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Understanding the behavior of structural components under various load conditions is fundamental in
civil and structural engineering. Influence lines are a critical analytical tool used to determine how a
moving load affects specific members or points within a structure. When designing or analyzing truss
bridges, frames, or other structural systems, engineers often need to evaluate the maximum and

minimum forces in members as loads move across the structure.

This article explores the process of drawing influence lines for the bar forces in members Ab, Bk, Bc,
and Lk when a live load is applied. We will delve into the principles behind influence lines, step-by-step
methods for constructing them, and their practical applications in ensuring safe and economical

structural design.

Introduction to Influence Lines in Structural Analysis

Influence lines are graphical representations that depict how the internal forces or reactions in a
specific part of a structure vary as a load moves across it. Unlike static analysis, where loads are
considered fixed, influence line analysis considers the effect of a load at any position along the
structure's span, allowing engineers to identify critical load positions that produce maximum or

minimum forces.



Key purposes of influence lines include:

- Determining the maximum bending moment, shear force, or axial force at a particular point.
- Finding the critical position of moving loads, such as vehicles on bridges.
- Aiding in the design of structural members by ensuring they can withstand the maximum expected

forces.

Understanding the Structure and Members in Question

Before drawing influence lines, it's essential to comprehend the structure's configuration and the

specific members involved:

- Member Ab (Ab): Typically a diagonal or vertical member connected at point A and B.

- Member Bk (Bk): A member connected at points B and K, possibly a diagonal or horizontal
component.

- Member Bc (Bc): Another member connected at points B and C, potentially a diagonal or vertical
member.

- Member Lk (Lk): A member connected at points L and K, which could be part of a truss or frame

system.

Understanding how these members are connected and loaded is crucial for accurate influence line

construction.



Step-by-Step Procedure for Drawing Influence Lines for Bar

Forces

Constructing influence lines involves systematic steps, combining structural analysis principles with

graphical methods. Here's a detailed guide:

1. Identify the Member and the Force of Interest

- Determine which member's force (tension or compression) you want to analyze.

- Specify whether you are interested in axial force, shear, bending moment, or other internal forces.

2. Simplify the Structural System

- Model the structure accurately, considering supports, joints, and load positions.

- For truss members, assume members are pin-jointed and load transfer occurs only at joints.

3. Establish the Zero Force and Support Reactions

- Calculate support reactions for the entire structure under live loads.

- Use methods such as the method of joints or the method of sections to simplify analysis.

4. Draw the Structural Diagram with Load Positions

- Sketch the structure with a moving load (e.g., a point load) that can slide across the span.

- Mark the positions where the load could be placed, including the start, midspan, and end positions.



5. Analyze the Member Force at Key Positions

- For each load position, analyze the internal member forces using equilibrium equations.

- Record the force in the member when the load is at specific points.

6. Construct the Influence Line Graph

- Plot the member force values against the load position.
- Connect the points smoothly to form the influence line.

- The maximum and minimum points on the influence line indicate critical load positions.

7. ldentify Critical Load Positions

- The peaks and valleys on the influence line correspond to load positions that produce maximum or
minimum forces in the member.

- These critical points are essential for design safety and efficiency.

Influence Line for Member Ab

Member Ab is typically a diagonal or vertical member in a truss, and understanding its force variation

is vital for ensuring stability.



Constructing the Influence Line for Axial Force in Ab

- Step 1: Isolate the member Ab within the structure.
- Step 2: Calculate the internal axial force in Ab when a unit load moves across the span.
- Step 3: Use the method of sections to determine how the force in Ab varies with load position.

- Step 4: Graph the force values against the load position to produce the influence line.
Note: For a typical Warren truss or similar structure, the influence line for axial forces in diagonals like

Ab often exhibits a linear variation, with maximum tension or compression occurring at specific load

positions.

Influence Line for Member Bk

Member Bk, being another diagonal or bracing member, requires similar analysis:
- Determine the effect of a moving load on the axial force in Bk.
- Apply the principle of superposition if multiple loads or support conditions exist.

- Construct the influence line by calculating the force in Bk at various load positions, highlighting the

maximum tension or compression.

Influence Line for Member Bc

Similarly, for member Bc:



- Model the load movement across the span.
- Calculate the axial force in Bc for key load positions.

- Draw the influence line to visualize how the force varies, noting the maximum and minimum points.

Influence Line for Member Lk

Member Lk may be a horizontal or inclined member, and its force variation is critical for stability:

- Identify the load positions that produce the maximum axial force.
- Analyze the structure to determine how the force in Lk reacts to load positions.

- Construct the influence line using the force data collected across different load positions.

Practical Applications of Influence Line Analysis

Influence lines are integral in various structural design and analysis scenarios:

- Bridge Design: To determine maximum forces caused by moving vehicles.
- Truss Analysis: To identify critical load positions affecting member forces.
- Structural Safety Checks: To ensure members can withstand the worst-case load scenarios.

- Optimization: To minimize material use by understanding where maximum stresses occur.



