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MOMENT DISTRIBUTION METHOD FOR
CONTINUOUS BEAMS Handbook

Moment distribution method using excel is a powerful technique in structural analysis, enabling
engineers to efficiently calculate moments in continuous beams and statically indeterminate
structures. Leveraging Excel for this method simplifies complex calculations, enhances accuracy,
and provides a user-friendly platform for iterative processes. In this comprehensive guide, we will
explore the fundamentals of the moment distribution method, step-by-step procedures for
implementing it in Excel, and practical tips to optimize your structural analysis workflows.

Understanding the Moment Distribution Method
What Is the Moment Distribution Method?
The moment distribution method, developed by Hardy Cross in the 1930s, is an iterative process
used to analyze statically indeterminate structures, particularly continuous beams and frames. It
involves balancing moments at joints by distributing unbalanced moments based on the stiffness of
the connected members until the moments converge to a stable solution.
Why Use the Moment Distribution Method?
This method is favored because:

- It simplifies complex indeterminate structures into manageable calculations.

- It promotes systematic and iterative analysis.

- It provides insights into moment distribution and reactions.
- When implemented in Excel, it allows automation, visualization, and easy adjustments.

Essential Concepts and Components

Stiffness Factors (K)

The stiffness factor at a joint is a measure of a member's resistance to rotation and is given by:
\[ K =\frac{4EI}{L} \]

for a simple beam segment, where:
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- E = Modulus of Elasticity
- | = Moment of Inertia
- L = Length of the member

Unbalanced Moments

Initially, moments are assumed (often zero), and the unbalanced moments at joints are identified.
These are then distributed to connected members based on their stiffness.

Distribution Factors

Distribution factors determine how unbalanced moments are shared among members connected at
a joint:

\[ D_{ij} = \frac{K_{ij}}{\sum K_{i}} \]
where:
-\( D_{ij} ) = distribution factor of member j at joint i

-\( K {ij} ) = stiffness of member j at joint i
-\(\sum K_{i}\) = sum of stiffnesses of all members connected at joint i

Implementing the Moment Distribution Method in Excel
Step 1: Data Preparation
Begin by compiling all necessary data:
- Lengths of members
- Material properties (E, 1)
- Support conditions
- External loads (point loads, uniformly distributed loads)
Organize this data into structured tables for easy reference.

Step 2: Calculate Member Stiffnesses and Distribution Factors

Create columns for:
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- Member identification
- Length (L)
- Moment of inertia (I)
- Calculate stiffness \( K = \frac{4EI}{L} \)
Next, calculate distribution factors:
- For each joint, sum the stiffnesses of connected members
- Compute individual distribution factors \( D_{ij} \)
Step 3: Establish Initial Moments
Assume initial moments at joints (often zero). Input these into your Excel sheet in designated cells.

Step 4: Calculate Unbalanced Moments

Determine the unbalanced moments at each joint by subtracting the sum of moments from
neighboring members and external loads.

Step 5: Distribute Moments
Using the distribution factors, allocate the unbalanced moments to each member:
\[ text{Moment transfer} = \text{Unbalanced moment} \times D_{ij} \]
Update the moments in the Excel sheet accordingly.
Step 6: Repeat Iterations
Iteratively perform the distribution process:
- Recalculate moments at joints after each distribution
- Continue until the change in moments between iterations falls below a predetermined
convergence criterion (e.g., 0.01 kNm)

Use Excel's drag-and-fill feature or iterative calculation settings to automate this process.

Designing an Excel Template for Moment Distribution
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Step 1: Set Up Data Tables
Create separate tables for:
- Member data (length, I, stiffness)
- Joint data (connections, external loads)
- Distribution factors
Step 2: Use Formulas for Calculations
Implement formulas for:
- Stiffness calculations
- Distribution factors
- Unbalanced moments
- Distributed moments
Ensure cell references are appropriately relative or absolute for seamless copying.
Step 3: Automate lterations
Enable iterative calculations:
- Go to Excel Options > Formulas > Enable iterative calculation
- Set maximum iterations and convergence thresholds
Alternatively, use VBA macros for advanced automation and control over the process.
Step 4: Visualize Results
Add charts or conditional formatting to:
- Display moment distributions graphically
- Highlight convergence progress

- Show reactions and support moments

Practical Tips for Effective Implementation
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- Always verify input data accuracy, as errors propagate through calculations.

- Use named ranges for clarity and easy management of cell references.

- Implement checks for convergence to ensure the iterative process terminates appropriately.

- Leverage Excel's data validation features to prevent input errors.

- Document your formulas and steps within the spreadsheet for transparency and future
reference.

- Consider creating macros or VBA scripts for repetitive tasks and enhanced automation.

Advantages of Using Excel for Moment Distribution

- Cost-effective: No need for specialized structural analysis software.

- Customizable: Adapt the template to specific project requirements.

- Educational: Great for teaching and understanding structural analysis concepts.

- Data Management: Easily incorporate external loads, support conditions, and modifications.

Limitations and Considerations

- Manual setup required: Initial creation of templates can be time-consuming.

- Complex structures: Large or complex frames may require advanced automation.

- Accuracy: Dependence on input data quality; small errors can significantly affect results.

- Performance: Excel may be slower with very large models compared to dedicated software.

Conclusion

Implementing the moment distribution method using Excel provides a practical, accessible, and
educational approach to analyzing continuous beams and indeterminate structures. By
systematically setting up data tables, formulas, and iterative calculations, engineers and students
can perform detailed moment analysis efficiently. Moreover, Excel's flexibility allows for
customization, visualization, and integration with other analysis tools, making it an invaluable
resource for structural analysis tasks. With careful planning and attention to detail, mastering this
method in Excel can significantly enhance your understanding and capabilities in structural
engineering analysis.

Moment Distribution Method Using Excel: A Comprehensive Guide

The Moment Distribution Method stands as a cornerstone in structural analysis, especially for
indeterminate beams and frames. Traditionally taught through manual calculations or dedicated
structural analysis software, this method offers a systematic way to determine moments and
reactions in statically indeterminate structures. However, with the advent of powerful tools like Excel,
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engineers and students can now perform these calculations efficiently, accurately, and interactively.
This article delves into how to implement the Moment Distribution Method using Excel, providing an
expert-level overview that combines theoretical understanding with practical application.

Understanding the Moment Distribution Method

Before diving into Excel implementation, it is crucial to understand the fundamentals of the Moment
Distribution Method.

What Is the Moment Distribution Method?

Developed by Hardy Cross in the 1930s, the Moment Distribution Method is an iterative process
designed to balance moments in a continuous or indeterminate structure. It simplifies complex
structural analysis into manageable steps, distributing moments at joints and iteratively correcting
them until equilibrium is achieved.

Why Use the Moment Distribution Method?

- Educational Value: It enhances understanding of structural behavior.

- Practicality: Suitable for structures with a small number of indeterminate spans.

- Efficiency: When implemented in Excel, it automates iterative calculations, saving time and
reducing errors.

- Cost-effective: No need for expensive software for simple to moderate problems.

Core Concepts

- Stiffness Factors (Distribution Factors): Indicate how moments are shared among members at a
joint.

- Carry-Over Factors: Represent the transfer of moments from one end of a member to the other.

- Fixed-End Moments (FEM): Moments resulting from external loads assuming the supports are
fixed.

- Distribution and Balancing: The process of distributing moments based on stiffness, then
balancing residual moments iteratively.

Implementing the Moment Distribution Method in Excel

Excel's versatility makes it an excellent platform for implementing the Moment Distribution Method.
Its grid layout, formula capabilities, and iterative calculation potential facilitate an interactive and
transparent analysis process.
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Step 1: Setting Up Input Data
Begin by organizing all relevant data:
- Member stiffness (k): Calculated as \( k = \frac{EI{L}\), where E is Young?s modulus, | is the
moment of inertia, and L is the length.
- Loading conditions: Point loads, distributed loads, moments.
- Support conditions: Fixed, pinned, or roller supports.
- Connectivity data: Which members connect at each joint.
Sample Data Organization:
| Member | Length (L) | El | Fixed-End Moments (FEM) | Support Type | Connectivity (Joint IDs) |
| e | s e R P |
| AB |6 m|3x10"6 Nm"2 | O | Fixed | A& B |
| BC |8 m|3%x10"6 Nm”2 | O | Pinned |B&C |

| CD | 10 m | 3x10"6 Nm~2 | 0 | Fixed | C & D |

This table helps in calculating stiffness and fixed-end moments, serving as the backbone for
subsequent calculations.

Step 2: Calculating Stiffness and Distribution Factors
Stiffness Calculation:

For each member, compute:

\[ k = \frac{EIKL} \]

In Excel, this can be done with formulas referencing the input data.
Distribution Factors (DF):

At each joint, determine the share of moment each member will receive, based on relative stiffness:

\[ DF_{i} = \frac{k_{i}}{\sum_{j} k_{i}} \]
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where the sum in the denominator includes all members connected at the joint.
Implementation Tips:

- Use named ranges for members and joints for clarity.

- Use the SUM function to compute total stiffness at each joint.

- Calculate each member?s distribution factor using relative stiffness.
Step 3: Initial Distribution of Fixed-End Moments

- For each joint, assign fixed-end moments based on the applied loads.

- For example, a point load may generate known FEMs at the supports.

- Input these fixed-end moments into the Excel sheet, aligned with corresponding members.
Step 4: Distributing Moments

- At each joint, distribute the residual moments to connected members proportional to their
distribution factors.

