SDUD����� D/bw  0,3. 

127$��� 3DUD�R�FDVR�F��RV�YDORUHV�VmR�YiOLGRV�SDUD����� D/bw  0,3 e 0,1 bs/bw  0,4. 

127$��� 3DUD�YDORUHV�LQWHUPHGLiULRV��LQWHUSRODU�OLQHDUPHQWH��

�������� 3HUILV�FRP�GXSOD�VLPHWULD�RX�VLPpWULFRV�HP�UHODomR�D�XP�SRQWR�

$�IRUoD�D[LDO�GH�IODPEDJHP�JOREDO�HOiVWLFD�Ne�p�R�PHQRU�YDORU�GHQWUH�RV�REWLGRV�SRU�D���E��H�F���

D��IRUoD�D[LDO�GH�IODPEDJHP�JOREDO�HOiVWLFD�SRU�IOH[mR�HP�UHODomR�DR�HL[R�SULQFLSDO�x:

2
xx

x
2

ex
)( LK

EI
N

E��IRUoD�D[LDO�GH�IODPEDJHP�JOREDO�HOiVWLFD�SRU�IOH[mR�HP�UHODomR�DR�HL[R�SULQFLSDO�y:

2
yy

y
2

ey
)( LK

EI
N

F��IRUoD�D[LDO�GH�IODPEDJHP�JOREDO�HOiVWLFD�SRU�WRUomR��

GJ
LK

EC
N

2
zz

w
2

2

0

ez
)(r

1

onde

Cwp�D�FRQVWDQWH�GH�HPSHQDPHQWR�GD�VHomR��

E p�R�PyGXOR�GH�HODVWLFLGDGH��
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G p�R�PyGXOR�GH�HODVWLFLGDGH�WUDQVYHUVDO��

J p�D�FRQVWDQWH�GH�WRUomR�GD�VHomR��

KxLx p�R�FRPSULPHQWR�HIHWLYR�GH�IODPEDJHP�JOREDO�SRU�IOH[mR�HP�UHODomR�DR�HL[R�x;

KyLy p�R�FRPSULPHQWR�HIHWLYR�GH�IODPEDJHP�JOREDO�SRU�IOH[mR�HP�UHODomR�DR�HL[R�y;

KzLz p� R� FRPSULPHQWR� HIHWLYR� GH� IODPEDJHP� JOREDO� SRU� WRUomR�� 4XDQGR� QmR� KRXYHU� JDUDQWLD� GH��

impedimento ao empenamento, deve-se tomar Kz igual a 1,0; 

r0 p�R�UDLR�GH�JLUDomR�SRODU�GD�VHomR�EUXWD�HP�UHODomR�DR�FHQWUR�GH�WRUomR��GDGR�SRU��

r0 = [rx
2
 + ry

2
 + x0

2
+ y0

2
]
0,5

rx e ry� VmR� RV� UDLRV� GH� JLUDomR� GD� VHomR� EUXWD� HP� UHODomR� DRV� HL[RV� SULQFLSDLV� GH� LQpUFLD� x e y,

respectivamente; 

x0 e y0 VmR� DV� GLVWkQFLDV� GR� FHQWUR� GH� WRUomR� DR� FHQWUyLGH�� QD� GLUHomR� GRV� HL[RV principais x e y,

respectivamente. 

�������� 3HUILV�PRQRVVLPpWULFRV�

$� IRUoD�D[LDO�GH� IODPEDJHP�JOREDO�HOiVWLFD�Ne� GH�XP�SHUILO� FRP�VHomR�PRQRVVLPpWULFD�� FXMR�HL[R x� p�R�HL[R�GH�

VLPHWULD��p�R�PHQRU�YDORU�GHQWUH�RV�REWLGRV�SRU�D��H�E���

D�� IRUoD�D[LDO�GH�IODPEDJHP�JOREDO�HOiVWLFD�SRU�IOH[mR�HP�UHODomR�DR�HL[R�y:

2

2

)( yy

y

ey
LK

EI
N

E�� IRUoD�D[LDO�GH�IODPEDJHP�JOREDO�HOiVWLFD�SRU�IOH[R�WRUomR��

2
ezex

2
00ezex

2
00

ezex
exz

)(

])/([14
11

])/(2[1 NN

rxNN

rx

NN
N

onde

Nex e Nez VmR� DV� IRUoDV� D[LDLV� GH� IODPEDJHP� JOREDO� HOiVWLFD� FRQIRUPH� �������� D�� H� �������� F����

respectivamente; 

r 0 e x0 VmR conforme definidos em 9.7.2.1. 

Caso o eixo y seja o eixo de simetria, substituir y por x em a); x por y e x0 por y0 em b) 

�������� 3HUILV�DVVLPpWULFRV�

$�IRUoD�D[LDO�GH�IODPEDJHP�JOREDO�HOiVWLFD�Ne�GH�XP�SHUILO�FRP�VHomR�DVVLPpWULFD�p�GDGD�SHOD�PHQRU�GDV�UDt]HV�GD�

HTXDomR�F~ELFD�VHJXLQWH��

r0
2
(Ne - Nex)(Ne - Ney)(Ne - Nez) - Ne

2
(Ne - Ney)x0

2
 - Ne

2
(Ne - Nex)y0

2
 = 0 

onde:

Nex; Ney; Nez; x0; y0 e r0�VmR�FRQIRUPH�GHILQLGRV�HP����������
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9.7.3 Flambagem distorcional 

3DUD�DV�EDUUDV�FRP�VHomR� WUDQVYHUVDO� DEHUWD�VXMHLWDV� j� IODPEDJHP�GLVWRUFLRQDO�� FRQIRUPH������ D� IRUoD�D[LDO� GH�

FRPSUHVVmR�UHVLVWHQWH�GH�FiOFXOR�Nc,Rd  deve ser calculada por: 

Nc,Rd = distAfy / (  = 1,20) 

onde

dist p� R� IDWRU� GH� UHGXomR� GD� IRUoD� D[LDO� GH� FRPSUHVVmR� UHVLVWHQWH�� DVVRFLDGR� j� IODPEDJHP� GLVWRUFLRQDO��

calculado por: 

dist = 1     para dist  0,561 

1,2
dist

1,2
dist

dist

10,25
1   para dist > 0,561 

A p�iUHD�EUXWD�GD�VHomR�WUDQVYHUVDO�GD�EDUUD��

dist = (Afy/Ndist)
0,5
�p�R�tQGLFH�GH�HVEHOWH]�UHGX]LGR�DVVRFLDGR�j�IODPEDJHP�GLVWRUFLRQDO���

Ndist p�D� IRUoD�D[LDO� GH� IODPEDJHP�GLVWRUFLRQDO� HOiVWLFD��D� TXDO� GHYH�VHU� FDOFXODGD�FRP�EDVH�QD�DQiOLVH� GH�

HVWDELOLGDGH�HOiVWLFD���

3DUD� EDUUDV� FRP� VHomR�8� HQULMHFLGR� H� VHomR� =� HQULMHFLGR�� VH� D� UHODomR�D/bw for igual ou superior aos valores 

LQGLFDGRV�QD�7DEHOD�����D�YHULILFDomR�GD�IOambagem distorcional pode ser dispensada. 

7DEHOD����²�9DORUHV�PtQLPRV�GD�UHODomR�'�Ew�GH�EDUUDV�FRP�VHomR�8�HQULMHFLGR�H�VHomR�=�HQULMHFLGR�

VXEPHWLGDV�j�FRPSUHVVmR�FHQWUDGD��SDUD�GLVSHQVDU�D�YHULILFDomR�GD�IODPEDJHP�GLVWRUFLRQDO�

Ew/W

Ef/Ew 250 200 125 100 50 

0,4 0,02 0,03 0,04 0,04 0,08 

0,6 0,03 0,04 0,06 0,06 0,15 

0,8 0,05 0,06 0,08 0,10 0,22 

1,0 0,06 0,07 0,10 0,12 0,27 

1,2 0,06 0,07 0,12 0,15 0,27 

1,4 0,06 0,08 0,12 0,15 0,27 

1,6 0,07 0,08 0,12 0,15 0,27 

1,8 0,07 0,08 0,12 0,15 0,27 

2,0 0,07 0,08 0,12 0,15 0,27 

NOTA 1 bf, bw, e D VmR�DV�GLPHQV}HV�QRPLQDLV�GRV�HOHPHQWRV, conforme indicado nas Figuras da 

Tabela 9. 

127$��� 3DUD�YDORUHV�LQWHUPHGLiULRV��LQWHUSRODU�OLQHDUPHQWH�
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������ /LPLWDomR�GH�HVEHOWH]�

2�tQGLFH�GH�HVEHOWH]�KL/r�GDV�EDUUDV�FRPSULPLGDV�QmR�GHYH�H[FHGHU������

9.7.5 Barras compostas comprimidas 

3DUD� EDUUDV� FRPSRVWDV� FRPSULPLGDV�� LVWR� p�� DTXHODV� FRQVWLWXtGDV� SRU� XP� RX�PDLV� SHUILV� DVVRFLDGRV�� DOpP� GH�

DWHQGHU�DR�GLVSRVWR�HP��������R�tQGLFH�GH�HVEHOWH]�GH cada perfil componente da barra deve ser inferior: 

D�� j�PHWDGH�GR�tQGLFH�GH�HVEHOWH]�Pi[LPR�GR�FRQMXQWo, para o caso de presilhas (chapas separadoras); 

E�� DR�tQGLFH�GH�HVEHOWH]�Pi[LPR�GR�FRQMXQWR��SDUD�R�FDVR�GH�WUDYHMDPHQWR�HP�WUHOLoD��1HVVH�FDVR��R�tQGLFH�GH�

esbeltez das barras do travejamento deve ser inferior a 140. 

$�VXEVWLWXLomR�GH�WUDYHMDPHQWR�HP�WUHOLoD�SRU�FKDSDV�UHJXODUPHQWH�HVSDoDGDV��WDODV���IRUPDQGR�WUDYHMDPHQWR�HP�

TXDGUR��QmR�p�SUHYLVWD�QHVWD�1RUPD��1HVWH�FDVR��D�UHGXomR�GD�IRUoD�1RUPDO�GH�FRPSUHVVmR�UHVLVWHQWH�GH�FiOFXOR�

GHYLGD� j� GHIRUPDomR� SRU� FLVDOKDPHQWR� QmR� GHYH� VHU� GHVprezada. O procedimento do EN 1993-1-1 pode ser 

HPSUHJDGR�SDUD�D�FRQVLGHUDomR�GHVVH�HIHLWR��

���� %DUUDV�VXEPHWLGDV�j�IOH[mR�VLPSOHV�

9.8.1 Generalidades 

(VWD�VXEVHomR�DSOLFD�VH�D�EDUUDV�SULVPiWLFDV�VXEPHWLGDV�D�PRPHQWR�IOHWRU�H�IRUoD�FRUWDQWH��1R�GLPHQVLRQDPHQWR�

GHYHP�VHU�DWHQGLGDV�DV�VHJXLQWHV�FRQGLo}HV��

MSd MRd

VSd VRd

onde

MSd p�R�PRPHQWR�IOHWRU�VROLFLWDQWH�GH�FiOFXOR��

MRd p�R�PRPHQWR�IOHWRU�UHVLVWHQWH�GH�FiOFulo, determinado conforme 9.8.2; 

VSd p�D�IRUoD�FRUWDQWH�VROLFLWDQWH�GH�FiOFXOR��

VRd p�D�IRUoD�FRUWDQWH�UHVLVWHQWH�GH�FiOFulo, determinada conforme 9.8.3. 

3DUD�PRPHQWR�IOHWRU�H�IRUoD�FRUWDQWH�FRPELQDGRV��GHYHP�VHU�DWHQGLGDV�DV�FRQVLGHUDo}HV�HVWDEHOHFLGDV�HP��������

Para barras compostas, devem ser atendidas DV�FRQVLGHUDo}HV�HVWDEHOHFLGDV�HP��������

Devem ainda ser verificados todos os estados-limites de VHUYLoR�DSOLFiYHLV��FRQIRUPH�SUHVFULo}HV�GHVWD�1RUPD��

9.8.2 Momento fletor 

2�PRPHQWR� IOHWRU� UHVLVWHQWH�GH�FiOFXOR�MRd deve ser tomado como o menor valor calculado em 9.8.2.1, 9.8.2.2  

H����������RQGH�DSOLFiYHO��
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�������� ,QtFLR�GH�HVFRDPHQWR�GD�VHomR�HIHWLYD�

MRd = Wef fy / (  = 1,10) 

onde

Wef�p�R�PyGXOR�GH�UHVLVWrQFLD�HOiVWLFR�GD�VHomR�HIHWLYD�HP�UHODomR�j�ILEUD�H[WUHPD�TXH�DWLQJH�R�HVFRDPHQWR��

FDOFXODGR�FRP�EDVH�HP�XPD�GDV�GXDV�RSo}HV�DSUHVHQWDGDV�D�VHJXLU��

D�� QR�PpWRGR�GD� ODUJXUD�HIHWLYD� �0/(���FRQIRUPH�������H��������FRP�D� WHQVmR�  calculada para o estado-

OLPLWH�~OWLPR�GH�LQtFLR�GH�HVFRDPHQWR�GD�VHomR�HIHWLYD��

� E�� QR�PpWRGR�GD�VHomR�HIHWLYD��06(���FRQIRUPH�LQGLFDGR�D�VHJXLU��

Wef = W    para p  0,673 

pp

ef

10,22
1WW  para p > 0,673 

5,0

M

Wfy
p

M p�R�PRPHQWR�IOHWRU�GH�IODPEDJHP�ORFDO�HOiVWLFD��FDOFXODGR�SRU�PHLR�GH�DQiOLVH�GH�HVWDELOLGDGH�HOiVWLFD���

� RX��GH�IRUPD�GLUHWD��VHJXQGR�D�H[SUHVVmR�VHJXLQWH���

c2
w

2

2

)12(1
W

tb

E
kM

W p�PyGXOR�GH�UHVLVWrQFLD�HOiVWLFR�GD�VHomR�EUXWD�HP�UHODomR�j�ILEUD�H[WUHPD�TXH�DWLQJH�R�HVFRDPHQWR��

Wc p�PyGXOR�GH�UHVLVWrQFLD�HOiVWLFR�GD�VHomR�EUXWD�HP�UHODomR�j�ILEUD�H[WUHPD�FRPSULPLGD��

2V� YDORUHV� GR� FRHILFLHQWH� GH� IODPEDJHP� ORFDO� SDUD� D� VHomR� FRPSOHWD�� k , podem ser calculados pelas 

H[SUHVV}HV�LQGLFDGDV�QD�7DEHOD����RX�REWLGRV�GLUHWDPHQWH�GD�7DEHOD�����
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7DEHOD����²�&RHILFLHQWH�GH�IODPEDJHP�ORFDO�N �SDUD�D�VHomR�FRPSOHWD�HP�EDUUDV�VRE�IOH[mR�VLPSOHV��

HP�WRUQR�GR�HL[R�GH�PDLRU�LQpUFLD�

Caso a

6HomR�8�VLPSOHV�H�6HomR�=�VLPSOHV�

ZE

EI
EI

EZ

k  = 
1,843

(0,1  1,0) 

Caso b

6HomR�8�HQULMHFLGR�H�6HomR�=�HQULMHFLGR�

IE IE

ZE ZE

'

'

$V�H[SUHVV}HV�D�VHJXLU�VmR�YiOLGDV�SDUD�����  1,0 e para os valores de  indicados  

k  = a�±�b 0,2)

a = 81 - 730  + 4 261
2
�±�������

3
 + 17 919

4
�±�������

5
 + 3 574

6

b = 0          para 0,1  0,2  e  0,2  1,0 

b = 0          para 0,2 <  0,3  e  0,6 <  1,0 

b� �����±������ + 13 458
2
�±�������

3
+ 19 167

4
para 0,2 <  0,3 e 0,2  0,6

Caso c

6HomR�WXEXODU�UHWDQJXODU�FRP�VROGD�GH�FRVWXUD�FRQWtQXD�

�SDUD�VHomR�WXEXODU�UHWDQJXODU�IRUPDGD�SRU�GRLV�SHUILV�8�VLPSOHV�RX�8�HQULMHFLGR�FRP�VROGD�GH�FRVWXUD�

intermitente, k  deve ser calculado para cada perfil isoladamente). 

IE

ZE

k  = 14,5 + 178 602 649 234

(0,1  1,0) 

NOTA 1 bf, bw e D�VmR�DV�GLPHQV}HV�QRPLQDLV�GRV�HOHPHQWRV��FRQIRUPH�LQGLFDGR�QD�)LJXUD�FRUUHVSRQGHQWH��

NOTA 2  = bf / bw.

NOTA 3 D/bw.
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7DEHOD����²�9DORUHV�GR�FRHILFLHQWH�GH�IODPEDJHP�ORFDO�N �GD�VHomR�FRPSOHWD��

HP�EDUUDV�VRE�IOH[mR�VLPSOHV�HP�WRUQR�GR�HL[R�GH�PDLRU�LQpUFLD�

Caso a Caso b Caso c 

 = Ef / Ew 6HomR�8�VLPSOHV�H�

6HomR�=�VLPSOHV�

6HomR�8�HQULMHFLGR�H��

6HomR�=�HQULMHFLGR�

6HomR�WXEXODU�

retangular (solda de 

FRVWXUD�FRQWtQXD��

 0,2  = 0,25  = 0,3 

0,2 18,4 32,0 25,8 21,2 31,0 

0,3 9,6 29,3 23,8 19,7 28,9 

0,4 5,6 24,8 20,7 18,2 25,6 

0,5 3,6 18,7 17,6 16,0 19,5 

0,6 2,6 13,6 13,3 13,0 14,2 

0,7 1,9 10,2 10,1 10,1 10,6 

0,8 1,5 7,9 7,9 7,9 8,2 

0,9 1,2 6,2 6,3 6,3 6,6 

1,0 1,0 5,1 5,1 5,1 5,3 

NOTA 1 bf, bw e D� VmR� D� ODUJXUD� QRPLQDO� GD� PHVD�� GD� DOPD� H� GR� HQULMHFHGRU� GH� ERUGD��

respectivamente. 

NOTA 2 D/bw.