Tips for Accurate Influence Line Drawing

- Always verify support reactions before analyzing member forces.
- Use scale factors appropriately to ensure clarity in graphical influence lines.
- Cross-check critical points to confirm maximum or minimum forces.

- Remember that influence lines are linear or piecewise linear for statically determinate structures.

Conclusion

Drawing influence lines for the bar forces in members Ab, Bk, Bc, and Lk when a live load is applied
provides invaluable insights into the behavior of structural systems under moving loads. This graphical
method allows engineers to identify critical load positions, optimize member design, and ensure the

safety and reliability of structures like bridges, trusses, and frames.

By following systematic procedures—understanding the structure, analyzing load effects, and carefully
constructing the influence lines—engineers can accurately predict maximum internal forces, thus
facilitating safe and economical structural designs. Mastery of influence line analysis is essential for
civil and structural engineers aiming to create resilient infrastructure capable of withstanding dynamic

load conditions.
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Frequently Asked Questions

What are influence lines and why are they important for analyzing bar
forces in members Ab, Bk, Bc, and Lk?

Influence lines graphically show how the internal forces in a structure's members vary as a load moves
across the structure. They are essential for determining the maximum and minimum forces in members
Ab, Bk, Bc, and Lk when the live load is applied at different positions, aiding in safe and efficient

design.

How do you draw influence lines for bar forces in members Ab, Bk, Bc,
and Lk under a moving live load?

To draw influence lines for these members, first analyze the structure with the load at various
positions, then plot the resulting member forces as functions of the load position. Use the method of
superposition and elementary influence lines for reactions and shear, combining them according to the

force component in each member.

What are the typical steps involved in constructing influence lines for
member forces due to a live load?

The steps include: 1) Identify the members and load positions; 2) Calculate the member forces for the
load at specific positions; 3) Plot these force values against load positions; 4) Connect the points to

form the influence line; 5) Repeat for all relevant load positions to capture the full influence line.

How does the application point of the live load affect the influence
lines for members Ab, Bk, Bc, and Lk?

The position of the live load determines the magnitude and sign of the influence on each member. As
the load moves, the influence lines show how the force in each member varies, with maximum and

minimum values occurring at specific load positions; understanding this helps identify critical load



positions.

What role do superposition principles play in drawing influence lines
for these members?

Superposition allows engineers to break down complex loading scenarios into simpler components,
analyze each separately, and then sum their effects to obtain the total influence line for a member.
This simplifies the process of drawing accurate influence lines for forces in members Ab, Bk, Bc, and

Lk.

Why is it important to consider the type of load (point load vs.
distributed load) when drawing influence lines?

Different load types produce different influence line shapes. Point loads create step or linear variations,
while distributed loads generate parabolic or other curved influence lines. Recognizing the load type

ensures accurate plotting and correct determination of maximum forces.

How do influence lines assist in designing for maximum forces in
members Ab, Bk, Bc, and Lk during live load conditions?

Influence lines identify the positions where the live load causes the maximum (and minimum) forces in
each member. This information allows engineers to design members to withstand these critical forces,

ensuring safety and efficiency under varying live load positions.

Are influence lines for member forces affected by the presence of
other loads or supports in the structure?

Yes, the presence of additional loads or support conditions can alter the internal force distribution and
thus modify the influence lines. Accurate drawing of influence lines requires considering all relevant

loads and boundary conditions to reflect the true behavior of the structure.



Additional Resources

Draw The Influence Lines For The Bar Forces In Members Ab, Bk, Bc, And Lk If The Live Load Is

Applied

Understanding the behavior of structural members under varying loads is fundamental in civil and
structural engineering. Among the essential tools employed to analyze such behavior are influence
lines, which graphically depict how the internal forces in a member change as a load moves across a
structure. This article delves into the comprehensive process of drawing influence lines for the bar
forces in members Ab, Bk, Bc, and Lk when a live load is applied, offering both theoretical foundations

and practical insights.

Introduction to Influence Lines in Structural Analysis

What Are Influence Lines?

Influence lines are graphical representations that illustrate how a specific structural response—such as
shear force, bending moment, or axial force—varies at a particular point in a structure as a load moves
across it. Unlike load diagrams that depict external loads, influence lines focus on internal responses,

enabling engineers to determine maximum and minimum forces that can occur at a specific location

due to varying load positions.
Significance in Structural Design

Influence lines are especially valuable in the design and analysis of structures subjected to moving

loads, such as bridges, cranes, and conveyor systems. They facilitate:

- Identification of critical load positions that produce maximum internal forces.



- Efficient design by ensuring members can withstand maximum anticipated forces.

- Optimization of material usage by avoiding overdesign.

Understanding the Structural System and Load Application

Description of the Structure

Suppose we analyze a planar structure comprising members labeled as Ab, Bk, Bc, and Lk. These
members could be parts of a truss, frame, or other structural systems where internal forces are

influenced by external loads.

- Member Ab: Typically a diagonal or vertical member connecting points A and b.
- Member Bk: A member connecting points B and k.
- Member Bc: Connecting B and c, potentially a horizontal or inclined member.

