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Of Them?a.The tension analysis in statics and structural mechanics often involves understanding how
different forces interact within a structure. Among these forces, Fab and Fbc represent specific internal or
external tensions that influence the equilibrium conditions. Identifying which equilibrium equation
depends solely on one of these tensions is fundamental for analyzing and designing stable structures. This
article explores the nature of these tensions, their roles in equilibrium equations, and clarifies which

equation depends only on one of them.

Understanding Tensions in Structural Mechanics

What Are Tensions in Structures?

Tensions are forces that tend to elongate or pull apart a material or structure. They are typically
encountered in components such as cables, tendons, or members subjected to pulling forces. In statics,
tensions are crucial for maintaining equilibrium, especially in frameworks, trusses, and cable-stayed

structures.

Defining Fab and Fbc

- Fab: Often denotes the tension force in segment AB or the force transmitted through member AB.

- Fbc: Usually refers to the tension force in segment BC or the force transmitted through member BC.

These tensions are internal forces within a structure, resulting from external loads or boundary conditions.

They are essential for analyzing the internal force distribution and ensuring structural stability.

Equilibrium Equations in Structural Analysis



Fundamental Principles

The analysis of forces in a structure relies on the basic equilibrium equations:

1. Sum of forces in the horizontal direction must be zero:

\

\sum F_.x=0

\

2. Sum of forces in the vertical direction must be zero:

\

\sum F_y =0

\

3. Sum of moments about any point must be zero:

\[
\sum M =0

\

These equations are applied to various parts of the structure to solve for unknown forces, including tensions
like Fab and Fbc.

Types of Equilibrium Equations

- Global Equilibrium Equations: Applied to the entire structure or large segments.

- Local Equilibrium Equations: Focused on individual components or joints.

Depending on the structure's complexity, different equilibrium equations may involve different tensions.

Analyzing the Relationship Between Tensions and Equilibrium

Equations

How Tensions Are Included in Equilibrium Equations

Tensions such as Fab and Fbc typically appear in equilibrium equations based on:

- Their location within the structure.
- The direction of the forces.

- The type of analysis being performed (joint or section method).

‘When analyzing a specific joint or section, the equilibrium equations involve only the forces acting at that

point.



Which Equilibrium Equation Depends Only on One Tension?

In most cases, the equilibrium equation that depends solely on one tension is associated with a scenario

where that tension is the only force acting in a particular direction or at a specific point.

Key Insight:

- The equilibrium of a joint where only one tension acts directly in a particular direction often leads to an
equation involving only that tension.

- Conversely, equilibrium equations for sections or joints with multiple forces tend to involve multiple

tensions.

Specific Scenario: The Equilibrium Equation Dependent on Only
Fab or Fbc

Examining a Typical Structural Element

Consider a simple truss or a beam with joints connected via tension members. Suppose we analyze a joint

where:

- Fab is the only tension force acting in the horizontal direction.

- Fbc acts vertically or at an angle, but not at this joint.

In such a case, the equilibrium equation at that joint in the horizontal direction simplifies to:

\

\sum F_x = 0 \Rightarrow Fab = 0

\
or, more generally, it involves only Fab if no other horizontal forces are present.

Example:
- At joint A, if only member AB (with tension Fab) and external forces act, then the horizontal equilibrium

is:
\
Fab + \text{external horizontal forces} = 0

\

If external forces are zero or balanced, then Fab is determined solely by this equilibrium.



Vertical Equilibrium and Fbc

Similarly, if at a different joint or section, only Fbc acts vertically, then the equilibrium in the vertical

direction depends solely on Fbc.

Practical Implications in Structural Design and Analysis

Design Considerations

Understanding which equilibrium equations depend on specific tensions helps engineers:

- Simplify calculations.
- Identify critical members.

- Optimize material usage.

For example, if a tension member is only involved in a particular equilibrium equation, its design can be

focused on that specific force component.

Analysis Techniques

- Method of Joints: Analyzes each joint independently, often revealing equations involving only the
tensions at that joint.
- Method of Sections: Cuts through the structure to analyze internal forces in specific members, which may

isolate certain tensions in the equilibrium equations.

In both methods, recognizing which tensions influence a particular equilibrium equation is crucial for

efficient analysis.

Summary and Key Takeaways

e Fab and Fbc represent specific tension forces within a structure, often associated with members AB

and BC, respectively.

e Equilibrium equations are derived from the sum of forces and moments, and their dependence on

particular tensions varies based on the structural configuration.

¢ The equilibrium equation that depends only on one tension—either Fab or Fbc—is typically the one



associated with a joint where that tension acts alone or predominantly in a single direction.

e Understanding these relationships is essential for accurate structural analysis, efficient design, and

safety assessments.