127$��� 3DUD�YDORUHV�LQWHUPHGLiULRV�LQWHUSRODU�OLQHDUPHQWH��

�������� )ODPEDJHP�ODWHUDO�FRP�WRUomR�

2� PRPHQWR� IOHWRU� UHVLVWHQWH� GH� FiOFXOR� UHIHUHQWH� j� IODPEDJHP� ODWHUDO� FRP� WRUomR�� WRPDQGR�VH� XP� WUHFKR�

FRPSUHHQGLGR�HQWUH�VHo}HV�FRQWLGDV�ODWHUDOPHQWH��GHYH�VHU�FDOFXODGR�SRU��

MRd = FLT Wc,ef fy /   (  = 1,10) 

onde

Wc,ef p�R�PyGXOR�GH�UHVLVWrQFLD�HOiVWLFR�GD�VHomR�HIHWLYD�HP�UHODomR�j�ILEUD�H[WUHPD�FRPSULPLGD��FDOFXODGR��

FRP�EDVH�HP�XPD�GDV�GXDV�RSo}HV�DSUHVHQWDGDV�D�VHJXLU��

D�� QR�PpWRGR�GD�ODUJXUD�HIHWLYD��0/(), conforme 9.2.2 e 9.2.3, adotando  = FLTfy;

E�� QR�PpWRGR�GD�VHomR�HIHWLYD��06(���FRQIRUPH�LQGLFDGR�D�VHJXLU��

Wc,ef = Wc     para p  0,673 

pp

cefc,

10,22
1WW   para p > 0,673 

0,5

ycFLT

p
M

fW
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M p�R�PRPHQWR�IOHWRU�GH�IODPEDJHP�ORFDO�HOiVWLFD��FDOFXODGR�SRU�PHLR�GH�DQiOLVH�GH�HVWDELOLGDGH�HOiVWLFD���

� RX��GH�IRUPD�GLUHWD��VHJXQGR�D�H[SUHVVmR�VHJXLQWH��

c22

2

/)12(1
W

tb

E
kM

w

2V� YDORUHV� GR� FRHILFLHQWH� GH� IODPEDJHP� ORFDO� SDUD� D� VHomR� FRPSOHWD�� k , podem ser calculados pelas 

H[SUHVV}HV�LQGLFDGDV�QD�7DEHOD����RX�REWLGRV�GLUHWDPHQWH�GD�7DEHOD�����

FLT�p�R�IDWRU�GH�UHGXomR�GR�PRPHQWR�IOHWRU�UHVLVWHQWH��DVVRFLDGR�j�IODPEDJHP�ODWHUDO�FRP�WRUomR��FDOFXODGR�

por:

 para 0  0,6:    FLT = 1,0 

 para 0,6 < 0 < 1,336:  FLT� ��������±������ 0
2
)

 para 0  1,336:   FLT = 1/ 0
2

0,5

e

yc

0
M

fW

Wc p�R�PyGXOR�GH�UHVLVWrQFLD�HOiVWLFR�GD�VHomR�EUXWD�HP�UHODomR�j�ILEUD�H[WUHPD�FRPSULPLGD��

Mep�R�PRPHQWR�IOHWRU�GH�IODPEDJHP�ODWHUDO�FRP�WRUomR��HP�UHJLPH�HOiVWLFR��TXH�SRGH�VHU�FDOFXODGR�SHODV�

H[SUHVV}HV�VHJXLQWHV��GHGX]LGDV�SDUD�FDUUHJDPHQWR�DSOLFDGR�QD�SRVLomR�GR�FHQWUR�GH�WRUomR��$�IDYRU�GD�

VHJXUDQoD�� WDPEpP� SRGHP� VHU� HPSUHJDGDV� QRV� FDVRV� GH� FDUUHJDPHQWR� DSOLFDGR� HP� SRVLomR�

HVWDELOL]DQWH�� LVWR� p�� TXH� WHQGH� D� UHVWDXUDU� D� SRVLomR� RULJLQDO� GD� EDUUD� �SRU� H[HPSOR�� FDUUHJDPHQWR�

JUDYLWDFLRQDO� DSOLFDGR� QD� SDUWH� LQIHULRU� GD� EDUUD��� (P� FDVRV� GH� FDUUHJDPHQWR� DSOLFDGR� HP� SRVLomR�

desestabilizante, consultar bibliografia especializada;  

� EDUUDV�FRP�VHomR�GXSODPHQWH�VLPpWULFD�RX�PRQRVVLPpWULFD�� VXMHLWDV�j� IOH[mR�HP� WRUQR�GR�HL[R�GH�

simetria (eixo x):

Me = Cbr0(NeyNez)
0,5

(P�EDUUDV�FRP�VHomR�PRQRVVLPpWULFD��VXMHLWDV�j�IOH[mR�em torno do eixo perpendicular ao eixo de simetria, 

Me pode ser calculado com base no Anexo E. 

� EDUUDV�FRP�VHomR�=�SRQWR�VLPpWULFD��FRP�FDUUHJDPHQWR�QR�SODQR�GD�DOPD��

Me = 0,5Cbr0(NeyNez)
0,5

� EDUUDV�FRP�VHomR�IHFKDGD��FDL[mR���VXMHLWDV�j�IOH[mR�HP�WRUQR�GR�HL[R�x:

Me = Cb(NeyGJ)
0,5

Ney; Nez e r0�VmR�FRQIRUPH����������FRQVLGHUDQGR�KyLy = Ly e KzLz = Lz. Valores de KyLy e KzLz inferiores a Ly

e Lz, respectivamente, podem ser adotados desde que justificados com base em bibliografia especializada. 

3DUD�RV�EDODQoRV�FRP�D�H[WUHPLGDGH�OLYUH�VHP�FRQWHQomR�ODWHUDO��KyLy e KzLz podem resultar maiores que Ly

e Lz�UHVSHFWLYDPHQWH��HP�IXQomR�GDV�FRQGLo}HV�GH�YtQFulo, por exemplo, em barUDV�FRQWtQXDV�FRQHFWDGDV�

apenas pela mesa tracionada, portanto com deslocamentos�ODWHUDLV��URWDomR�HP�WRUQR�GR�HL[R�ORQJLWXGLQDO�H�

empenamento parcialmente impedidos no apoio. Nesse caso deve-se consultar bibliografia especializada; 

Cb�p�R�IDWRU�GH�PRGLILFDomR�SDUD�PRPHQWR�IOHWRU�QmR�XQLIRUPH��TXH�D�IDYRU�GD�VHJXUDQoD�SRGH�VHU�WRPDGR�

LJXDO�D�����RX�FDOFXODGR�SHOD�VHJXLQWH�H[SUHVVmR��

CBAmax

max
b

3432,5

12,5

MMMM

M
C
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3DUD�EDODQoRV�FRP�D�H[WUHPLGDGH�OLYUH�VHP�FRQWHQomR�ODWHUDO��Cb deve ser tomado igual a 1,0; 

Mmax p�R�Pi[LPR�YDORU�GR�PRPHQWR�IOHWRU�VROLFLWDQWH�GH�FiOFXOR��HP�PyGXOR��QR�WUHFKR�DQDOLVDGR��

MA p�R�YDORU�GR�PRPHQWR�IOHWRU�VROLFLWDQWH�GH�FiOFXOR��HP�PyGXOR��QR��
o
 quarto do trecho analisado; 

MB p�R�YDORU�GR�PRPHQWR�IOHWRU�VROLFLWDQWH�GH�FiOFXOR��HP�PyGXOR��QR�FHQWUR�GR�WUHFKR�DQDOLVDGR��

MC p�R�YDORU�GR�PRPHQWR�IOHWRU�VROLFLWDQWH�GH�FiOFXOR��HP�PyGXOR��QR��
o
 quarto do trecho analisado. 

9.8.2.3 Flambagem distorcional 

3DUD�DV�EDUUDV�FRP�VHomR�WUDQVYHUVDO�DEHUWD�VXMHLWDV�j� flambagem distorcional, conforme 9.3, o momento fletor 

UHVLVWHQWH�GH�FiOFXOR�GHYH�VHU�FDOFXODGR�SHOD�VHJXLQWH�H[SUHVVmR��

MRd = dist Wfy /   (  = 1,10) 

onde

dist�p�R�IDWRU�GH�UHGXomR�GR�PRPHQWR�IOHWRU�UHVLVWHQWH��DVVRFLDGR�j�IODPEDJHP�GLVWRUFLRQDO��FDOFXODGR�SRU��

dist = 1      para dist  0,673

distdist

dist

10,22
1    para dist > 0,673 

dist = (Wfy/Mdist)
0,5
�p�R�tQGLFH�GH�HVEHOWH]�UHGX]LGR�UHIHUHQWH�j�IODPEDJHP�GLVWRUFLRQDO��

W�p�R�PyGXOR�GH�UHVLVWrQFLD�HOiVWLFR�GD�VHomR�EUXWD�HP�UHODomR�j�ILEUD�H[WUHPD�TXH�DWLQJH�R�HVFRDPHQWR��

Mdist�p�R�PRPHQWR�IOHWRU�GH�IODPEDJHP�GLVWRUFLRQDO�HOiVWLFD��R�TXDO�GHYH�VHU�FDOFXODGR�FRP�EDVH�QD�DQiOLVH�

GH�HVWDELOLGDGH�HOiVWLFD��

3DUD�EDUUDV�FRP�VHomR�8�HQULMHFLGR�H�VHomR�=�HQULMHFLGR��VRE�IOH[mR�VLPSOHV�HP�WRUQR�GR�HL[R�GH�PDLRU�LQpUFLD��VH�

D�UHODomR�D/bw for igual ou superior aos valores indicados na TabeOD�����D�YHULILFDomR�GD�IODPEDJHP�GLVWRUFLRQDO�

pode ser dispensada. 
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7DEHOD����²�9DORUHV�PtQLPRV�GD�UHODomR�'�Ew�GH�VHo}HV�GR�WLSR�8�HQULMHFLGR�H�=��

HQULMHFLGR�VRE�IOH[mR�VLPSOHV�HP�WRUQR�GR�HL[R�GH�PDLRU�LQpUFLD���

SDUD�GLVSHQVDU�D�YHULILFDomR�GD�IODPEDJHP�GLVWRUFLRQDO�

Ew/W
Ef/Ew

250 200 125 100 50 

0,4 0,05 0,06 0,10 0,12 0,25 

0,6 0,05 0,06 0,10 0,12 0,25 

0,8 0,05 0,06 0,09 0,12 0,22 

1,0 0,05 0,06 0,09 0,11 0,22 

1,2 0,05 0,06 0,09 0,11 0,20 

1,4 0,05 0,06 0,09 0,10 0,20 

1,6 0,05 0,06 0,09 0,10 0,20 

1,8 0,05 0,06 0,09 0,10 0,19 

2,0 0,05 0,06 0,09 0,10 0,19 

NOTA 1 bf, bw, e D�VmR�DV�GLPHQV}HV�QRPLQDLV�GRV�HOHPHQWRV��FRQIRUPH�LQGLFDGR�QDV�ILJXUDV�GD�

Tabela 9. 

127$��� 3DUD�YDORUHV�LQWHUPHGLiULRV��LQWHUSRODU�OLQHDUPHQWH�

3DUD�DV�EDUUDV�FRP�D�PHVD�WUDFLRQDGD�FRQHFWDGD�D�XP�SDLQHO�H�D�PHVD�FRPSULPLGD�OLYUH��WHUoDV�FRP�WHOKDV�GH�

DoR� SDUDIXVDGDV� H� VXMHLWDV� j� DomR� GH� YHQWR� GH� VXFomR�� SRU� H[HPSOR��� R�PRPHQWR� IOHWRU� UHVLVWHQWH� GH� FiOFXOR��

FRQVLGHUDQGR�R�HIHLWR�GD�UHIHULGD�FRQWHQomR�ODWHral, pode ser calculado conforme Anexo F. 

������ )RUoD�FRUWDQWH�

$�IRUoD�FRUWDQWH�UHVLVWHQWH�GH�FiOFXOR��VRd  deve ser calculada por: 

 para h/t  1,08(Ekv/fy)
0,5

VRd = 0,6fyht /   (  = 1,10) 

 para 1,08(Ekv/fy)
0,5

 < h/t  1,4(Ekv/fy)
0,5

VRd = 0,65t
2
(kvfyE)

0,5
 /  (  = 1,10) 

 para h/t > 1,4(Ekv/fy)
0,5

VRd = [0,905Ekvt
3
/h] /   (  = 1,10)

onde

t p�D�HVSHVVXUD�GD�DOPD��

h p�D�ODUJXUD�GD�DOPD��DOWXUD�GD�SDUWH�SODQD�GD�DOPD���
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kv p�R�FRHILFLHQWH�GH�IODPEDJHP�ORFDO�SRU�FLVDOKDPHQWR��GDGR�SRU��

 para alma sem enrijecedores transversais, ou para a/h > 3: 

kv = 5,0 

 para alma com enrijecedores transversais�VDWLVID]HQGR�DV�H[LJrQFLDV�GH������

)/(

5
5

2
ha

k

onde:

a p�D�GLVWkQFLD�HQWUH�HQULMHFHGRUHV�WUDQVYHUVDLV�GH�DOPD��

3DUD� VHo}HV� FRP�GXDV� RX�PDLV� DOPDV�� FDGD� DOPD�GHYH� VHU� DQDOLVDGD� FRPR� XP�HOHPHQWR� VHSDUDGR� UHVLVWLQGR��

j�VXD�SDUFHOD�GH�IRUoD�FRUWDQWH��

������ 0RPHQWR�IOHWRU�H�IRUoD�FRUWDQWH�FRPELQDGRV�

Para barras sem enrijecedores transversais de alma, o moPHQWR� IOHWRU� VROLFLWDQWH�GH�FiOFXOR� H� D� IRUoD� FRUWDQWH�

VROLFLWDQWH�GH�FiOFXOR�QD�PHVPD�VHomR��GHYHP�VDWLVID]HU�j�VHJXLQWH�H[SUHVVmR�GH�LQWHUDomR��

(MSd / MRd )
2
 + (VSd / VRd )

2
 1,0

3DUD�EDUUDV�FRP�HQULMHFHGRUHV�WUDQVYHUVDLV�GH�DOPD��DOpP�GH�VHUHP�DWHQGLGDV�DV�H[LJrQFLDV�GH���������H��������

quando MSd/MRd > 0,5 e VSd/VRd�!�����GHYH�VHU�VDWLVIHLWD�D�VHJXLQWH�H[SUHVVmR�GH�LQWHUDomR��

0,6(MSd / MRd ) + (VSd / VRd )  1,3 

onde

MSd p�R�PRPHQWR�IOHWRU�VROLFLWDQWH�GH�FiOFXOR��

MRd p�R�PRPHQWR�IOHWRU�UHVLVWHQWH�GH�FiOFXOR�FRQIRUPH����������

VSd p�D�IRUoD�FRUWDQWH�VROLFLWDQWH�GH�FiOFXOR��

VRd p�D�IRUoD�FRUWDQWH�UHVLVWHQWH�GH�FiOFXOR�FRQIRUPH��������

������ &iOFXOR�GH�GHVORFDPHQWRV�

2�FiOFXOR�GH�GHVORFDPHQWRV�GHYH�VHU�IHLWR�FRQVLGHUDQGR�D�UHGXomR�GH�ULJLGH]�DVVRFLDGD�j�IODPEDJHP�ORFDO��SRU�

PHLR�GH�XP�PRPHQWR�GH� LQpUFLD�HIHWLYR�GD�VHomR� Ief� REWLGR�FRP�EDVH�HP�XPD�GDV�GXDV�RSo}HV�DSUHVHQWDGDV��

a seguir: 

D�� QR�PpWRGR�GD�ODUJXUD�HIHWLYD��0/(), conforme 9.2.2 e 9.2.3, adotando  = n, sendo n�D�WHQVmR�QRUPDO�GH�

FRPSUHVVmR� FDOFXODGD� FRP� EDVH� QDV� FRPELQDo}HV� GH� Do}HV� SDUD� RV� HVWDGRV�OLPLWHV� GH� VHUYLoR� FRQIRUPH�

6.7.3;

E�� QR�PpWRGR�GD�VHomR�HIHWLYD��06(���FRQIRUPH�LQGLFDGR�D�VHJXLU��

gef II     para pd  0,673 
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pdpd

gef

10,22
1II  para pd > 0,673 

onde

0,5

n
pd

M

M

Mn p�PRPHQWR�IOHWRU�VROLFLWDQWH�FDOFXODGR�FRQVLGHUDQGR�DV�FRPELQDo}HV�GH�Do}HV�SDUD�RV�HVWDGRV�OLPLWHV�

GH�VHUYLoR��FRQIRUPH��������

M �� p�R�PRPHQWR�IOHWRU�GH�IODPEDJHP�ORFDO�HOiVWLFD��FRQIRUPH��������

Ig p�R�PRPHQWR�GH�LQpUFLD�GD�VHomR�EUXWD��

������ %DUUDV�FRPSRVWDV�VXEPHWLGDV�j�IOH[mR�

2�HVSDoDPHQWR�V��QD�GLUHomR�GR�HL[R�GD�EDUUD��HQWUH�RV�SDUDIXVRV�RX�VROGDV�GH�OLJDomR�GH�GRLV�SHUILV�8�VLPSOHV�

ou U enrijecido, para formar um perfil ,��QmR�GHYH�VHU�PDLRU�TXH�R�VHJXLQWH�YDORU��

smax = (2gFRd)/(mq) L/6

onde

L p�R�FRPSULPHQWR�GD�EDUUD��

g p� D� GLVWkQFLD� HQWUH� RV� SDUDIXVRV� RX� VROGDV� QD� GLUHomR� SHUSHQGLFXODU� DR� HL[R� GD� EDUUD� �YHU� )LJXUD� �����

� 6H�D�OLJDomR�IRU�H[HFXWDGD�MXQWR�jV�PHVDV�GRV�SHUILV��g�p�LJXDO�j�DOWXUD�GD�EDUUD��

FRd p� D� IRUoD� UHVLVWHQWH� GH� FiOFXOR� GR� SDUDIXVR� RX� VROda, correspondente ao tipo de HVIRUoR� VROLFLWDQWH��

� SUHYLVWR�QR�UHVSHFWLYR�PHLR�GH�OLJDomR��FRQIRUPH�6HomR�����

m D�GLVWkQFLD�GR�FHQWUR�GH�WRUomR�GH�XP�SHUILO�8�DR�SODQR�PpGLR�GD�VXD�DOPD��YHU�)LJXUD�����

q R�YDORU�GH�FiOFXOR�GD�IRUoD�XQLIRUPHPHQWH�GLVWULEXtGD�GH�UHIHUrQFLD��LJXDO�D�WUrV�YH]HV�R�YDORU�GH�FiOFXOR��

� D� IRUoD�XQLIRUPHPHQWH�GLVWULEXtGD�QD�EDUUD�� RX� LJXDO� DR� YDORU� GH�FiOFXOR� GD� IRUoD� FRQFHQWUDGD�GLYLGLGR��

� HOR�FRPSULPHQWR�GH�DWXDomR�GHVWD�IRUoD��6H�R�FRPSULPHQWR�GH�DWXDomR�GD�IRUoD�FRQFHQWUDGD�IRU�LQIHULRU��

� R�HVSDoDPHQWR�GRV�SDUDIXVRV�RX�VROGDV�QD�GLUHomR�GR�HL[R�GD�EDUUD�s��D�IRUoD�UHVLVWHQWH�GH�FiOFXOR�GR��

� DUDIXVR�RX�VROGD��MXQWR�j�IRUoD�FRQFHQWUDGD��GHYH�VHU��QR�PtQLPR��FRd = 0,5mFSd /g;

FSd R�YDORU�GH�FiOFXOR�GD�IRUoD�FRQFHQWUDGD�TXH�DWXD�QD�EDUUD��

6H� IRU� DGRWDGR� HVSDoDPHQWR� XQLIRUPH� GD� FRQH[mR� HP� WRGD� D� EDUUD�� R� HVSDoDPHQWR� Pi[LPR� smax deve ser 

GHWHUPLQDGR�FRP�EDVH�QR�PDLRU�YDORU�GD�IRUoD�FRQFHQWUDGD�DWXDQWH�QD�EDUUD��&DVR�FRQWUiULR��R�HVSDoDPHQWR�GD�

FRQH[mR�GHYH�VHU�GHWHUPLQDGR�FRQVLGHUDQGR�VH�D�YDULDomR�GR�FDUUHJDPHQWR�DR�ORQJR�GD�EDUUD��1DV�VHo}HV�RQGH�

DWXDP� HOHYDGDV� IRUoDV� FRQFHQWUDGDV�� UHFRPHQGD�VH� TXH� D� OLJDomR� VHMD� IHLWD� SRU� PHLR� GH� FKDSDV� FRQHFWDGDV��

jV�PHVDV�GRV�SHUILV��
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IRUoD��XQLIRUPHPHQWH��GLVWULEXtGD

s s s

GH��UHIHUrQFLD���T�

WRUomR
centro  deg +

em  um  perfil  U

HVTXHPD��GH��IRUoDV

Rd
F

m

d
F

R

0,5 qsmax

)LJXUD���²�3HUILO�,�REWLGR�SHOD�FRPSRVLomR�GH�GRLV�SHUILV�8�

������ 9LJDV�PLVWDV�GH�DoR�H�FRQFUHWR�

2� GLPHQVLRQDPHQWR� GH� YLJDV� PLVWDV� GH� DoR� H� FRQFUHWR� FRQVWLWXtGDV� SRU� SHUILV� IRUPDGRV� D� IULR� SRGH� VHU� IHLWR�

conforme Anexo G. 

