
Welding

• Butt Joints

 Tension

 Shear

• Fillet Welds

 Parallel

 Transverse
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BUTT JOINT: Tensile Stress Calculations
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• Normal Stress

• Reinforcement caused Stress 

Concentration at A

• Reinforcement Ground Off to 

Improve Fatigue Strength

F
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BUTT JOINT: Shear Stress Calculations
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• AVERAGE Shear Stress

• Reinforcement caused Stress 

Concentration at A

• Reinforcement Ground Off to 

Improve Fatigue Strength

F
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



Example
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For the two load scenarios shown, calculate the normal and 

shearing stress in each weld shown. 

5 mm

50 mm

50 mm

60

60

1mm

45

10 kN

5 kN

(a)

(b)

(c)

(d)



Solution
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FILLET WELD: Classification

Parallel Loading

• Both plates exert a shear 

load on the weld

Transverse Loading

• One of the plates exerts a 

shear load on the weld

• The other plate exerts a 

tensile or compressive load 

on the weld



Calculating the Maximum Stress 
in FILLET WELD

RBB MER419: Machine Design 8

   

45

cos
cos

sin
sin

2

sin 45 sin 180 45 sin 135 cos sin

cos sin

Normal and Shear Stress as a Function of 

Throat Thickness as a Function of 

N
N

S
S

F F
F F

h l h l

F F
F F

h l h l

t h h h

h
t 




  


  



   

 

 


     

 


     

 


  

    

  


 
 

 
 

2

2

1.414
0.7071 0.7071

sin cos sin
sin cos sin

cos cos sin
cos sin cos

Substituting  3  into  1  and  2

h
t h

F F

h l h l

F F

h l h l

  
   

  
   

   


  
    

 

  
    

 













Calculating the Maximum Stress 
in FILLET WELD
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FILLET WELD: Load Orientation
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Welds in the Plane of the Load

• Welds subjected to Torsion

• Welds also subjected to 

direct loading

Welds out of the Plane of the Load

• Welds subjected to Bending

• Welds also subjected to direct 

loading



Design Strategy

• Examine primary shear stresses due to external forces

• Examine secondary shear stresses due to torsion and 
bending moments

• Estimate the strength(s) of parent metal(s)

• Estimate the strength of deposited weld metal

• Estimate permissible load(s) for parent metal(s)

• Estimate permissible load for deposited weld metal
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FILLET WELDS Loaded
in Torsion
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Calculations Needed
to Find A and J
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Simplifying the Calculation of J
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Common Torsional Properties of Fillet Welds
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Common Torsional Properties of Fillet 
Welds
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Allowable Steady Loads and 
Minimum Fillet Weld Sizes
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Allowable Steady Loads and 
Minimum Fillet Weld Sizes
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Minimum Weld-Metal Properties
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Stresses Permitted by the 
AISC Code for Weld Metals
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Example
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The weldment assembly shown has fillet welds on three sides of 

the joint.  Determine the weld size needed to withstand a static 

load of P=4000 lb.  Check for yielding in the beam also.

The material is ASTM A36 (Sy=36.3x103 lb/in2, Sut=70.0x103 lb/in2, 

E= 29.0x106 lb/in2) structural steel and an E70xx welding electrode 

(Sut=70 000 lb/in2) is used.  The plates are ½” thick.  Dimension 

a=12”, b=3”, and d=6”. 

4000 lb

12”

3”

6”



Solution
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Shigley 10th Table 9-1



Solution
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Shigley 10th Table 9-1
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