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The Three Types of Inelastic Behavior: 
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The Ideal Stress Strain Relations: 
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Basic Relations: 
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Basic Relations (continue …): 
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Elastic Perfectly Plastic Bars: 
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Elastic Perfectly Plastic Bars (continue…): 
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Moment-Curvature Relation in Flexural Beams: 
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Example: Rectangular Cross Section With 
 Elastic Perfectly Plastic Material: 
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Example: Rectangular Cross Section With 
 Elastic Perfectly Plastic Material (continue …): 
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Example: Rectangular Cross Section With 
 Elastic Perfectly Plastic Material (continue …): 
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Example: Rectangular Cross Section With 
 Elastic Perfectly Plastic Material (continue …): 
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Expanded Plastic zone: 
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Expanded Plastic zone: 
Example) Rectangular Cross Section Beam 
 With Elastic Perfectly Plastic Material 
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Expanded Plastic zone: 
Example) Rectangular Cross Section Beam 
 With Elastic Perfectly Plastic Material 
 (continue …): 
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Expanded Plastic zone: 
Example) Rectangular Cross Section Beam 
 With Elastic Perfectly Plastic Material 
 (continue …): 
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Expanded Plastic zone: 
Example) Rectangular Cross Section Beam 
 With Elastic Perfectly Plastic Material 
 (continue …): 
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Expanded Plastic zone: 
Example) Rectangular Cross Section Beam 
 With Elastic Perfectly Plastic Material 
 (continue …): 
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Example) Rectangular Cross Section Beam 
 With Elastic Perfectly Plastic Material: 
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Expanded Plastic zone (continue …): 
Example) Rectangular Cross Section Beam 
 With Elastic Perfectly Plastic Material: 
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Expanded Plastic zone (continue …): 
Example) Rectangular Cross Section Beam 
 With Elastic Perfectly Plastic Material: 
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Expanded Plastic zone (continue …): 
Example) Rectangular Cross Section Beam 
 With Elastic Perfectly Plastic Material: 
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Expanded Plastic zone (continue …): 
Example) Rectangular Cross Section Beam 
 With Elastic Perfectly Plastic Material: 
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Dissipation Power in Plastic Hinges: 
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Common Representation of Dissipation Power: 
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Design Methods: 

1- Allowable Stress Design or Work Stress Design  

Elastic Analysis is permissible only. 

2- Limit States Design or Strength Design 

Both of Elastic and Inelastic Analyses are  permissible. 
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Comparison Between Elastic and Inelastic Analysis in Strength Design: 
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Comparison Between Elastic and Inelastic Analysis in Strength Design: 
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Comparison Between Elastic and Inelastic Analysis (continue …): 
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Comparison Between Elastic and Inelastic Analysis (continue …): 
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Two Types of  Nonlinear Analyses used in Lumped Hinge Approach: 

1- Incremental Analysis 

2- Limit Analysis 
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Elastic Unloading – Plastic Loading Criteria? 
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Elastic Predictor – Plastic Corrector for Elastic Perfectly Plastic Behavior 
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Incremental Analysis, 
Example: 
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Step 1: 















===

===

===

3
3

3

3
3

2
2

2

2
2

1
1

1

1
1

25.0
4

40.0
4.2

96.096.0

30.0
3

90.090.0

:

eK
L

eEA
L
eEAS

eK
L

eEA
L
eEAS

eK
L

eEA
L
eEAS

EquationsveConstituti










eDs  )1(=

























=

3

2

1

)1(

00

096.00

009.0

:

L
EA

L
EA

L
EA

MatrixStiffnessMaterialdGeneralizeInitial D



2/11/2013 
37 

Step 1 (continue…): 
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Example, continue…: 
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Incremental Analysis for Beams: 
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Incremental Analysis for Beams: 
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Incremental Analysis for Beams: 
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Incremental Analysis for Beams, 
Example: F
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Step 1: F
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Step 1, continue…: F
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Step 2: F
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Step 1, continue…: 
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Step 2, continue…: 
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Step 2, continue…: 
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Step 3, continue…: 
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Step 3, continue…: 
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Step 4: F
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Indirect Method in the Nonlinear Incremental Analysis: 
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Indirect Method in the Nonlinear Incremental Analysis: 
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Indirect Method in the Nonlinear Incremental Analysis: 
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Indirect Method in the Nonlinear Incremental Analysis: 
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Indirect Method in the Nonlinear Incremental Analysis: 
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Indirect Method in the Nonlinear Incremental Analysis: 
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Indirect Method in the Nonlinear Incremental Analysis: 
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Indirect Method in the Nonlinear Incremental Analysis: 
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Continuation  From Step 3, continue…: 
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