Conclusion

In the realm of structural mechanics, recognizing which equilibrium equations depend solely on a specific
tension like Fab or Fbc is fundamental. Usually, these are the equations derived at joints or sections where
only one tension force acts in a particular direction, simplifying analysis and providing clear insight into the
internal force distribution. Whether you're designing a bridge, a truss, or a beam, grasping this concept
allows for more precise and efficient structural evaluations, ultimately leading to safer and more economical

constructions.

Frequently Asked Questions

What are the two remaining tensions in the system?

The two remaining tensions are Fab and Fbc.

Which equilibrium equation depends solely on Fab?

The equilibrium equation that depends only on Fab is the one associated with the joint or point where Fab

acts directly without involving Fbc.

How can we identify the equilibrium equation that involves only Fbc?

It is the equation corresponding to the joint where only Fbc is acting, without contributions from Fab,

typically the joint connected directly to the Fbc tension.

Why is understanding which equilibrium equation depends on only one
tension important?

It helps simplify the analysis of the structure, making it easier to solve for individual tensions and

understand load distribution.



Can you provide an example of an equilibrium equation that depends

only on Fab?

Yes, for instance, at the joint where Fab is the only tension force acting vertically, the vertical equilibrium

equation would depend only on Fab.

What is the significance of the question "Which equilibrium equation

depends on only one of them?' in structural analysis?

It emphasizes identifying simplified relationships within the structure to facilitate easier calculation and

understanding of tension forces.

Additional Resources

There Are Two Remaining Tensions, Fab And Fbc. Which Equilibrium Equation Depends On Only One
Of Them?

Introduction

In the realm of structural mechanics and static equilibrium analysis, understanding the intricate
relationships among internal forces, tensions, and equilibrium equations is fundamental. Among the myriad
of variables that characterize a structure’s stability, two tensions often emerge as critical yet distinct
parameters: Fab and Fbc. Their roles within a given structure influence the formulation and solution of
equilibrium equations, determining how engineers and analysts approach problem-solving. This article
delves deeply into these two tensions, exploring their definitions, interrelations, and the specific
equilibrium equation that depends solely on one of them, providing clarity on this nuanced aspect of

structural analysis.

Defining Fab and Fbc: The Conceptual Foundations

Before analyzing the dependency of equilibrium equations on either tension, it is essential to clarify what

Fab and Fbc represent within the context of structural systems.
What Is Fab?

- Fab commonly denotes the tension or force component acting along a specific member or element labeled
"ab'"



- It often refers to the internal force transmitted between nodes or joints labeled "a" and "b" within a truss,
frame, or cable system.
- In many cases, Fab signifies the axial force in a member, which can be tension (pulling apart) or

compression (pushing together), but in the context of this analysis, it is typically the tension component.

‘What Is Fbc?

- Fbc similarly stands for the internal force along the member or element connecting nodes "b" and "c."
- It is another tension or force component, specific to the segment "bc."
- Like Fab, Fbc can be tension or compression, but for the purposes of this discussion, the focus is on the

tension aspect.

Structural Contexts for Fab and Fbc

These tensions are often associated with truss members, cables, or beams in a structure where the forces are
primarily axial. They may also be relevant in braced frames or cable-stayed structures, where internal

forces are resolved into components along specific members.

Relationship Between Fab and Fbc: Interdependence and Independence

Understanding whether these tensions are interdependent or independent is central to identifying which

equilibrium equations depend solely on one of them.

- Interdependence: When the value of one tension influences or constrains the other, they are said to be
interdependent.
- Independence: When the tensions can vary independently without violating equilibrium, they are

considered independent variables.

In many structures, constraints imposed by boundary conditions, loadings, and geometry result in certain

tensions being linked, while others can vary freely under specific conditions.

The Equilibrium Equations in Structural Analysis

Within the context of static equilibrium, the primary equations are derived from the fundamental

principles:

1. Sum of Forces in Horizontal Direction (x-axis): LF_x = 0
2. Sum of Forces in Vertical Direction (y-axis): ZF_y = 0
3. Sum of Moments about a Point: ¥M = 0



These equations are applied to joints, members, or the entire structure to solve for unknown forces like Fab

and Fbc.

Which Equilibrium Equation Depends Solely on One Tension?

To understand which equilibrium equation relies exclusively on either Fab or Fbc, it is necessary to

analyze the typical scenarios in structural configurations.

Case 1: Equilibrium of a Joint

In a joint where multiple members meet, the equilibrium conditions are:

- The vector sum of all member forces connected to that joint must be zero.

