
PLASTIC ANALYSIS IN BEAMS 
AND FRAMES

PLASTIC HINGES
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collapses

Region I Elastic region

Region II Plastic Region

Region III Large deformations
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Mlp / Mle = 1,5 Shape Factor

Materials Resistance
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MP / ME = 1,27

MP / ME = 1,7
MP / ME = 2
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SYMMETRIC MECHANISM

Hyperstatic degree 2
Critical Sections 4
Plastic Hinges 3
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Critical Sections 4
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4,51 MP/2

5,55 MP/2

Static Theorem, or Maximum Theorem
Any distribution of bending moments which is compatible with the equilibrium 
equations, in which the bending moment does not exceed the critical plastic 
moment Mp in any section, is caused by a load which is lesser or equal than the 
critical load.
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Kinematic Theorem, or Minimum Theorem
The critical load is the minimum of the critical loads obtained by placing plastic 
hinges in an arbitrary manner in several sections of the structural system
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Exercise 1
Critical Sections A   B
Hyperestatic degree     0
Plastic Hinges                    0
Mechanisms                      2
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Exercise 2
Critical Sections A
Hyperestatic degree     1
Plastic Hinges                    2
Mechanisms                      3
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The plastic bending moment 
MP is not exceeded
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Exercise 3

Critical Sections A B C
Hyperestatic degree     1
Plastic Hinges                    2
Mechanisms                      3
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=MP

=MP

Critical Sections A B C D E F
Hyperestatic degree     3
Plastic Hinges                    4
Mechanisms                      3
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=MP

Mechanism Load

Translation
al

Lintel 1
Lintel 2
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MP is not reached

MP is exceeded
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