
Material Nonlinearity in Steel Shell Models
Study the plastic behavior of a steel floor plate reinforced with welded steel angle 
stiffeners

SAP2000 features 
• Nonlinear Layered Shell

• Weld Constraint

• Static Nonlinear Analysis

• Save Results at Multiple States

• Continue from State at End of Nonlinear 
Case

• Displacement Controlled Loading

• Section Cuts

• Generalized Displacements

• Plot FunctionsModeling topics
• Material Nonlinearity

• Stress-strain curves

Problem:
Model a steel floor structure with
nonlinear shell elements and subject it to
two different types of loading (a uniformly
distributed load and a concentrated load).
Define the steel stress-strain curves. Plot a
load/deflection curve for a progressive
application of the concentrated load.
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3.4. Nonlinear Shell Elements
3.4.1 Steel Floor Plate 
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3.4. Nonlinear Shell Elements
3.4.1 Steel Floor Plate 

Define > Joint Constraints > WELD

Assign > Joint >  Constraints > WELD
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3.4. Nonlinear Shell Elements
3.4.1 Steel Floor Plate
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3.4. Nonlinear Shell Elements
3.4.1 Steel Floor Plate

Display > Show Load Assigns >  Area > UNIF
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3.4. Nonlinear Shell Elements
3.4.1 Steel Floor Plate

Display > Show Load Assigns >  Area > CONC
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3.4. Nonlinear Shell Elements
3.4.1 Steel Floor Plate

Linear Load Cases

Nonlinear Load Cases
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3.4. Nonlinear Shell Elements
3.4.1 Steel Floor Plate
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3.4. Nonlinear Shell Elements
3.4.1 Steel Floor Plate
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3.4. Nonlinear Shell Elements
3.4.1 Steel Floor Plate
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3.4. Nonlinear Shell Elements
3.4.1 Steel Floor Plate

Define > Section Property > Area Sections
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3.4. Nonlinear Shell Elements
3.4.1 Steel Floor Plate
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3.4. Nonlinear Shell Elements
3.4.1 Steel Floor Plate
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3.4. Nonlinear Shell Elements
3.4.1 Steel Floor Plate
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3.4. Nonlinear Shell Elements
3.4.1 Steel Floor Plate

Define > Generalized Displacements
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3.4. Nonlinear Shell Elements
3.4.1 Steel Floor Plate

Define > Section Cuts

Define > Groups
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3.4. Nonlinear Shell Elements
3.4.1 Steel Floor Plate
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3.4. Nonlinear Shell Elements
3.4.1 Steel Floor Plate

Display > Show Plot Functions
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Material Nonlinearity in Reinforced Concrete Shell Models
Model a reinforced concrete slab considering material nonlinearity and cracked behavior

SAP2000 features 
• Nonlinear Layered Shell

• Static Nonlinear Analysis

Modeling topics
• Material Nonlinearity

• Cracked Behavior

• Stress-strain curves

Problem:
Model a reinforced concrete flat slab with
nonlinear layered shell elements. Define
the rebar layers and the concrete and rebar
steel stress-strain curves. Compare results
obtained from linear and nonlinear analysis
and display stress maps for each layer.
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3.4. Nonlinear Shell Elements
3.4.2 Reinforced Concrete Slab
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3.4. Nonlinear Shell Elements
3.4.2 Reinforced Concrete Slab
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3.4. Nonlinear Shell Elements
3.4.2 Reinforced Concrete Slab

The Concrete Stress Strain curve was
generated parametrically, and then
converted into User-Defined to set the
tension stiffness to zero. (see Section 1.7)
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3.4. Nonlinear Shell Elements
3.4.2 Reinforced Concrete Slab

Define > Section Property > Area Sections > Modify/Show Layer Definition > Quick Start
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3.4. Nonlinear Shell Elements
3.4.2 Reinforced Concrete Slab

Define > Section Property > Area Sections > Modify/Show Layer Definition
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3.4. Nonlinear Shell Elements
3.4.2 Reinforced Concrete Slab

Linear Load Cases

NonLinear Load Case

Linear Combination
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3.4. Nonlinear Shell Elements
3.4.2 Reinforced Concrete Slab
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3.4. Nonlinear Shell Elements
3.4.2 Reinforced Concrete Slab
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