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Nonlinear Time History
Analysis Using SAP2000: A
Comprehensive Guide
Nonlinear time history analysis is a powerful tool for simulating the
dynamic response of structures subjected to time-varying loads,
such as earthquakes or blast events. This comprehensive guide
delves into the intricacies of performing nonlinear time history
analysis using SAP2000, a widely used structural analysis software.
We'll cover key aspects, from understanding the underlying
principles to practical implementation strategies and
troubleshooting common challenges. This analysis is crucial for
assessing the structural integrity and safety of buildings, bridges,
and other critical infrastructure.

Understanding Nonlinear Time History
Analysis in SAP2000
Nonlinear time history analysis differs significantly from linear
dynamic analysis. While linear analysis assumes a proportional
relationship between load and response, nonlinear analysis
accounts for material nonlinearity (e.g., yielding of steel),
geometric nonlinearity (large displacements and rotations), and
possibly contact nonlinearity. This sophisticated approach is
essential for accurately predicting the behavior of structures under
extreme loading conditions, where linear assumptions break down.
Within SAP2000, this type of analysis is particularly useful when
modeling complex scenarios such as seismic response of buildings
with irregular geometry or the impact of intense blasts on
structures. Key aspects influencing the accuracy of your results
include precise modeling of material properties, appropriate
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selection of nonlinear elements, and careful consideration of the
ground motion input.

### Material Nonlinearity in SAP2000

SAP2000 offers a wide range of material models to capture
material nonlinear behavior. These models, ranging from simple
elastoplastic models to more complex constitutive laws, allow you
to simulate the stress-strain relationship of materials accurately.
For instance, modeling reinforced concrete using appropriate
concrete and steel material models is vital for capturing cracking,
crushing, and yielding accurately during a nonlinear time history
analysis. The selection of appropriate material models is critical for
the reliability of the simulation and influences computational
efficiency.

### Geometric Nonlinearity in SAP2000

Geometric nonlinearity considers the effect of large displacements
and rotations on the structural response. In SAP2000, this is
activated through specific settings within the analysis parameters.
Ignoring geometric nonlinearity can lead to significant errors,
especially for flexible structures subjected to large deformations.
The inclusion of geometric nonlinearity significantly impacts the
computational cost, so careful consideration is required.

Benefits of Using Nonlinear Time
History Analysis in SAP2000
Employing nonlinear time history analysis in SAP2000 offers
several significant advantages over linear methods:

Improved Accuracy: Nonlinear analysis provides a more
realistic prediction of structural behavior under extreme
loading, accounting for material and geometric
nonlinearities.
Realistic Failure Prediction: It enables the identification of
potential failure mechanisms, including yielding, buckling,
and collapse, providing crucial insights for design and
strengthening measures. This detailed understanding is
critical for seismic design and assessment.
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Informed Decision-Making: The results provide a more
robust basis for informed decisions regarding structural
safety, performance, and potential retrofitting requirements.
Code Compliance: Many building codes explicitly require
nonlinear time history analysis for certain types of structures
and loading conditions. This ensures compliance and
contributes to overall safety.
Detailed Response History: Nonlinear time history
analysis generates a complete time history of displacements,
stresses, and strains, allowing for a thorough understanding
of the dynamic response.

Practical Usage and Implementation in
SAP2000
Performing a nonlinear time history analysis in SAP2000 involves
several key steps:

1. Model Creation: Develop a detailed finite element model of the
structure, accurately representing geometry, materials, and
boundary conditions. This process is crucial and requires significant
attention to detail to ensure the accuracy of the subsequent
analysis.

2. Material Definition: Define the appropriate nonlinear material
models for each element in the model. This step heavily relies on
material testing data and engineering judgment.

3. Load Definition: Define the time-varying loads, typically in the
form of acceleration time histories obtained from earthquake
recordings or other dynamic load sources.

4. Analysis Settings: Specify the nonlinear analysis options
within SAP2000, including convergence criteria, solution methods,
and other parameters to optimize the analysis performance. This
often involves experimentation to determine the optimal settings
for a given model.