- Use formulas to allocate moments:

\[ M_{distributed} = DF \times M_{residual} \]

- Record the distributed moments in a dedicated table.

Step 5: Carry-Over of Moments

- After distributing moments at a joint, transfer a portion of these moments to the other end of
each member, known as the carry-over effect.
- Typically, the carry-over factor is 0.5 for uniform members.

\[ M_{carryover} = 0.5 \times M_{member\,end} \]

- Implement these calculations with formulas, updating the moments at each end of members.

Step 6: Iterative Balancing
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- Repeat the process of distributing residual moments, carrying over, and updating moments.

- Continue iterations until the changes in moments between successive steps become negligible
(convergence).
Excel Implementation:

- Use iterative calculations with circular references enabled.

- Alternatively, set up multiple sheets or tables to manually perform successive steps.

- Use conditional formatting or formulas to detect convergence, such as checking if the difference
between iterations is below a threshold.

Advanced Tips for Effective Implementation in Excel

Implementing the Moment Distribution Method in Excel requires careful planning. Here are expert
tips to streamline the process:

1. Use Named Ranges and Structured Tables

- Enhances clarity and reduces formula errors.
- Facilitates dynamic data updates.
2. Incorporate Data Validation
- Prevent incorrect data entry.
- Use dropdowns for support types, joint IDs, etc.
3. Leverage Excel?s Circular Reference Functionality
- Enable iterative calculations via File > Options > Formulas > Enable iterative calculation.
- Set maximum iterations and convergence thresholds to control calculations.
4. Visualize Data with Charts

- Plot moment diagrams or residuals to monitor convergence.
- Use sparklines or conditional formatting for progress tracking.
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5. Automate Outputs and Summaries

- Summarize final moments, reactions, and shear forces.
- Generate reports directly from the worksheet.

6. Validate Results

- Cross-check with hand calculations or alternative methods.
- Ensure sum of moments and reactions satisfy equilibrium.

Practical Example: Continuous Beam Analysis

Let?s consider a practical example?a continuous beam with three spans supported by fixed and
pinned supports. Assume the following data:

- Spans of 6 m, 8 m, and 6 m.

- Uniform distributed loads of 10 kN/m.

- Fixed supports at ends, pinned at internal support.

- Material and cross-sectional properties are consistent.

Implementation Highlights:

- Calculate FEMs for each span due to loads.
- Determine stiffness values.

- Set up distribution factors at each joint.

- Iteratively distribute and carry over moments.
- Continue until moments stabilize.

Expected Outcomes:
- Accurate moments at each support and mid-span.
- Reactions at supports.

- Moment diagrams derived from the final moment values.

Advantages and Limitations of Using Excel for Moment Distribution
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Advantages:

- Customizable: Tailor calculations to specific problems.

- Interactive: Easily modify input data to see effects.

- Educational: Gain deeper insight into the iterative process.
- Cost-effective: No need for specialized software.

Limitations:

- Manual setup: Time-consuming for complex structures.

- Error-prone: Requires careful formula management.

- Limited automation: Less efficient for large-scale problems.

- No graphical interface: Visualization requires additional effort.

Final Thoughts and Recommendations

Implementing the Moment Distribution Method in Excel is an empowering approach for structural
engineers and students alike. It combines the robustness of an age-old analytical technique with the
flexibility and accessibility of modern spreadsheet software. To maximize benefits:

- Start with simple structures to master the workflow.

- Gradually incorporate more complexity and automation.

- Cross-validate results with hand calculations or software.

- Use Excel?s features such as VBA macros for advanced automation if needed.

By following a systematic approach, leveraging Excel?s capabilities, and understanding the
underlying principles, users can perform accurate, efficient, and insightful structural analyses. This
method not only saves time but also deepens comprehension of structural behavior, making it an
invaluable tool in both educational and practical contexts.

In conclusion, the Moment Distribution Method, when harnessed through the power of Excel,
becomes a versatile, transparent, and educational tool that bridges theoretical knowledge with
practical application. Whether analyzing simple beam systems or complex frames, Excel-based
implementation offers a balanced mix of control, clarity, and efficiency?an essential asset in the
modern structural analysis toolkit.

QuestionAnswer What is the moment distribution method and how can it be implemented in
Excel? The moment distribution method is a structural analysis technique used to analyze statically
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indeterminate beams and frames. In Excel, it can be implemented by setting up the stiffness
matrices, distributing moments, and iteratively balancing joint moments using formulas and cell
references for efficient calculations. What are the key steps to perform moment distribution analysis
using Excel? The key steps include: defining the structure's geometry and stiffness, calculating
fixed-end moments, distributing these moments to connected members, balancing residual
moments, and iterating until moments converge. Excel formulas and iterative calculations facilitate
this process. Can Excel automate the iterative process of the moment distribution method? Yes,
Excel can automate the iterative process by using formulas, cell references, and features like
iterative calculation options or VBA macros to perform repeated redistribution of moments until
equilibrium is achieved. What are the advantages of using Excel for moment distribution analysis?
Using Excel allows for customizable, visual, and step-by-step analysis, easy modifications, and
quick updates to structural parameters. It also enables users to visualize results through charts and
perform sensitivity analysis efficiently. Are there any templates or tools available in Excel for
moment distribution method analysis? Yes, several pre-made Excel templates and add-ins are
available online that facilitate moment distribution analysis. These templates typically include input
sections for geometry and loads, automated calculations, and result summaries, helping users
perform analysis more efficiently.

Related keywords: moment distribution method, structural analysis, beam analysis, excel
spreadsheet, moment distribution, stiffness matrix, continuous beams, indeterminate structures,
stiffness calculation, structural engineering

Deflection Equations For Two Span Continuous Beams

deflection equations for two span continuous beams are fundamental in structural engineering,
offering critical insights into how continuous beams behave under various loads. These equations
allow engineers to predict the vertical displacements or deflections at different points along a beam,
ensuring safety, serviceability, and optimal design. Understanding the derivation, application, and
limitations of these equations is essential for structural analysis and design, especially in complex
multi-span structures where load distribution and support conditions significantly influence deflection
behavior.

Introduction to Continuous Beams and Their Significance

Continuous beams are structural elements supported at multiple points, typically spanning more
than two supports. Unlike simply supported beams, continuous beams provide enhanced load
distribution, increased stiffness, and reduced bending moments, making them ideal for long spans
and complex structures such as bridges, multi-story buildings, and industrial frameworks.
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Why Focus on Two-Span Continuous Beams?

Two-span continuous beams are among the most common types of multi-span structures. They are
characterized by:

- Two spans separated by an intermediate support.
- Three support points, usually labeled as supports A, B, and C.
- Shared loadings, which are distributed across the spans, affecting deflections and moments.

Understanding deflection equations for these beams is crucial because:

- It helps in assessing structural safety and serviceability.
- It guides the placement of supports and load distribution.
- It influences the design of reinforcement and material selection.

Fundamentals of Beam Deflection

Deflection in beams refers to the vertical displacement that occurs when a load is applied. Excessive
deflection can lead to serviceability issues, aesthetic problems, or structural failure. Therefore,
calculating deflections accurately is fundamental in structural analysis.

Basic Concepts

- Elastic behavior: Deflections are generally calculated within the elastic range of materials.

- Moment-curvature relationship: The bending moment within the beam influences its curvature
and, consequently, its deflection.

- Boundary conditions: Support types (fixed, roller, hinged) significantly affect deflection behavior.

Methods for Calculating Deflections

Several methods are used to derive deflection equations, including:
- Double integration method
- Moment-area method

- Conjugate beam method
- Approximate methods (e.g., Macaulay?s method)
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For two-span continuous beams, the moment distribution method combined with superposition
principles is most commonly used to derive precise deflection equations.

Derivation of Deflection Equations for Two-Span Continuous Beams

The derivation involves analyzing the bending moments across the spans and supports, then
integrating these moments to find deflections.

Assumptions and Simplifications
- The beam behaves elastically.
- The material is homogeneous and isotropic.
- Supports are idealized as simple or hinged supports.

- Loads are static and uniformly distributed or point loads.

Step-by-Step Derivation Process

- Determine support reactions and internal moments

Using equilibrium equations and moment distribution methods.

- Calculate bending moments along the beam

For various load cases, considering fixed-end moments and continuity conditions.

- Apply the double integration method

Integrate the moment equation twice, applying boundary conditions to obtain deflection equations.

- Use superposition principle
To account for different load cases and their combined effect.
General Form of the Deflection Equation

The deflection \( \delta(x) \) at a point \( x \) along the beam can be expressed as:
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\[
\delta(x) = \frac{1H{EI} \int_{O}{x} \int_{O}{x} M(t) \, dt\, dx
\
where:
-\( E'\) = Modulus of elasticity
-\(I'\) = Moment of inertia
-\( M(t) \) = Bending moment at point \(t\)

Applying this process to two-span continuous beams, specific equations are derived based on
support conditions and load types.

Key Equations for Two-Span Continuous Beams

The exact deflection equations depend on the support conditions, loadings, and span lengths. Here
are the typical equations for common scenarios.

