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Understanding the stress state within a material is crucial for predicting failure, designing reliable
structures, and analyzing mechanical components. One of the most effective graphical tools for
visualizing and analyzing plane stresses is Mohr's circle. When you construct Mohr's circle for a
specific plane stress condition, selecting the point on the circle that accurately represents the stress
at a particular plane involves a systematic process. This article provides a comprehensive guide on
how to utilize Mohr's circle to identify the stress point on a given plane stress state, enhancing your
understanding and application of this powerful technique.

Understanding Plane Stress and Mohr's Circle

What Is Plane Stress?
Plane stress occurs when a material is subjected to stresses in two dimensions, typically the x and y
axes, with negligible stress in the third dimension (usually z). This scenario is common in thin plates,
sheets, or shells where thickness is small compared to other dimensions. The principal stresses, shear
stresses, and maximum shear stress can all be represented graphically using Mohr's circle.

Introduction to Mohr's Circle
Mohr's circle is a polar plot that visually represents the state of stress at a point within a material. It
provides a graphical means to determine principal stresses, maximum shear stresses, and the
orientation of the principal planes. The circle is constructed based on known stress components and
offers intuitive insight into how stresses transform when viewed from different planes.

Constructing Mohr's Circle for Plane Stress

Step-by-Step Construction
Constructing Mohr's circle involves several steps, which are crucial for accurately selecting the stress
point corresponding to a specific plane:

Identify the known stress components: Determine the normal stresses (\(\sigma_x\),



\(\sigma_y\)) and shear stress (\(\tau_{xy}\)) acting on the original plane.

Calculate the center of the circle: The center \(C\) of Mohr's circle is located at
\(\left(\frac{\sigma_x + \sigma_y}{2}, 0\right)\).

Calculate the radius of the circle: The radius \(R\) is given by
\[
R = \sqrt{\left(\frac{\sigma_x - \sigma_y}{2}\right)^2 + \tau_{xy}^2}
\]

Draw the circle: Plot the center and radius on a graph, then draw the circle accordingly.

Mark known points: Plot the points corresponding to the original stresses—\(\sigma_x,
\tau_{xy}\) and \(\sigma_y, -\tau_{xy}\)—on the circle.

Understanding the Graph
The constructed Mohr's circle graphically depicts how normal and shear stresses transform when the
plane orientation changes. The points on the circle correspond to the stress components acting on
planes oriented at various angles.

Selecting the Stress Point for a Given Plane

Determine the Plane's Orientation
Before selecting the stress point, identify the angle \(\theta\) between the original plane and the plane
on which you want to find the stress. This angle is measured with respect to the original coordinate
axes.

Using Mohr's Circle to Find the Transformed Stress
Once the circle is constructed and the plane's orientation is known, follow these steps to select the
correct stress point:

Calculate the rotation angle on Mohr's circle: The angle \(\theta'\) on Mohr's circle1.
corresponds to twice the physical plane angle \(\theta\):
\[
\theta' = 2\theta
\]

Locate the point on the circle: Starting from the point representing the original stress state,2.
rotate counterclockwise by \(\theta'\) along the circumference of the circle. The resulting point
on the circle corresponds to the stresses on the plane oriented at angle \(\theta\).



Identify the stress components: Read the normal stress (\(\sigma_\theta\)) and shear stress3.
(\(\tau_\theta\)) directly from the coordinates of the point on the circle:
\[
\sigma_\theta = \text{X-coordinate of the point}
\]
\[
\tau_\theta = \text{Y-coordinate of the point}
\]

Practical Example
Suppose the known stress components are:
\[
\sigma_x = 80\, \text{MPa}, \quad \sigma_y = 20\, \text{MPa}, \quad \tau_{xy} = 30\, \text{MPa}
\]
and you want to find the stress at a plane rotated by \(\theta = 45^\circ\).

- Calculate the circle's center:
\[
C = \frac{80 + 20}{2} = 50\, \text{MPa}
\]
- Calculate the radius:
\[
R = \sqrt{\left(\frac{80 - 20}{2}\right)^2 + 30^2} = \sqrt{30^2 + 30^2} = \sqrt{900 + 900} =
\sqrt{1800} \approx 42.43\, \text{MPa}
\]
- Determine the rotation on Mohr's circle:
\[
\theta' = 2 \times 45^\circ = 90^\circ
\]
- Starting from the known point corresponding to \(\sigma_x, \tau_{xy}\), rotate by \(90^\circ\)
counterclockwise around the circle to find the stress point on the plane inclined at \(45^\circ\).

- Read the coordinates of this point to find the normal and shear stresses on the inclined plane.

Importance of Accurate Stress Selection on Mohr's
Circle

Predicting Failure Modes
Correctly identifying the stress state on a specific plane helps in predicting failure modes such as
shear failure, brittle fracture, or ductile yielding. The maximum shear stress, principal stresses, and
their orientations influence material behavior significantly.