5. Analysis Execution: Run the nonlinear time history analysis.
This step can be computationally intensive, particularly for large
and complex models.
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6. Result Interpretation: Review and interpret the results,
focusing on key response parameters such as displacements,
stresses, and internal forces to assess structural performance.
Careful interpretation requires understanding the limitations of the
analysis and the underlying assumptions.

Advanced Considerations and
Troubleshooting
Several factors can influence the accuracy and efficiency of a
nonlinear time history analysis in SAP2000. These include:

Mesh Density: A finer mesh generally leads to more
accurate results but increases computational cost.
Convergence Issues: Convergence problems can arise due
to various factors, including inappropriate material models,
overly large time steps, or inadequate meshing. Adjusting
analysis parameters and refining the model may be
necessary to resolve such issues.
Computational Resources: Nonlinear time history analysis
can be computationally demanding, especially for large-scale
models. Sufficient computational resources are essential to
ensure timely analysis completion. Using advanced
computational techniques can often minimize computational
time.

Conclusion
Nonlinear time history analysis using SAP2000 is a powerful tool for
evaluating the dynamic response of structures under extreme
loading conditions. Understanding the underlying principles, proper
implementation techniques, and potential challenges are essential
for obtaining reliable and meaningful results. By carefully
considering the factors discussed in this guide, engineers can
leverage the capabilities of SAP2000 to design and assess safer
and more resilient structures.

FAQ
Q1: What are the key differences between linear and
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nonlinear time history analysis in SAP2000?

A1: Linear analysis assumes a proportional relationship between
load and response, while nonlinear analysis accounts for material
and geometric nonlinearities. Nonlinear analysis provides a more
realistic representation of structural behavior, especially under
extreme loading conditions where linear assumptions break down.

Q2: How do I choose appropriate material models for
nonlinear time history analysis?

A2: The selection of material models depends on the specific
materials used in the structure and the anticipated level of
nonlinearity. Consult material testing data and relevant literature
to select appropriate models that accurately capture the stress-
strain behavior of the materials under consideration.

Q3: What are common convergence issues encountered in
nonlinear time history analysis, and how can they be
addressed?

A3: Convergence issues can result from various factors, such as
inappropriate material models, overly large time steps, or
inadequate meshing. Troubleshooting involves refining the model,
adjusting analysis parameters, and potentially employing different
solution techniques.

Q4: How can I improve the computational efficiency of
nonlinear time history analysis?

A4: Computational efficiency can be improved by optimizing mesh
density, using appropriate solution techniques, and utilizing high-
performance computing resources.

Q5: What are the limitations of nonlinear time history
analysis in SAP2000?

A5: The accuracy of nonlinear time history analysis depends
heavily on the accuracy of the input data, material models, and
model assumptions. The analysis cannot account for all possible
uncertainties and complexities in real-world structures and loading
conditions.
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Q6: How do I interpret the results of a nonlinear time
history analysis?

A6: Results interpretation involves examining key response
parameters such as displacements, stresses, strains, and internal
forces to assess structural performance. Identify areas of high
stress concentration or potential failure mechanisms. Compare the
results with design criteria and code requirements.

Q7: What types of structures benefit most from nonlinear
time history analysis?

A7: Structures subjected to high dynamic loads, such as
earthquakes or blasts, particularly those with complex geometry or
nonlinear material behavior, benefit most from this type of
analysis. Irregular structures and those exceeding code limits for
allowable drift or stresses are prime candidates.

Q8: Are there any specific SAP2000 settings I need to
adjust for a nonlinear time history analysis?

A8: Yes, you need to activate nonlinear options within the analysis
settings. This includes specifying the desired solution method (e.g.,
Newton-Raphson), setting convergence tolerances, and defining
appropriate time step sizes. Experimentation to find suitable
settings is often necessary.