Under Uniformly Distributed Loads (UDL)
For a two-span continuous beam with spans \(L_1\) and \( L_2\), subjected to a uniform load \( w
\):
- Maximum deflection at mid-span of each span:
\[
\delta_{max} \approx \frac{w L"4}{384 EI}

\

- Deflection at mid-span:
\[

\delta_{mid} = \frac{5 w L"4}{384 EI}
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\

Under Point Loads

For a point load \( P \) at a specific location:

- Deflection at the load point:
\[
\delta_P = \frac{P a b"2 (L"2 - b"2 - a"2)}{3 EIl L}
\
Where:
-\(a\) = distance from support to load
-\( b)) = distance from load to the opposite support

Support and Continuous Beam Equations

Vol. 2021, Issue 7

Using superposition, deflections due to individual loads are summed. The general deflection

expressions involve:

- Support moments \(M_A, M_B, M_C))
- Fixed-end moments for load cases
- Compatibility conditions at supports

Note: Exact formulas are complex and involve multiple terms, often tabulated or derived using

software.

Calculating Support Reactions and Moments

Before applying deflection equations, it?s essential to compute support reactions and moments

accurately.

Moment Distribution Method
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This iterative method balances moments at supports considering:

- Fixed-end moments
- Stiffness ratios of spans
- Load distribution factors

Key Steps
- Calculate fixed-end moments for each span.

- Distribute moments at supports based on stiffness.
- Continue until moments stabilize.

- Use moments to find reactions and internal bending moments.

Influence on Deflection Calculations

Vol. 2021, Issue 7

Support moments directly influence the shape of the bending moment diagram, which in turn affects
deflection calculations. Accurate support moment values ensure reliable deflection estimates.

Application of Deflection Equations in Structural Design

Accurate deflection calculations inform multiple aspects of structural design:

- Serviceability criteria: Ensuring deflections stay within permissible limits.

- Reinforcement design: Proper reinforcement placement to control deflection.
- Support design: Proper support stiffness to minimize excessive deflections.
- Load management: Adjusting load distribution to reduce deflections.

Typical Limits on Deflections

- For floors: \( \frac{L}{360} \) or \( \frac{L}{240} \) depending on code.

- For bridges: As per specific standards (e.g., AASHTO).

Software Tools and Numerical Methods

Given the complexity of exact equations, structural engineers often rely on software tools such as:
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- SAP2000

- ETABS

- STAAD.Pro

- Robot Structural Analysis

These tools use finite element methods to simulate and analyze multi-span beams, providing
precise deflection outputs.

Numerical Methods for Approximate Solutions

- Moment-area method
- Conjugate beam method
- Approximate formulas for quick assessments

Conclusion and Best Practices

Understanding and applying deflection equations for two-span continuous beams is vital for
ensuring safe and serviceable structures. Key takeaways include:

- Accurately determining support reactions and moments is essential.

- Using superposition and compatibility conditions helps derive precise deflection equations.

- Considering load types, span lengths, and support conditions influences deflection behavior.
- Employing software tools can enhance accuracy and efficiency.

Best practices involve:

- Regularly validating analytical results with numerical simulations.

- Adhering to local building codes and standards.

- Designing for both strength and serviceability, especially deflections.

- Considering the effects of load combinations and real-world support conditions.

By mastering the principles behind deflection equations for two-span continuous beams, structural
engineers can optimize designs, prevent serviceability issues, and ensure the longevity and safety

of their structures.

Keywords for SEO Optimization:
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- Deflection equations for two span continuous beams
- Continuous beam deflection analysis

- Two span beam deflection formulas

- Structural analysis of multi-span beams

- Beam deflection under load

- Support reactions in continuous beams

- Moment distribution method

- Structural engineering best practices

- Beam deflection software tools

- Serviceability limit states

Deflection equations for two-span continuous beams are fundamental tools in structural engineering,
enabling engineers to predict how these beams will deform under various loads. Understanding
deflection is crucial for ensuring safety, serviceability, and longevity of structures such as bridges,
buildings, and industrial frameworks. This comprehensive guide aims to demystify the derivation,
application, and interpretation of deflection equations for two-span continuous beams, equipping
engineers and students with the knowledge needed to analyze and design such structural elements
effectively.

Introduction to Two-Span Continuous Beams

A two-span continuous beam is a type of multi-span beam supported by three or more supports,
with the beam being continuous over at least two spans. Unlike simply supported beams, continuous
beams distribute loads more efficiently, resulting in different bending moments and deflections
across the spans. The analysis of deflections in these structures is more complex due to the
interaction between spans and the continuity conditions at supports.

Why Focus on Deflections?

- Serviceability: Excessive deflection can cause aesthetic issues, cracking, or even structural
failure.

- Compliance: Building codes specify maximum allowable deflections to ensure safety and
comfort.

- Design Optimization: Accurate deflection calculations allow for economical use of materials and
better structural performance.

Fundamental Concepts in Beam Deflection Analysis

Before delving into specific equations, it?s important to understand some basic principles:
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- Elastic Behavior: Assumes the material obeys Hooke?s Law within the elastic limit.

- Moment-Curvature Relationship: \( M = El \frac{d"2 y{dx"2}\), linking bending moment \( M \)
and beam deflection \( y \).

- Boundary Conditions: Conditions at supports (fixed, pinned, roller) influence deflection
equations.

- Continuity Conditions: Compatibility of deflections and slopes at supports where spans meet.

Derivation of Deflection Equations for Two-Span Continuous Beams

The derivation of deflection equations involves the following steps:

- Formulate the Differential Equation of the Elastic Curve:
\[
\frac{d"2 yHdx"2} = \frac{M(X){EI}
\
where:
-\(y)) is the deflection
-\( x\) is the position along the beam
-\( M(x) \) is the bending moment at \( x\)
-\(E)) is the elastic modulus
-\(I'\) is the moment of inertia
- Determine Bending Moment Expressions:
For continuous beams, moments vary along the span depending on loads and support conditions.

Typical loadings include:

- Uniform distributed loads (UDL)
- Point loads
- Moment loads
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- Integrate to Find the Elastic Curve:
Applying boundary conditions (deflections and slopes at supports), integrate the differential equation
to find the deflection \( y(x) \).

- Apply Compatibility Conditions:

Enforce that deflections and slopes are continuous at the internal supports, leading to a system of
eqguations to solve for unknown constants.

Standard Load Cases and Their Deflection Equations
Various load cases have well-established deflection equations. Below are some common scenarios
for two-span continuous beams.
- Uniformly Distributed Load (UDL) on Both Spans
Scenario: Equal UDLs \( w ) on each span, supported at three points (supports A, B, C).
Key considerations:
- Boundary conditions at supports (pinned or fixed).
- Symmetry if loads are equal.
Deflection at mid-span (midpoint of each span):
\[
\delta_{mid} = \frac{w L"4}{384 EI}
\
(For simply supported beams, but for continuous beams, the deflection is less due to continuity.)

For a two-span continuous beam, the maximum deflection typically occurs at mid-span and can be
approximated by:

\[
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\boxed{

\delta_{max} \approx \frac{w L"}C EI}

\

where \( C)) is a coefficient depending on the boundary conditions and load distribution, commonly

derived from the elastic curve solutions.

- Point Load at Mid-Span of Each Span

Scenario: Point loads \( P \) placed at mid-span of each span.

Deflection at mid-span:

\[

\delta_{mid} = \frac{P L"3}{48 El}

\

(Again, for simply supported beams; for continuous beams, the deflection is reduced due to the
moments transferred across supports.)

In the continuous case, the deflection at mid-span can be approximated by:

\[

\boxed{

\delta_{mid} \approx \frac{P L"3KC' El}

\

where \( C'\) is a coefficient less than the simply supported case, reflecting the continuous support
conditions.
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- Combined Loads

Real-world scenarios often involve combined point loads and UDLs. The deflections can be
superimposed if the principle of superposition applies (elastic behavior).

Exact and Approximate Solutions for Deflection

- The Moment Distribution Method
This method involves:
- Calculating fixed-end moments for loads.
- Distributing moments iteratively to achieve equilibrium.

- Integrating the resulting bending moment diagrams to find deflections.

It provides precise deflection values but can be computationally intensive.

- Using Influence Lines and Influence Coefficients

These tools allow quick estimation of deflections resulting from specific load positions, especially

useful for variable load positions.

- Approximate Formulas and Coefficients

Standard tables and formulas provide coefficients to estimate maximum deflections for common
load cases. For example:

| Load Case | Approximate Max Deflection Formula | Coefficient \( C\) or \( C"\) |

| UDL on both spans | \( \delta_{max} \approx \frac{w L}H{C EI}\) | 384 (for simply supported) |

| Point load at mid-span | \( \delta_{max} \approx \frac{P L"3H{C" EI}\) | 48 (for simply supported) |

In continuous beams, these coefficients are reduced, often by factors ranging from 2 to 4,
depending on the degree of continuity and load distribution.
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Influence of Support Conditions on Deflections

Support conditions significantly impact deflections:

- Pinned Supports: Allow rotation; deflections are generally higher.
- Fixed Supports: Restrict rotation; reduce deflections.
- Roller Supports: Allow horizontal movement; influence moments but less so deflection.

The boundary conditions are incorporated into the deflection equations via boundary conditions and
continuity requirements, affecting the constants of integration obtained during the differential
eqguation solution.

Practical Approach to Calculating Deflections
Step-by-Step Procedure
- Identify Load Cases: Determine whether loads are UDL, point loads, or a combination.
- Determine Support Conditions: Fixed, pinned, or roller supports.
- Calculate Bending Moments: Use methods like moment distribution or influence lines.
- Formulate Differential Equation: \( \frac{d"2 yH{dx"2} = \frac{M(X)KEI} \).
- Integrate to Find Elastic Curve: Apply boundary conditions at supports.
- Enforce Compatibility: Ensure deflections and slopes are continuous at internal supports.
- Compute Deflections: Use the derived equations or influence coefficients to find maximum
deflections.