- For a joint with members ab and bc, the equilibrium equations are:

- Horizontal component: Fab_x + Fbc_x + other forces = 0

- Vertical component: Fab_y + Fbc_y + other forces = 0

If the geometry is such that one member's force acts purely along a known axis, the equilibrium equations

involving that member may depend solely on its tension.

Case 2: Equilibrium of a Member or Segment

When analyzing a specific member, such as the segment between nodes "b" and "c," the equilibrium

equations often focus on the internal forces within that segment.

Critical Insight: The Equilibrium Equation Dependent on Only One Tension

In the context of this analysis, the key question is:

> Which equilibrium equation involves only Fab or only Fbc?

The answer hinges on the specific structure and the nature of the forces involved.

The Vertical Equilibrium Equation for a Member or Segment

In many truss or cable systems, the vertical equilibrium of a segment that involves only one tension arises

when:



- The segment is subjected to a tension Fbc along its length.
- The equilibrium equation for vertical forces in that segment depends only on Fbc, especially when the

segment is oriented vertically or has a known geometry that simplifies the force components.

Thus, the equilibrium equation that depends solely on one of the tensions—specifically Fbc—is the vertical

equilibrium of the segment involving only Fbc.
This is often exemplified in cable-stayed structures or suspension bridges, where:
- The vertical equilibrium of a cable segment depends solely on the tension in that cable (Fbc).

- The tension in adjacent cables (Fab) may influence the overall structure but does not directly affect that

particular equilibrium equation.

Deep Dive: Structural Examples and Mathematical Derivation

Example 1: Two-Span Cable System

Consider a simplified two-span cable system with nodes a, b, and c:

- The cable from a to b carries tension Fab.

- The cable from b to c carries tension Fbc.

- Assuming the system is in equilibrium under gravity, the vertical equilibrium at node b involves the
vertical components of Fab and Fbc.

Vertical Equilibrium at Node b:

- The sum of vertical components:

Fbc sin(6_bc) + Fab sin(6_ab) - W_b =0

Where:

- 0_bc and 6_ab are the angles each cable makes with the horizontal.
- W_b is the load at node b.

If the geometry is such that only Fbc has a vertical component (for example, if Fab is horizontal), then:

Vertical equilibrium depends solely on Fbc.

This scenario illustrates how particular equilibrium equations are influenced solely by one tension,

simplifying analysis.



Example 2: Structural Frame with Hinged Joints

In a planar frame with multiple members, the equilibrium equations at a joint often involve multiple
member forces. However, for a hinged segment where the force Fbc acts along a known line of action, the

axial force equilibrium along the member’s axis:
- Sum of forces along the member: Fbc = known or to be solved.

This specific equation depends only on Fbc, assuming other forces are known or zero.

Implications for Structural Analysis and Design

Recognizing which equilibrium equations depend solely on one tension variable is invaluable for

simplifying complex analyses. It allows engineers to:

- Isolate specific forces without solving the entire system.
- Validate the consistency of force distributions.

- Design redundant or auxiliary support systems.

For example, in cable-stayed bridges, the vertical equilibrium equations for individual cables often depend

solely on the tension in that cable, facilitating targeted analysis and adjustments.

Summary: The Equilibrium Equation Dependent on a Single Tension

| Tension Variable | Context | Nature of Dependence | Typical Application |

[ —— S —— [ — |

| Fab | Member connecting nodes a and b | May influence multiple equilibrium equations | Joint force
balance, member axial force calculations |

| Fbc | Member connecting nodes b and ¢ | Can influence equations dependent on orientation | Vertical or

axial equilibrium in segments or cable systems |

The key insight is that the vertical equilibrium of a segment involving a single cable—especially when the
cable's orientation simplifies force components—depends solely on that cable's tension. In particular, for
structures where a cable acts vertically or along a known axis, the equilibrium equation related to that

segment's vertical balance depends only on the tension in that cable (Fbc).



Conclusion

The complex interplay of internal tensions within structural systems often obscures which equilibrium
equations depend solely on one variable. By dissecting typical configurations and understanding the
geometric and force components involved, it becomes evident that the vertical equilibrium of a segment or
member that involves only one tension (like Fbc) is the equilibrium equation depending solely on that

tension.

This insight not only streamlines analytical procedures but also enhances the interpretability and robustness
of structural designs. Recognizing such relationships enables engineers to approach complex systems with

greater clarity and precision, ensuring safer and more efficient structural solutions.
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Note: This article synthesizes general principles of structural analysis with specific focus on the relationship
between tensions and equilibrium equations. Actual structural systems may vary based on geometric and

loading conditions.
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