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Introduction

Understanding the internal forces within a truss is fundamental to structural analysis and design. A

cantilever truss, supported at one end and extending outward, often carries various loads that induce

internal stresses in its members. Accurate computation of these forces enables engineers to determine

whether each member is in tension or compression, ensuring the truss's safety, stability, and

efficiency. This article provides a systematic approach to analyzing a loaded cantilever truss,

calculating forces in each member, and identifying their nature.

Fundamentals of Cantilever Trusses

A cantilever truss is characterized by one fixed support, typically at the left end, which restrains vertical

and horizontal displacements. The truss extends outward, often subjected to point loads, distributed

loads, or a combination thereof. Key aspects include:

- The support reactions at the fixed end.

- External loads applied to the truss members.

- The internal forces generated within each member due to these loads.



Methodology for Force Calculation

The analysis generally involves two main steps:

1. Determining support reactions.

2. Applying methods such as the Joint Method or the Section Method to find internal member forces.

Given the complexity and interconnected nature of a truss, the Joint Method (also called Method of

Joints) is most commonly used for systematic analysis.

Step 1: Support Reactions

The first step involves calculating the support reactions at the fixed support. This is achieved by

applying equilibrium equations:

- Sum of vertical forces: \( \sum F_y = 0 \)

- Sum of horizontal forces: \( \sum F_x = 0 \)

- Sum of moments about the support: \( \sum M = 0 \)

For example, if a vertical load \(P\) is applied at the free end of a cantilever truss, the reaction at the

fixed support will include:

- A vertical reaction \(R_v\) equal to \(P\).

- A horizontal reaction \(R_h\) if there are horizontal loads.

- A moment \(M\) to resist the applied load.

Once reactions are known, the truss is effectively "loaded," and internal forces can be calculated.

Step 2: Applying the Joint Method

The Joint Method involves analyzing each joint where members connect, using equilibrium equations:

- \( \sum F_x = 0 \)

- \( \sum F_y = 0 \)



The process includes:

- Starting from a joint with known forces or support reactions.

- Solving for unknown member forces.

- Proceeding to adjacent joints iteratively until all member forces are found.

Analyzing a Typical Cantilever Truss

Suppose the cantilever truss is a simple, uniform structure with:

- Fixed support at the left end.

- A point load \(P\) at the free end.

- Several diagonal and vertical members connecting the top and bottom chords.

The main steps for such a structure are:

- Calculate reactions at the fixed support.

- Identify all joints with known forces.

- Use equilibrium equations at each joint to solve for unknown forces.

Sample Calculation of Member Forces

Let’s outline steps for a simplified scenario:

Reaction Calculation:1.

- Vertical reaction \(R_v = P\) (if the load is vertical at the free end).

- Horizontal reactions if applicable, often zero in symmetric loads.

Joint Analysis:2.

- Begin at the support joint where reactions are known.

- For each joint, apply equilibrium:

- \(\sum F_x = 0\)

- \(\sum F_y = 0\)



- Solve for unknown forces in members connected to the joint.

Progressively move through the truss:3.

- Use the known member forces to analyze subsequent joints until all forces are determined.

Determining Tension or Compression in Members

Once the internal forces are calculated, their nature—whether tension or compression—is assessed

based on the sign convention:

- Tension: Member is pulled apart; force acts outward along the member, typically designated as

positive.

- Compression: Member is pushed together; force acts inward, often designated as negative.

In the analysis:

- A positive force value indicates tension.

- A negative force value indicates compression.

Example: Analyzing a Specific Member

Suppose at a particular joint:

- Calculated force in member AB is +150 kN.

- The positive sign indicates that member AB is in tension.

Conversely, if a force in member BC is -100 kN:

- The negative sign indicates that member BC is in compression.

Summary of Key Points

- Calculate support reactions first using equilibrium equations.



- Use the Joint Method to find internal forces systematically.

- Determine whether each member is in tension or compression based on the sign and magnitude of

the computed force.

- Recognize that proper sign conventions are essential for correct interpretation.

Practical Considerations and Tips

- Always verify equilibrium at each step.

- Use consistent sign conventions: typically, tension is positive, compression is negative.

- For complex trusses, consider using software tools for verification.

- Be cautious of the geometry; angles and lengths influence force components.

Conclusion

Analyzing a cantilever truss for internal forces and their nature is a fundamental skill in structural

engineering. By systematically calculating reactions, applying the Joint or Section Method, and

interpreting the results, engineers can determine the forces in each member accurately. Identifying

whether each member is in tension or compression ensures the structural integrity and safety of the

truss design. Proper understanding and application of these principles facilitate efficient and reliable

structural systems capable of withstanding applied loads effectively.