Software and Numerical Methods

Modern structural analysis software (e.g., SAP2000, STAAD.Pro, ETABS) can perform these
calculations efficiently, providing detailed deflection profiles.

Code Compliance and Design Considerations

Structural codes specify maximum allowable deflections, typically as a fraction of the span:
- For floors: \( L/360\) or \( L/240)
- For beams in bridges: \( L/800 \) or stricter

Engineers must ensure that calculated deflections do not exceed these limits, adjusting design
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parameters as needed (e.g., increasing \( I \), reducing loads).

Summary and Key Takeaways

- Deflection equations for two-span continuous beams are derived from elastic theory,
considering load types, support conditions, and beam properties.

- Superposition and influence methods facilitate practical calculations.

- Approximate formulas offer quick estimates, but precise analysis may require detailed methods
like moment distribution.

- Support conditions and load configurations significantly influence deflections, making tailored
analysis essential.

- Ensuring deflections are within permissible limits is vital for structural safety and serviceability.

Final Thoughts

Analyzing deflections in two-span continuous beams is a cornerstone of structural engineering
design. Mastery of both the theoretical equations and practical approximation techniques allows
engineers to create safe, efficient, and durable structures. While advanced computational tools have
simplified the process, understanding the fundamental principles remains essential for sound
engineering judgment and effective problem-solving.

Remember: Accurate deflection analysis not only ensures compliance with standards but also
preserves the integrity and aesthetic appeal of the structures we build.

QuestionAnswer What are the key deflection equations used for two-span continuous beams?
The key deflection equations are derived from the moment-area method, conjugate beam method,
or direct integration method, often involving the use of moment coefficients and standard formulas
for cantilever and simply supported spans to calculate deflections at various points in two-span
continuous beams. How do the boundary conditions affect the deflection equations in two-span
continuous beams? Boundary conditions such as fixed or simply supported ends influence the
boundary constraints, which in turn modify the integration constants and affect the resulting
deflection equations. Properly accounting for these conditions ensures accurate deflection
calculations. What is the significance of the influence line method in deriving deflection equations for
two-span continuous beams? The influence line method helps determine how loads at specific
points affect deflections at other points in the beam, allowing for precise calculation of deflections
under various load positions using superposition of influence functions. Can the moment-area
method be applied to find deflections in two-span continuous beams? Yes, the moment-area
method is widely used for two-span continuous beams, involving the calculation of the area under
bending moment diagrams to find the change in slope and deflection between supports. What are
the typical assumptions made in deriving deflection equations for two-span continuous beams?
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Common assumptions include linear elastic behavior, small deflections, plane sections remain
plane, and uniform material properties. These assumptions simplify the analysis and allow the use of
superposition and standard formulas. How do load types (concentrated vs. distributed) influence the
deflection equations in two-span continuous beams? Different load types produce distinct bending
moment diagrams, which directly impact the calculation of deflections. Distributed loads result in
continuous moment distributions, requiring integration, while concentrated loads simplify the
equations. Are there standard formulas or tables available for quick calculation of deflections in
two-span continuous beams? Yes, standard formulas and tables based on span ratios, support
conditions, and load types are available in structural engineering references, providing quick
estimates for deflections without detailed integration. How does span ratio affect the deflection
eqguations in two-span continuous beams? The span ratio influences the stiffness distribution and
the magnitude of deflections; longer spans relative to each other typically result in larger deflections,
which are accounted for in the coefficients of the deflection equations. What modern computational
tools can assist in calculating deflections for two-span continuous beams? Finite element analysis
software like SAP2000, ETABS, or STAAD.Pro can model complex two-span continuous beams,
automatically deriving accurate deflection values considering various load conditions and support
restraints.

Related keywords: continuous beam analysis, moment distribution method, shear force equations,

bending moment equations, three-moment theorem, stiffness method, load distribution, deflection
calculation, structural analysis, beam theory

Read the full article online: Deflection equations for two span continuous beams

moment distribution method

Moment distribution method is a highly effective and widely used technique in structural
engineering for analyzing indeterminate beams and frames. Developed by Hardy Cross in the
1930s, this method provides engineers with a systematic approach to determine the moments and
forces in statically indeterminate structures. Its significance lies in its iterative process that simplifies
complex structures into manageable calculations, making it a cornerstone in the field of structural
analysis. Whether designing bridges, buildings, or other load-bearing structures, understanding the
moment distribution method is essential for ensuring safety, stability, and efficiency.

Introduction to Moment Distribution Method

The moment distribution method is based on the principles of static and compatibility conditions in
structures. It allows engineers to analyze structures that are statically indeterminate?those with
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more support reactions than necessary for static equilibrium. These structures require additional
methods to find internal moments and shears, and the moment distribution method offers a practical
solution through a step-by-step iterative process.

The core concept revolves around the idea of distributing unbalanced moments at the joints of the
structure until equilibrium is achieved. This process involves calculating fixed-end moments,

distributing them to connected members, and iteratively adjusting moments based on the stiffness of
the members until the moments converge to a stable solution.

Fundamental Concepts

Stiffness and Flexural Rigidity

Central to the moment distribution method are the concepts of stiffness and flexural rigidity. Flexural
rigidity, denoted as EI (where E is the modulus of elasticity and | is the moment of inertia), measures
a member's resistance to bending. The stiffness at a joint depends on the flexural rigidity of the
connected members and their lengths.

The stiffness (K) for a member at a joint is generally calculated as:

\[ K = \frac{4EI{L} \]

for internal fixed-end conditions, or based on the boundary conditions for different types of supports.
Fixed-End Moments

When a load is applied to a beam, it induces moments at the ends if the ends are fixed. These
moments, known as fixed-end moments (FEM), are calculated based on the type and position of
loads. They serve as the starting point in the analysis, representing the moments that would exist if

the supports or joints were rigidly fixed.

For example, for a uniformly distributed load \(w\) over a span \(L\), the fixed-end moments are:

- At each end: \(\pm \frac{wL"2}{12}\)

These fixed-end moments are then adjusted during the iterative process to account for the actual
support conditions.

Step-by-Step Process of the Moment Distribution Method
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The method involves several key steps, which are repeated iteratively until the moments stabilize.
The main steps are:

1. Calculate Fixed-End Moments

Begin by computing the fixed-end moments for all members subjected to loads, based on their
boundary conditions and load types.

2. Assign Stiffness and Distribute Moments

Determine the stiffness of each member at the joints. Using these stiffness values, distribute the
fixed-end moments to the adjacent members proportionally, based on their relative stiffness.

Distribution Factor (DF):

\[ DF_{ij} = \frac{K_{ij}H{\sum K_{i}} \]

where \(K_{ij}\) is the stiffness of member \(ij\) at joint \(i\).

The fixed-end moments are then distributed to the connected members according to these factors.
3. Carry Over Moments

After distributing the moments, the moments at the joints are not yet in equilibrium. Therefore, the
moments are carried over to the other ends of the members using a carry-over factor, typically half
of the distributed moment for uniformly distributed loads.

Carry-Over Factor (COF):

\[ COF =0.51]

for uniform or simple loads, but may vary depending on load cases.

4. Repeat Until Convergence

The process of distributing moments and carrying them over is repeated, adjusting the moments at
each joint. With each iteration, the unbalanced moments decrease, approaching an equilibrium
state. When the moments change negligibly between successive iterations, the solution is

considered converged.

Advantages and Limitations
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Advantages of the Moment Distribution Method

- Systematic and straightforward: The method follows a clear, step-by-step procedure suitable
for manual calculations.

- Applicable to indeterminate structures: It effectively handles structures with multiple support
reactions.

- Provides detailed internal moment distribution: Useful for designing reinforcement and
assessing structural behavior.

- Educational value: Enhances understanding of structural behavior and load distribution.

Limitations of the Moment Distribution Method

- Complex for very large structures: Manual calculations become cumbersome with many
members and joints.

- Assumes linear elastic behavior: Not suitable for non-linear or plastic analysis.

- Limited to static analysis: Dynamic effects require other methods.

- Requires careful calculation of stiffness and fixed-end moments: Errors in these initial
steps can propagate through the analysis.

Applications in Structural Engineering

The moment distribution method is extensively used in various structural engineering applications,
including:

Analysis of Continuous Beams

For beams supported on multiple supports and subjected to loads, the method helps determine the
moments at supports and mid-span, essential for designing reinforcement.

Frame Analysis

In multi-story frames, the method assists in calculating moments at joints, aiding in the design of
beams and columns.

Bridge Structures

Designing continuous bridges with multiple spans involves complex load distribution, where the
moment distribution method simplifies the analysis process.
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Reinforced Concrete and Steel Structures

Accurate moment calculations inform reinforcement detailing and ensure the structure's safety and
serviceability.

Comparison with Other Structural Analysis Methods

While the moment distribution method is popular for manual calculations, it is often compared with
other analysis techniques:

Matrix Methods

- Use stiffness matrices and linear algebra for analysis.
- Suitable for computer-based analysis of large structures.
- More efficient for complex and large systems but less intuitive.

Flexibility Method

- Uses compatibility conditions to solve indeterminate structures.
- Generally more algebraically intensive but can handle a broader range of problems.

Finite Element Method (FEM)

- Numerical technique capable of analyzing highly complex structures.
- Suitable for detailed analysis, including non-linear behavior and dynamic effects.

Despite advances in computational methods, the moment distribution method remains valuable for
educational purposes, conceptual understanding, and quick manual calculations.

Practical Tips for Using the Moment Distribution Method

- Always verify fixed-end moments and stiffness calculations.

