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When analyzing the structural behavior of prismatic bars under various
loading conditions, understanding the response of a solid circular cross-
section bar subjected to distributed loads is fundamental. This detailed
exploration covers the essential concepts, types of distributed loads, the
resulting stresses and strains, and the methods used for analysis and design.
Such insights are crucial for engineers and designers aiming to ensure
safety, reliability, and efficiency in structural applications.

---

Introduction to Prismatic Bars and Distributed
Loading

A prismatic bar refers to a structural member with a uniform cross-section
along its length. In this context, the bar AB is characterized by:

- Length, L: The total longitudinal span from point A to point B.
- Cross-Section: Solid circular, with diameter D.

When subjected to distributed loads, the bar experiences internal forces and
deformations that depend on the nature, magnitude, and distribution of these
loads.

---

Types of Distributed Loads on a Prismatic Bar

Distributed loads are loads spread continuously over a length of the member
rather than concentrated at a point. They can be classified based on their
distribution patterns:

1. Uniformly Distributed Load (UDL)
- The load per unit length, w, remains constant along the length of the bar.
- Typical examples include weight of the beam itself or uniform snow load.



2. Varying Distributed Load
- The load varies along the length, often linearly or non-linearly.
- Examples: wind pressure varying along the height of a column, load due to
fluid pressure.

3. Concentrated Loads Approximated as Distributed
Loads
- Multiple point loads distributed over small sections to approximate real-
world pressure effects.

---

Effect of Distributed Loads on Internal Forces

Applying distributed loads produces internal axial forces, bending moments,
and shear forces within the bar.

1. Axial Force (N)
- For purely axial distributed loads, the axial force at section x can be
determined by integrating the load.

2. Bending Moments (M)
- Distributed loads induce bending moments that vary along the length.
- The maximum bending moment typically occurs at points of maximum load or
support conditions.

3. Shear Force (V)
- Shear forces are derived from the load distribution and influence shear
stress within the cross-section.

---

Analysis of the Prismatic Bar Under Distributed
Load

The analysis involves deriving the internal force distribution and resulting
stresses and strains.



1. Equilibrium Equations
- The basic principles involve summing forces and moments to zero.
- For a segment of the bar, the differential equations are:

- \(\frac{dN}{dx} + w(x) = 0\) (axial equilibrium)
- \(\frac{dV}{dx} + q(x) = 0\) (shear equilibrium)
- \(\frac{dM}{dx} + V = 0\) (bending equilibrium)

2. Differential Relationships
- These equations enable calculation of internal forces along the length for
different load distributions.

3. Structural Response
- The resulting stresses include axial stress, bending stress, and shear
stress, which depend on the internal forces and the cross-sectional geometry.

---

Stress Analysis in a Solid Circular Cross-
Section

Understanding the stress distribution within the cross-section is vital for
ensuring the bar’s integrity.

1. Axial Stress (\(\sigma_{axial}\))
- Calculated as:

\[
\sigma_{axial} = \frac{N}{A}
\]

where \(A = \frac{\pi D^2}{4}\) is the cross-sectional area.

2. Bending Stress (\(\sigma_{bending}\))
- Maximum bending stress occurs at the outer fiber:

\[
\sigma_{bending} = \frac{M \cdot c}{I}
\]



where:
- \(M\) = bending moment at the section
- \(c = \frac{D}{2}\) = distance from neutral axis to outer fiber
- \(I = \frac{\pi D^4}{64}\) = moment of inertia for solid circle

3. Shear Stress (\(\tau\))
- Shear stress distribution in the cross-section is given by:

\[
\tau_{max} = \frac{4V}{3A}
\]

for a circular cross-section, approximately.

---

Combined Stress Analysis and Safety
Considerations

In real-world applications, the bar experiences combined stresses:

- Axial tension/compression
- Bending (flexural stress)
- Shear stress

Proper analysis involves superposing these stresses to evaluate the maximum
stress at any point within the cross-section.

1. Failure Theories
- To determine failure, engineers often use criteria like:
- Maximum normal stress theory
- Maximum shear stress theory (Tresca criterion)
- Von Mises criterion

2. Designing for Safety
- The bar must be designed considering:

Material strength limits (yield strength, ultimate strength)

Factor of safety (typically 1.5 to 3)



Stress concentration factors

3. Checking Deflections
- Excessive deflections can impair function; thus, deflection analysis is
also performed under distributed loads.

---

Methods of Analysis

Several approaches are used for analyzing prismatic bars under distributed
loads:

1. Analytical Methods
- Direct integration of equilibrium equations
- Use of classical beam theory and formulas for standard load cases

2. Numerical Methods
- Finite Element Analysis (FEA) provides detailed stress and deformation
patterns, especially useful for complex loadings.

3. Simplified Approximate Methods
- For preliminary design, simplified formulas and charts are employed to
estimate maximum stresses and deflections.

---

Designing a Prismatic Circular Bar for
Distributed Loads

Design considerations encompass material selection, cross-sectional
dimension, and load management.



1. Material Selection
- Choose materials with appropriate strength, ductility, and durability.
- Common materials: steel, aluminum alloys, composites.

2. Cross-Sectional Dimensions
- Diameter D is selected based on the maximum calculated stresses, ensuring a
sufficient factor of safety.

3. Load Management Strategies
- Adding supports or stiffeners.
- Distributing loads effectively.
- Using tension rods or compression members based on load type.

4. Practical Design Steps

Determine the type and magnitude of distributed load(s).1.

Calculate internal forces along the length.2.

Assess the maximum stresses in the cross-section.3.

Compare stresses with material strength considering safety factors.4.

Design cross-sectional dimensions accordingly.5.

Verify deflections and stability criteria.6.

---

Applications of Prismatic Circular Bars Under
Distributed Loads

These structural elements are vital in various engineering fields:

Bridges: supporting decks with uniform load distribution

Building frames: columns subjected to distributed loads from floors and
roofs



Mechanical shafts: transmitting torque with distributed forces due to
wear or external factors

Piles and foundations: transmitting distributed soil loads to deeper
strata

---