����%DUUDV�VXEPHWLGDV�j�IOH[mR�FRPSRVWD�

$�IRUoD�QRUPDO�VROLFLWDQWH�GH�FiOFXOR�H�RV�PRPHQWRV�IOHWRUHV�VROLFLWDQWHV�GH�FiOFXOR�GHYHP�VDWLVID]HU�D�H[SUHVVmR�

GH�LQWHUDomR�LQGLFDGD�D�VHJXLU��

1,0
Rdy,

Sdy,

Rdx,

Sdx,

Rd

Sd

M

M

M

M

N

N

onde

NSd p�D� IRUoD�D[LDO�VROLFLWDQWH�GH�FiOFXOR�GH� WUDomR�RX�GH�FRPSUHVVmR��D�TXH� IRU�DSOLFiYHO��FRQVLGHUDGD��

FRQVWDQWH�QD�EDUUD�H�RULXQGD�GD�DQiOLVH�HVWUXWXUDO�FRQIRUPH������

Mx,Sd e My,Sd VmR� RV� PRPHQWRV� IOHWRUHV� VROLFLWDQWHV� GH� FiOFXOR�� QD� VHomR� FRQVLGHUDGD�� HP� UHODomR� DRV��

 eixos x e y��UHVSHFWLYDPHQWH��H�RULXQGRV�GD�DQiOLVH�HVWUXWXUDO�FRQIRUPH������

NRd p�D� IRUoD�D[LDO�UHVLVWHQWH�GH�FiOFXOR�GH� WUDomR�RX�GH�FRPSUHVVmR��D�TXH� IRU�DSOLFiYHO��GHWHUPLQDGD��

  respectivamente conforme 9.6 ou 9.7; 

Mx,Rd e My,Rd VmR� RV� PRPHQWRV� IOHWRUHV� UHVLVWHQWHV� GH� FiOFXOR�� HP� UHODomR� DRV� HL[RV� x e y,

respectivamente, calculados conforme 9.8.2. 
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��� &RQGLo}HV�HVSHFtILFDV�SDUD�R�GLPHQVLRQDPHQWR�GH�OLJDo}HV�

����� &RQGLo}HV�JHUDLV�

$V�OLJDo}HV�VmR�FRQVWLWXtGDV�SHORV�HOHPHQWRV�GH�OLJDomR��HQULMHFHGRUHV��FREUHMXQWDV��FKDSDV�GH�Qy��FDQWRQHLUDV�GH�

DVVHQWR��FRQVROHV�HWF���H�PHLRV�GH�OLJDomR��VROGDV�H�SDUafusos). Esses componentes devem ser dimensionados 

GH�IRUPD�TXH�RV�HVIRUoRV�UHVLVWHQWHV�GH�FiOFXOR�VHMDP�LJXDLV�RX�VXSHULRUHV�DRV�Pi[LPRV�HVIRUoRV�VROLFLWDQWHV�GH�

FiOFXOR�� GHWHUPLQDGRV� FRP� EDVH� QDV� FRPELQDo}HV� GH� Do}HV� SDUD� RV� HVWDGRV�OLPLWHV� ~OWLPRV� HVWDEHOHFLGRV��

em 6.7.2, observando o disposto em a) e b). 

a) barras axialmente solicitadas 

� D� OLJDomR�GHYH�VHU�GLPHQVLRQDGD��QR�PtQLPR��SDUD������GD� IRUoD�D[LDO� UHVLVWHQWH�GH�FiOFXOR�GD�EDUUD��

UHIHUHQWH� DR� WLSR� GH� VROLFLWDomR� TXH� FRPDQGD� R� GLPHQVLRQDPHQWR� GD� UHVSHFWLYD� EDUUD� �WUDomR� RX�

FRPSUHVVmR���

� QDV�EDUUDV�VHP�VROLFLWDomR�HP�DQiOLVH�OLQHDU��PDV�TXH�WrP�LQIOXrQFLD�QD�HVWDELOLGDGH�JOREDO�GD�HVWUXWXUD�

(por exemplo, barras que reduzem o comprimento GH�IODPEDJHP�GH�RXWUDV�EDUUDV���D� OLJDomR�GHYH�VHU�

GLPHQVLRQDGD� FRP� EDVH� QRV� HVIRUoRV� VROLFLWDQWHV� GH� FiOFXOR� GHWHUPLQDGRV� SRU� DQiOLVH� QmR� OLQHDU� RX�

GHWHUPLQDGRV�SRU� FULWpULRV� TXH�SHUPLWDP�DYDOLDU� R� HIHLWR� GH� VHJXQGD�RUGHP��1D� IDOWD�GHVWD� DQiOLVH� GH�

HVWDELOLGDGH�JOREDO��D�OLJDomR�GHYH�VHU�GLPHQVLRQDGD�QR�PtQLPR�SDUD������GD�IRUoD�D[LDO�GH�FRPSUHVVmR�

UHVLVWHQWH�GH�FiOFXOR�GD�EDUUD��

E�� QDV�OLJDo}HV�GLPHQVLRQDGDV�SDUD�XPD�FRPELQDomR�GH�GRLV�RX�PDLV�HVIRUoRV��SRU�H[HPSOR��OLJDomR�HQJDVWDGD�

viga-pilar), deve haver compatibilidade� GH�GLPHQV}HV�HQWUH�DV�SDUWHV�FRQHFWDGDV��RV�HOHPHQWRV�GH� OLJDomR��

H�RV�PHLRV�GH�OLJDomR�FRUUHVSRQGHQWHV��

����� /LJDo}HV�VROGDGDV�

10.2.1 Generalidades 

(VWD�VXEVHomR�p�DSOLFiYHO�jV� OLJDo}HV�VROGDGDV�RQGH�D�HVSHVVXUD�GD�SDUWH�PDLV� ILQD�QmR�XOWUDSDVVD������PP��

&DVR�FRQWUiULR��GHYHP�VHU�DWHQGLGDV�DV�H[LJrQFLDV�GD�$%17�1%5�������3DUD�RV�FDVRV�GH�OLJDo}HV�VROGDGDV�QmR�

SUHYLVWRV�QHVWD�1RUPD�RX�QD�$%17�1%5�������GHYHP�VHU�REHGHFLGDV�DV�H[LJrQFLDV�GD�$:6�'����RX�$:6�'�����

������� 6ROGDV�GH�SHQHWUDomR�HP�MXQWDV�GH�WRSR�

$�IRUoD�UHVLVWHQWH�GH�FiOFXOR�GH�XPD�VROGD�GH�SHQHWUDomR�HP�MXQWD�GH�WRSR�FRd , deve ser calculada por: 

D�� WUDomR�RX�FRPSUHVVmR�QRUPDO�j�VHomR�efetiva ou paralela ao eixo da solda: 

FRd = Lteffy/  (  = 1,10)

E�� FLVDOKDPHQWR�QD�VHomR�HIHWLYD��

FRd = Ltef(0,6fw)/  (  = 1,25), e 

FRd = Ltef(0,6fy)/  (  = 1,10)

onde:

fw p�D�UHVLVWrQFLD�j�UXSWXUD�GD�VROGD��

fy p�D�UHVLVWrQFLD�DR�HVFRDPHQWR�GR�DoR��PHWDO�EDVH���

L p�R�FRPSULPHQWR�GR�FRUGmR�GH�VROGD��

tef p� D� GLPHQVmR� HIHWLYD� �JDUJDQWD� HIHWLYD�� GD� VROGD� GH� SHQHWUDomR�� 3DUD� R� FDVR� GH� SHQHWUDomR� WRWDO���

tef�p�D�PHQRU�HVSHVVXUD�GR�PHWDO�EDVH�QD�MXQWD��
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������� 6ROGDV�GH�ILOHWH�HP�VXSHUItFLHV�SODQDV�

$�IRUoD�UHVLVWHQWH�GH�FiOFXOR�GH�XPD�VROGD�GH�ILOHWH�HP�VXSHUItFLH�SODQD�FRd  deve ser calculada por: 

D��HVWDGR�OLPLWH�~OWLPR�GH�UXSWXUD�GR�PHWDO�EDVH��VROLFLWDomR�SDUDOHOD�DR�HL[R�GD�VROGD��

 para L/t < 25: 

FRd = [1 - 0,01L/t]tLfu/  (  = 1,65) 

 para L/t  25: 

FRd = 0,75tLfu/  (  = 2,00) 

E��HVWDGR�OLPLWH�~OWLPR�GH�UXSWXUD�GR�PHWDO�EDVH��VROLFLWDomR�QRUPDO�DR�HL[R�GD�VROGD���

FRd = tLfu/  (  = 1,55) 

F��HVWDGR�OLPLWH�~OWLPR�GH�UXSWXUD�GD�VROGD��

$OpP� GDV� IRUoDV� UHVLVWHQWHV� GH� FiOFXOR� REWLGDV� HP� D�� H� E�� DQWHULRUHV�� SDUD� HVSHVVXUD� t� !� ����PP� D� IRUoD�

UHVLVWHQWH�GH�FiOFXOR�FRd��QmR�GHYH�H[FHGHU�R�VHJXLQWH�YDORU��

FRd = 0,75tefLfw/  (  = 1,65) 

onde

fw p�D�UHVLVWrQFLD�j�UXSWXUD�GD�VROGD��

fu p�D�UHVLVWrQFLD�j�UXSWXUD�GR�DoR��PHWDO�EDVH���

L p�R�FRPSULPHQWR�GR�ILOHWH�GH�VROGD��

t p�R�PHQRU�YDORU�HQWUH�t1 e t2 conforme Figura 6; 

tef p�D�GLPHQVmR�HIHWLYD��JDUJDQWD�HIetiva) da solda de filete, considerada como o menor valor entre 0,7 w1

 ou 0,7 w2;

w1 e w2 VmR�DV�SHUQDV�GR�ILOHWH��FRQIRUPH�)LJXUD����1DV�MXQWDV�SRU�VREUHSRVLomR��w1 t1.

)LJXUD���²�6ROGD�GH�ILOHWH�HP�VXSHUItFLHV�SODQDV�
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������� 6ROGDV�GH�ILOHWH�HP�VXSHUItFLHV�FXUYDV�

$�IRUoD�UHVLVWHQWH�GH�FiOFXOR�GH�XPD�VROGD�GH�ILOHWH�HP�VXSHUItFLHV�FXUYDV�FRd , deve ser calculada por: 

D��HVWDGR�OLPLWH�~OWLPR�GH�UXSWXUD�GR�PHWDO�EDVH��VROLFLWDomR�QRUPDO�DR�HL[R�GD�VROGD��)LJXUD��D��

FRd = 0,83tLfu/  (  = 1,65) 

E��HVWDGR�OLPLWH�~OWLPR�GH�UXSWXUD�GR�PHWDO�EDVH��VROLFLWDomR�SDUDOHOD�DR�HL[R�GD�VROGD��)LJXUDV��E�D��J��

 para tef  2 t�H�VH�D�GLPHQVmR�h�GR�HQULMHFHGRU�p�PDLRU�RX�LJXDO�DR�FRPSULPHQWR�GD�VROGD�L (Figura 7d): 

FRd = 1,50 tLfu /  ( = 1,80) 

 para t  tef < 2t��RX�VH�D�GLPHQVmR�K�GR�HQULMHFHGRU�IRU�PHQRU�TXH�R�FRPSULPHQWR�GD�VROGD�L (Figura 7e): 

FRd = 0,75tLfu /  (  = 1,80) 

F��HVWDGR�OLPLWH�~OWLPR�GH�UXSWXUD�GD�VROGD��

$OpP� GDV� IRUoDV� UHVLVWHQWHV� GH� FiOFXOR� REWLGDV� HP� D�� H� E�� DQWHULRUHV�� SDUD� HVSHVVXUD� t� !� ���� PP� D� IRUoD�

UHVLVWHQWH�GH�FiOFXOR�FRd��QmR�GHYH�H[FHGHU�R�VHJXLQWH�YDORU��

FRd = 0,75tefLfw/  (  = 1,65) 

onde

fw p�D�UHVLVWrQFLD�j�UXSWXUD�GD�VROGD��

fu p�D�UHVLVWrQFLD�j�UXSWXUD�GR�DoR��PHWDO�EDVH���

h p�D�DOWXUD�GR�HQULMHFHGRU��

L p�R�FRPSULPHQWR�GR�ILOHWH�GH�VROGD��

t p�HVSHVVXUD�GR�PHWDO�EDVH conforme Figuras 7a a 7g; 

re p�R�UDLR�H[WHUQR�GH�GREUDPHQWR�conforme Figuras 7d a 7g; 

tef p�D�GLPHQVmR�HIHWLYD��JDUJDQWD�HIHWLYD��GD�VROGD�GH�ILOHWH��GDGD�SRU��

 face externa do filete rente ao metal-base (Figuras 7d e 7e): 

VROGD�HP�DSHQDV�XPD�VXSHUItFLH�FXUYD��tef = 0,3 re

VROGD�HP�GXDV�VXSHUItFLHV�FXUYDV��tef = 0,5 re (para re > 12,5 mm, tef = 0,37 re)

 face externa do filete saliente ao metal-base (Figuras 7f e 7g): 

0,7 w1 ou 0,7 w2 (o menor valor) 

Valores de tef maiores que os estabelecidos anteriormente podem ser adotados, desde que comprovados por 

PHGLo}HV��

w1 e w2�VmR�DV�SHUQDV�GR�ILOHWH��FRQIRUPH�)LJXUDV��G�D��J��
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)LJXUD���²�6ROGD�GH�ILOHWH�HP�VXSHUItFLHV�FXUYDV�

����� /LJDo}HV�SDUDIXVDGDV�

10.3.1 Generalidades 

(VWD�VXEVHomR�p�DSOLFiYHO�jV�OLJDo}HV�SDUDIXVDGDV�RQGH�D�HVSHVVXUD�GD�SDUWH�PDLV�ILQD�QmR�XOWUDSDVVD������PP��

&DVR�FRQWUiULR��GHYHP�VHU�DWHQGLGDV�DV�H[LJrQFLDV�GD�$%17�1%5�������
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������� 'LPHQV}HV�GRV�IXURV�

$V� GLPHQV}HV� GRV� IXURV� SDUD� LQWURGXomR� GRV� SDUDIXVRV� QmR� GHYHP� H[FHGHU� jV� HVSHFLILFDGDV� QD� 7DEHOD� �����

1DV�HVWUXWXUDV�HP�JHUDO��GHYHP�VHU�HVSHFLILFDGRV�IXURV�SDGUmR��1DV�OLJDo}HV�FXMD�VROLFLWDomR�VHMD�QRUPDO�DR�HL[R�

GRV� SDUDIXVRV� �IRUoD� FRUWDQWH��� FDVR� VHMDP� HVSHFLILFDGRV� IXURV� DORQJDGRV� RX� PXLWR� DORQJDGRV�� D� GLPHQVmR�

DORQJDGD�GR�IXUR�GHYH�VHU�QRUPDO�j�VROLFLWDomR��

7DEHOD����²�'LPHQV}HV�Pi[LPDV�GH�IXURV��PP��

'LkPHWUR

nominal do 

parafuso 

(d)

'LkPHWUR�GR�

IXUR�SDGUmR�

'LkPHWUR�GR�

furo alargado 

'LPHQV}HV�GR�

furo pouco alongado 

'LPHQV}HV�GR�IXUR

muito alongado 

< 12,5 d+0,8 d +1,5 (d+0,8) x (d+6) (d+0,8) x (2,5d)

 12,5 d+1,5 d +5 (d+1,5) x (d+6) (d+1,5) x (2,5d)

������� 'LVSRVLo}HV�FRQVWUXWLYDV�

��������� (VSDoDPHQWRV�PtQLPRV�

$�GLVWkQFLD�OLYUH�HQWUH�DV�ERUGDV�GH�GRLV�IXURV�DGMDFHQWHV�QmR�GHYH�VHU�LQIHULRU�D�� d��H�D�GLVWkQFLD�GD�ERUGD�GH�XP�

IXUR�j�H[WUHPLGDGH�GR�HOHPHQWR�FRQHFWDGR�QmR�GHYH�VHU�LQIHULRU�D�d, onde d�p�R�GLkPHWUR�QRPLQDO�GR�SDUDIXVR��

��������� (VSDoDPHQWRV�Pi[LPRV�

(P�OLJDo}HV�FRQVWLWXtGDV�SRU�FREUHMXQWDV�VXMHLWDV�j�FRPSUHVVmR��D�GLVWkQFLD�HQWUH�RV�FHQWURV�GH�GRLV�SDUDIXVRV�

DGMDFHQWHV� RX� HQWUH� R� FHQWUR� GR� SDUDIXVR� j� ERUGD� GD� FREUHMXQWD�� QD� GLUHomR� GD� VROLFLWDomR�� GHYH� VHU� LQIHULRU��

a 1,37t(E/fy)
0,5

 onde t�p�D�HVSHVVXUD�GD�FREUHMXQWD�H�fy�p�D�UHVLVWrQFLD�DR�HVFRDPHQWR�GR�DoR�GD�FREUHMXQWD��

10.3.4 Rasgamento entre furos ou entre furo e borda 

$�IRUoD�UHVLVWHQWH�GH�FiOFXOR�DR�UDVJDPHQWR�FRd , deve ser calculada por: 

FRd = tefu /  (  = 1,45) 

onde

fu p�D�UHVLVWrQFLD�j�UXSWXUD�GR�DoR��PHWDO�EDVH���

t p�D�HVSHVVXUD�GR�FRPSRQHQWH�HOHPHQWR�DQDOLVDGR��

e p� D� GLVWkQFLD�� WRPDGD� QD� GLUHomR� GD� IRUoD�� GR� FHQWUR� GR� IXUR�SDGUmR� j� ERUGD� PDLV� SUy[LPD� GR� IXUR��

DGMDFHQWH�RX�j�H[WUHPLGDGH�GR�HOHPHQWR�FRQHFWDGR��

������� 3UHVVmR�GH�FRQWDWR��HVPDJDPHQWR��

$�IRUoD�UHVLVWHQWH�GH�FiOFXOR�DR�HVPDJDPHQWR�FRd , deve ser calculada por: 

FRd = edtfu /   (  = 1,55) 

onde

fu p�D�UHVLVWrQFLD�j�UXSWXUD�GR�DoR��PHWDO�EDVH���
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d p�R�GLkPHWUR�QRPLQDO�GR�SDUDIXVR��

t p�D�HVSHVVXUD�GR�HOHPHQWR�FRQHFWDGR�DQDOLVDGR��

e p�XP�IDWRU�LJXDO�D�������t + 1,53), com t�HP�PLOtPHWURV��t  4,75 mm). 

������� )RUoD�GH�WUDomR�UHVLVWHQWH�GH�FiOFXOR�GR�SDUDIXVR�

$�IRUoD�UHVLVWHQWH�GH�FiOFXOR�DR�HVPDJDPHQWR��Ft,Rd, deve ser calculada por: 

Ft,Rd = 0,75Abfub/   (  = 1,35) 

onde

Ab�p�D�iUHD�EUXWD�GD�VHomR�WUDQVYHUVDO�GR�SDUDIXVR��

fub�p�D�UHVLVWrQFLD�j�UXSWXUD�GR�SDUDIXVR�QD�WUDomR� conforme Tabela 16 ou o disposto em 4.4. 

������� )RUoD�GH�FLVDOKDPHQWR�UHVLVWHQWH�GH�FiOFXOR�GR�SDUDIXVR�

$�IRUoD�GH�FLVDOKDPHQWR�UHVLVWHQWH�GH�FiOFXOR�GR�SDUDIXVR�Fv,Rd ,por plano de corte, deve ser calculada por: 

a) quando plano de corte passa pela rosca 

Fv,Rd = 0,4Abfub/  (  = 1,35)  

E��TXDQGR�SODQR�GH�FRUWH�QmR�SDVVD�SHOD�URVFD�

Fv,Rd = 0,5Abfub/  ( = 1,35)  

onde

Ab e fub conforme definidos em 10.3.6. 