- Use consistent units throughout the analysis.

- Keep track of moments at each iteration carefully to avoid errors.

- Recognize the limits of the method and consider computer-aided analysis for complex
structures.

- Use software tools for large or intricate structures to save time and improve accuracy.
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Conclusion

The moment distribution method is a fundamental technique in the arsenal of structural engineers,
providing a practical and insightful way to analyze indeterminate structures. Its systematic approach,
rooted in engineering principles of stiffness, load distribution, and equilibrium, enables accurate
determination of internal moments critical for safe and efficient design. While modern computational
tools have supplemented manual methods, understanding the moment distribution method remains
essential for grasping the behavior of complex structures and for educational purposes. With its
blend of simplicity and effectiveness, it continues to be a valuable technique in structural analysis,
ensuring that structures are both resilient and economical.

Understanding the Moment Distribution Method: A Comprehensive Guide

In the realm of structural engineering, particularly in the analysis of statically indeterminate beams
and frames, the Moment Distribution Method stands out as a fundamental and intuitive technique.
This method, developed by Hardy Cross in the 1930s, offers engineers a systematic approach to
determine the moments and reactions in complex structures through a process of iterative
balancing. Whether you're a student aiming to grasp the basics or a practicing engineer refining your
analytical toolkit, understanding the moment distribution method is essential for solving
indeterminate structures efficiently and accurately.

What is the Moment Distribution Method?

The moment distribution method is a stiffness method used to analyze continuous beams and
frames that are statically indeterminate. Unlike simple determinate structures, indeterminate
structures have more support reactions than necessary for equilibrium, making their analysis more
complex. The moment distribution method simplifies this complexity by distributing moments
gradually until the structure reaches equilibrium.

At its core, the method involves:
- Calculating fixed-end moments based on loadings.
- Distributing these moments to adjacent members according to their stiffness.
- Applying correction steps iteratively to balance moments at the supports.
- Achieving convergence when moments stabilize within a specified tolerance.

Key Concepts and Terminology

Before diving into the step-by-step process, it?s crucial to familiarize yourself with some
fundamental concepts:
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- Stiffness of a member: The resistance of a member to bending, often represented as a stiffness
coefficient in the method.

- Distribution factor: The proportion of unbalanced moment to be distributed to a joint, determined
by the relative stiffnesses of the connected members.

- Carry-over factor: The proportion of moment transferred from one end of a member to the other,
typically 0.5 for symmetrical members.

- Fixed-end moments (FEM): The moments that would occur at the ends of a member if it were
fixed at both ends under a particular load.

Step-by-Step Procedure of the Moment Distribution Method

- Identify the Structure and Supports

Begin by clearly sketching the structure, marking all supports, spans, loads, and boundary
conditions. For each joint, note the number of connected members.

- Calculate Fixed-End Moments (FEM)

Using the loadings (uniform, point loads, etc.), compute the fixed-end moments for each member as

if their ends were fixed. Standard formulas or tables are often used for common load types:

- For a uniformly distributed load \(w\) over a span \(L\):

- Fixed-end moment at each end:
\[
M_{fixed} = -\frac{wL"2}{12}

\

- For point loads and other cases, refer to standard FEM formulas.

- Determine the Distribution Factors (DF)
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For each joint, calculate the distribution factor for each connected member:
\[

DF = \frac{K}{\sum K}

\

where \(K\) is the stiffness of the member at that joint.

- For a simply supported beam segment:
\[
K =\frac{4EI}{L}
\

- For a continuous beam or frame, the stiffness considers the member's properties and boundary
conditions.

- Initial Moment Distribution

- At each joint with unbalanced moments, distribute the fixed-end moments to adjacent supports
according to their distribution factors.
- The unbalanced moment at each joint is initially the FEM at that joint.

- Carry-Over of Moments

- After each distribution step, transfer a portion of the moment from one end of a member to the

other.
- The carry-over factor (usually 0.5 for symmetrical members) determines how much of the
distributed moment is carried over:

\[
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\text{Carry-over moment} = \text{Distributed moment} \times \text{Carry-over factor}

\

- For each member, add the carry-over moments to the opposite ends.

- Iterative Balancing

- Repeat the distribution and carry-over steps:

- Distribute the residual moments to the supports.

- Carry over the moments along the members.

- Continue until the moments at all joints converge within a pre-defined small tolerance (e.qg.,
le-4).

- Calculate Final Member Moments and Reactions

- Once the iterative process stabilizes, sum all moments at each support and along each
member.
- Use the moments to compute reactions, shear forces, and deflections as needed.

Practical Example: Continuous Beam with Uniform Load

Imagine a simple continuous beam spanning three supports (A, B, and C) with a uniform load \(wW\).

Here's a simplified outline:

- Calculate FEM at each end:

- For spans AB, BC, etc., based on load and span length.

- Compute distribution factors at each joint:

- For joint B, connect to spans AB and BC, compute \(DF_{AB}\) and \(DF_{BC}\).
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- Distribute initial fixed-end moments:

- Allocate FEMs to adjacent supports according to DFs.

- Carry over moments:

- Transfer moments along each member with a factor of 0.5.

- lterate:

- Continue distributing and carrying over until moments stabilize.

- Determine support reactions:

- Summate moments at supports and apply equilibrium equations.

This process reveals the moments at supports and the internal moments within the members,
providing a comprehensive picture of the structure's response.

Advantages and Limitations
Advantages:
- Intuitive and straightforward, especially for continuous beams and frames.
- Suitable for hand calculations of small to medium-sized structures.
- Offers insight into the distribution of moments within the structure.
Limitations:
- Becomes cumbersome for very large or complex structures without computational aid.

- Less efficient than matrix methods for very high degrees of indeterminacy.
- Assumes linear elastic behavior and small deflections.
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Modern Applications and Software

While the moment distribution method is invaluable for educational purposes and small structures,
modern structural analysis software (like SAP2000, ETABS, or STAAD.Pro) employs matrix
methods that can handle larger, more complex structures more efficiently. Nonetheless,
understanding the moment distribution technique provides valuable insight into the behavior of
indeterminate structures and helps validate numerical results.

Final Thoughts

The Moment Distribution Method remains a foundational analysis technique in structural
engineering. Its iterative nature fosters a deep understanding of how moments are redistributed in
indeterminate structures, promoting a more intuitive grasp of structural behavior. Mastery of this
method not only aids in manual calculations but also enhances overall structural intuition, making it
an essential part of any structural engineer?s analytical skill set. Whether used as a teaching tool or
a quick analysis technique, the moment distribution method continues to be a testament to
engineering ingenuity and simplicity.

QuestionAnswer What is the moment distribution method in structural analysis? The moment
distribution method is an iterative technique used to analyze statically indeterminate structures by
distributing and balancing moments at joints until equilibrium is achieved. How does the moment
distribution method simplify the analysis of indeterminate frames? It simplifies analysis by breaking
down complex structures into a series of joint calculations, distributing moments based on stiffness,
and iteratively balancing moments without solving simultaneous equations directly. What are the
main steps involved in performing the moment distribution method? The main steps include fixing
moments at joints, calculating carry-over and distribution factors, distributing moments to adjacent
members, and repeating the process until the moments converge to a stable solution. What are the
advantages of using the moment distribution method? Advantages include its systematic approach,
suitability for hand calculations, and ease of understanding, especially for analyzing continuous
beams and frames with multiple supports. Are there limitations to the moment distribution method?
Yes, it can become cumbersome for very large structures with numerous members, and it is less
efficient than matrix methods for complex, computer-aided analysis. How is the moment distribution
method relevant in modern structural engineering practice? While more advanced computer-based
methods are now common, the moment distribution method remains a valuable educational tool and
is useful for quick, approximate analysis of indeterminate structures.

Related keywords: structural analysis, indeterminate structures, stiffness method, load distribution,
beam analysis, continuous beams, structural flexibility, moment calculations, stiffness matrix, static
indeterminacy
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Examples in structural analysis by william mckenzie

Examples in structural analysis by William McKenzie serve as fundamental tools for engineers
and students alike to understand the behavior of various structural systems under different loading
conditions. William McKenzie, renowned for his contributions to structural engineering and analysis,
introduced several insightful examples that help elucidate complex concepts in the field. His work
not only provides practical applications but also enhances theoretical understanding, making
structural analysis accessible and manageable for learners and practitioners.

In this article, we delve into some of the most notable examples in structural analysis by William
McKenzie, exploring their significance, methodologies, and applications. We aim to offer a

comprehensive overview that highlights McKenzie's approach to solving structural problems,
emphasizing clarity, precision, and practicality.

William McKenzie's Contribution to Structural Analysis
William McKenzie is a celebrated figure in civil and structural engineering, particularly known for his
systematic approach to analyzing complex structures. His examples often serve as benchmarks in
engineering education, illustrating principles such as load distribution, stiffness, and the behavior of
different structural elements.
McKenzie's work emphasizes:

- Simplification of complex structures into manageable models

- Use of mathematical tools for accurate analysis

- Application of principles to real-world structures such as beams, frames, and trusses

His examples are characterized by clarity and step-by-step procedures, making them invaluable for
understanding the core concepts of structural mechanics.

Key Examples in Structural Analysis by William McKenzie

Below are some illustrative examples that showcase McKenzie's methodology:

1. Analysis of a Simply Supported Beam Under Uniform Load
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This classic example demonstrates how to determine bending moments, shear forces, and
deflections in a simple beam.