- Member Lk: Possibly a longer member spanning between points L and k.

Understanding the exact geometry and boundary conditions of these members is crucial before
drawing influence lines. The structure may be supported at specific points, and the load path

influences how internal forces develop.
Nature of Live Load

The live load (denoted as Lk) is a moving load applied across the structure. Its position varies along
the span, affecting the internal forces in the members differently depending on its location. The live
load could represent vehicular traffic on a bridge, moving machinery in a plant, or any load that shifts

over time.



Methodology for Drawing Influence Lines for Bar Forces

Drawing influence lines involves a systematic approach:
1. Identify the Response of Interest: Determine which internal force (axial force, shear, bending
moment) or member force (tension, compression) you want to analyze—for example, the axial force in

member Ab.

2. Establish the Structural Model and Support Conditions: Understand boundary conditions, member

connectivity, and load application points.

3. Apply the Moving Load: Conceptually or graphically move the live load across the structure from

one end to the other, noting how the internal forces change.

4. Use Structural Analysis Principles: Employ methods such as the virtual work method, the unit load

method, or superposition to determine the influence line equations.

5. Construct the Influence Line Graph: Plot the internal force magnitude against the load position to

visualize how the force varies throughout the span.

Drawing Influence Lines for Specific Members

Influence Line for Member Ab
Theoretical Approach

Member Ab, possibly a diagonal or vertical member in a truss or frame, experiences axial forces



influenced by load position. To draw its influence line:

- Step 1: Fix the structure in a known configuration with supports and known boundary conditions.

- Step 2: Apply a hypothetical unit load (1 kN or 1 unit) at the location of interest.

- Step 3: Analyze the effect of this unit load on the axial force in member Ab using the method of
sections or virtual work.

- Step 4: Repeat the process by moving the unit load along the span and recording the axial force in
Ab.

- Step 5: The resulting plot of axial force versus load position is the influence line for member Ab.
Practical Observations

- The influence line will typically have zero value when the load is far from member Ab.

- It reaches maximum or minimum values when the load is directly over the members or nodes
connected to Ab.

- The shape depends on the structure’s geometry, support conditions, and load path.

Influence Line for Member Bk

Analytical Procedure

- Similar to Ab, but focusing on the force in member Bk.

- The influence line would be derived by applying a virtual unit load across the structure.

- For a truss, the influence line for axial member Bk may have a shape resembling a 'V' or D peaking
when the load is over the member.

Influence Line for Member Bc

Characteristics and Derivation

- Bc may be a horizontal or inclined member.



- The influence line for the axial force in B¢ will depend on the load’s position relative to the member.
- The process involves applying the virtual load at various points and calculating the resultant axial

force.
Influence Line for Member Lk
Specifics for Moving Load

- Member Lk, being associated with the live load, is directly affected by the load’s position.

- The influence line can be constructed assuming the live load moves along the span, with the internal
force in Lk plotted as a function of load position.

- Maximum tensile or compressive forces typically occur when the load is directly over the member or

at critical points identified through the influence line.

Practical Examples and Graphical Interpretation

Example: Drawing Influence Line for Member Ab

Suppose the structure is a simple truss supported at both ends with a diagonal member Ab. To draw

its influence line:

- Step 1: Assume a unit load moves from support A to support B.

- Step 2: When the load is directly over node A, the influence line value is calculated for the axial force
in Ab.

- Step 3: Move the load incrementally toward B, recalculating at each step.

- Step 4: Connect the points to form the influence line.

The graph will typically show zero influence when the load is at supports not connected to Ab, peaking



when directly over the nodes connected to Ab.
Visualizing the Influence Line
- The impact of load position on internal forces is often symmetric if the structure is symmetrical.

- The influence line peaks indicate critical load positions that produce maximum forces, essential for

design considerations.

Applications in Structural Design and Safety Assessment

Design Optimization: Engineers use influence lines to determine the maximum internal forces for

various load positions, ensuring members are adequately designed without excessive material use.

Safety Checks: By identifying the critical load positions, safety margins can be established, and

reinforcement can be planned accordingly.

Load Rating and Inspection: Influence lines assist in evaluating existing structures' capacity under

moving loads, guiding maintenance and load restrictions.

Concluding Remarks

Drawing influence lines for the bar forces in members Ab, Bk, Bc, and Lk when a live load is applied is
a vital process in the analysis of structures subjected to moving loads. It combines theoretical

principles with graphical methods to produce visual tools that aid engineers in understanding internal



force variations. Accurate influence lines enable safer and more economical designs, ensuring

structures can withstand the maximum expected forces during their service life.

The process demands a solid grasp of structural analysis techniques, a clear understanding of the
structure’s geometry, and careful calculation or simulation. Modern computational tools now facilitate
the drawing of influence lines with high precision, but the fundamental concepts remain rooted in
classical structural analysis principles. As structures continue to evolve, influence lines will remain an
indispensable part of the civil engineer’s toolkit for ensuring safety, efficiency, and durability in

everyday structural applications.
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