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CBFEM: 
Component Based + Finite Element Method

Theoretical 
background

https://www.ideastatica.com/support-center/general-theoretical-background


FE Discretization

Beams, plates

•Shell elements (4-node quadrangle)

•Six degrees of freedom in each node

•Mesh density is independent- Automatic meshing

Bolts, welds

•Weld=elastoplastic shell element

•Bolts and anchors= Nonlinear springs

Node

•Member intersection

Contacts

•Two surfaces

•Two edges

•Edge+surface



Multi-point 
constraint

• The load is transmitted through force-deformation 
constraints to the opposite plate. 

• The connection is called multi-point constraint (MPC) and 
relates the finite element nodes of one plate edge to 
another.
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Weld model

7Welds IDEA StatiCa

https://www.ideastatica.com/support-center/welds




Weld force calculation 

• From the most stressed mesh 
element in the weld: 

• Fn=Force from Finite Element 
analysis

• Lc=Length of critical element

• Theta angle= Angle between Fn
and longitudinal axis of the 
weld. 

Paper about welds

https://events.cmm.pt/admin/content/downloadFile.php?id_ficheiro=446&code=938931536


Weld modeling

• Leg size=0
• For single sided fillet weld, weld 

throat thickness is equal to the 
thinner connected plate.

• For double sided fillet weld, weld 
throat thickness is equal to half 
of the thinner connected plate.
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Weld Results

11Check of welds according AISC

https://www.ideastatica.com/support-center/check-of-welds-according-to-aisc


Type of weld

12



13



Base metal
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Bolts=Nonlinear springs
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Tension force in bolt, kN

Bolt deformation, mm
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Load–deformation 
diagram of a bolt in 
tension

Load–deformation 
diagram of a bolt in 
shear

Bolt tension force as 
a function of 
deformation in shear 
and tension

https://www.ideastatica.com/it/blog/bolts-and-bolted-connections


Slip critical connections 
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Checks of bolts according to AISC

https://www.ideastatica.com/support-center/check-of-bolts-and-preloaded-bolts-according-to-aisc


Slip critical factor 
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Filler factor for slip critical connections

• Fillers are detected and factor is 
changed. 
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Friction coefficient in slip-resistance
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Bolts in bearing
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Fillers in bearing bolts

• Filler is detected and reduction 
is applied:
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Standard vs Slotted holes

• Bolts in standard holes can 
transfer shear force in all 
directions.

• Bolts in slotted holes have one 
direction excluded and can 
move in the selected direction 
freely.
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Shear plane in thread
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Gap between connected plates
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• The maximum distance allowed 
between two connected plates is 
0.08 inches. 



Detailing checks
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https://www.ideastatica.com/support-center/detailing-of-bolts-and-welds-according-to-aisc


Detailing checks (bolts)
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Detailing checks welds
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Summary

Welds

• Elastoplastic Shell element

• Plastic redistribution 

• Fillet, CJP

• Minimum weld thickness checks

Bolts

• Non-linear springs

• Slip critical connections

• Fillers are auto detected

• Slotted holes

• Detailing checks 
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Q&A