Problem Statement:
A simply supported beam of length L is subjected to a uniform load w across its entire span.
Analysis Approach:

- Step 1: Calculate reactions at supports

- Both supports share the load equally:
-\(R_A =R_B = \frac{wL}2}\)

- Step 2: Find bending moment distribution
- Bending moment at a distance x from support A:
-\(M(x) = R_A x - \frac{w x"2}{2} \)

- Step 3: Determine maximum bending moment
- Occurs at mid-span \( x = \frac{LH{2} \):
-\( M_{max} = \frac{w L"2}{8} \)

- Step 4: Calculate deflection
- Using the standard beam deflection formulas or integration methods.
Significance:

This example illustrates fundamental concepts such as load distribution and the use of equilibrium
equations, serving as a foundation for more complex analyses.

2. Analysis of a Cantilever Beam with Point Load at Free End

This example explores the response of a cantilever under a concentrated load, highlighting the
principles of moment and shear.

Problem Statement:

A cantilever beam of length L carries a point load P at its free end.
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Analysis Approach:

- Step 1: Reactions at the fixed support
- Vertical reaction: \( R = P)\)

- Moment at the fixed end:
-\(M=-PL))

- Step 2: Shear force diagram
- Shear force is constant along the length:
-\(V=-P))

- Step 3: Bending moment diagram
- Bending moment varies linearly:
-\(MX)=-P (L-x)\)

- Step 4: Deflection at free end
- Calculated via integration of the moment-curvature relationship.
Application:

This example is common in cantilever design, such as overhanging balconies or beams supporting
loads at the free end.

3. Analysis of a Frame with Vertical and Horizontal Loads

McKenzie's methodology extends to multi-story frames, demonstrating how to handle combined
vertical and horizontal forces.

Problem Statement:
A two-story frame subjected to vertical loads (dead and live loads) and a horizontal seismic load.
Analysis Approach:

- Step 1: Determine load paths
- Vertical loads are transferred through columns to the foundation.
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- Horizontal loads induce moments and shear in beams and columns.

- Step 2: Apply equilibrium equations
- Sum of forces and moments at each joint.

- Step 3: Use of moment distribution or matrix methods
- McKenzie?s examples often advocate simplified methods like the moment distribution method
for indeterminate structures.

- Step 4: Calculate member forces and deflections
- Ensuring the structure's stability and serviceability.

Significance:

This example demonstrates the importance of considering multiple load types and the
interconnected behavior of frame components.

Methodological Insights from William McKenzie?s Examples

McKenzie's examples are characterized by several methodological strengths:

- Stepwise Approach: Breaking down complex problems into manageable steps makes analysis
clearer and more approachable.

- Use of Simplified Models: Employing idealized models (e.g., pin-jointed trusses, elastic
beams) to illustrate fundamental behavior.

- Mathematical Rigor: Combining equilibrium equations with compatibility and constitutive
relationships ensures comprehensive analysis.

- Practical Applications: Linking theoretical examples to real-world structures enhances
understanding and relevance.

These principles underpin McKenzie's effective teaching and problem-solving strategies in structural
analysis.

Applications of McKenzie?s Examples in Modern Structural
Engineering

The examples presented by William McKenzie continue to influence engineering practice today.
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They serve as:

Educational Tools

- Used in engineering curricula to teach fundamentals.
- Help students develop problem-solving skills.

Design Principles

- Provide insights into how structures respond to loads.
- Assist in initial design calculations before detailed analysis.

Code Development

- Inform structural safety codes based on fundamental behaviors observed in these examples.

Conclusion

Examples in structural analysis by William McKenzie form a cornerstone of civil engineering
education and practice. His systematic and clear approach to analyzing various structural
systems?be it beams, frames, or trusses?has helped generations of engineers understand complex
behaviors in a manageable way. By studying McKenzie?s examples, engineers can develop a
strong conceptual and practical understanding of how structures respond under different loading
conditions, ultimately leading to safer, more efficient, and innovative designs.

Whether you are a student beginning your journey in structural engineering or a seasoned
professional refreshing your fundamentals, McKenzie's examples serve as invaluable references.
They not only demonstrate core principles but also inspire confidence in tackling real-world
structural challenges.

Keywords: structural analysis, William McKenzie, beam analysis, frame analysis, load distribution,
shear force, bending moment, deflection, engineering examples, structural behavior

Examples in Structural Analysis by William McKenzie offer a comprehensive insight into the practical
applications of structural engineering principles. This seminal work bridges theoretical concepts with
real-world problems, guiding engineers and students through complex analyses with clarity and
precision. In this detailed guide, we will explore the core examples presented by McKenzie, dissect
their methodologies, and highlight the key learning points that make this resource an essential
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reference in structural analysis.

Introduction to William McKenzie's Approach in Structural Analysis

William McKenzie?s contributions to structural analysis are renowned for their clarity, methodical
approach, and emphasis on problem-solving techniques. His examples cover a wide spectrum of
structural systems?beams, frames, trusses, and more?demonstrating how to apply fundamental
principles such as equilibrium, compatibility, and material behavior to diverse situations. By working
through these examples, engineers gain a deeper understanding of how to model structures,
calculate internal forces, and design for safety and efficiency.

Core Themes in McKenzie's Examples

Before diving into specific examples, it?s important to understand the recurring themes across
McKenzie?s work:

- Simplification and Assumptions: Many examples start with idealized models to focus on
fundamental behaviors.

- Step-by-step Problem Solving: McKenzie emphasizes breaking down complex problems into
manageable parts.

- Use of Classical Methods: Techniques such as moment distribution, influence lines, and joint
analysis are prominently featured.

- Integration of Theory and Practice: Examples often connect analytical results to practical design
considerations.

Overview of Selected Examples in Structural Analysis

Below, we explore some representative examples from McKenzie?s work, illustrating different

structural systems and analysis techniques.

- Analysis of a Simply Supported Beam with Uniform Load

Objective: Determine bending moments, shear forces, and deflections.

Methodology:

- Apply equilibrium equations to find shear forces at critical points.
- Use the relationship between bending moments and shear to derive moment diagrams.
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- Employ the elastic curve formula to estimate deflections.

Key Learning Points:

- Understanding load distribution.
- Recognizing maximum moments at mid-span.
- Approximating deflections using standard formulas.

- Truss Analysis Using the Method of Joints

Objective: Calculate member forces in a planar truss subjected to given loads.

Methodology:

- Draw the external load diagram.

- Identify support reactions using equilibrium.

- Apply the method of joints to solve for member forces iteratively.
- Check for zero-force members to simplify calculations.

Key Learning Points:

- Importance of equilibrium at joints.

- Recognizing tension and compression members.

- Simplifying complex trusses by identifying zero-force members.

- Frame Analysis with Moment Distribution Method
Objective: Find internal moments in a statically indeterminate frame.
Methodology:

- Establish fixed-end moments for each member.

- Distribute moments to adjacent members based on their stiffness.

- Apply the carry-over factor to transfer moments across joints.
- Iterate until convergence of moments.

Vol. 2021, Issue 7
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Key Learning Points:

- Handling indeterminate structures.
- Systematic distribution of moments.
- Understanding the role of stiffness in load sharing.

- Influence Line Analysis for a Simply Supported Beam

Objective: Determine the variation of a support reaction or internal force as a load moves across a
span.

Methodology:
- Construct influence lines for the quantity of interest.
- Use the influence line to find maximum and minimum values under moving loads.
- Apply to design for live loads, vehicle loadings, etc.
Key Learning Points:
- Visualizing how load position affects internal forces.
- Using influence lines for design optimization.
- Recognizing critical load positions.
In-Depth Example: Continuous Beam with Multiple Supports
One of McKenzie?s more intricate examples involves analyzing a continuous beam supported at
multiple points. This example encapsulates many principles of structural analysis and demonstrates
the application of the moment distribution method.
Problem Statement
A continuous beam spans three supports (A, B, C) with the following data:
- Lengths: AB=6m,BC=6m

- Uniformly distributed load: 10 kN/m over the entire span
- Supports A and C are simple supports; B is a hinge
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Analytical Approach
Step 1: Calculate Fixed-End Moments
Assuming continuous beam with fixed supports, the fixed-end moments for uniform load are:
-AtAand C: -wL?/12
- At B: 0 (hinge allows rotation)
Step 2: Set Up Moment Distribution
- Determine stiffness factors for each span based on the flexural rigidity (El).
- Distribute fixed-end moments to adjacent spans proportionally.
Step 3: Iterative Distribution
- Distribute moments from supports to spans.
- Carry over moments across joints using the carry-over factor (usually 0.5 for uniform beams).
- Repeat until moments stabilize.
Results and Interpretation
The analysis yields the moments at each support and mid-span points:
- Maximum negative moment at mid-span of the outer spans.
- Positive moments near supports, indicating the need for reinforcement in these regions.
Design Implications
Understanding the distribution of moments helps in:
- Designing reinforcement layouts.
- Ensuring sufficient capacity at critical points.

- Planning for load effects in serviceability and strength considerations.

Advanced Topics Covered in McKenzie?s Examples
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Beyond basic analyses, McKenzie?s work delves into more complex scenarios:

- Stability Analysis: Examining buckling and lateral-torsional buckling of beams and frames.
- Dynamic Analysis: Response of structures to moving loads and seismic forces.
- Plastic Analysis: Limit states and ultimate load considerations.

Each example emphasizes the importance of selecting appropriate methods based on structural
complexity, material behavior, and safety requirements.

Practical Tips for Utilizing McKenzie?s Examples

- Work Through Step-by-Step: Don?t skip steps; understanding each stage enhances
problem-solving skills.

