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Introduction

When designing a building, the structural integrity of its walls is paramount. Masonry walls—whether load bearing or
shear walls—play a critical role in resisting gravity loads, lateral forces, and fire exposure. Engineers rely on
sophisticated software to model these walls accurately, and analysis of masonry wall using SAP2000has

become a staple in modern structural engineering practice. This comprehensive guide walks you through every
phase of the process, from setting up the model to interpreting results, ensuring that your masonry walls meet
performance, safety, and code requirements.

Overview of Masonry Walls

Types of Masonry Walls

Masonry walls come in several varieties, each suited to different design goals:

¢ Unreinforced masonry (URM) — Traditional brick or stone walls without embedded reinforcement.

¢ Reinforced masonry (RM) — Masonry units strengthened with steel bars or mesh.

¢ Concrete masonry units (CMU) — Precast blocks of concrete, often used for structural walls.

¢ Engineered masonry wall systems — Composite walls that combine masonry with steel or concrete elements.

Importance in Building Structures

Masonry walls provide vertical support, lateral resistance, and fire protection. Their mass and stiffness can
influence the overall seismic response of a building, while their thermal properties affect energy efficiency. Accurate
analysis ensures that walls can withstand expected loads without excessive cracking or failure.

SAP2000: A Powerful Structural Analysis Tool

What is SAP2000?

Developed by Computers and Structures, Inc., SAP2000 is a general-purpose, finite element analysis and design
program. It supports a wide range of structural systems, from simple beams to complex masonry walls, and
integrates design checks for multiple codes.

Key Features Relevant to Masonry Analysis

¢ Dedicated masonry material models that capture compression and tension behavior.
e Automatic rebar placement and interaction with masonry units.

* Advanced nonlinear analysis for large deformations and material plasticity.

e Built in seismic and fire design checkers.

« Comprehensive report generation for documentation and client communication.

Preparing for the Analysis of Masonry Wall Using SAP2000

Defining the Geometry

Start by specifying the wall's dimensions: height, width, thickness, and any openings (windows, doors). In
SAP2000, create a rectangular shell element that represents the wall’'s cross section. For complex shapes, use a



mesh of shell elements to capture curvature or irregularities.

Assigning Material Properties
Choose the appropriate material model from the library:
1. Concrete Masonry Units (CMU) — Input compressive strength, modulus, and density.
2. Brick or Stone — Define uniaxial compression, tension, and crushing limits.
3. For reinforced walls, add a steel material definition with yield strength and modulus.
Modeling Reinforcement

Rebar placement is critical for tension control. Use the Rebar Tool to define bar diameters, spacings, and
orientations. SAP2000 allows bond interaction between steel and masonry, enabling realistic stress transfer.

Applying Loads and Boundary Conditions
Load types typically include:
e Gravity loads — Self weight, floor slabs, and equipment.

e Lateral loads —Wind, seismic, and thermal expansion.
e Fire loads — Temperature rise and resulting thermal stresses.

Boundary conditions should reflect the wall's support: fixed at the base, free at the top, or restrained by adjacent
structural elements.

Step by Step Guide to Conducting the Analysis

Step 1. Create a New Model

Open SAP2000 and select “New Model.” Choose the appropriate project template (e.g., “Masonry” or “General”).
Set the units (imperial or metric) and define the analysis type: Linear, Nonlinear, or Dynamic.

Step 2: Input Wall Geometry

Using the “Create Objects” menu, draw the wall's outline. Specify the thickness and any cutouts. For large walls,
consider dividing the structure into multiple elements to improve solution accuracy.

Step 3: Assign Material Models

Navigate to “Define !I" Materials.” Create a new material for the masonry units and another for steel reinforcement if
applicable. Link these materials to the respective elements using the “Assign !" Material” command.

Step 4. Add Reinforcement Details

Within the wall element, open the reinforcement editor. Input bar sizes, spacing, and layers. SAP2000 will
automatically calculate the reinforcement area and embed it in the finite element mesh.

Step 5: Define Loads

Use the “Load” menu to apply gravity, wind, seismic, or fire loads. For seismic analysis, enable the Dynamic
Analysis option and input the site’s spectral response or use the Seismic Design module.

Step 6: Run the Analysis

Choose the analysis type (e.g., Linear Static for preliminary checks, Nonlinear Staticfor cracking and vyielding).
Click “Run” and monitor convergence. If the solution fails, refine the mesh or adjust load scaling.

Step 7: Review Results



Open the Results Viewer to examine:

e Stress distribution in masonry and reinforcement.
¢ Displacement and deflection curves.

e Shear forces and bending moments.

« Fire temperature profiles and expansion.

Export the results to a PDF or Excel file for documentation.

Interpreting Results and Design Checks

Stress Distribution

Check that compressive stresses in the masonry do not exceed the material’s ultimate strength. In reinforced walls,
ensure that tensile stresses in the steel stay below the yield limit.

Deflection and Displacement

Verify that wall deflections remain within allowable limits specified by the applicable code (e.g., ASCE 7 for wind or
Eurocode 8 for seismic).

Shear and Bending Moments

Examine shear diagrams to identify critical sections. Use the Shear Wall Designtool to compare calculated values
against design criteria.

Fire and Seismic Performance

For fire analysis, confirm that wall temperature stays below the fire rating and that expansion does not induce
excessive stresses. For seismic analysis, assess the wall’s ability to dissipate energy through plastic hinges and
ductility.

Common Challenges and Troubleshooting

Mesh Sensitivity

Coarse meshes may smooth out stress concentrations, leading to inaccurate predictions. Perform a mesh
convergence study by progressively refining the element size until results stabilize.

Nonlinear Behavior

Nonlinear analyses can be computationally intensive. If the solver fails to converge, try load stepping or adjusting
the tolerance settings.

Model Validation

Validate your SAP2000 model against analytical solutions or laboratory tests. Document any discrepancies and
refine the model accordingly.

Advanced Topics

Seismic Design of Masonry Walls in SAP2000

Use the Seismic Design Checker to apply Code 8 (Eurocode 8) or ASCE 7 provisions. Model base isolation or
lateral bracing as needed. Perform time history analysidor complex seismic events.

Fire Resistance Modeling



Define a temperature dependent material modefor masonry. Simulate fire exposure using the Fire Loadoption,
and analyze the resulting thermal stresses and expansion.

Hybrid Systems and Composite Walls

For walls that combine masonry with steel or concrete, use SAP2000's Composite Actionfeatures. Define
interaction coefficients and analyze the overall system behavior.

Best Practices for Accurate Analysis

Calibration with Experimental Data

Whenever possible, calibrate your SAP2000 model with data from physical tests. Adjust material parameters until
the simulation replicates observed behavior.

Documentation and Reporting

Maintain a clear record of all assumptions, material definitions, and load cases. Use SAP2000's Report Generator
to produce professional reports that include geometry, loads, results, and design decisions.

Conclusion

Performing a thorough analysis of masonry wall using SAP2000empowers engineers to design safer, more
efficient structures. By carefully defining geometry, material properties, reinforcement, and loads, and by leveraging
SAP2000’'s advanced analysis capabilities, you can predict wall performance under gravity, lateral, and fire
conditions with confidence. Remember to validate your models, refine meshes, and document every step—these
practices ensure that your masonry walls not only meet but exceed the rigorous standards of modern building codes
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