������� 7UDomR�H�FLVDOKDPHQWR�FRPELQDGRV�

4XDQGR�RFRUUHU�DomR�VLPXOWkQHD�GH�WUDomR�H�FLVDOKDPHQWR��GHYHP�VHU�DWHQGLGDV�DV�VHJXLQWHV�FRQGLo}HV��

D��SDUDIXVRV�GH�DoR�FRP�TXDOLILFDomR�HVWUXWXUDO��FRPXQV�RX�GH�DOWD�UHVLVWrQFLD���

(Ft,Sd / Ft,Rd)
2
 + (Fv,Sd/Fv,Rd)

2
 1,0 

E��SDUDIXVRV�GH�DoR�VHP�TXDOLILFDomR�HVWUXWXUDO��FRQIRUPH������

(Ft,Sd/Ft,Rd) + (Fv,Sd/Fv,Rd)  1,0 

onde

Ft,Sd p�D�IRUoD�GH�WUDomR�VROLFLWDQWH�GH�FiOFXOR�QR�SDUDIXVR��

Fv,Sd p�D�IRUoD�GH�FLVDOKDPHQWR�VROLFLWDQWH�GH�FiOFXOR�QR�SDUDIXVR��QR�SODQR�GH�FRUWH�DQDOLVDGR��

Ft,Rd p�D�IRUoD�GH�WUDomR�UHVLVWHQWH�GH�FiOFXOR�GR�SDUDIXVR��FRQIRUPH���������

Fv,Rd p�D�IRUoD�GH�FLVDOKDPHQWR�UHVLVWHQWH�GH�Filculo do parafuso, conforme 10.3.7. 
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7DEHOD����²�5HVLVWrQFLD�j�UXSWXUD�QD�WUDomR�GH�SDUDIXVRV�GH�DoR�FRP�TXDOLILFDomR�HVWUXWXUDO�

'LkPHWUR�QRPLQDO�G(VSHFLILFDomR� &ODVVH

PLOtPHWURV� SROHJDGDV�

Iub

MPa

ASTM A307-07b Comum - 1/4 d < 1/2 

1/2 d  4 

370

415

ASTM A325M $OWD�UHVLVWrQFLD� 16 d  24 

24 < d  36 

1/2 d  1 

1 < d ��ò�

825

725

$670�$�����JUDX�%'�� $OWD�UHVLVWrQFLD� �� 1/4 d < 1/2 930

ASTM A394 (tipo 0) 

ASTM A394 (tipos 1,2 e 3) 

Comum 

$OWD�UHVLVWrQFLD�

- 1/2 d  1 

1/2 d  1 

510

825

ASTM A449 $OWD�UHVLVWrQFLD� �� 1/4 d < 1/2 745

ASTM A490 $OWD�UHVLVWrQFLD� 16 d  36 1/2 d ��ò� 1 035 

ISO 898-1 classe 4.6 Comum 6 d  36 - 400 

,62������±�FODVVH����� $OWD�UHVLVWrQFLD� 6 d  36 - 800 

,62������±�FODVVH������ $OWD�UHVLVWrQFLD� 6 d  36 - 1 000 

10.4 Colapso por rasgamento 

1DV� OLJDo}HV� GH� H[WUHPLGDGH� GH� YLJDV�� RQGH� DSHQDV� XPD� RX� DV� GXDV�PHVDV� VmR� UHFRUWDGDV� �YHU� )LJXUD� �D����

HP� FDQWRQHLUDV� WUDFLRQDGDV� �YHU� )LJXUD� �E�� RX� HP� RXWURV� FDVRV� GH� OLJDo}HV� RQGH� KRXYHU� D� SRVVLELOLGDGH� GH�

FRODSVR�SRU�UDVJDPHQWR�GD�SDUWH�FRQHFWDGD��D�IRUoD�UHVLVWHQWH�GH�FiOFXOR�FRd�p�R�PHQRU�YDORU�HQWUH���

FRd = (0,6Agvfy + Antfu)/  (  = 1,65) 

FRd = (0,6Anvfu + Antfu)/  (  = 1,65) 

onde

Agv p�iUHD�EUXWD�VXMHLWD�DR�FLVDOKDPHQWR�GD�SDUWH�VXVFHWtYHO�DR�FRODSVR�SRU�UDVJDPHQWR��

Anv p�D�iUHD�OtTXLGD�VXMHLWD�DR�FLVDOKDPHQWR�GD�SDUWH�VXVFHWtYHO�DR�FRODSVR�SRU�UDVJDPHQWR��

Ant p�D�iUHD�OtTXLGD�VXMHLWD�j�WUDomR�GD�SDUWH�VXVFHWtYHO�DR�FRODSVR�SRU�UDVJDPHQWR��
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)LJXUD���²�&RODSVR�SRU�UDVJDPHQWR�GD�SDUWH�FRQHFWDGD�

����� /LJDo}HV�FRP�SDUDIXVRV�DXWR�DWDUUD[DQWHV�

(VWD� VXEVHomR� p� DSOLFiYHO� jV� OLJDo}HV� FRQVWLWXtGDV� SRU� SDUDIXVRV� DXWR�DWDUUD[DQWHV�� SURYLGRV� RX� QmR� GH� SRQWD�

EURFDQWH��FRP�GLkPHWUR�QRPLQDO�HQWUH������PP�H������PP��

3DUD�RV�SDUDIXVRV�VXEPHWLGRV�j�WUDomR��R�GLkPHWUR�GD�VXD�FDEHoD�dh ou da arruela dw (se a arruela for utilizada), 

GHYH�VHU�LJXDO�RX�VXSHULRU�D���PP��H�D�DUUXHOD�GHYH�DSUHVHQWDU�HVSHVVXUD�PtQLPD�GH������PP��

$�LQVWDODomR�GRV�SDUDIXVRV�GHYH�VHJXLU�FULWHULRVDPHQWH�DV�UHFRPHQGDo}HV�GR�IDEULFDQWH��

2V�VtPERORV�H�UHVSHFWLYRV�VLJQLILFDGRV�HPSUHJDGRV�QHVWD�VXEVHomR�HVWmR�DSUHVHQWDGRV�D�VHJXLU��

d p�R�GLkPHWUR�QRPLQDO�GR�SDUDIXVR��

dh p�R�GLkPHWUR�GD�FDEHoD�RX�GR�IODQJH�GR�SDUDIXVR��

dw p�R�GLkPHWUR�GD�DUUXHOD��

dwe p�R�GLkPHWUR�HIHWLYR�DVVRFLDGR�DR�UDVJDPHQWR�GR�PHWDO�EDVH��pull-over); 

e p�D�GLVWkQFLD��WRPDGD�QD�GLUHomR�GD�IRUoD��GR�FHQWUR�GR�IXUR�j�H[WUHPLGDGH�GR�HOHPHQWR�FRQHFWDGR��

t p�D�HVSHVVXUD�GR�HOHPHQWR�FRQHFWDGR��t1 ou t2);

t1 p�D�HVSHVVXUD�GR�HOHPHQWR�FRQHFWDGR�HP�FRQWDWR�FRP�D�DUUXHOD�RX�D�FDEHoD�GR�SDUDIXVR��

t2 p�D�HVSHVVXUD�GR�HOHPHQWR�FRQHFWDGR�TXH�QmR�HVWi�HP�FRQWDWR�FRP�D�DUUXHOD�RX�D�FDEHoD�GR�
parafuso;

tc p�D�SURIXQGLGDGH�GH�SHQHWUDomR�RX�D�HVSHVVXUD�t2, o que for menor; 

fu p� D� UHVLVWrQFLD� j� UXSWXUD� QD� WUDomR� GR� HOHPHQWR� FRQHFWDGR� VXMHLWR� DR� UDVJDPHQWR� HQWUH� IXUR� H�
borda;

fu1 p�D�UHVLVWrQFLD�j�UXSWXUD�QD�WUDomR�GR�HOHPHQWR�FRQHFWDGR�HP�FRQWDWR�FRP�D�DUUXHOD�RX�D�FDEHoD�
do parafuso; 
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fu2 p�D�UHVLVWrQFLD�j�UXSWXUD�QD�WUDomR�GR�HOHPHQWR�FRQHFWDGR�TXH�QmR�HVWi�HP�FRQWDWR�FRP�D�DUUXHOD�
RX�D�FDEHoD�GR�SDUDIXVR��

Fv,Rd p�D�IRUoD�GH�FLVDOKDPHQWR�UHVLVWHQWH�GH�FiOFXOR�SRU�SDUDIXVR��PHQRU�YDORU�HQWUH�Fc,Rd e Fss,Rd);

Fc,Rd p�D� IRUoD�GH�FLVDOKDPHQWR� UHVLVWHQWH�GH�FiOFXOR�SRU�SDUDIXVR��DVVRFLDGD�j� UHVLVWrQFLD�GR�PHWDO�
base;

Fss,Rk p� D� IRUoD� GH� FLVDOKDPHQWR� UHVLVWHQWH� QRPLQDO� GR� SDUDIXVR�� IRUQHFLGD� SHOR� IDEULFDQWH� RX�
determinada por ensaio; 

Fss,Rd p�D�IRUoD�GH�FLVDOKDPHQWR�UHVLVWHQWH�GH�FiOFXOR�GR�SDUDIXVR��

Ft,Rd p�D�IRUoD�GH�WUDomR�UHVLVWHQWH�GH�FiOFXOR�SRU�SDUDIXVR��PHQRU�YDORU�HQWUH�Fa,Rd ; Fr,Rd e Fts,Rd);

Fa,Rd p�IRUoD�GH�WUDomR�UHVLVWHQWH�GH�FiOFXOR��DVVRFLDGD�DR�DUUDQFDPHQWR�GR�SDUDIXVR��pull-out);

Fr,Rd p�D�IRUoD�GH�WUDomR�UHVLVWHQWH�GH�FiOFXOR��DVVRFLDGD�DR�UDVJDPHQWR�GR�PHWDO�EDVH��pull-over);

Fts,Rk p�D�IRUoD�GH�WUDomR�UHVLVWHQWH�QRPLQDO�GR�SDUDIXVR��IRUQHFLGD�SHOR�IDEULFDQWH�RX�GHWHUPLQDGD�SRU�
ensaio;

Fts,Rd p�D�IRUoD�GH�WUDomR�UHVLVWHQWH�GH�FiOFXOR�GR�SDUDIXVR��

p� R� FRHILFLHQWH� GH� SRQGHUDomR� GD� UHVLVWrQFLD�� LJXDO� D� ����� �H[FHWR� HP� ������� RX� TXDQGR��
determinado por ensaio conforme permitido em 10.5.2.2 e 10.5.3.3).  

������� 'LVSRVLo}HV�FRQVWUXWLYDV�

$�GLVWkQFLD�HQWUH�FHQWURV�GH�SDUDIXVRV�DGMDFHQWHV�QmR�GHYH�VHU�LQIHULRU�D���d�H�D�GLVWkQFLD�GR�FHQWUR�GR�SDUDIXVR��

j�ERUGD�GH�TXDOTXHU�HOHPHQWR�FRQHFWDGR�QmR�GHYH�VHU�LQIHULRU�D�����d.

������� )RUoD�GH�FLVDOKDPHQWR�UHVLVWHQWH�GH�FiOFXOR�

$�IRUoD�GH�FLVDOKDPHQWR�UHVLVWHQWH�GH�FiOFXOR�SRU�SDUDIXVR��Fv,Rd��p�R�PHQRU�YDORU�REWLGR�HP����������H�����������

��������� 5HVLVWrQFLD�GR�PHWDO�EDVH�

a) para t2/t1  1,0, Fc,Rd�p�R�PHQRU�GRV�YDORUHV��

Fc,Rd = 4,2(t2
3
d)

0.5
fu2/

Fc,Rd = 2,7 t1dfu1/

Fc,Rd = 2,7 t2dfu2/

b) para t2/t1  2,5, Fc,Rd�p�R�PHQRU�GRV�YDORUHV��

Fc,Rd = 2,7 t1dfu1/

Fc,Rd = 2,7 t2dfu2/

c) para 1,0 < t2/t1 < 2,5, Fc,Rd�GHYH�VHU�GHWHUPLQDGD�SRU�LQWHUSRODomR�OLQHDU��

6H� D� GLVWkQFLD� HQWUH� R� SDUDIXVR� H� D� H[WUHPLGDGH� GH� XP� HOHPHQWR� FRQHFWDGR� IRU� SDUDOHOD� j� GLUHomR� GD� IRUoD��

HVWDQGR� SRUWDQWR� D� OLJDomR� VXMHLWD� DR� HVWDGR�OLPLWH� ~OWLPR� GH� UDVJDPHQWR� HQWUH� IXUR� H� ERUGD�� DGLFLRQDOPHQWH���

o valor de Fc,Rd�QmR�GHYH�VHU�VXSHULRU�D��

Fc,Rd = tefu /
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��������� 5HVLVWrQFLD�GR�SDUDIXVR�DR�FLVDOKDPHQWR�

$�IRUoD�GH�FLVDOKDPHQWR�UHVLVWHQWH�GH�FiOFXOR�GR�SDUDIXVR�GHYH�VHU�WRPDGD�FRPR��

Fss,Rd = Fss,Rk/

onde

Fss,Rk p�D� IRUoD�GH� FLVDOKDPHQWR� UHVLVWHQWH�QRPLQDO� GR�SDUafuso, fornecida pelo fabricante ou determinada  

por ensaio; 

p� R� FRHILFLHQWH� GH� SRQGHUDomR� GD� UHVLVWrQFLD�� WRPDGR� LJXDO� D� ����� RX� GHWHUPLQDGR� FRP� EDVH� HP��

HQVDLRV�FRQIRUPH�VHomR�����1HVVH�FDVR��GHYH�VH�PXOWLSOLFDU�R�YDORU�FDOFXODGR�GH� �SRU�������QmR�VHQGR�

QHFHVViULR�DGRWDU�YDORU�VXSHULRU�D�������

������� )RUoD�GH�WUDomR�UHVLVWHQWH�GH�FiOFXOR�

$�IRUoD�GH�WUDomR�UHVLVWHQWH�GH�FiOFXOR�SRU�SDUDIXVR�Ft,Rd�p�R�PHQRU�YDORU�REWLGR�HP�10.5.3.1, 10.5.3.2 e 10.5.3.3. 

��������� 5HVLVWrQFLD�DR�DUUDQFDPHQWR�GR�SDUDIXVR��SXOO�RXW)

$�IRUoD�GH�WUDomR�UHVLVWHQWH�GH�FiOFXOR��DVVRFLDGD�DR arrancamento do parafuso, deve ser calculada por: 

Fa,Rd = 0,85tcdfu2 /

��������� 5HVLVWrQFLD�DR�UDVJDPHQWR�GR�PHWDO�EDVH��SXOO�RYHU)

$�IRUoD�GH�WUDomR�UHVLVWHQWH�GH�FiOFXOR��DVVRFLDGD�DR rasgamento do metal-base, deve ser calculada por: 

Fr,Rd = 1,5t1dwefu1 /

onde dwe p�R�GLkPHWUR�HIHWLYR�DVVRFLDGR�DR�UDVJDPHQWR�GR�PHWDO�EDVH��FDOFXODGR�SRU��

� D��SDUDIXVR�GH�FDEHoD�FLUFXODU��RX�KH[DJRQDO��RX�hexagonal com flange, com arruela independente sob a 

FDEHoD�GR�SDUDIXVR��)LJXUD��D���

dwe = dh + 2tw + t1 dw

� E��SDUDIXVR�GH�FDEHoD�FLUFXODU��RX�KH[DJRQDO��RX�hexagonal com flange, sem arruela independente sob a 

FDEHoD�GR�SDUDIXVR��)LJXUD��E���

dwe = dh��SRUpP�QmR�PDLRU�TXH������PP

� F��DUUXHOD�HP�GRPR��QmR�PDFLoD�H�LQGHSHQGHQWH�VRE�D�FDEHoD�GR�SDUDIXVR��)LJXUD��F���

dwe = dh + 2tw + t1 dw

com dh, 2tw e t1 definidos na Figura 9 e dwe  16 mm. 

��������� 5HVLVWrQFLD�GR�SDUDIXVR�j�WUDomR�

$�IRUoD�GH�WUDomR�UHVLVWHQWH�GH�FiOFXOR�GR�SDUDIXVR�GHYH�VHU�WRPDGD�FRPR��

Fts,Rd = Fts,Rk /
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onde

Fts,Rk p� D� IRUoD� GH� WUDomR� UHVLVWHQWH� QRPLQDO� GR� SDUDIXVR�� IRUQHFLGD� SHOR� IDEULFDQWH� RX� GHWHUPLQDGD� SRU��

ensaio;

p� R� FRHILFLHQWH� GH� SRQGHUDomR� GD� UHVLVWrQFLD�� tomado igual a 2,00 ou determinado com base em  

HQVDLRV� FRQIRUPH� VHomR� ���� 1HVVH� FDVR�� GHYH�VH� PXOWLSOLFDU� R� YDORU� FDOFXODGR� GH� por 1,25,  

QmR�VHQGR�QHFHVViULR�DGRWDU�YDORU�VXSHULRU�D�������

������� )RUoD�GH�FLVDOKDPHQWR�H�UDVJDPHQWR�GR�PHWDO�EDVH��SXOO�RYHU) combinados 

3DUD�SDUDIXVRV�VXMHLWRV�j�FRPELQDomR�GH�IRUoD�GH�FLVDOKDPHQWR�H�IRUoD�GH�WUDomR��GHYH�VHU�VDWLVIHLWD�D�VHJXLQWH�

H[SUHVVmR�GH�LQWHUDomR��

1,100,71
Rdr0,

Sdt,

Rdc0,

Sdv,

F

F

F

F

onde

Fv,Sd p�D�IRUoD�GH�FLVDOKDPHQWR�VROLFLWDQWH�GH�FiOFXOR�QR�SDUDIXVR��

Ft,Sd p�D�IRUoD�GH�WUDomR�VROLFLWDQWH�GH�FiOFXOR�QR�SDUDIXVR��

Fc0,Rd = 2,7t1dfu1 /  (  = 1,55) 

Fr0,Rd = 1,5t1dwfu1 /  (  = 1,55) 

6H�QmR�KRXYHU�DUUXHOD��FRQVLGHUDU�dw = dh.

$�H[SUHVVmR�GH�LQWHUDomR�p�YiOLGD�GHVGH�TXH�VHMDP�DWHQGLGRV�RV�VHJXLQWHV�OLPLWHV��

a) 0,72 mm t1  1,13 mm; 

b) parafusos providos de ponta brocante, com ou sem DUUXHODV��H�FRP�GLkPHWUR�LJXDO�D�����PP�RX�����PP��

c) dw  19 mm; 

d) fu1  483 MPa; 

e) t2/t1  2,5. 
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)LJXUD���²�'LPHQV}HV�SDUD�FiOFXOR�GD�UHVLVWrQFLD�DR�UDVJDPHQWR�GR�PHWDO�EDVH��SXOO�RYHU)

����� 3UHVVmR�GH�FRQWDWR�VREUH�DSRLRV�GH�FRQFUHWR�

$� WHQVmR� UHVLVWHQWH� GH�FiOFXOR�j�SUHVVmR�GH�FRQWDWR� VRbre apoios de concreto deve ser determinada conforme 

ABNT NBR 8800. 

11 Dimensionamento com base em ensaios 

����� $SOLFDomR�

(VWD�VHomR�p�DSOLFiYHO�DRV�FDVRV�GH�DYDOLDomR�GR�GHVHPSHQKR�HVWUXWXUDO�H�GHWHUPLQDomR�GRV�HVIRUoRV�UHVLVWHQWHV�

GH�FiOFXOR�GH�EDUUDV��OLJDo}HV�RX�FRQMXQWRV�HVWUXWXUDLV��TXH�QmR�VmR�SUHYLVWRV�QDV�6Ho}HV���H�����

����� &RQGLo}HV�SDUD�H[HFXomR�GH�HQVDLRV�

2V� HQVDLRV� GHYHP� VHU� IHLWRV� SRU� ODERUDWyULRV� LG{neos, adequadamente equipados e por profissionais com 

FRPSURYDGD�H[SHULrQFLD�QD�SUHSDUDomR�H�H[HFXomR�GRV�HQVDLRV��
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$� GHILQLomR� GRV� SURWyWLSRV� H� D� PRQWDJHP� GR� DSDUDWR� GH� HQVDLR�� HQYROYHQGR� D� YLQFXODomR� GR� SURWyWLSR�� R�

carregamento e a maneira de se aplicar o carregamento, GHYHP�VHU�FRHUHQWHV�FRP�DV�FRQGLo}HV�GH�VHUYLoR�GD�

estrutura.