- Use Diagrams Extensively: Visual aids like shear and moment diagrams clarify internal force
distributions.

- Check Results Consistently: Verify calculations through alternative methods or simplified
checks.

- Relate to Real-World Conditions: Consider how idealized assumptions apply to actual
structures.

Conclusion

Examples in Structural Analysis by William McKenzie serve as foundational exercises that reinforce
core principles and analytical techniques. Whether analyzing simple beams, complex frames, or
truss systems, these examples provide a structured approach to mastering structural behavior. By
studying and practicing these problems, engineers and students develop the confidence and
competence necessary for effective structural design and analysis. Embracing the systematic
methodology advocated by McKenzie ensures a robust understanding of how structures respond
under various loads, ultimately leading to safer and more efficient engineering solutions.

Remember: Structural analysis is as much an art as it is a science. The key lies in understanding the
principles, practicing diligently through examples, and applying judgment to real-world challenges.

QuestionAnswer What are some key examples of structural analysis covered in William
McKenzie's work? William McKenzie?s work includes examples such as beam deflection under
various loads, analysis of truss structures, and the study of indeterminate structures using methods
like the flexibility and stiffness approaches. How does William McKenzie illustrate the use of the
moment distribution method in structural analysis? McKenzie provides step-by-step examples
demonstrating how to apply the moment distribution method to analyze continuous beams and
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statically indeterminate frames, highlighting the calculation of moments and shear forces. Can you
give an example of how McKenzie explains the analysis of plane trusses? Yes, McKenzie includes
detailed examples showing the application of methods like joint resolution and method of sections to
determine internal forces in various truss configurations. What examples does William McKenzie
provide for analyzing indeterminate structures? He discusses examples such as continuous beams
and rigid frames, illustrating approaches like the slope-deflection method and the flexibility method
to solve for unknown support reactions and internal forces. Are there practical examples in
McKenzie's work related to real-world structural problems? Yes, his examples often mirror real-world
scenarios, such as analyzing bridges, building frameworks, and other structural elements to
demonstrate the application of theories to practical engineering problems. How does William
McKenzie approach the topic of deflection calculations in structural members? McKenzie provides
examples involving differential equations and boundary conditions to calculate deflections, including
the use of moment-area theorems and conjugate beam methods. Does McKenzie?s book include
step-by-step examples for students learning structural analysis? Absolutely, his book features
numerous detailed, step-by-step examples designed to help students understand and apply various
structural analysis techniques effectively.

Related keywords: structural analysis, William McKenzie, engineering examples, structural

mechanics, beam analysis, truss analysis, load distribution, statics, structural design, civil
engineering
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Moment distribution method examples continuous beams

Moment Distribution Method Examples for Continuous Beams: A
Comprehensive Guide

Moment distribution method examples continuous beams is an essential topic in structural
analysis, especially for civil engineers and students aiming to understand how to analyze
indeterminate structures efficiently. Continuous beams are fundamental structural elements that
span over multiple supports, providing better load distribution and stiffness compared to simple
beams. However, analyzing such beams involves complex calculations due to their indeterminate
nature, which is where the moment distribution method shines.

This article delves into detailed examples of the moment distribution method applied to continuous
beams, illustrating the step-by-step process, key concepts, and practical applications. Whether
you're a student preparing for exams or a practicing engineer refining your analysis skills, this
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comprehensive guide aims to make the topic clear, accessible, and SEO-optimized for easy
reference.

Understanding the Moment Distribution Method for Continuous
Beams

Before jumping into examples, it's crucial to understand the fundamental principles of the moment
distribution method (also known as Hardy Cross method). This iterative technique is used to analyze
statically indeterminate structures by balancing moments at the supports through successive
approximations.

Key concepts include:

- Stiffness of joints: The rigidity of the support or connection, affecting how moments are
distributed.

- Fixed-end moments: The moments that would occur if the ends of the beam were fixed without
any support movement.

- Carry-over moments: The moments transferred from one end of a member to the other, typically
half of the end moments.

- Distribution factors: The proportion of the moment allocated to each support, based on their
stiffness.

Step-by-Step Process of the Moment Distribution Method

- Calculate Fixed-End Moments (FEM): Determine the moments that would occur at the ends of
each span if the supports were fixed.

- Determine Distribution Factors (DF): For each joint, calculate the distribution factor based on the
stiffness of the connected members.

- Apply the Moment Distribution:

- Distribute the fixed-end moments to the supports according to the distribution factors.
- Apply the carry-over moments to the opposite ends of the members.
- Repeat the process iteratively until the moments converge to acceptable accuracy.
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- Calculate Support Moments and Shears: Use the final moments to analyze the structure's
response, including support reactions and internal stresses.

Example 1. Two-Span Continuous Beam Analysis
Let's analyze a simple two-span continuous beam with the following data:
- Span lengths: \(L_1=6\,m\), \(L_2 =6\,m\)
- Uniformly distributed load: \( w = 10\,kN/m\)
- Flexural rigidity: \( EI \) (constant for all spans)
- Supports are simple (hinged), allowing rotation but no moment transfer at supports.
Step 1: Calculate Fixed-End Moments
For a uniformly distributed load \( w \) on a simply supported beam of length \( L \):
\[

FEM = -\frac{w L"2}{12}

\

- For each span:
\[
FEM_{AB} = FEM_{BC} = -\frac{10 \times 672}{12} = -\frac{10 \times 36}{12} = -30\,kNm
\
Step 2: Determine Distribution Factors
At the internal support \( B \), connected to spans \( AB\) and \( BC\):
\[
DF_{AB}=\frac{l/L_1H(I/L_1)+ (1/L_2)} = \frac{1/6}{1/6 + 1/6} = 0.5

\
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Similarly, for the other support.

Step 3: Moment Distribution Iteration

- Distribute fixed-end moments to supports:
\[
\text{Support moment at } B = 0.5 \times (-30\,kNm) = -15\,kNm

\

- Carry-over moments:
\[
\text{Carry-over to each end} = \frac{1}2} \times (-15\,kNm) = -7.5\,kNm

\

- Repeat the process iteratively, adjusting moments and distributing until the moments converge.
Outcome:

After several iterations, you obtain the support moments and maximum moments in the spans,
which inform the design and reinforcement of the beam.

Example 2: Three-Span Continuous Beam with Point Loads
Consider a continuous beam with three spans of equal length \( L = 8\,m\), supported at both ends

and at the center support.

- Point loads: \( P = 20\,kN \) at mid-span of each span.
- Supports are simply hinged.
- Flexural rigidity \( EI \) remains constant.

Step 1: Fixed-End Moments for Point Loads
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For a point load at mid-span on a simply supported span:
\[
FEM = -\frac{P \times LH{8} = -\frac{20 \times 8}{8} = -20\,kNm

\

- For each span, the fixed-end moments at the supports are:
\[
FEM_{support} = -20\,kNm
\
Step 2: Distribution Factors
At each internal support:
\[
DF_{left} = \frac{l / L{(1 /L) + (1/ L)} =0.5
\
Similarly, for the right support.

Step 3: Moment Distribution

- Distribute the fixed-end moments to the supports:
\[
\text{Support moments} = 0.5 \times (-20\,kNm) = -10\,kNm

\

Vol. 2021, Issue 7
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- Carry-over moments:
\[
-10\,kNm \times \frac{1}{2} = -5\,kNm

\

- Iterate the process, updating moments based on the carry-over until the distribution converges.
Final Results:

The moments at each support and mid-span are then used to determine shear forces, bending
stresses, and reinforcement requirements.

Practical Considerations in Using the Moment Distribution Method

While the method provides an effective analytical approach, several practical aspects are vital:

- Software tools: Modern structural analysis software can automate the moment distribution
calculations, saving time and reducing errors.

- Material properties: Accurate values of \( EI'\) are crucial for precise results.

- Load cases: Consider various load combinations, including dead loads, live loads, and wind or
seismic forces.

- Support conditions: Fixed, hinged, or roller supports influence fixed-end moments and
distribution factors.

Benefits of Using the Moment Distribution Method for Continuous
Beams

- Accurate for indeterminate structures: It provides a reliable way to analyze complex continuous
beams.

- Iterative approach: Allows for step-by-step refinement, improving accuracy.

- Educational value: Enhances understanding of structural behavior and load distribution.

- Versatility: Applicable to various load types and support conditions.

Conclusion
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Analyzing continuous beams using the moment distribution method involves understanding the
fundamental principles of fixed-end moments, distribution factors, and iterative moment balancing.
The detailed examples provided?ranging from two-span continuous beams with uniform loads to
multi-span beams with point loads?illustrate how this method can be systematically applied to
real-world structural problems.

By mastering these examples, engineers and students can confidently approach complex
indeterminate structures, ensuring safe and efficient designs. Remember, combining analytical
methods like moment distribution with modern software tools can streamline the analysis process
and enhance accuracy.

Further Resources

- Structural Analysis by R.C. Hibbeler
- Structural Analysis and Design of Tall and Complex Buildings by Bungale S. Taranath
- Online tutorials and software simulations for moment distribution method practice

Keywords: moment distribution method, continuous beams, indeterminate structure analysis,
fixed-end moments, distribution factors, carry-over moments, structural analysis examples, civil
engineering analysis

Moment Distribution Method Examples for Continuous Beams

The moment distribution method stands as a fundamental technique in structural analysis, especially
when dealing with indeterminate structures such as continuous beams. When engineers need to
determine the moments and shear forces in a continuous beam?one that spans over multiple
supports?the moment distribution method offers an efficient and systematic approach. This article
explores various examples of continuous beams analyzed using the moment distribution method,
providing a detailed, step-by-step understanding tailored for both students and practicing engineers.

