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Welding Technology and Design 
 

Formulae Support 
 
 
 

 
 
 

 Heat Input for different processes: 
 

 
 

 Residual stress due to uniform thermal expansion of a component: 
Note: Considering that, the component is in adiabatic condition, with uniform temperature distribution 

(T0+T), e.g. long time after the weld procedure. 
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Where: 

 Vol – Volume of the component; 

 Ltotal – Total length of the weld joint) 
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 Dilution Rate (BM - Base Material; FM – Filler Metal): 
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 Estimative of fusion area in a cross section of the weld bead, Aw:  
 

 
 
 
 

 Empirical expressions for determination of relevant thermal cycle information: 
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Note: expression valid for fusion welding of steels with 1 pass and full penetration - heat flow quasi-
parallel to plate surface) 
 
Where: 
Y – Distance from weld line into the HAZ, [mm] 
t – Thickness of the workpiece, [mm] 
Tf – Fusion temperature, [K] 
T0 – Pre-heat temperature, [K] 
Tp – Peak/maximum temperature at distance Y from weld line, [K] 
HI – Heat Input, [J/mm] 

x cp – Specific heat capacity per un. of volume, [J/(mm3.K)] 
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 Determination of cooling rate, R: 
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 Equivalent Carbon content (IIW expression): 
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Note: 

 Ceq lower 0.35, no special precautions are needed (e.g. no preheat temperature) 

 Ceq higher 0.42, special precautions are needed (e.g. preheat temperature is mandatory) 
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 Procedure for the determination of Pre-Heat Temperature 
 
Determination of the Scale of Equivalent Carbon content: 
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Examples of corresponding processes 
and consumables 

Carbon Equivalent Scale 

Bead on plate Butts Fillets 
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Shielded Metal Arc Welding (SMAW) 
Submerged Arc Welding (SAW) 
Flux Cored Arc Welding (FCAW) 

 
(electrodes with non-dry basic flux) 
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 Shielded Metal Arc Welding (SMAW) 
Submerged Arc Welding (SAW) 
Flux Cored Arc Welding (FCAW) 

 
(electrodes dry to 250ºC and above) 
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Shielded Metal Arc Welding (SMAW) 
Submerged Arc Welding (SAW) 
Flux Cored Arc Welding (FCAW) 

 
(electrodes dry to 350ºC and above) 

 
GMAW with solid dirty wires 
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V
er

y 
Lo

w
 

Shielded Metal Arc Welding (SMAW) 
Submerged Arc Welding (SAW) 
Flux Cored Arc Welding (FCAW) 

 
(electrodes dry to 450ºC and above) 

 
TIG and GMAW with solid clean wires 
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ti – corresponds to the thickness of the component i, adjacent to the weld bead 
n – number of components adjacent to weld bead 
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 Alternative simplified procedure for the determination of Pre-Heat Temperature based on British 
Standard: BS 5135: 
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 Hot Cracking Susceptibility index: 
 
 

 
 
Limit values of Hot Cracking Susceptibility (H.C.S.), are: 

 H.C.S  4 (or 3.6, for low alloy steels) 
 
 
 
 
Nakamura and Ito: 
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Diagrama de Schaeffler (1948): Prevision of the Microstructure in Weld Zone of Stainless Steels 

Identification: Name:       Number:_________ 
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WRC – 92 (1992): Prevision of the Microstructure in Weld Zone of Stainless Steels 

Identification: Name:       Number:_________ 

 



 9 

 

 Static design of welds: Design method 
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 Static design of welds: Plastic Bending Momentum 

 Considering uniform distribution of the bending loading along the plate width, w, and 

neutral axis coincident with mid-thickness (pure uniform bending with no migration of 

neutral axis) 
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 Estimative of longitudinal shrinkage in butt joints: 
 
 

 
 
 
 

 Estimative of longitudinal shrinkage in fillet joints: 
 

 
 



 12 

 
 
 
 

 



 13 

Estimative of transversal shrinkage in butt joints: 
 
 

 
 
 
 

 Estimative of longitudinal and transversal shrinkage in fillet joints: 
 

 
 
 
 

 Estimative of Angular Rotation in free joints: 
 

 
0 - Angular rotation due to weld cycle [ ] 

c - Leg of fillet weld or penetration in butt joints [mm] 
t - Thickness of the components [mm] 

 