Frequently Asked Questions

How do you determine the force in each member of a loaded cantilever

truss?

You can determine the force in each member by applying methods such as the method of joints or the

method of sections, along with equilibrium equations (sum of forces and moments) to analyze the truss

systematically.



What are the steps to compute the forces in the members of a

cantilever truss?

First, identify the support reactions, then isolate individual joints or sections, apply equilibrium

equations (∑F=0, ∑M=0), and solve for unknown member forces. Repeat for all joints or sections until

all member forces are found.

How can you tell if a member in a cantilever truss is in tension or

compression?

The sign convention used during calculation helps identify this: a positive force typically indicates

tension, while a negative force indicates compression. The direction of the force vector relative to the

member determines its state.

What role does the load position play in the force analysis of a

cantilever truss?

The position of the applied load affects the internal force distribution; loads closer to the free end tend

to produce different tension/compression patterns compared to loads near the fixed support,

influencing the magnitude and nature of member forces.

Are all members of a loaded cantilever truss in tension?

No, members in a cantilever truss can be in tension or compression depending on the load

configuration and geometry. Typically, top chords are in compression and bottom chords in tension,

but this varies with the load and support conditions.

What tools or software can assist in computing forces in cantilever

truss members?

Structural analysis software like STAAD.Pro, SAP2000, or AutoCAD Structural Analysis can efficiently

compute member forces, visualize tension and compression members, and verify manual calculations



in complex truss systems.

Additional Resources

Compute The Force In Each Member Of The Loaded Cantilever Truss And State Whether Each

Member Is In Tension

---

Introduction

The analysis of truss structures is a fundamental aspect of civil and mechanical engineering, essential

for ensuring safety, stability, and efficient material use. Among various types of trusses, the cantilever

truss is distinguished by its unique geometry and load distribution characteristics. When subjected to a

load, each member in a cantilever truss experiences internal forces—either tension or

compression—that determine the truss's integrity. Accurately computing these forces is critical for

designing resilient structures and preventing catastrophic failures.

This article provides a comprehensive investigation into the process of calculating the forces in each

member of a loaded cantilever truss, with an emphasis on whether members are in tension or

compression. The discussion encompasses the theoretical background, systematic methods, and

practical considerations, culminating in a detailed example for clarity.

---

Understanding the Cantilever Truss

Definition and Structural Characteristics

A cantilever truss is a type of truss where one end is fixed or supported, and the structure extends

outward without additional supports along its length. Typically, these trusses are designed with a fixed



support at one end, with the load applied at the free end or along segments of the structure.

Geometric Configuration

A common arrangement involves a series of interconnected triangles, providing stability and

distributing loads efficiently. The typical cantilever truss may have:

- A fixed support at one end (e.g., a wall or foundation)

- An extended span with diagonal and vertical members

- External loads applied at various points, often at the free end or mid-span

Understanding the geometry is crucial because the internal forces depend heavily on the configuration

and load application.

---

Theoretical Foundations of Truss Analysis

Assumptions in Truss Analysis

Standard truss analysis relies on several simplifying assumptions:

- Members are pin-jointed, with connections allowing free rotation

- Loads are applied only at the joints

- Members are two-force members, subjected to axial forces only (tension or compression)

- Material behavior is linear-elastic

These assumptions enable the use of methods such as the method of joints and the method of

sections.

Methods of Analysis



1. Method of Joints: Analyzes each joint independently, solving for member forces based on

equilibrium equations.

2. Method of Sections: Cuts through the truss to isolate a section, then applies equilibrium equations to

solve for forces in the cut members directly.

Both methods are complementary and often used together to verify results.

---

Step-by-Step Process for Computing Member Forces

Step 1: Establish Support Reactions

Before analyzing internal member forces, determine the reactions at the supports using equilibrium

equations:

\[

\sum F_x = 0,\quad \sum F_y = 0,\quad \sum M = 0

\]

For a cantilever, typically, the fixed support provides both vertical and horizontal reactions and a

moment.

Step 2: External Load Application and Equilibrium

Apply the external loads to the structure, considering their magnitude, position, and distribution.

Step 3: Method of Joints

- Start at a joint where only two members meet or where reactions are known.

- Resolve forces into horizontal and vertical components.



- Use equilibrium equations:

\[

\sum F_x=0,\quad \sum F_y=0

\]

- Solve for unknown member forces.