Understanding the Moment Distribution Method in Continuous Beams

Before delving into specific examples, it?s essential to grasp the core principles that underpin the
moment distribution method. Developed by Hardy Cross in the 1930s, this iterative process
simplifies complex indeterminate structures by distributing moments at joints until equilibrium is

achieved.

Key Concepts
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- Fixed-End Moments (FEM): Moments calculated assuming the beam ends are fixed against
rotation.

- Stiffness Factors: Quantify the resistance of each span to rotation, usually based on the flexural
rigidity (El) and length of the span.

- Distribution Factors (DF): The ratio of a span?s stiffness to the total stiffness at a joint;
determines how moments are shared.

- Carry-Over Factors: Typically 0.5 for uniform beams, these determine how moments are
transferred from one end of a span to the other during distribution.

The Procedure

- Calculate Fixed-End Moments (FEM): For each span, based on the applied loads.

- Determine Distribution Factors: For each joint, based on the stiffness of adjacent spans.

- Initial Moment Distribution: Apply the FEMs, then distribute moments to connected spans
according to DFs.

- Carry-Over of Moments: After distribution, moments are transferred to the other ends of the
spans.

- Iterate: Repeat distribution and carry-over steps until the moments converge to stable values.
Example 1: Simply Supported Continuous Beam with Uniform Load
Problem Statement
Consider a continuous beam spanning three supports (A, B, C) with a total length of 15 meters,

divided into two spans of 7.5 meters each. The beam is subjected to a uniform load of 10 kN/m
across its entire length. Supports A and C are simply supported, while support B is a roller support.
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Find the moments at supports A, B, and C using the moment distribution method.
Step-by-Step Solution
Step 1: Calculate Fixed-End Moments

Since the load is uniform, the fixed-end moments for each span are:

- For each span, FEM at both ends:
\[
\text{FEM} = -\frac{w L"2}{12}
\
Where:
- \(w = 10\, \text{kN/m}\)
-\(L = 7.5\, \text{m}\)
Calculating:
\[

\text{FEM} = -\frac{10 \times (7.5)"2}{12} = -\frac{10 \times 56.25}{12} = -\frac{562.5}{12} \approx
-46.88\, \text{kNm}

\

The fixed-end moments at each end of the spans are:

- For span AB:

- End A: \(+46.88\, \text{kNm}\)
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- End B: \(+46.88\, \text{kNm}\)

- For span BC:

- End B: \(+46.88\, \text{kNm}\)

- End C: \(+46.88\, \text{kNm}\)

Note: The signs depend on load direction; here, positive moments tend to bend the beam in an
upward direction under the load.

Step 2: Determine Stiffness and Distribution Factors
The stiffness of each span:

\[

k = \frac{4EI}{L}

\

Since the spans are identical:

\[

k = \frac{4EI}{7.5}

\

At each joint:

- Support B: connected to spans AB and BC, with stiffnesses \(k_{AB}\) and \(k_{BC}\).

- Support A: only connected to span AB.
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- Support C: only connected to span BC.
Distribution factors:
\[
DF_{AB} = \frac{k_{AB}}{k_{AB} + k_{BCY} = \frac{4EI/7.5{(4EI/7.5) + (4El/7.5)} = 0.5
\
Similarly,
\[
DF {BC}=0.5
\
For simple cases with identical spans, each share equally.

Step 3: Initial Moment Distribution

- At support B:

- Distribute FEMs:
\[

\text{Moment at B} = \text{FEM of AB} \times DF_{AB} + \text{FEM of BC} \times DF_{BC} = 46.88
\times 0.5 + 46.88 \times 0.5 = 46.88\, \text{kNm}

\
- Support A and C have fixed supports; initial moments at A and C are simply the fixed-end
moments:

\[
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M_AN{(0)} = 46.88)\, \text{kNm}
\
\[
M_C{(0)} = 46.88\, \text{kNm}

\

- Support B initial moment:
\[
M_B™{(0)} = 46.88\, \text{kNm}
\
Step 4: Carry-Over Moments
Moments are carried over to the other ends of each span:
\[
\text{Carry-over factor} = 0.5

\

- For span AB:

- At A: carry-over to B:
\[
M_{A \rightarrow B} = 0.5 \times M_A™(0)} = 0.5 \times 46.88 = 23.44\, \text{kNm}

\
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- For span BC:

- At C: carry-over to B:
\[
M_{C \rightarrow B} = 0.5 \times M_C"{(0)} = 23.44\, \text{kNm}

\

- At support B, sum of carry-overs:
\[
M_B7{(1)} = 23.44 + 23.44 = 46.88\, \text{kNm}
\
This matches the initial distribution, indicating equilibrium.

Step 5: Iteration and Convergence

Vol. 2021, Issue 7

Because the moments stabilize after one iteration, the final moments are approximately:

- Support A: \(+46.88\, \text{kNm}\)
- Support B: \(+46.88\, \text{kNm}\)
- Support C: \(+46.88\, \text{kNm}\)

Interpretation

The moments at supports are symmetrical due to uniform loading and span lengths. The maximum
bending moments typically occur at mid-spans, with moments at supports being positive (sagging).

Example 2: Continuous Beam with Point Loads and Uniform Load

Problem Statement

A continuous beam spanning three supports (A, B, C) over two spans (each 8 meters). The beam
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carries:
- A point load of 20 kN at mid-span of each span.
- A uniform load of 5 kN/m across the entire length.
Calculate the support moments at A, B, and C using the moment distribution method.
Approach Overview
This example introduces point loads, which generate fixed-end moments that differ from uniform

loads. The analysis involves:

- Calculating fixed-end moments for both loads.
- Combining these to find total FEMs.
- Proceeding with the iterative distribution process as in the previous example.

Step 1: Fixed-End Moments

- For point loads at mid-span:
\[
\text{FEM} = \frac{P \times LK4}

\

- For \(P = 20\, \text{kN}\), \(L=8\, \text{m}\):
\[
\text{FEM} = \frac{20 \times 8}{4} = 40\, \text{kNm}

\

- For uniform load:
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\[

\text{FEM} = -\frac{w L"2}{12} = -\frac{5 \times 8"2}{12} = -\frac{5 \times 64}{12} = -\frac{320}{12}
\approx -26.67\, \text{kNm}

\

- Total fixed-end moment at each end of a span:
\[
\text{FEM total} = 40\, \text{kNm} + (-26.67\, \text{kNm}) = 13.33\, \text{kNm}
\

Apply these at the respective spans:

- At each span, the fixed-end moments at the supports are +13.33 kNm.
Step 2: Stiffness and Distribution Factors
Again, with identical spans, DFs are equally split:
\[
DF=0.5
\
Step 3: Initial Distribution
At support B, distribute the FEMs from adjacent spans:
\[
M_B7{(0)} = 13.33 \times 0.5 + 13.33 \times 0.5 = 13.33\, \text{kNm}

\
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Similarly, initial moments at A and C are \(

QuestionAnswer What is the moment distribution method for continuous beams? The moment
distribution method is a structural analysis technique used to determine moments and reactions in
continuous beams by iteratively distributing and balancing moments at joints until equilibrium is
achieved. How do you set up the stiffness factors in the moment distribution method for continuous
beams? Stiffness factors are calculated as the ratio of the moment of inertia divided by the length of
each span (El/L). These factors are used to determine the fixed-end moments and distribution
factors at the joints. Can you provide an example of calculating fixed-end moments in a continuous
beam? Yes, for a uniformly distributed load w over a span L, the fixed-end moments are M_AE =
M_BE = -wL"2/12 for simply supported ends. These serve as the initial moments before distribution
begins. What are the typical steps involved in analyzing a continuous beam using the moment
distribution method? The steps include calculating fixed-end moments, determining distribution
factors at each joint, fixing initial moments to zero, iteratively distributing and balancing moments
until the changes are negligible, and finally calculating support reactions. How does the moment
distribution method handle multiple spans in a continuous beam? The method treats each joint as a
node and distributes moments between adjacent spans iteratively, accounting for the stiffness of
each span, until the moments at all joints converge to stable values. What are common challenges
faced when using the moment distribution method for continuous beams? Challenges include
managing complex calculations for multiple spans, ensuring convergence, accurately calculating
distribution factors, and correctly accounting for various load types and boundary conditions. How do
continuous beams with varying spans or supports affect the moment distribution analysis? Varying
spans or supports require calculation of different stiffness factors for each span, and the analysis
must account for these differences when distributing moments, making the process more complex
but still manageable with systematic steps. Can the moment distribution method be used for
statically indeterminate beams with multiple spans? Yes, it is specifically designed for statically
indeterminate structures like multi-span continuous beams, allowing for the calculation of moments
and reactions by iterative redistribution of moments. What are the advantages of using the moment
distribution method over other analysis techniques for continuous beams? Advantages include its
systematic approach, suitability for manual calculations, clear step-by-step procedure, and
effectiveness in handling multiple spans and indeterminate structures without complex matrix
methods. Are there software tools available to perform moment distribution analysis for continuous
beams? Yes, several structural analysis software packages like SAP2000, ETABS, and STAAD.Pro
can perform moment distribution analysis automatically, but understanding the manual method is
essential for verification and learning purposes.

Related keywords: moment distribution method, continuous beams, structural analysis, moment
distribution procedure, continuous beam analysis, distribution factors, fixed end moments, stiffness
factors, indeterminate structures, beam moment calculations
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