Design Optimization
Engineers rely on precise stress analysis to optimize designs, ensuring safety and material efficiency.
Using Mohr's circle to select the correct stress point ensures that the analysis reflects real-world
conditions accurately.

Stress Transformation Analysis
The ability to visualize stress transformation through Mohr's circle simplifies complex calculations and
enhances understanding of how different plane orientations affect stress components.

Summary and Best Practices

Always verify your initial stress components: Accurate construction of Mohr's circle
depends on correct input data.

Use precise angle measurements: Convert physical plane angles to Mohr's circle rotation
angles properly.

Rotate counterclockwise for positive angles: Follow the standard conventions for stress
transformation.

Double-check the points: Ensure the correctly rotated point corresponds to the physical
plane of interest.

Utilize software tools: When dealing with complex stress states, computational tools can
facilitate accurate construction and analysis.

Conclusion
Using the Mohr's circle constructed for a given plane stress state is a fundamental skill in mechanical
and civil engineering. Selecting the correct point on the circle allows engineers and analysts to
determine the stresses acting on any inclined plane accurately. This graphical approach simplifies
complex stress transformations, aids in failure analysis, and enhances design safety. Mastering this
method empowers you to analyze plane stress conditions effectively and make informed engineering
decisions.

If you want to deepen your understanding, practice constructing Mohr's circles with different stress
states and plane orientations. Over time, this skill becomes an invaluable part of your engineering
toolkit for stress analysis and material failure prediction.



Frequently Asked Questions

What is Mohr's circle and how is it used to determine principal
stresses for a given plane stress state?
Mohr's circle is a graphical representation of the state of stress at a point. It helps visualize and
determine principal stresses, maximum shear stresses, and the orientation of principal planes by
plotting normal and shear stress components on a stress circle derived from the given plane stress
data.

How do you select the point representing the stress on Mohr's
circle for a specific plane orientation?
To select the point, first identify the normal and shear stress components acting on the plane of
interest, then locate this point on the Mohr's circle corresponding to those stress values. The point's
coordinates directly give the normal and shear stresses on that particular plane.

What information can be obtained by analyzing the point on
Mohr's circle corresponding to a specific plane stress?
Analyzing this point provides the normal stress and shear stress acting on that plane. It also helps
determine the plane's orientation relative to principal stress directions and assess the maximum
shear stress conditions.

How does the construction of Mohr's circle assist in
identifying the optimal failure plane under given stress
conditions?
By constructing Mohr's circle, engineers can locate the maximum shear stress point, which indicates
the potential failure plane. It also allows identification of the orientation where normal and shear
stresses reach critical values, aiding in failure analysis.

What are the steps involved in selecting a specific stress
point on Mohr's circle for a given plane stress condition?
The steps include: (1) determine the normal and shear stresses on the plane, (2) locate these stresses
on the Mohr's circle corresponding to the normal stress axis, (3) find the point on the circle that
matches these stress components, and (4) interpret this point to understand the stress state on that
plane.

Can Mohr's circle be used for three-dimensional stress
analysis, and how does this affect selecting the stress point
for a particular plane?
Yes, Mohr's circle can be extended to three dimensions using three circles or analytical methods.



However, selecting the stress point on a specific plane in 3D involves more complex analysis, often
requiring principal stresses and planes to accurately determine the stress state on that plane.

Additional Resources
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---

Introduction

In the realm of solid mechanics and structural analysis, understanding the distribution of stresses
within a material is fundamental for predicting failure, designing resilient structures, and ensuring
safety. Among the various tools available to engineers and researchers, Mohr's circle stands out as an
elegant and powerful graphical method for visualizing and analyzing plane stress states. By
constructing Mohr’s circle based on known principal stresses and shear stresses, one can readily
identify the stress components acting on any arbitrary plane within a material. This article delves into
the process of constructing Mohr's circle for a given plane stress state and, crucially, explains how to
select the point on the circle that accurately represents the stress acting on a specific plane. Through
detailed explanations and illustrative insights, we aim to clarify this essential technique used in stress
analysis.

---

Understanding Plane Stress and Its Significance

Before diving into the construction of Mohr’s circle, it is vital to comprehend what plane stress entails.
Plane stress refers to a stress state where the stress component perpendicular to the plane (often
denoted as σ_z) is negligible or zero, typically in thin structures like plates, shells, or sheets. In such
scenarios, the primary stresses are confined within the plane, characterized by:

- Normal stresses: σ_x and σ_y
- Shear stress: τ_xy

These components are usually known or can be determined from experimental data or analytical
calculations. Once they are established, the next step involves analyzing how these stresses change
when considering different orientations of the plane within the material.