- Repeat for each joint systematically.

Step 4: Method of Sections

- Identify a cut passing through no more than three members whose forces are unknown.

- Apply equilibrium equations to the section:

\[

\sum F_x=0,\quad \sum F_y=0,\quad \sum M=0

\]

- Solve for the unknown forces directly.

---

Determining Tension or Compression

Once the internal forces are computed, classify each member:

- Tension: Member is being pulled apart, positive force value.

- Compression: Member is pushed together, negative force value (or as per sign convention).

The sign conventions depend on the chosen coordinate system and assumptions during calculations.



---

Practical Example: Analyzing a Loaded Cantilever Truss

Structure Description

Consider a cantilever truss fixed at point A, extending horizontally with a span of 6 meters, subjected

to a point load of 10 kN at the free end (point C). The structure comprises:

- Support at A with a vertical reaction \( R_A \) and a moment \( M_A \)

- Members:

| Member | Connection Points | Length | Type |

| -------- | ------------------- | -------- | ---- |

| AB | A to B | 3 m | Vertical/diagonal |

| AC | A to C | 6 m | Horizontal |

| BC | B to C | 3 m | Diagonal |

Assume the truss is symmetric, and the load is applied at C.

Step 1: Support Reactions

Applying equilibrium at the support:

\[

\sum F_y=0: R_A - 10\, \text{kN} = 0 \Rightarrow R_A = 10\, \text{kN}

\]

\[

\sum M_A=0: M_A - (10\, \text{kN}) \times 6\, \text{m} = 0 \Rightarrow M_A = 60\, \text{kNm}

\]



Step 2: Joint Analysis

- Joint C:

Apply equilibrium to find member forces \( F_{BC} \) and \( F_{AC} \).

- Joint B:

Use known reactions and member forces to solve for \( F_{AB} \).

Step 3: Calculating Forces

Using the method of joints:

- At Joint C:

\[

\sum F_x=0: F_{AC} + F_{BC} \cos 45^\circ=0

\]

\[

\sum F_y=0: 10\, \text{kN} - F_{BC} \sin 45^\circ=0

\]

Solve for \( F_{BC} \):

\[

F_{BC} = \frac{10\, \text{kN}}{\sin 45^\circ} \approx 14.14\, \text{kN}

\]

Then:



\[

F_{AC} = - F_{BC} \cos 45^\circ \approx -14.14 \times 0.707 \approx -10\, \text{kN}

\]

The negative sign indicates compression in \( AC \).

- Joint B:

Similarly, analyze to find \( F_{AB} \).

Step 4: Interpretation

- Member \( AC \): Force \( \approx -10\, \text{kN} \) → Compression

- Member \( BC \): Force \( \approx 14.14\, \text{kN} \) → Tension

- Member \( AB \): Calculated similarly, determine whether tension or compression.

---

Critical Observations and Practical Considerations

- Material Limits: Ensure that tension and compression forces do not exceed material strengths.

- Buckling in Compression Members: Members in compression are susceptible to buckling; cross-

sectional dimensions must be adequate.

- Redundant Members: In real structures, redundancies can alter force distributions, requiring more

advanced analysis.

---

Advanced Topics

- Finite Element Analysis (FEA): For complex truss geometries, numerical methods provide detailed



force distributions.

- Dynamic Loading: Moving loads or vibrations can influence internal forces, necessitating dynamic

analysis.

- Non-Linear Effects: Large deformations may require non-linear analysis, especially in long-span

cantilever trusses.

---

Summary

Calculating the forces in each member of a loaded cantilever truss involves a systematic approach

rooted in static equilibrium principles. The process begins with support reactions, proceeds through

joint or section analysis, and culminates in the classification of members as tension or compression.

The key steps include:

- Establishing equilibrium equations

- Applying the method of joints and/or sections

- Solving for unknown member forces

- Interpreting the sign and magnitude of forces to determine tension or compression

Understanding these principles ensures the structural safety and optimal design of cantilever trusses

across engineering disciplines.

---

Final Remarks

Accurate force computation in cantilever truss members is vital for structural integrity. Engineers must

combine theoretical analysis with practical considerations such as material properties, load variability,

and potential buckling. As structures become more complex, advanced analytical tools and

computational methods support precise assessments, ultimately ensuring safety and performance.



---
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---

This investigation underscores the importance of meticulous analysis in structural engineering,

emphasizing the interplay between theory, computation, and practical design to ensure the safety and

efficacy of cantilever truss structures.
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