Deciphering the Dynamics: A Deep Dive
into Nonlinear Time History Analysis
using SAP2000
Nonlinear time history analysis is a powerful technique for
assessing the response of structures subjected to temporal
impacts. Software like SAP2000 provides a robust setting for
conducting such analyses, enabling engineers to represent
complex events and gain essential insights into structural stability.
This article will investigate the principles of nonlinear time history
analysis within the SAP2000 context , highlighting its applications ,
advantages , and constraints.

### Understanding the Nonlinearity
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Linear analysis assumes a proportional relationship between load
and deformation . However, many real-world buildings exhibit non-
proportional response due to factors like material curvilinearity
(e.g., yielding of steel), geometric curvilinearity (e.g., large
displacements ), and contact curvilinearity (e.g., striking).
Nonlinear time history analysis explicitly incorporates these
nonlinearities, providing a more exact prediction of structural
response .

Think of it like this: imagine pushing a spring. Linear analysis
assumes the spring will always return to its original position
proportionally to the force applied. However, a real spring might
yield if pushed beyond its elastic limit, demonstrating nonlinear
behavior. Nonlinear time history analysis encompasses this
intricate behavior .

### The SAP2000 Advantage

SAP2000 offers a user-friendly interface for defining nonlinear
substances , parts, and boundary conditions . It integrates
advanced numerical techniques like explicit time integration to
solve the expressions of motion, considering the nonlinear
influences over time. The software's capabilities allow for modeling
complex geometries , composite attributes, and force scenarios .

The process involves defining the temporal progression of the load
, which can be experimental data or artificial details. SAP2000 then
determines the displacements , velocities , and rates of change of
speed of the structure at each incremental time period . This
detailed data provides significant knowledge into the structural
performance under dynamic conditions .

### Practical Applications and Implementation Strategies

Nonlinear time history analysis using SAP2000 finds wide use in
various engineering areas, including:

Earthquake Engineering: Determining the tremor behavior
of constructions.
Blast Analysis: Simulating the influences of explosions on
buildings .
Impact Analysis: Evaluating the behavior of frameworks to
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striking loads.
Wind Engineering: Assessing the time-varying response of
structures to wind loads.

Implementing nonlinear time history analysis effectively requires
careful consideration of several factors:

1. Accurate Modeling: Constructing a accurate simulation of the
structure, including geometry , composite attributes, and
limitations.

2. Appropriate Load Definition: Specifying the time history of
the load accurately.

3. Convergence Studies: Undertaking convergence analyses to
ensure the accuracy and trustworthiness of the results.

4. Post-Processing and Interpretation: Interpreting the results
carefully to understand the structural behavior and identify
potential weaknesses .

### Conclusion

Nonlinear time history analysis using SAP2000 is a strong method
for analyzing the temporal reaction of systems under complex
force circumstances. By accounting for material and geometric
nonlinearities, it provides a more accurate prediction of structural
behavior compared to linear analysis. However, effective
implementation requires meticulous simulation , proper load
definition, and careful interpretation of the results.

### Frequently Asked Questions (FAQs)

Q1: What are the main differences between linear and
nonlinear time history analysis?

A1: Linear analysis assumes a proportional relationship between
load and displacement, while nonlinear analysis considers material
and geometric nonlinearities, leading to more accurate results for
complex scenarios.

Q2: How do I define a time history load in SAP2000?
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A2: You can import data from a text file or create a load pattern
directly within SAP2000, specifying the magnitude and duration of
the load at each time step.

Q3: What are some common convergence issues
encountered during nonlinear time history analysis?

A3: Common issues include excessively large time steps leading to
inaccurate results, and difficulties in achieving convergence due to
highly nonlinear material behavior. Adjusting time step size and
using appropriate numerical solution techniques can help mitigate
these issues.

Q4: How do I interpret the results of a nonlinear time
history analysis in SAP2000?

A4: Review displacement, velocity, acceleration, and internal force
results to assess structural performance. Look for signs of yielding,
excessive deformation, or potential failure. Visualize results using
SAP2000's post-processing tools for better understanding.
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