---

Constructing Mohr's Circle for Plane Stress

Mohr’s circle provides a graphical representation of the relationships between normal and shear
stresses on variously oriented planes within a material. The construction process involves several
steps:

1. Gather Known Stress Components

Start with the known stresses on the original plane:



- σ_x (normal stress in the x-direction)
- σ_y (normal stress in the y-direction)
- τ_xy (shear stress on the xy-plane)

These are usually obtained through experimental measurements or analytical calculations.

2. Plot the Principal Stresses

Identify the principal stresses, which are the maximum and minimum normal stresses acting on
planes where shear stress is zero:

- The principal stresses, σ_1 and σ_2, are computed as:

σ_1, σ_2 = (σ_x + σ_y)/2 ± √[((σ_x - σ_y)/2)^2 + τ_xy^2]

- Mark these points on the horizontal axis of the Mohr’s circle diagram, corresponding to σ_1 and σ_2.

3. Draw the Mohr's Circle

- Plot two points on the σ-axis: one at σ_x and another at σ_y.
- Determine the center of the circle, which is located at:

C = (σ_x + σ_y)/2

- The radius (R) of the circle is given by:

R = √[((σ_x - σ_y)/2)^2 + τ_xy^2]

- Using a compass or geometric tools, draw a circle with center at C and radius R, passing through the
points corresponding to σ_x and σ_y.

4. Understand the Geometry

- The circle now visually encodes the relationships between normal and shear stresses.
- Any point on the circle represents the state of stress acting on a plane oriented at a specific angle θ
to the original axes.

---

Selecting the Point That Represents the Stress on an Arbitrary Plane

Once the Mohr’s circle is constructed, the next crucial step involves identifying the point
corresponding to the actual plane of interest—say, a plane inclined at an angle θ from the original x-
axis.

1. Determine the Orientation of the Plane

- The angle θ is the physical angle between the original x-axis and the plane whose stress state you
wish to analyze.
- For Mohr's circle, the corresponding angle on the circle is 2θ, because of the geometrical relationship
between physical and graphical representations.



2. Locate the Corresponding Point on the Circle

- Starting from the known point (σ_x, τ_xy) on the Mohr’s circle, rotate the radius line by an angle of
2θ counterclockwise to find the stress state on the inclined plane.
- Alternatively, if the construction is already complete, you can directly measure or calculate the
coordinates of the point on the circle at 2θ.

3. Coordinates of the Stress Point

The stress components (normal and shear) on the inclined plane are given by the following equations:

- Normal stress:

σ_θ = (σ_x + σ_y)/2 + [(σ_x - σ_y)/2] cos(2θ) + τ_xy sin(2θ)

- Shear stress:

τ_θ = -[(σ_x - σ_y)/2] sin(2θ) + τ_xy cos(2θ)

These equations are derived from the geometric relationships in Mohr’s circle and serve as a
validation for the graphical method.

4. Interpret the Stress Components

- The point on the circle at angle 2θ provides the normal and shear stresses acting on the plane
inclined at θ.
- The coordinates of this point (σ_θ, τ_θ) are critical for assessing potential failure modes, such as
yielding or fracture.

---

Practical Applications and Implications

Selecting the stress point on Mohr's circle isn't merely an academic exercise—it has tangible
implications in engineering design and failure analysis.

- Failure Criteria Assessment: Engineers compare the stress components at the specific plane with
material failure limits to predict whether a component will yield or fracture.
- Design Optimization: Knowing the maximum shear stress or principal stresses helps in optimizing
the orientation of components to minimize stress concentrations.
- Stress Transformation: The graphical technique simplifies complex stress transformations, making it
easier to analyze multiple planes without solving multiple equations.

---

Advantages of Using Mohr's Circle

- Visual Intuition: The circle provides an intuitive understanding of how stresses transform with
orientation.
- Simplified Calculations: Once constructed, the circle allows quick extraction of stress components for
any plane angle.



- Comprehensive Analysis: It captures both normal and shear stress variations simultaneously, aiding
in holistic stress assessment.

---

Limitations and Considerations

While Mohr’s circle is a powerful tool, it does have limitations:

- Plane Stress Assumption: It applies primarily to two-dimensional (plane stress) states; three-
dimensional analyses require more complex methods.
- Material Homogeneity: Assumes uniform material properties; heterogeneous materials may require
more detailed analysis.
- Accuracy Dependence: The graphical approach relies on precise construction; inaccuracies can lead
to errors in stress estimation.

---

Conclusion

Constructing and interpreting Mohr's circle for a given plane stress state is a foundational skill for
engineers and material scientists. By carefully plotting the known stresses, drawing the circle, and
rotating to the relevant angle, practitioners can pinpoint the exact stress components acting on any
inclined plane. This graphical method simplifies complex stress transformations into an accessible
visual and analytical process, enabling more accurate failure predictions, safer designs, and a deeper
understanding of stress behaviors within materials. As structures become more sophisticated and
safety standards more stringent, mastering the use of Mohr’s circle remains an essential component
of the stress analysis toolkit.
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