11.3 Resposta estrutural 

1RV�HQVDLRV�VmR�GHWHUPLQDGDV�DV�Do}HV�DSOLFDGDV��IRUoDV��PRPHQWRV��GHVORFDPHQWRV��YDULDo}HV�GH�WHPSHUDWXUD�

HWF���FRUUHVSRQGHQWHV�DRV�HVWDGRV�OLPLWHV�~OWLPRV�HVWDEHOHFLGRV�HP�FDGD�FDVR��3DUD�D�GHWHUPLQDomR�GRV�HIHLWRV�

GDV�Do}HV��QHFHVViULRV�SDUD�R�GLPHQVLRQDPHQWR��RV�HVIRUoRV�UHVLVWHQWHV�GH�FiOFXOR�GHYHP�VHU�REWLGRV�PHGLDQWH�R�

HPSUHJR�GH�PRGHORV�WHyULFRV�FRHUHQWHV�FRP�RV�HPSUHJDGRV�HP�SURMHWR��

����� (PLVVmR�GH�UHODWyULR�

2V�UHJLVWURV�GDV� LQIRUPDo}HV�SHUWLQHQWHV�DRV�HQVDLRV�GHYHP�VHU� IHLWRV�HP�UHODWyULRV� WpFQLFRV��GHYHQGR�FRQVWDU��

QR�PtQLPR�DV�VHJXLQWHV�LQIRUPDo}HV��

D�� GHVFULomR�GRV�SURWyWLSRV�HQVDLDGRV��FRP�GHWDOKHV�H�GLPHQV}HV��

E�� GHVFULomR�GR�DSDUDWR�GH�HQVDLR��FRP�LQIRUPDo}HV�GHWDOKDGDV�VREUH�DSOLFDomR�GR�FDUUHJDPHQWR�H�YLQFXODomR�

GR�SURWyWLSR��

F�� GHVFULomR�GRV�HTXLSDPHQWRV�H�LQVWUXPHQWRV�GH�PHGLomR�utilizados, constando fabricante, modelo, capacidade, 

VHQVLELOLGDGH��SUHFLVmR�HWF���

G�� UHVXOWDGRV�GDV�PHGLo}HV�GH�WRGDV�DV�etapas de carregamento e descarregamento; 

H�� GHPDLV�LQIRUPDo}HV�UHOHYDQWHV�SURYHQLHQWHV�GH�REVHUYDo}HV�GRV�HQVDLRV��FRPR�SRU�H[HPSOR��RFRUUrQFLDV�GH�

GHVORFDPHQWRV��YLEUDo}HV�HWF���TXH�SRGHP�H[FHGHU�RV�YDORUHV�Pi[LPRV�UHFRPHQGDGRV�SDUD�HVWDGRV�OLPLWHV�

GH�VHUYLoR��

����� $QiOLVH�GRV�UHVXOWDGRV�

2�YDORU�QRPLQDO�GR�HVIRUoR�UHVLVWHQWH�NRk, MRk ou VRk�GHYH�VHU� WRPDGR�FRPR�R�YDORU�PpGLR�REWLGR�GH� WRGRV�RV�

HQVDLRV�YiOLGRV��H�R�UHVSHFWLYR�FRHILFLHQWH�GH�YDULDomR� t�GHYH�VHU�GHWHUPLQDGR�SRU�DQiOLVH�HVWDWtVWLFD��

1R�PtQLPR�� GHYHP� VHU� HQVDLDGRV� WUrV� SURWyWLSRV� LGrQWLFRV�� VHQGR� TXH� R� GHVYLR� GH� XP� UHVXOWDGR� TXDOTXHU� HP�

UHODomR�DR�YDORU�PpGLR�QmR�SRGH�VHU�PDLRU�TXH�������SDUD�PDLV�RX�SDUD�PHQRV����

&DVR�WDO�GHVYLR�VHMD�VXSHULRU�D�������SDUD�PDLV�RX�SDUD�PHQRV���PDLV�HQVDLRV�LGrQWLFRV�GHYHP�VHU�IHLWRV�DWp�TXH�

R�GHVYLR�GH�TXDOTXHU�UHVXOWDGR�HP�UHODomR�DR�YDORU�PpGLR�GH�WRGRV�RV�HQVDLRV�QmR�H[FHGD�������SDUD�PDLV�RX�

SDUD�PHQRV���RX�DWp�TXH�QR�PtQLPR�PDLV�WUrV�HQVDLRV�VHMDP�IHLWRV��

1HQKXP�UHVXOWDGR�GH�HQVDLR�GHYH�VHU�GHVSUH]DGR��FRP�H[FHomR�GRV�FDVRV�RQGH�ILTXHP�FRPSURYDGDV�IDOKDV�QD�

PRQWDJHP�H�RX�UHDOL]DomR�GR�UHVSHFWLYR�HQVDLR��

2�HVIRUoR�UHVLVWHQWH�GH�FiOFXOR�NRd, MRd ou VRd�GHYH�VHU�FDOFXODGR�SHOD�UHODomR�HQWUH�R�YDORU�QRPLQDO�GR�HVIRUoR�

resistente e o coeficiente GH�SRQGHUDomR�GD�UHVLVWrQFLD� dado por: 

a) vigas com a mesa tracionada conectada a painel e mesa comprimida livre: 

0,185C

fm

2
tp

2
f

2
m0

)e1,6(1/ XX



ABNT NBR 14762:2010 

��$%17��������7RGRV�RV�GLUHLWRV�UHVHUYDGRV 67

b) demais casos: 

0,044C

fm

2
tp

2
f

2
m0

)1,52(1/ eXX

onde

e p�D�EDVH�GR�ORJDULWPR�QDWXUDO��LJXDO�D�������

Cp p�R�IDWRU�GH�FRUUHomR��GDGR�SRU��

 para n  4: Cp = m(1 + 1/n)/(m�±����

 para n = 3: Cp = 5,7 

n p�R�Q~PHUR�GH�HQVDLRV��

m p�R�JUDX�GH�OLEHUGDGH��LJXDO�D�n�±����

Xf p�R�YDORU�PpGLR�GR�IDWRU�IDEULFDomR��FRQIRUPH�7DEHOD�����R�TXDO�FRUUHVSRQGH�j�PpGLD�GD�UHODomR�HQWUH�D��

SURSULHGDGH� JHRPpWULFD� GH� LQWHUHVVH� FDOFXODGD� FRP� DV� GLPHQV}HV� GD� VHomR� WUDQVYHUVDO� PHGLGDV� QRV�

SURWyWLSRV�H�R�FRUUHVSRQGHQWH�YDORU�FDOFXODGR�FRP�DV�GLPHQV}HV�QRPLQDLV��

Xmp�R�YDORU�PpGLR�GR� IDWRU�PDWHULDO��FRQIRUPH�7DEHOD�����R�TXDO�FRUUHVSRQGH�j�PpGLD�GD�UHODomR�HQWUH�D��

UHVLVWrQFLD�GR�PDWHULDO�GRV�SURWyWLSRV��GHWHUPLQDGD�SRU�HQVDLR��H�D�UHVLVWrQFLD�QRPLQDO�HVSHFLILFDGD��

0 p�R�tQGLFH�GH�FRQILDELOLGDGH�DOYR��GDGR�SRU��

0 = 1,5 para vigas com a mesa tracionada conectada a painel e mesa comprimida livre; 

0 = 2,5 para barras; 

0� �����SDUD�OLJDo}HV��

t p�R�FRHILFLHQWH�GH�YDULDomR�REWLGR�QRV�HQVDLRV��UHODomR�HQWUH�R�GHVYLR�SDGUmR�H�R�YDORU�PpGLR���WRPDGR��

 sempre maior ou igual a 6,5 %; 

f p�R�FRHILFLHQWH�GH�YDULDomR�GR�IDWRU�IDEULFDomR��FRQIRUPH�7DEHOD�����

m p�R�FRHILFLHQWH�GH�YDULDomR�GR�IDWRU�PDWHULDO��FRQIRUPH�7DEHOD�����
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7DEHOD����²�'DGRV�HVWDWtVWLFRV�SDUD�GHWHUPLQDomR�GR�FRHILFLHQWH�GH�SRQGHUDomR�GD�UHVLVWrQFLD�

&DVR�HP�DQiOLVH� ;m m ;f f

%DUUDV�VXEPHWLGDV�j�WUDomR�RX�j�FRPSUHVVmR� ���� ����� ����� �����

%DUUDV�VXEPHWLGDV�j�IOH[mR�VLPSOHV��

��0RPHQWR�IOHWRU��EDUUDV�HVWiYHLV�ODWHUDOPHQWH�

��)ODPEDJHP�ODWHUDO�FRP�WRUomR��

��3DLQHO�FRQHFWDGR�j�PHVD�WUDFLRQDGD�

��)RUoD�FRUWDQWH�

��0RPHQWR�IOHWRU�H�IRUoD�FRUWDQWH�FRPELQDGRV�

1,10

1,00

1,10

1,10

1,10

0,10

0,06

0,10

0,10

0,10

1,00

1,00

1,00

1,00

1,00

0,05

0,05

0,05

0,05

0,05

(QULMHFHGRUHV�WUDQVYHUVDLV�GH�DOPD��IRUoD�FRQFHQWUDGD� ���� ����� ����� �����

(QULMHFHGRUHV�WUDQVYHUVDLV�GH�DOPD��IRUoD�FRUWDQWH� ���� ����� ����� �����

%DUUDV�VXEPHWLGDV�j�IOH[mR�FRPSRVWD� ���� ����� ����� �����

)RUoD�FRQFHQWUDGD�HP�VHo}HV�VHP�HQULMHcedores transversais 1,10 0,10 1,00 0,05 

%DUUDV�FRP�VHomR�WUDQVYHUVDl tubular  1,10 0,10 1,00 0,05 

3DLQpLV�HP�JHUDO�VXEPHWLGRV�j�FRPSUHVVmR�RX�IOH[mR�VLPSOHV� ���� ����� ����� �����

3DLQpLV�HP�JHUDO�VXEPHWLGRV�j�IOH[mR�FRPSRVWD� ���� ����� ����� �����

&DVRV�GH�EDUUDV�QmR�UHODFLRQDGRV�DQWHULRUPHQWH� ���� ����� ����� �����

/LJDo}HV�VROGDGDV��

��6ROGD�GH�ILOHWH�HP�VXSHUItFLHV�SODQDV��UXSWXUD�GD�VROGD�

��6ROGD�GH�ILOHWH�HP�VXSHUItFLHV�SODQDV��UXSWXUD�GR�PHWDO�EDVH��

��6ROGD�GH�ILOHWH�HP�VXSHUItFLHV�FXUYDV�

��6ROGD�GH�WDPSmR�HP�IXURV��UXSWXUD�GD�VROGD�

��6ROGD�GH�WDPSmR�HP�IXURV��UXSWXUD�GR�PHWDO�EDVH��

��6ROGD�GH�WDPSmR�HP�UDVJRV��UXSWXUD�GD�VROGD�RX�PHWDO�EDVH�

��6ROGD�GH�UHVLVWrQFLD�

1,10

1,10

1,10

1,10

1,10

1,10

1,10

0,10

0,08

0,10

0,10

0,08

0,10

0,10

1,00

1,00

1,00

1,00

1,00

1,00

1,00

0,10

0,15

0,10

0,10

0,15

0,10

0,10

/LJDo}HV�SDUDIXVDGDV��

- Ruptura do parafuso por cisalhamento 

��5XSWXUD�GR�SDUDIXVR�SRU�WUDomR�

- Rasgamento entre furos ou entre furo e borda 

��3UHVVmR�GH�FRQWDWR��HVPDJDPHQWR��

��5XSWXUD�SRU�WUDomR�QD�VHomR�OtTXLGD�

1,10

1,10

1,10

1,10

1,10

0,08

0,08

0,08

0,08

0,08

1,00

1,00

1,00

1,00

1,00

0,05

0,05

0,05

0,05

0,05

/LJDo}HV�SDUDIXVDGDV�FRP�SDUDIXVRV�DXWR�DWDUUD[DQWHV��SURYLGRV�RX�QmR�

de ponta brocante): 

- Ruptura do parafuso por cisalhamento 

��5XSWXUD�GR�SDUDIXVR�SRU�WUDomR�

- Rasgamento entre furos ou entre furo e borda 

��3UHVVmR�GH�FRQWDWR��HVPDJDPHQWR��H�LQFOLQDomR�GR�SDUDIXVR��tilting)

��5XSWXUD�SRU�WUDomR�QD�VHomR�OtTXLGD�

- Arrancamento do parafuso (pull-out) e rasgamento da chapa (pull-over)

- Cisalhamento e rasgamento da chapa (pull-over) combinados 

1,10

1,10

1,10

1,10

1,10

1,10

1,10

0,10

0,10

0,10

0,08

0,10

0,10

0,10

1,00

1,00

1,00

1,00

1,00

1,00

1,00

0,10

0,10

0,10

0,05

0,10

0,10

0,10

&DVRV�GH�OLJDo}HV�QmR�UHODFLRQDGRV�DQWHULRUPHQWH� ���� ����� ����� �����
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Anexo A 

(normativo) 

'HVORFDPHQWRV�Pi[LPRV�

A.1 Generalidades 

1HVWH� $QH[R� VmR� DSUHVHQWDGRV� RV� YDORUHV� GRV� GHVORFDPHQWRV�Pi[LPRV� UHTXHULGRV� SDUD� VLWXDo}HV� XVXDLV� QDV�

FRQVWUXo}HV�� (VVHV� GHVORFDPHQWRV� GHYHP� VHU� HQWHQGLGRV� FRPR� YDORUHV� SUiWLFRV� D� VHUHP� XWLOL]DGRV� SDUD�

YHULILFDomR�GR�HVWDGR�OLPLWH�GH�VHUYLoR�GH�GHVORFDPHQWRV�H[FHVVLYRV�GD�HVWUXWXUD��

$��� &RQVLGHUDo}HV�GH�SURMHWR�

A.2.1 2V� YDORUHV� Pi[LPRV� UHTXHULGRV� SDUD� RV� GHVORFDPHQWRV� YHUWLFDLV� H� KRUL]RQWDLV� VmR� GDGRV� HP� $�����

(VVHV�YDORUHV�VmR�HPStULFRV�H�VHUYHP�SDUD�FRPSDUDomR�FRP�RV�UHVXOWDGRV�GD�DQiOLVH�HVWUXWXUDO��IHLWD�FRQIRUPH�

A.2.2. Em alguns casos, limites mais rigorosos podem ter que ser adotados, considerando, por exemplo, o uso da 

HGLILFDomR�� DV� FDUDFWHUtVWLFDV� GRV� PDWHULDLV� GH� acabamento, o funcionamento adequado de equipamentos, 

TXHVW}HV�GH�RUGHP�HFRQ{PLFD�H�D�SHUFHSomR�GH�GHVFRQIRUWR��

A.2.2 Os deslocamentos devem ser calculados levando-VH� HP� FRQWD� D� SRVVLELOLGDGH� GH� RFRUUrQFLD� GH�

GHIRUPDo}HV� SOiVWLFDV� QR� HVWDGR�OLPLWH� GH� VHUYLoR��2� HIHLWR� GD� ULJLGH]� j� URWDomR� GDV� OLJDo}HV�� GHSHQGHQGR� GH�

DYDOLDomR�GR�UHVSRQViYHO�SHOR�SURMHWR��SRGH�WHU�TXH�VHU�WDPEpP�FRQVLGHUDGR��

A.2.3 2�UHVSRQViYHO�WpFQLFR�SHOR�SURMHWR�GHYH�DQDOLVDU�FULWHULRVDPHQWH�FDGD�VLWXDomR�H�GHFLGLU�VH�GHWHUPLQDGR�

GHVORFDPHQWR�SRGH�VHU�FRQVLGHUDGR�XP�HVWDGR�OLPLWH�UHYHUVtYHO�RX�QmR��1D�IDOWD�GH�XPD�PHOKRU�DYDOLDomR��VH�XP�

HOHPHQWR�HVWUXWXUDO�VXSRUWDU�VRPHQWH�FRPSRQHQWHV�QmR�VXMHLWRV�j�ILVVXUDomR�H�VH�VHX�FRPSRUWDPHQWR�HP�VHUYLoR�

IRU�HOiVWLFR��SRGH�VH�FRQVLGHUDU�R�GHVORFDPHQWR�H[FHVVLYR�FRPR�XP�HVWDGR�OLPLWH�UHYHUVtYHO��3RU�RXWUR�ODGR��VH�R�

HOHPHQWR� HVWUXWXUDO� VXSRUWDU� FRPSRQHQWHV� VXMHLWRV� j� ILVVXUDomR� RX� VH� R� VHX� GHVORFDPHQWR� HP� VHUYLoR� OHYDU� j�

RFRUUrQFLD� GH� GHIRUPDo}HV� SOiVWLFDV�� GHYH�VH� HQWHQGHr seu deslocamento excessivo como um estado-limite 

LUUHYHUVtYHO��

A.2.4 2� UHVSRQViYHO� WpFQLFR� SHOR� SURMHWR� GHYH� GHFLGLU� TXDLV� FRPELQDo}HV� GH� VHUYLoR� GHYHP� VHU� XVDGDV��

conforme o elemento estrutural consLGHUDGR�� DV� IXQo}HV� SUHYLVWDV� SDUD� D� HVWUXWXUD�� DV� FDUDFWHUtVWLFDV� GRV�

PDWHULDLV�GH�DFDEDPHQWR�YLQFXODGRV�j�HVWUXWXUD�H�D�VHT�rQFLD�GH�FRQVWUXomR��H[FHWR�TXDQGR�KRXYHU�LQGLFDomR�QD�

Tabela A.1 (ver Notas 4, 5, 6 e 10 desta Tabela). Dependendo dos fatores mencionados, pode ser que se tenha de 

DOWHUDU� XPD� FRPELQDomR� GH� VHUYLoR� FRPXPHQWH� XWLOL]DGD�� 3Rr exemplo, o deslocamento max� �YHU� $������ HVWi�

QRUPDOPHQWH�UHODFLRQDGR�j�DSDUrQFLD�GD�HVWUXWXUD��GHYHQGR�VH�XVDU�FRPELQDo}HV�TXDVH�SHUPDQHQWHV��FRQIRUPH�

�������1R�HQWDQWR��QDV�VLWXDo}HV�HP que esse deslocamento venha a afetar o funcionamento de equipamentos,  

D� FDXVDU� HPSRoDPHQWRV� QD� FREHUWXUD� RX� PHVPR� GDQRV� SHUPDQHQWHV� D� HOHPHQWRV� QmR� HVWUXWXUDLV� VXMHLWRV��

j� ILVVXUDomR�� FRPR� SDUHGHV� GLYLVyULDV� H� IRUURV�� FRORFDGRV� DQWHV� TXH� DV� Do}HV� FRQVLGHUDGDV� SDVVHP� D� DWXDU���

GHYH�VH�HQWmR�XWLOL]DU��QR�SULPHLUR�H�VHJXQGR�FDVRV��FRPELQDomR�IUHT�HQWH�H��QR�WHUFHLUR��UDUD���

$��� 9DORUHV�Pi[LPRV��

A.3.1 2V� YDORUHV�Pi[LPRV�SDUD� RV� GHVORFDPHQWRV� YHUWLFDLV� �IOHFKDV�� H� KRUL]RQWDLV� VmR� GDGRV�QD�7DEHOD�$�����

1R�FDVR�GRV�GHVORFDPHQWRV�YHUWLFDLV��WDLV�YDORUHV�WrP�FRPR�UHIHUrQFLD�XPD�YLJD�VLPSOHVPHQWH�DSRLDGD��PRVWUDGD�

na Figura A.1, na qual o�p�D�FRQWUDIOHFKD�GD�YLJD�� 1�p�R�GHVORFDPHQWR�GHYLGR�jV�Do}HV�SHUPDQHQWHV��VHP�HIHLWRV�

GH�ORQJD�GXUDomR�� 2�p�R�GHVORFDPHQWR�GHYLGR�DRV�HIHLWRV�GH�ORQJD�GXUDomR�GDV�Do}HV�SHUPDQHQWHV��VH�KRXYHU���

3� p�R�GHVORFDPHQWR�GHYLGR�jV�Do}HV�YDULiYHLV�� LQFOXLQGR��VH�KRXYHU��RV�HIHLWRV�GH� ORQJD�GXUDomR�GHYLGRV�DRV�
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YDORUHV� TXDVH� SHUPDQHQWHV� GHVVDV� Do}HV�� max� p� R� GHVORFDPHQWR� Pi[LPR� GD� YLJD� QR� HVWiJLR� ILQDO� GH�

carregamento levando-se em conta a contraflecha e tot�p�D�VRPD�GH� 1, 2 e 3��$�FRQVLGHUDomR�GRV�HIHLWRV�GH�

ORQJD�GXUDomR�GHYH�VHU�IHLWD�FRQIRUPH�2�������GD�$%17�1%5������������

/

R

PD[

WRW

�

�

�

&/

)LJXUD�$���²�'HVORFDPHQWRV�YHUWLFDLV�D�VHUHP�FRQVLGHUDGRV�

A.3.2 1R� FiOFXOR� GRV� GHVORFDPHQWRV� YHUWLFDLV� D� VHUHP� FRPSDUDGRV� FRP� RV� YDORUHV� Pi[LPRV� GDGRV� QD��

Tabela A.1, pode-se deduzir o valor da contraflecha da viga DWp�R�OLPLWH�GR�YDORU�GD�IOHFKD�SURYHQLHQWH�GDV�Do}HV�

permanentes ( 1 da Figura A.1). 

A.3.3 (P� FDGD� VLWXDomR�� R� UHVSRQViYHO� WpFQLFR� SHOR� SURMeto deve decidir qual(is) deslocamento(s), dado(s) 

esquematicamente na Figura A.1, deve(m) ser comparado(V��FRP�RV�YDORUHV�Pi[LPRV�GD�7DEHOD�$���H�TXDLV�RV�

FDUUHJDPHQWRV��RX�SDUWH�GHVVHV��VHUmR�FRQVLGHUDGRV�QR�FiOFXOR��OHYDQGR�VH�HP�FRQWD�D�VHT�rQFLD�GH�FRQVWUXomR��

1D� PDLRULD� GDV� YH]HV�� DSHQDV� D� SDUFHOD� GR� GHVORFDPHQWR� GHYLGD� jV� Do}HV� YDULiYHLV� 3�� VRPDGD� j� SDUFHOD��

�VH� KRXYHU�� GRV� HIHLWRV� GH� ORQJD� GXUDomR� GDV� Do}HV� SHUPDQHQWHV� 2�� p� UHVSRQViYHO� SRU� FDXVDU� GDQRV� DRV�

HOHPHQWRV�QmR�HVWUXWXUDLV��6mR�FRPXQV��HQWUHWDQWR��VLWXDo}HV�HP�TXH�VH�GHYH�VRPDU�WDPEpP�R�GHVORFDPHQWR�GH�

SDUWH�GDV�Do}HV�SHUPDQHQWHV��DTXHOD�TXH�SDVVD�D�DWXDU�VRPHQWH�DSyV�D�FRQVWUXomR�GR�HOHPHQWR�QmR�HVWUXWXUDO�

FRQVLGHUDGR��RX�PHVPR�FRQVLGHUDU�R�GHVORFDPHQWR�Pi[LPR�� max��YHU�$�������'HYH�VH�WDPEpP�DYDOLDU��HP�FDGD�

VLWXDomR��D�SUREDELOLGDGH�GH�RFRUUrQFLD�VLPXOWkQHD�GH�GXDV�RX�PDLV�Do}HV�YDULiYHLV��

A.3.4 3DUD� JDOS}HV� HP� JHUDO� H� HGLItFLRV� GH� XP� SDYLPHQWR com paredes de alvenaria, deve ser limitado o 

GHVORFDPHQWR�KRUL]RQWDO��SHUSHQGLFXODU�j�SDUHGH��GH�PDQHLra que a abertura da fissura que possa ocorrer na base 

GD�SDUHGH�QmR�VHMD�VXSHULRU�D�����PP��HQWHQGLGD�D�SDUHGH�FRPR�SDLQHO�UtJLGR��)LJXUD�$�����

)LJXUD�$���²�3DUHGH�FRPR�SDLQHO�UtJLGR�
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7DEHOD�$���²�'HVORFDPHQWRV�Pi[LPRV�

'HVFULomR�
a

L /180
b

Travessas de fechamento 
L /120

c d

L /180
e

7HUoDV�GH�FREHUWXUD�
g

L /120
f

Vigas de cobertura 
g

L /250
h

Vigas de piso  L /350
h

Vigas que suportam pilares L /500
h)

*DOS}HV�HP�JHUDO�H�HGLItFLRV�GH�XP�SDYLPHQWR��

� 'HVORFDPHQWR�KRUL]RQWDO�GR�WRSR�GRV�SLODUHV�HP�UHODomR�j�EDVH�

� 'HVORFDPHQWR�KRUL]RQWDO�GR�QtYHO�GD�YLJD�GH�URODPHQWR�HP�UHODomR�j�EDVH�

H /300  

H /400
 i

(GLItFLRV�GH�GRLV�RX�PDLV�SDYLPHQWRV��

� 'HVORFDPHQWR�KRUL]RQWDO�GR�WRSR�GRV�SLODUHV�HP�UHODomR�j�EDVH�

 Deslocamento horizontal relativo entre dois pisos consecutivos 

H /400

H /500
j

a
L�p�R�YmR�WHyULFR�HQWUH�DSRLRV�RX�R�GREUR�GR�FRPSULPHQWR�WHyULFR�GR�EDODQoR��H�p�D�DOWXUD�WRWDO�GR�SLODU��GLVWkQFLD�GR�

WRSR�j�EDVH��RX�D�GLVWkQFLD�GR�QtYHO�GD�YLJD�GH�URODPHQWR�j�EDVH��h�p�D�DOWXUD�GR�DQGDU��GLVWkQFLD�HQWUH�FHQWURV�GDV�

vigas de dois pisos consecutivos ou entre centros das vigas e a base no caso do primeiro andar). 
b

  Deslocamento paralelo ao plano do fechamento (entre linhas de tirantes, caso eles existam). 
c
  Deslocamento perpendicular ao plano do fechamento. 

d
�� &RQVLGHUDU�DSHQDV�DV�Do}HV�YDULiYHLV�SHUSHQGLFXODUHV�ao plano de fechamento (vento no fechamento) com seu valor 

FDUDFWHUtVWLFR�
e
�� &RQVLGHUDU� FRPELQDo}HV� UDUDV� GH� VHUYLoR�� XWLOL]DQGR�VH� DV� Do}HV� YDULiYHLV� GH� PHVPR� VHQWLGR� TXH� R� GD� DomR�

permanente. 
f
�� &RQVLGHUDU�DSHQDV�DV�Do}HV�YDULiYHLV�GH�VHQWLGR�RSRVWR�DR�GD�DomR�SHUPDQHQWH��YHQWR�GH�VXFomR��FRP�VHX�YDORU�

FDUDFWHUtVWLFR�
g
�� 'HYH�VH�WDPEpP�HYLWDU�D�RFRUUrQFLD�GH�HPSRoDPHQWR��FRP�DWHQomR�HVSHFLDO�DRV�WHOKDGRV�GH�SHTXHQD�GHFOLYLGDGH���

h
  Caso haja paredes de alvenaria sobre ou sob uma viga, solidarizadas com essa viga, o deslocamento vertical 

WDPEpP�QmR�GHYH exceder a 15 mm.  
i
�� 2� GLIHUHQFLDO� GR� GHVORFDPHQWR� KRUL]RQWDO� HQWUH� SLODUHV� GR� SyUWLFR� TXH� VXSRUWDP� DV� YLJDV� GH� URODPHQWR� QmR� SRGH�

superar 15 mm. 
j
�� 7RPDU� DSHQDV� R� GHVORFDPHQWR� SURYRFDGR� SHODV� IRUoDV� cortantes no andar considerado, desprezando-se os 

GHVORFDPHQWRV�GH�FRUSR�UtJLGR�SURYRFDGRV�SHODV�GHIRUPDo}HV�D[LDLV�GRV�SLODUHV�H�YLJDV�
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Anexo B 

(normativo) 

$XPHQWR�GD�UHVLVWrQFLD�DR�HVFRDPHQWR devido ao efeito do trabalho a frio 

B.1 Generalidades 

$� UHVLVWrQFLD�DR�HVFRDPHQWR�GR�DoR�PRGLILFDGD� fya�� DVVRFLDGD�D�XPD�GHWHUPLQDGD�VHomR� WUDQVYHUVDO�� SRGH�VHU�

XWLOL]DGD� QR� FiOFXOR� HP� VXEVWLWXLomR� j� UHVLVWrQFLD� DR� HVFRDPHQWR� GR� DoR� YLUJHP� fy, ficando esta possibilidade 

UHVWULWD� jV� SUHVFULo}HV� HVWDEHOHFLGDV� HP 9.6, 9.7, 9.8.1 (incluindo o anexo F) e 9.9. Adicionalmente, as barras 

VXEPHWLGDV�j�FRPSUHVVmR�H�DV�EDUUDV�VXEPHWLGDV�j�IOH[mR�GHYHP�VHU�FRQVWLWXtGDV�SRU�HOHPHQWRV�FRP� p  0,673 

conforme 9.2.2 ou 9.2.3; RX� D� VHomR� GHYH� DSUHVHQWDU� Aef = A� QD� FRPSUHVVmR� FRQIRUPH� ������ E�� H�Wef = W

QD�IOH[mR�FRQIRUPH���������E���

B.2 Requisitos 

$V�OLPLWDo}HV�H�R�SURFHGLPHQWR�SDUD�D�GHWHUPLQDomR�GH fya�VmR�DSUHVHQWDGRV�HP�%�����H�%������

%����� %DUUDV�VXEPHWLGDV�j�FRPSUHVVmR�H�EDUUDV�VXEPHWLGDV�j�IOH[mR�

$�UHVLVWrQFLD�DR�HVFRDPHQWR�PRGLILFDGD�fya deve ser determinada com base em um dos seguintes procedimentos: 

D�� HQVDLRV� GH� WUDomR� HP� FRUSRV�GH�SURYD� FRQVWLWXtGRV� SRU� VHJPHQWRV� GD� EDUUD� �HQVDLR� QD� VHomR� FRPSOHWD���

conforme B.3; 

E�� HQVDLRV�GH�FRPSUHVVmR�HP�FRUSRV�GH�SURYD�FRQVWLWXtGRV�SRU�VHJPHQWRV�GD�EDUUD��HQVDLR�QD�VHomR�FRPSOHWD���

conforme B.3; 

c) calculada como indicado a seguir: 

fya = Cfyc������±�C)fyf fu

onde

fya p�D�UHVLVWrQFLD�DR�HVFRDPHQWR�GR�DoR�PRGLILFDGD��

C p�D�UHODomR�HQWUH�D�iUHD�WRWDO�GDV�GREUDV�H�D�iUHD�WRWDO�GD�VHomR�SDUD�EDUUDV�VXEPHWLGDV�j�FRPSUHVVmR���

� RX�D�UHODomR�HQWUH�D�iUHD�GDV�GREUDV�GD�PHVD�FRPSULPLGD�H�D�iUHD�WRWDO�GD�PHVD�FRPSULPLGD�SDUD�EDUUDV��

� VXEPHWLGDV�j�IOH[mR��

fyf p�D�UHVLVWrQFLD�DR�HVFRDPHQWR�PpGLD�GDV�SDUWHV�SODQDV estabelecida por ensaios, conforme B.3e, ou a  

� UHVLVWrQFLD�DR�HVFRDPHQWR�GR�DoR�YLUJHP�fy�QD�DXVrQFLD�GH�HQVDLRV��

fyc p�D�UHVLVWrQFLD�DR�HVFRDPHQWR�SDUD�D�UHJLmR�GDV�GREUDV��DYDOLDGD�SRU��

m
i

yc

yc
)/( tr

fB
f
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$�H[SUHVVmR�DQWHULRU�p�DSOLFiYHO�VRPHQWH�TXDQGR�fu/fy  1,2 ; ri/t ���H�R�kQJXOR�GH�GREUDPHQWR�IRU�LJXDO�RX�LQIHULRU�

D�������

Bc = 3,69(fu/fy��±�������fu/fy)
2
�±������

m = 0,192(fu/fy��±�������

fy�p�D�UHVLVWrQFLD�DR�HVFRDPHQWR�GR�DoR�YLUJHP��

fu�p�D�UHVLVWrQFLD�j�UXSWXUD�GR�DoR�YLUJHP��

ri�p�R�UDLR�LQWHUQR�GH�GREUDPHQWR��

t�p�D�HVSHVVXUD��

%����� %DUUDV�VXEPHWLGDV�j�WUDomR�

3DUD� EDUUDV� VXEPHWLGDV� j� WUDomR�� D� UHVLVWrQFLD� DR� HVFRDPHQWR� GR� DoR� PRGLILFDGD� fya deve ser determinada  

SRU�HQVDLRV�GH�WUDomR�QD�VHomR�FRPSOHWD�FRQIRUPH�%���RX�FDOFXODGD�FRQIRUPH�%�����F���

B.3 Ensaios 

2V� HQVDLRV� SDUD� D� GHWHUPLQDomR� GDV� SURSULHGDGHV� PHFkQLFDV� GR� DoR� DVVRFLDGDV� j� VHomR� FRPSOHWD� GHYHP�

DWHQGHU� DR� GLVSRVWR� HP� %��� D�� D� %��� G��� RQGH� DSOLFiYHO�� 2V� HQVDLRV� SDUD� D� GHWHUPLQDomR� GD� UHVLVWrQFLD� DR�

HVFRDPHQWR�PpGLD�GDV�SDUWHV�SODQDV�fyf deve atender ao disposto em B.3 e). 

D�� TXDQGR� DV� SURSULHGDGHV�PHFkQLFDV� GR� DoR� IRUHP� REWLGDV� SRU� HQVDLRV� QD� VHomR� FRPSOHWD�� FRQIRUPH� %��E��

a B.3d, pelo menos dois ensaios devem ser feitos por ORWH�GH�QR�Pi[LPR����WRQHODGDV�GH�FDGD�SHUILO��RX�SHOR�

PHQRV� XP� HQVDLR� SRU� ORWH� GH� QR� Pi[LPR� ��� WRQHODGDV� GH� FDGD� SHUILO�� VHQGR� R� ORWH� GHILQLGR� FRPR� XPD�

TXDQWLGDGH�GH�DoR�SURYHQLHQWH�GH�XPD�PHVPD�FRUULGD�GH�SURGXomR��

E�� RV�HQVDLRV�GH�WUDomR�QD�VHomR�FRPSOHWD�GHYem obedecer aos requisitos da ASTM A370-09a. 

F�� RV� HQVDLRV� GH� FRPSUHVVmR� QD� VHomR� FRPSOHWD� GHYHP� VHU� FRQGX]LGRV� HP� FRUSRV�GH�SURYD� FRQVWLWXtGRV��

por segmentos da barra (stub-column tests), conforme AISI S902-02. 

G�� SDUD�RV� SHUILV� TXH�VHUmR�VROLFLWDGRV�SUHGRPLQDQWHPHQWH�j� IOH[mR�� RV� HQVDLRV�GH� WUDomR�RX�GH�FRPSUHVVmR��

QD� VHomR� FRPSOHWD�� FRQIRUPH� %��E� RX� %��F�� UHVSHFWLvamente, devem ser conduzidos em corpos-de-prova 

FRQVWLWXtGRV�SHOD�PHVD�PDLV�D�SRUomR�GH�DOPD�DGMDFHQWH�GHILQLGD�GH�PDQHLUD�TXH� p  0,673. 

H�� D� UHVLVWrQFLD�DR�HVFRDPHQWR�PpGLD�GDV�SDUWHV�SODQDV� fyf��SUHYLVWD�HP�%����GHYH�VHU� WRPDGD�FRPR�D�PpGLD�

SRQGHUDGD�GDV�UHVLVWrQFLDV�DR�HVFRDPHQWR�REWLGDV�HP�HQVDLRV�GH�WUDomR�FRQIRUPH�$670�$�����HP�FRUSRV�

GH�SURYD�H[WUDtGRV�GH�WRGDV�DV�SDUWHV�SODQDV��$�PpGLD�SRQGHUDGD�GHYH�VHU�FDOFXODGD�SHOD�VRPD�GRV�SURGXWRV�

GD�UHVLVWrQFLD�DR�HVFRDPHQWR�PpGLD�GH�FDGD�SDUWH�SODQD�SHOD�iUHD�UHVSHFWLYD��GLYLGLGD�SHOD�VRPD�GDV�iUHDV�

GH� WRGDV�DV�SDUWHV�SODQDV�GD�VHomR��3DUD�FDGD�SDUWH�SODQD�GD�VHomR�GHYH�VHU� FRQIHFFLRQDGR��QR�PtQLPR���

XP�FRUSR�GH�SURYD�H[WUDtGR�GR�VHX�FHQWUR��
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Anexo C 

(normativo) 

0pWRGR�GD�UHVLVWrQFLD�GLUHWD�

C.1 Generalidades 

(VWH�$QH[R�DSUHVHQWD�XP�PpWRGR�GLUHWR�SDUD�R�GLPHQVLRQDPHQWR�GH�EDUUDV�VXEPHWLGDV�j�FRPSUHVVmR�FHQWUDGD��

H�j�IOH[mR�VLPSOHV��DTXL�VLPSOHVPHQWH�GHQRPLQDGR�PpWRGR�GD�UHVLVWrQFLD�GLUHWD��05'���(VVH�PpWRGR�VXEVWLWXL�R�

PpWRGR� GD� ODUJXUD� HIHWLYD� H� R� PpWRGR� GD� VHomR� HIHWLYD�� H� DV� SUHVFULo}HV� LQFOXtGDV� QHVWH� $QH[R� SRGHP� VHU�

DSOLFDGDV� HP� VXEVWLWXLomR� D� ���� SDUD� FiOFXOR� GH� Nc,Rd�� ������ SDUD� FiOFXOR� GH� MRd� H� ������ SDUD� FiOFXOR� GH�

deslocamentos. 

$� DGRomR� GDV� SUHVFULo}HV� LQFOXtGDV� QHVWH� $QH[R� SUHVVXS}H� D� DQiOLVH� JHUDO� GH� HVWDELOLGDGH� HOiVWLFD� GD� EDUUD���

1R� FDVR� GD� IODPEDJHP� JOREDO� GD� EDUUD�� DV� IyUPXODV� LQFOXtGDV� QDV� VXEVHo}HV� ������ H� �������� SHUPLWHP��

UHVSHFWLYDPHQWH�� D� REWHQomR� GRV� YDORUHV� H[DWRV� GDV� IRUoas axiais e momentos fletores de flambagem global 

HOiVWLFD��Ne e Me, respectivamente.�3DUD�D� REWHQomR�GRV�YDORUHV� FUtWLFRV� �YDORUHV�PtQLPRV�� GDV� IRUoDV�D[LDLV� H�

PRPHQWRV�IOHWRUHV�GH�IODPEDJHP�HOiVWLFD�ORFDO�H�GLVWRUFLRQDO��UHVSHFWLYDPHQWH�N  e Ndist, M e Mdist��p�QHFHVViULR�R�

XVR�GH�UHFXUVRV�GH�DQiOLVH�FRP�EDVH�QD�WHRULD�GD�HVWDELOLGDGH�HOiVWLFD��

2V�VtPERORV�H�UHVSHFWLYRV�VLJQLILFDGRV�HPSUHJDGRV�QHVWH�$QH[R�HVWmR�DSUHVHQWDGRV�D�VHJXLU��

A p�D�iUHD�EUXWD�GD�VHomR�WUDQVYHUVDO�GD�EDUUD��

Ne p�D�IRUoD�D[LDO�GH�IODPEDJHP�JOREDO�HOiVWLFD��

N �� p�D�IRUoD�D[LDO�GH�IODPEDJHP�ORFDO�HOiVWLFD��

Ndist p�D�IRUoD�D[LDO�GH�IODPEDJHP�GLVWRUFLRQDO�HOiVWLFD��

Nc,Rk p�R�YDORU�FDUDFWHUtVWLFR�GD�IRUoD�D[LDO�GH�FRPSUHVVmR�UHVLVWHQWH��

Nc,Re p�R�YDORU�FDUDFWHUtVWLFR�GD�IRUoD�D[LDO�GH�FRPSUHVVmR�UHVLVWHQWH��DVVRFLDGR�j�IODPEDJHP�JOREDO��

Nc,R �� p�R�YDORU�FDUDFWHUtVWLFR�GD�IRUoD�D[LDO�GH�FRPSUHVVmR�UHVLVWHQWH��DVVRFLDGR�j�IODPEDJHP�ORFDO��

Nc,Rdist p�R�YDORU�FDUDFWHUtVWLFR�GD�IRUoD�D[LDO�GH�FRPSUHVVmR�UHVLVWHQWH��DVVRFLDGR�j�IODPEDJHP�GLVWRUFLRQDO��

Nc,Rd p�D�IRUoD�D[LDO�GH�FRPSUHVVmR�UHVLVWHQWH�GH�FiOFXOR��

Me p�R�PRPHQWR�IOHWRU�GH�IODPEDJHP�JOREDO�HOiVWLFD��IODPEDJHP�ODWHUDO�FRP�WRUomR���

M �� p�R�PRPHQWR�IOHWRU�GH�IODPEDJHP�ORFDO�HOiVWLFD��

Mdist p�R�PRPHQWR�IOHWRU�GH�IODPEDJHP�GLVWRUFLRQDO�HOiVWLFD��

MRk p�R�YDORU�FDUDFWHUtVWLFR�GR�PRPHQWR�IOHWRU�UHVLVWHQWH��

MRe p�R�YDORU�FDUDFWHUtVWLFR�GR�PRPHQWR�IOHWRU�UHVLVWHQWH��DVVRFLDGR�j�IODPEDJHP�JOREDO��

MR p�R�YDORU�FDUDFWHUtVWLFR�GR�PRPHQWR�IOHWRU�UHVLVWHQWH��DVVRFLDGR�j�IODPEDJHP�ORFDO��

MRdist p�R�YDORU�FDUDFWHUtVWLFR�GR�PRPHQWR�IOHWRU�UHVLVWHQWH��DVVRFLDGR�j�IODPEDJHP�GLVWRUFLRQDO��
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MRd p�R�PRPHQWR�IOHWRU�UHVLVWHQWH�GH�FiOFXOR��

MR,ser p�R�PRPHQWR�IOHWRU�UHVLVWHQWH�FDlculado substituindo o produto Wfy por Mn;

Mn p�R�PRPHQWR�IOHWRU�VROLFLWDQWH�FDOFXODGR�FRQVLGHUDQGR�DV�FRPELQDo}HV�GH�Do}HV�SDUD�RV�HVWDGRV�OLPLWHV�GH�

VHUYLoR�FRQIRUPH��������

W p�R�PyGXOR�GH�UHVLVWrQFLD�HOiVWLFR�GD�VHomR�EUXWD�HP�UHODomR�j�ILEUD�H[WUHPD�TXH�DWLQJH�R�HVFRDPHQWR��

0 p�R�tQGLFH�GH�HVEHOWH]�UHGX]LGR�DVVRFLDGR�j�IODPEDJHP�JOREDO��

p�R�tQGLFH�GH�HVEHOWH]�UHGX]LGR�DVVRFLDGR�j�IODPEDJHP�ORFDO��

dist p�R�tQGLFH�GH�HVEHOWH]�UHGX]LGR�DVVRFLDGR�j�IODPEDJHP�GLVWRUFLRQDO��

&��� )ODPEDJHP�HOiVWLFD�ORcal, distorcional e global 

$V� IRUoDV� D[LDLV� GH� FRPSUHVVmR� H� RV� PRPHQWRV� IOHWRUHV� GH� IODPEDJHP� HOiVWLFD� ORFDO�� GLVWRUFLRQDO� H� JOREDO��

respectivamente para barras� VRE� FRPSUHVVmR� FHQWUDGD��N , Ndist, Ne� RX� IOH[mR� VLPSOHV��M , Mdist, Me devem ser 

FDOFXODGRV�SRU�PHLR�GH�DQiOLVH�GH�HVWDELOLGDGH�HOiVWLFD��1R�FDVR�GD�EDUUD�QmR�DSUHVHQWDU�XP�GRV�WUrV�PRGRV�GH�

IODPEDJHP��EDVWD�TXH�R�FiOFXOR�GR�HVIRUoR�UHVLVWHQWH�UHVSHFWLYR�QmR�VHMD�OHYDGR�HP�FRQVLGHUDomR��

&��� %DUUDV�VXEPHWLGDV�j�FRPSUHVVmR�FHQWUDGD�

2� YDORU� FDUDFWHUtVWLFR� GD� IRUoD� D[LDO� GH� FRPSUHVVmR� UHVLVWHQWH� Nc,Rk deve ser tomado como o menor valor 

calculado para flambagem global, local e distorcional, Nc,Re, Nc,R , Nc,Rdist, respectivamente, os quais devem ser 

FDOFXODGRV�FRQIRUPH�&�����D�&������$� IRUoD�D[LDO�GH�FRPSUHVVmR� UHVLVWHQWH�GH�FiOFXOR�Nc,Rd� p�GDGD�SRU�1c,Rk / ,

onde �p�LJXDO�D��������

&����� )ODPEDJHP�JOREDO�GD�EDUUD�SRU�IOH[mR��WRUomR�RX�IOH[R�WRUomR�

yRec,

2
00,658 AfN    para 0  1,5

y2
0

Rec,

0,877
AfN    para 0 > 1,5

onde

5,0

0

e

y

N

Af

C.3.2 Flambagem local 

Nc,R = Nc,Re     para  0,776 

0,8

Rec,

0,8Rc,

0,15
1N

N
  para > 0,776 
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onde

0,5

Rec,

N

N

C.3.3 Flambagem distorcional 

Nc,Rdist = Afy     para dist  0,561 

1,2
dist

y

1,2
dist

Rdistc,

0,25
1

Af
N para dist > 0,561 

onde

0,5

dist

y

dist
N

Af

&��� %DUUDV�VXEPHWLGDV�j�IOH[mR�VLPSOHV�

2� YDORU� FDUDFWHUtVWLFR� GR�PRPHQWR� IOHWRU� UHVLVWHQWH�MRk deve ser tomado como o menor valor calculado para 

flambagem global, local e distorcional, MRe, MR , MRdist, respectivamente, os quais devem ser calculados conforme 

apresentado em C.4.1 a C.4.3. O moPHQWR�IOHWRU�UHVLVWHQWH�GH�FiOFXOR�MRd�p�GDGR�SRU�MRk / , onde �p�LJXDO�D�������

&����� )ODPEDJHP�ODWHUDO�FRP�WRUomR�

MRe = Wfy                                 para 0  0,6

MRe ��������±������ 0
2
)Wfy para 0,6 < 0 < 1,336 

2
0

Re

yWf
M      para 0  1,336 

onde

5,0

0

e

y

M

Wf

C.4.2 Flambagem local 

MR = MRe    para  0,776 

0,8

Re

0,8

0,15
1

M
MR  para  > 0,776 

onde

0,5

Re

M

M
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C.4.3 Flambagem distorcional 

MRdist = Wfy    para dist  0,673 

dist

y

dist

Rdist

0,22
1

Wf
M  para dist > 0,673 

onde

0,5

dist

y

dist
M

Wf

&��� &iOFXOR�GH�GHVORFDPHQWRV�

2�FiOFXOR�GH�GHVORFDPHQWRV�HP�EDUUDV�VXEPHWLGDV�j�IOH[mR�GHYH�VHU�IHLWR�FRQVLGHUDQGR�XP�PRPHQWR�GH�LQpUFLD�

HIHWLYR�GD�VHomR�Ief dado por: 

g

n

Rser
gef I

M

M
II

onde

Mn p� R� PRPHQWR� IOHWRU� VROLFLWDQWH� FDOFXODGR� FRQVLGHUDQGR� DV� FRPELQDo}HV� GH� Do}HV� SDUD� RV� HVWDGRV�

OLPLWHV�GH�VHUYLoR��FRQIRUPH��������

MRser p�R�PRPHQWR�IOHWRU�UHVLVWHQWH��FDOFXODGR�FRQIRUPH�&����SRUpP�VXEVWLWXLQGR�R�SURGXWR�Wfy por Mn;

Ig p�R�PRPHQWR�GH�LQpUFLD�GD�VHomR�EUXWD��
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Anexo D 

(normativo) 

Barras sem enrijecedores transversaiV�VXMHLWDV�D�IRUoDV�FRQFHQWUDGDV�

D.1 (VWH� $QH[R� p� DSOLFiYHO� jV� EDUUDV� VXMHLWDV� D� IRUoDV� FRQFHQWUDGDV� �IRUoD� DSOLFDGD� RX� UHDomR� GH� DSRLR��

atuando perpendicularmente ao eixo longitudinal da barra, em�UHJL}HV�VHP�HQULMHFHGRUHV�WUDQVYHUVDLV��H�FDXVDQGR�

FRPSUHVVmR�QD�DOPD��SRUWDQWR�VXVFHSWtYHLV�D�XP�PHFDnismo localizado de falha associado ao esmagamento da 

alma (web crippling���3DUD�EDUUDV�VXEPHWLGDV�j� IOH[mR�� VH�D� UHODomR�h/t da alma for maior que 200, devem ser 

SUHYLVWRV�GLVSRVLWLYRV�TXH�WUDQVPLWDP�D�IRUoa concentrada diretamente para a(s) alma(s). 

D.2 $� IRUoD� UHVLVWHQWH�GH�FiOFXOR�FRd� SDUD�XPD�DOPD�GHYH�VHU� FDOFXODGD�SHOD�H[SUHVVmR�VHJXLQWH��3DUD�SHUILO�

FRPSRVWR�RX�SHUILO� FRP�PDLV�GH�XPD�DOPD� �SHUILO� FDUWROD���D� IRUoD� UHVLVWHQWH�GH�FiOFXOR�p�D�VRPD�GDV�SDUFHODV�

correspondentes a cada alma: 

/111sent hc
i

ry
2

Rd
t

h

t

c

t

r
fF   (  = 1,35) 

onde

p�XP�FRHILFLHQWH�DSUHVHQWDGR�QDV�7DEHlas D.1 a D.4, conforme o caso; 

r p�XP�FRHILFLHQWH�DVVRFLDGR�DR�UDLR�LQWHUQR�GH�GREUDmento, apresentado nas Tabelas D.1 a D.4, conforme  

o caso; 

c p�XP�FRHILFLHQWH�DVVRFLDGR�DR�FRPSULPHQWR�GH�DWXDomR�GD�IRUoD�FRQFHQWUDGD��IRUoD�DSOLFDGD�RX�UHDomR��

de apoio), apresentado nas Tabelas D.1 a D.4, conforme o caso; 

h p�XP�FRHILFLHQWH�DVVRFLDGR�j�HVEHOWH]�GD�DOPD��DSUHsentado nas Tabelas D.1 a D.4, conforme o caso; 

�� p�R�kQJXOR�HQWUH�R�SODQR�GD�DOPD�H�R�SODQR�GD�VXSHUItFLH�GH�DSRLR��HP�JUDXV����  90 );

ri�� p�R�UDLR�LQWHUQR�GH�GREUDPHQWR��

c p�R�FRPSULPHQWR��QD�GLUHomR� ORQJLWXGLQDO�GD�EDUUD��GH�DWXDomR�GD� IRUoD�FRQFHQWUDGD��FXMR�YDORU�PtQLPR��

p�LJXDO�D����PP��

h p�D�ODUJXUD�GD�DOPD��SDUWH�SODQD�GD�DOPD���

t p�D�HVSHVVXUD�GD�DOPD��
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7DEHOD�'���²�&RHILFLHQWHV�SDUD�FiOFXOR�GH�)Rd em barras compostas (perfis ,�FRQVWLWXtGRV�SRU�GRLV�SHUILV�8�

conectados entre si, com K�W  200, F�W  210, F�K  1,0 e � ������

&RQGLomR�GD�PHVD Caso de carregamento 
b c d 

Ui/W r c h

)RUoD�GH�H[WUHPLGDGH�  5 10,1 0,14 0,28 0,001Conectada 
a

Com enrijecedor 

de borda 
Uma mesa 

carregada )RUoD�LQWHUQD�  5 23,5 0,17 0,11 0,001

)RUoD�GH�H[WUHPLGDGH�  5 10,1 0,14 0,28 0,001
Uma mesa 

carregada )RUoD�LQWHUQD�  3 23,5 0,17 0,11 0,001

)RUoD�GH�H[WUHPLGDGH�  3 15,7 0,09 0,08 0,04 

Com enrijecedor 

de borda 
Duas mesas 

carregadas )RUoD�LQWHUQD�  3 36,5 0,14 0,08 0,04 

)RUoD�GH�H[WUHPLGDGH�  5 10,1 0,14 0,28 0,001

1mR�FRQHFWDGD�

Sem enrijecedor 

de borda 
Uma mesa 

carregada )RUoD�LQWHUQD�  3 23,5 0,17 0,11 0,001

a
&RUUHVSRQGH�DR�FDVR�RQGH�D�PHVD�p�FRQHFWDGD�QD�UHJLmR�GD�IRUoD�FRQFHQWUDGD��MXQWR�DR�DSRLR�RX�DR�VLVWHPD�

� UHVSRQViYHO�SHOD�DSOLFDomR�GD�IRUoD��GH�PRGR�D�LPSRU�UHVWULomR�j�URWDomR�GD�PHVD�QHVVD�UHJLmR��
b
8PD�PHVD�FDUUHJDGD�FRUUHVSRQGH�j�VLWXDomR�RQGH�D�GLVWkQFLD�OLYUH�HQWUH�GXDV�IRUoDV�FRQFHQWUDGDV�DGMDFHQWHV��

� DWXDQGR�HP�PHVDV�RSRVWDV��VXSHULRU�H�LQIHULRU��p�LJXDO�RX�VXSHULRU�D���� h��&DVR�FRQWUiULR��ILFD�FDUDFWHUL]DGR�R�FDVR�

 de duas mesas carregadas. 
c
)RUoD�GH�H[WUHPLGDGH�FRUUHVSRQGH�j�VLWXDomR�RQGH�D�GLVWkQFLD�GD�IRUoD�FRQFHQWUDGD�j�H[WUHPLGDGH�GD�EDUUD�p�LJXDO�

 ou inferior a 1,5 h��&DVR�FRQWUiULR��ILFD�FDUDFWHUL]DGR�R�FDVR�GH�IRUoD�LQWHUQD��
d

A Figura D.1 ilustra os casos de carregamento. 

7DEHOD�'���²�&RHILFLHQWHV�SDUD�FiOFXOR�GH�)Rd em perfil U simples e perfil U enrijecido 

(com K�W  200, F�W  210, F�K  2,0 e � ������

&RQGLomR�GD�PHVD Caso de carregamento 
b c d 

Ui/W r c h

)RUoD�GH�H[WUHPLGDGH�  9 4,6 0,14 0,35 0,02 Uma mesa 

carregada )RUoD�LQWHUQD�  5 15,8 0,23 0,14 0,01 

)RUoD�GH�H[WUHPLGDGH�  12 8,6 0,08 0,12 0,048

Conectada 
a

Com enrijecedor 

de borda 

Duas mesas 

carregadas )RUoD�LQWHUQD�
e

 12 23 0,10 0,08 0,031

)RUoD�GH�H[WUHPLGDGH�  5 4,3 0,14 0,35 0,02 Uma mesa 

carregada )RUoD�LQWHUQD�  5 15,8 0,23 0,14 0,01 

)RUoD�GH�H[WUHPLGDGH�  3 15,8 0,32 0,05 0,04 

Com enrijecedor 

de borda 
Duas mesas 

carregadas )RUoD�LQWHUQD�
f

 3 25,9 0,52 0,15 0,001

)RUoD�GH�H[WUHPLGDGH�  2 4,6 0,40 0,60 0,03 Uma mesa 

carregada )RUoD�LQWHUQD�  1 14,9 0,32 0,10 0,01 

)RUoD�GH�H[WUHPLGDGH�  1 2 0,11 0,37 0,01 

1mR�FRQHFWDGD�

Sem enrijecedor 

de borda 
Duas mesas 

carregadas )RUoD�LQWHUQD�
f

 1 14 0,47 0,25 0,04 

a
&RUUHVSRQGH�DR�FDVR�RQGH�D�PHVD�p�FRQHFWDGD�QD�UHJLmR�GD�IRUoD�FRQFHQWUDGD��MXQWR�DR�DSRLR�RX�DR�VLVWHPD�UHVSRQViYHO�SHOD��

� DSOLFDomR�GD�IRUoD��GH�PRGR�D�LPSRU�UHVWULomR�j�URWDomR�GD�PHVD�QHVVD�UHJLmR��

b
8PD�PHVD�FDUUHJDGD�FRUUHVSRQGH�j�VLWXDomR�RQGH�D�GLVWkQFLD�OLYUH�HQWUH�GXDV�IRUoDV�FRQFHQWUDGDV adjacentes atuando em mesas 

� RSRVWDV��VXSHULRU�H�LQIHULRU��p�LJXDO�RX�VXSHULRU�D���� h��&DVR�FRQWUiULR��ILFD�FDUDFWHUL]DGR�R�FDVR�GH�GXDV�PHVDV�FDUUHJDGDV��

c
)RUoD�GH�H[WUHPLGDGH�FRUUHVSRQGH�j�VLWXDomR�RQGH�D�GLVWkQFLD�GD�IRUoD�FRQFHQWUDGD�j�H[WUHPLGDGH�GD�EDUUD�p�LJXDO�RX�LQIHULRU�D

 1,5 h��&DVR�FRQWUiULR��ILFD�FDUDFWHUL]DGR�R�FDVR�GH�IRUoD�LQWHUQD��

d
A Figura D.1 ilustra os casos de carregamento. 

e
$�GLVWkQFLD�GD�IRUoD�FRQFHQWUDGD�j�H[WUHPidade da barra deve ser superior a 2,5 h.

f
�� $�GLVWkQFLD�GD�IRUoD�FRQFHQWUDGD�j�H[WUemidade da barra deve ser superior a 1,5 h.



ABNT NBR 14762:2010 

80 ��$%17��������7RGRV�RV�GLUHLWRV�UHVHUYDGRV

7DEHOD�'���²�&RHILFLHQWHV�SDUD�FiOFXOR�GH�)Rd em perfil Z (com K�W  200, F�W  210, F�K  2,0 e � ������

&RQGLomR�GD�PHVD Caso de carregamento 
b c d 

Ui/W r c h

)RUoD�GH�H[WUHPLGDGH�  9 4,6 0,14 0,35 0,02 
Uma mesa 

carregada )RUoD�LQWHUQD�  5,5 15,8 0,23 0,14 0,01 

)RUoD�GH�H[WUHPLGDGH�  12 10,3 0,05 0,16 0,052
Conectada 

a Com enrijecedor 

de borda 
Duas mesas 

carregadas
)RUoD�LQWHUQD�

e
 12 25,9 0,07 0,07 0,04 

)RUoD�GH�H[WUHPLGDGH�  5 5,7 0,09 0,02 0,001
Uma mesa 

carregada )RUoD�LQWHUQD�  5 15,8 0,23 0,14 0,01 

)RUoD�GH�H[WUHPLGDGH�  3 15,8 0,32 0,05 0,04 

Com enrijecedor 

de borda 
Duas mesas 

carregadas
)RUoD�LQWHUQD�

f
 3 25,9 0,52 0,15 0,001

)RUoD�GH�H[WUHPLGDGH�  2 4,6 0,40 0,60 0,03 
Uma mesa 

carregada )RUoD�LQWHUQD�  1 14,9 0,32 0,10 0,01 

)RUoD�GH�H[WUHPLGDGH�  1 2 0,11 0,37 0,01 

1mR�FRQHFWDGD�

Sem enrijecedor 

de borda 
Duas mesas 

carregadas
)RUoD�LQWHUQD

f
 1 14 0,47 0,25 0,04 

a
&RUUHVSRQGH�DR�FDVR�RQGH�D�PHVD�p�FRQHFWDGD�QD�UHJLmR�GD�IRUoD�FRQFHQWUDGD��MXQWR�DR�DSRLR�RX�DR�VLVWHPD�

� UHVSRQViYHO�SHOD�DSOLFDomR�GD�IRUoD��GH�PRGR�D�LPSRU�UHVWULomR�j�URWDomR�GD�PHVD�QHVVD�UHJLmR��
b
8PD�PHVD�FDUUHJDGD�FRUUHVSRQGH�j�VLWXDomR�RQGH�D�GLVWkQFLD�OLYUH�HQWUH�GXDV�IRUoDV�FRQFHQWUDGDV�DGMDFHQWHV�

� DWXDQGR�HP�PHVDV�RSRVWDV��VXSHULRU�H�LQIHULRU��p�LJXDO�RX�VXSHULRU�D���� h��&DVR�FRQWUiULR��ILFD�FDUDFWHUL]DGR�R�FDVR�

 de duas mesas carregadas. 
c
)RUoD� GH� H[WUHPLGDGH� FRUUHVSRQGH� j� VLWXDomR� RQGH� D� GLVWkQFLD� GD� IRUoD� FRQFHQWUDGD� j� H[WUHPLGDGH� GD� EDUUD� p�

 igual ou inferior a 1,5 h��&DVR�FRQWUiULR��ILFD�FDUDFWHUL]DGR�R�FDVR�GH�IRUoD�LQWHUQD��
d

A Figura D.1 ilustra os casos de carregamento. 
e
$�GLVWkQFLD�GD�IRUoD�FRQFHQWUDGD�j�H[WUHPLGDGH�GD�EDUUD�GHYH�VHU�VXSHULRU�D���� h.

f
$�GLVWkQFLD�GD�IRUoD�FRQFHQWUDGD�j�H[WUHPLGDGH�GD�EDUUD�GHYH�VHU�VXSHULRU�D���� h.

7DEHOD�'���²�&RHILFLHQWHV�SDUD�FiOFXOR�GH�)Rd em perfil cartola (com K�W  200, F�W  200, F�K  2,0 e � ������

&RQGLomR�GD�PHVD Caso de carregamento 
b c d 

Ui/W r c h

)RUoD�GH�H[WUHPLGDGH�  5 4 0,25 0,68 0,04 Uma mesa 

carregada )RUoD�LQWHUQD�  10 19,5 0,13 0,13 0,04 

)RUoD�GH�H[WUHPLGDGH�  10 10,3 0,10 0,07 0,03 

Conectada 
a

Duas mesas 

carregadas )RUoD�LQWHUQD�  10 11,5 0,14 0,22 0,02 

)RUoD�GH�H[WUHPLGDGH�  4 4 0,25 0,68 0,04 1mR�FRQHFWDGD� Uma mesa 

carregada )RUoD�LQWHUQD�  4 19,5 0,13 0,13 0,04 
a
&RUUHVSRQGH�DR�FDVR�RQGH�D�PHVD�p�FRQHFWDGD�QD�UHJLmR�GD�IRUoD�FRQFHQWUDGD��MXQWR�DR�DSRLR�RX�DR�VLVWHPD��

� UHVSRQViYHO�SHOD�DSOLFDomR�GD�IRUoD��GH�PRGR�D�LPSRU�UHVWULomR�j�URWDomR�GD�PHVD�QHVVD�UHJLmR��

b
8PD�PHVD�FDUUHJDGD�FRUUHVSRQGH�j�VLWXDomR�RQGH�D�GLVWkQFLD�OLYUH�HQWUH�GXDV�IRUoDV�FRQFHQWUDGDV�DGMDFHQWHV�

� DWXDQGR�HP�PHVDV�RSRVWDV��VXSHULRU�H�LQIHULRU��p�LJXDO�RX�VXSHULRU�D���� h��&DVR�FRQWUiULR��ILFD�FDUDFWHUL]DGR�R�FDVR

 de duas mesas carregadas. 

c
)RUoD� GH� H[WUHPLGDGH� FRUUHVSRQGH� j� VLWXDomR� RQGH� D� GLVWkQFLD� GD� IRUoD� FRQFHQWUDGD� j� H[WUHPLGDGH� GD� EDUUD�

� p�LJXDO�RX�LQIHULRU�D���� h��&DVR�FRQWUiULR��ILFD�FDUDFWHUL]DGR�R�FDVR�GH�IRUoD�LQWHUQD��

d
A Figura D.1 ilustra os casos de carregamento. 
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)LJXUD�'���²�,OXVWUDomR�GRV�FDVRV�GH�FDUUHJDPHQWR�
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Anexo E 

(normativo) 

Momento fletor de flambagem lateral coP�WRUomR��HP�UHJLPH�HOiVWLFR��SDUD�

EDUUDV�FRP�VHomR�PRQRVVLPpWULFD��VXMHLWDV�j�IOH[mR�HP�WRUQR�GR�HL[R�

perpendicular ao eixo de simetria 

E.1 (VWH�$QH[R�DSUHVHQWD� D� IRUPXODomR� SDUD� R� FiOFXOR� GR�PRPHQWR� IOHWRU� GH� IODPEDJHP� ODWHUDO� FRP� WRUomR���

HP�UHJLPH�HOiVWLFR��SDUD�EDUUDV�FRP�VHomR�PRQRVVLPpWULFD��VXMHLWDV�j�IOH[mR�HP�WRUQR�GR�HL[R�SHUSHQGLFXODU�DR�

eixo de simetria. Para efeito deste Anexo, o eixo x�p�R�HL[R�GH�VLPHWULD��RULHQWDGR�GH�WDO�IRUPD�TXH�D�FRRUGHQDGD�

GR�FHQWUR�GH�WRUomR�VHMD�QHJDWLYD��1D�IRUPXODomR�DSUHVHQWDGD�HP�(������DV�JUDQGH]DV�xm e x0 devem sempre ser 

consideradas com sinal positivo.

E.2 2� PRPHQWR� IOHWRU� GH� IODPEDJHP� ODWHUDO� FRP� WRUomR�� HP� UHJLPH� HOiVWLFR�� SDUD� EDUUDV� FRP� VHomR�

PRQRVVLPpWULFD��VXMHLWDV�j� IOH[mR�HP�WRUQR�GR�HL[R�SHUSHQGLFXODU�DR�HL[R�GH�VLPHWULD�� LVWR�p�� IOH[mR�HP�WRUQR�GR�

eixo y��p�GDGR�SRU�

ex

ez2
0

2
s

m

exs
e

N

N
rjCj

C

NC
M

onde

Cs� ���� VH� R�PRPHQWR� IOHWRU� FDXVDU� FRPSUHVVmR� QD� SDUWH� GD� VHomR� FRP� FRRUGHQDGD� x negativa, ou seja,  

GR�PHVPR�ODGR�TXH�R�FHQWUR�GH�WRUomR��

Cs� ����VH�R�PRPHQWR�FDXVDU�WUDomR�QD�SDUWH�GD�VHomR�FRP�FRRUGHQDGD�x negativa, ou seja, do mesmo lado  

TXH�R�FHQWUR�GH�WRUomR��

Nex; Nez e r0 VmR conforme 9.7.2.1 e 9.8.2.2; 

j p�XP�SDUkPHWUR�GD�VHomR�WUDQVYHUVDO�FRQIRUPH�(������

Cm = 0,6 - 0,4(M1/M2)

M1�p�R�PHQRU�H�M2�R�PDLRU�GRV�GRLV�PRPHQWRV� IOHWRUHV�VROLFLWDQWHV�GH�FiOFXOR�QDV�H[WUHPLGDGHV�GR� WUHFKR�

VHP�WUDYDPHQWR�ODWHUDO��$�UHODomR�M1/M2�p�SRVLWLYD�TXDQGR�HVVHV�PRPHQWRV�SURYRFDUHP�FXUYDWXUD�UHYHUVD�H�

negativa em caso de curvatura simples. Se o momento flHWRU�HP�TXDOTXHU�VHomR�LQWHUPHGLiULD�IRU�VXSHULRU�D�

M2, deve ser adotado Cm igual a 1,0. 

E.2.1 2�SDUkPHWUR�j deve ser calculado por: 

0
A

2

A

3

y

x
2

1
xdAxydA

I
j

onde

Iy p�R�PRPHQWR�GH�LQpUFLD�GD�VHomR�EUXWD�HP�UHODomR�DR�HL[R�SULQFLSDO�y;

x0 p�D�GLVWkQFLD�GR�FHQWUR�GH�WRUomR�DR�FHQWUyLGH��QD�GLUHomR�GR�HL[R�x, dada em E.2.1.2 (ver Figura E.1). 
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$OWHUQDWLYDPHQWH��SDUD�VHo}HV�8�VLPSOHV��8�HQULMHFLGR�H�FDUWROD��SRGH�VHU�HPSUHJDGD�D�VHJXLQWH�H[SUHVVmR��

0fw

y

)(
2

1
x

I
j

onde

w e f VmR�SDUkPHWURV�GD�VHomR�UHIHUHQWHV�j�DOPD�H�j�PHVD��UHVSHFWLYDPHQWH��FRQIRUPH�(��������

p�XP�SDUkPHWUR�GD�VHomR�UHIHUHQWH�DR�HQUijecedor de borda, conforme E.2.1.2. 

E.2.1.1 2V�SDUkPHWURV� w e f�VmR�GDGRV�SRU��

m

3

m

3
mm

w
12

atx
atx

2
m

2
mm

2
m4

m
4

mmf
42

xxb
ta

xxb
t

onde

am e bm VmR�ODUJXUDV�UHIHUHQWHV�j�OLQKD�PpGLD�GD�VHomR��FRQIRUPH�)LJXUD�(����

t p�D�HVSHVVXUD��

xm p� GLVWkQFLD� GR� FHQWUyLGH� HP� UHODomR� j� OLQKD� PpGLD� GD� DOPD�� QD� GLUHomR� GR� HL[R� x, dada em E.2.1.2  

(ver Figura E.1). 

E.2.1.2 2�SDUkPHWUR� H�DV�GLVWkQFLDV�xm e x0�VmR�GDGRV�SRU��

D��SDUD�VHomR�8�VLPSOHV�

= 0 

mm

m
m

ba

b

2
x

2

m

m
2

m
3

m

m
2

m
m0

6

3
x

baa

ba
bx

E��SDUD�VHomR�8�HQULMHFLGR�

3

m
m

3

m
mm

3

mmm
223

2
2 c

aa
xbtxbtc

mmm

mmm
m

22

2

cba

cbb
x

m2
mmm

2
mmm

2
m

3
m

m0 x
)6ac12a(8ccb6aa

cacba
bx

)8(63
2

m
2

mmm
2

m
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F��SDUD�VHomR�FDUWROD�

3

m

3

m
m

mm
3

mmm
223

2
2

a
c

a
xbtxbtc

mmm

mmm
m

22

2

cba

cbb
x

m2
mmm

2
mmm

2
m

3
m

2
m

2
mmm

2
m

m0
)612(86

)8(63
x

acaccbaa

cacba
bx

onde:

cm�p�D�ODUJXUD�GR�HQULMHFHGRU�GH�ERUGD�UHIHUHQWH�j�OLQKD�PpGLD�GD�VHomR��FRQIRUPH�)LJXUD�(����

6HomR��8��HQULMHFLGR6HomR��8��VLPSOHV

am
CT

x
0

am

bm

x

mb

x

C G

mx

C GCT

cm

mx

0
x

y y

6HomR��&DUWROD

am

mb

cm

x

C GCT

mx

0
x

y

)LJXUD�(���²�,QGLFDomR�GDV�GLPHQV}HV��GLVWkQFLDV�H�HL[RV�GD�VHomR�
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Anexo F 

(normativo) 

%DUUDV�FRP�SDLQHO�FRQHFWDGR�j�PHVD�WUDFLRQDGD�

F.1 2�PRPHQWR� IOHWRU� UHVLVWHQWH�GH�FiOFXOR�MRd�GH�EDUUDV�VXEPHWLGDV�j� IOH[mR��FRP�FDUUHJDPHQWR�QXP�SODQR�

SDUDOHOR�j�DOPD��FRP�D�PHVD�WUDFLRQDGD�FRQHFWDGD�D�XP�SDLQHO��WHUoDV�FRP�WHOKDV�GH�DoR�SDUDIXVDGDV�H�VXMHLWDV�j�

DomR�GH�YHQWR�GH�VXFomR��SRU�H[HPSOR��H�D�PHVD�FRPSrimida sem travamento lateral, pode ser calculado por: 

MRd = RWeffy /  (  = 1,10) 

onde

Wef conforme definido em 9.8.2.1; 

R�p�XP�IDWRU�GH�UHGXomR��FRQIRUPH�7DEHOD�)����

2�HPSUHJR�GRV�YDORUHV�GR�IDWRU�GH�UHGXomR�R�LQGLFDGRV�QD�7DEHOD�)���p�SHUPLWLGR��GHVGH�TXH�VHMDP�VDWLVIHLWDV�DV�

VHJXLQWHV�FRQGLo}HV��

a) mesas com enrijecedor de borda; 

b) bw  292 mm; 

c) 60 bw/t  170; 

d) 2,8 bw/bf  4,5; 

e) 16 b/t  43 (b�p�D�ODUJXUD�GD�SDUWH�SODQD�GD�PHVD���

I�� SDUD�YLJDV�FRQWtQXDV��FXMD�FRQWLQXLGDGH�p�REWLGD�SRU�VREUHSRVLomR�GDV�EDUUDV�QRV�DSRLRV��R�WUDVSDVVH�GH�FDGD�

lado do centro dos apoios internos deve ser maior ou igual a 1,5 bw;

J�� YmR�LQIHULRU�D����P��

h) deslocamento lateral de ambas as mesas impedido nos apoios; 

L�� SDLQHO�FRQVWLWXtGR�SRU�FKDSD�GH�DoR��HVSHVVXUD�PtQLPD�GH������PP��DOWXUD�PtQLPD�GH����PP��HVSDoDPHQWR�

Pi[LPR�HQWUH�FHQWUR�GH�QHUYXUDV�LJXDO�D�����PP�H�FRQHFWDGR�DGHTXDGDPHQWH�j�YLJD�GH�PDQHLUD�D�HYLWDU�R�

movimento relativo entre o painel e a mesa da viga; 

M�� WLSRV� GH� FRQHFWRUHV�� QR� PtQLPR� SDUDIXVRV� DXWR�DWDUUD[DQWHV�� SURYLGRV� RX� QmR� GH� SRQWD� EURFDQWH�� FRP�

GLkPHWUR�QRPLQDO�����PP��SDUDIXVR�Q
o
�����RX�UHELWHV�FRP�GLkPHWUR�QRPLQDO������PP��H�DUUXHODV�FRP�GLkPHWUR�

nominal 12,5 mm; 

N�� FRQHFWRUHV�QmR�SDGURQL]DGRV�QmR�GHYHP�VHU�XWLOL]DGRV��

O�� HVSDoDPHQWR�Pi[LPR�HQWUH�FHQWUR�GH�FRQHFWRUHV�QmR�PDLRU�TXH�����PP��H�SRVLFLRQDGRV�SUy[LPRV�DR�FHQWUR�

da mesa da viga; 

P�� D�UHVLVWrQFLD�DR�HVFRDPHQWR�HPSUHJDGD�QR�FiOFXOR�QmR�GHYH�H[FHGHU�����03D��
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7DEHOD�)���²�9DORUHV�GR�IDWRU�GH�UHGXomR�5 SDUD�VHo}HV�FRP�PHVDV��

com enrijecedor de borda 

Barras biapoiadas 

Largura nominal da alma bw��PP�� 6HomR� R

bw  165 U ou Z 0,70 

165 < bw  216 U ou Z 0,65 

216 < bw  292 Z 0,50 

216 < bw  292 U 0,40 

%DUUDV�FRQWtQXDV�
a

Largura nominal da alma bw��PP�� 6HomR� R

bw  292 U 0,60 

bw  292 Z 0,70 

a
6H�D�UHODomR�HQWUH�YmRV�DGMDFHQWHV�VXSHUDU���2, devem ser considerados os valores de R

para barras biapoiadas. 

F.2 6H�XPD�RX�PDLV�FRQGLo}HV�HVWDEHOHFLGDV�DQWHULRUPHQWH�QmR�IRUHP�VDWLVIHLWDV��R�GLPHQVLRQDPHQWR�SRGH�VHU�

IHLWR�FRP�EDVH�HP�HQVDLRV��FRQIRUPH�D�6HomR�����RX�FRP�EDVH�HP�PRGHORV�VHPL�HPStULFRV���

F.3 (P�TXDOTXHU�FDVR�p�SHUPLWLGR�R�GLPHQVLRQDPHQWR�FRP�EDVH�HP�HQVDLRV�� FRQIRUPH�D�6HomR�����RX�FRP�

EDVH�HP�PRGHORV�VHPL�HPStULFRV��FRPR�DOWHUQDWiva ao procedimento proposto neste anexo. 

F.4 (VWH�$QH[R�QmR�p�DSOLFiYHO�DRV�WUHFKRV�HP�EDODQoR��H�QHP�jV�UHJL}HV�HQWUH�XP�SRQWR�GH�LQIOH[mR�H�R�DSRLR�

DGMDFHQWH� HP� YLJDV� FRQWtQXDV�� 3DUD� HVVHV� FDVRV�� R� PRPHQWR� IOHWRU� UHVLVWHQWH� GH� FiOFXOR� GHYH� VHU� REWLGR�

desprezando-se a contriEXLomR�GR�SDLQHO�FRQHFWDGR�j�PHVD�WUDFLRQDGD� conforme 9.8.2, ou com base em ensaios, 

FRQIRUPH�D�6HomR�����
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Anexo G 

(normativo) 

9LJDV�PLVWDV�GH�DoR�H�FRQFUHWR�

G.1 2�GLPHQVLRQDPHQWR�GH�YLJDV�PLVWDV�GH�DoR�H�FRQFUHWR�FRQVWLWXtGDV�SRU�XP�FRPSRQHQWH�GH�DoR� IRUPDGR��

D�IULR��VLPpWULFR�HP�UHODomR�DR�SODQR�GH�IOH[mR��TXH�SRGH�VHU�XP�SHUILO�,�RX�SHUILO�FDL[mR��DPERV�FRPSRVWRV�SRU�

dois perfis U simples ou enrijecidos, com uma laje de concreto acima de sua face superior ligada ao componente 

GH�DoR�SRU�PHLR�GH�FRQHFWRUHV�GH�FLVDOKDPHQWR��SRGH�VHU�IHLWR�FRP�EDVH�QD�$%17�1%5�������QR�TXH�IRU�DSOLFiYHO��

H�DLQGD�FRQVLGHUDQGR�DV�VHJXLQWHV�FRQGLo}HV��

D�� SDUD�PRPHQWR�IOHWRU�SRVLWLYR��D�YHULILFDomR�GHYH�VHU�IHLWD�DGPLWLQGR�GLVWULEXLomR�HOiVWLFD�GH�WHQV}HV��SURFHVVR�

HOiVWLFR��� FRP� EDVH� QDV� SURSULHGDGHV� GD� VHomR� PLVWD� KRPRJHQHL]DGD�� H� D� DOPD� GD� YLJD� GH� DoR� GHYH�

DSUHVHQWDU�ODUJXUD�HIHWLYD�LJXDO�j�SUySULD�ODUJXUD��bef = b���FDOFXODGD�FRQIRUPH�������SDUD�R�HVWDGR�OLPLWH�~OWLPR�

GH�LQtFLR�GH�HVFRDPHQWR�GD�VHomR�GD�YLJD�GH�DoR�LVRODGD��

b) para momento fletor negativo, a veULILFDomR�GHYH�VHU�IHLWD�FRP�EDVH�QR�FRPSRQHQWH�GH�DoR�LVRODGR��FRQIRUPH�

9.8.2. Alternativamente, pode ser coQVLGHUDGD�D�FRQWULEXLomR�GD�DUPDGXUD�contida na largura efetiva da laje de 

concreto. Nesse caso, deve-se admitir�GLVWULEXLomR�HOiVWLFD�GH�WHQV}HV��SURFHVVR�HOiVWLFR��VHQGR�TXH�D�DOPD�H�

D�PHVD� FRPSULPLGD� GHYHP� DSUHVHQWDU� ODUJXUD� HIHWLYD� LJXDO� j� SUySULD� ODUJXUD� �bef = b), calculada conforme 

������ RX� ������ SDUD� R� HVWDGR�OLPLWH� ~OWLPR� GH� LQtFLR� GH� HVFRDPHQWR� GD� VHomR� IRUPDGD� SHOD� YLJD� GH� DoR��

e armadura. Adicionalmente, para perfil U enrijecido, R�tQGLFH�GH�HVEHOWH]�UHGX]LGR�DVVRFLDGR�j� IODPEDJHP�

distorcional dist��DGPLWLQGR�D�YLJD�GH�DoR�VRE�FRPSUHVVmR�XQLIRUPH� deve resultar igual ou inferior a 0,561, 

sendo dist calculado conforme 9.7.3.  

F�� VmR�SUHYLVWRV�FRQHFWRUHV�GH�FLVDOKDPHQWR�HP�SHUIil U laminado ou perfil U formado a frio com espessura igual 

ou superior a 3,0 mm. Outros conectores podem ser empregados desde que apresentem compatibilidade 

FRQVWUXWLYD�FRP�D�YLJD�GH�DoR�D�TXDO�VHUmR�IL[DGRV��1HVVH�FDVR��VXD�IRUoD�UHVLVWHQWH�H�GXFWLOLGDGH�GHYHP�VHU�

determinadas com base em ensaios conforme EN 1994-1-1. 

G.2 (P� TXDOTXHU� FDVR� p� SHUPLWLGR� R� GLPHQVLRQDPHQWR� FRP� EDVH� HP� HQVDLRV�� FRQIRUPH� D� VHomR� �����

como alternativa ao procedimento proposto neste Anexo. 


