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Understanding the relationship between engineering stress, engineering
strain, and true stress is fundamental in the field of materials science and
mechanical engineering. These concepts are essential for analyzing how
materials behave under various loading conditions, particularly during
deformation and failure. This article delves into the definitions,
calculations, and significance of these stress and strain measures, with a
special focus on the scenario where the engineering stress is 50 MPa and the
engineering strain is 0.01, revealing that the true stress in this case is
also 50 MPa.

Basic Concepts of Stress and Strain

What is Stress?
Stress is a measure of internal forces within a material per unit area. It
quantifies the intensity of internal forces acting on a material when
subjected to external loads. Stress is expressed in units such as pascals
(Pa), megapascals (MPa), or pounds per square inch (psi).

- Engineering Stress (σeng): Also called nominal stress, it is calculated
based on the original cross-sectional area before deformation.
- True Stress (σtrue): Accounts for the actual cross-sectional area during
deformation, especially significant during plastic deformation.

What is Strain?
Strain measures the deformation of a material relative to its original size.
It is a dimensionless quantity, often expressed as a decimal or percentage.

- Engineering Strain (εeng): Calculated as the change in length divided by
the original length.
- True Strain (εtrue): Accounts for the continuous change in length during
deformation, often calculated as the natural logarithm of the ratio of final
to initial length.



Relationship Between Engineering and True
Stress and Strain

Understanding how engineering and true measures relate is crucial for
accurate material analysis, especially beyond elastic deformation.

From Engineering to True Stress
The true stress considers the actual cross-sectional area during deformation.
The relationship between the two is given by:

\[
\sigma_{true} = \sigma_{eng} \times (1 + \epsilon_{eng})
\]

This formula is valid under certain conditions, especially during plastic
deformation where the cross-sectional area reduces significantly.

From Engineering to True Strain
Similarly, true strain relates to engineering strain through the natural
logarithm:

\[
\epsilon_{true} = \ln(1 + \epsilon_{eng})
\]

This accounts for the continuous change in length as the material deforms.

Calculating True Stress for the Given Scenario

Given:
- Engineering stress, \(\sigma_{eng}\) = 50 MPa
- Engineering strain, \(\epsilon_{eng}\) = 0.01

Applying the formula:

\[
\sigma_{true} = \sigma_{eng} \times (1 + \epsilon_{eng}) = 50\, \text{MPa}
\times (1 + 0.01) = 50\, \text{MPa} \times 1.01 = 50.5\, \text{MPa}
\]

However, the statement claims that the true stress is 50 MPa, the same as the
engineering stress, which suggests a specific context or approximation.



Why is the True Stress Equal to 50 MPa in this Scenario?

Typically, during elastic deformation, the difference between true and
engineering stress is negligible at small strains like 0.01. For such small
strains, the change in cross-sectional area is minimal, and the true stress
closely approximates the engineering stress.

Implication:
- If the true stress equals the engineering stress at 50 MPa, it indicates
that the deformation is within the elastic range or that the change in cross-
sectional area is negligible.
- Alternatively, it could imply that the material's stress-strain
relationship is being considered in a simplified context.

Understanding the Significance of Small Strain
Values

Small strains, typically less than 0.02 (or 2%), are considered elastic. In
this regime:

- The deformation is reversible.
- The difference between true and engineering stress/strain is minimal.
- The material's behavior can often be approximated using linear elasticity,
simplifying calculations.

For strains of 0.01, the difference between true and engineering measures is
usually negligible, which aligns with the statement that the true stress
remains approximately 50 MPa.

Practical Applications and Significance in
Engineering

Understanding the relationship between these stress and strain measures is
crucial in various engineering applications, including:

- Material Testing: Determining yield strength, ultimate tensile strength,
and ductility.
- Design and Safety: Ensuring structures operate within safe stress and
strain limits.
- Failure Analysis: Understanding how materials deform and fail under load.
- Plasticity and Manufacturing: Modeling material behavior during forming
processes.



Stress-Strain Curves and Material Characterization
A typical stress-strain curve illustrates how a material responds under load,
highlighting elastic and plastic regions. Key points include:

- Elastic Region: Stress is proportional to strain; true and engineering
stresses are nearly identical.
- Yield Point: The transition from elastic to plastic deformation.
- Plastic Region: Permanent deformation occurs; true stress becomes
significantly different from engineering stress.

Conclusion: Significance of the True Stress
Being 50 MPa

In the context of the given data, where the engineering stress is 50 MPa and
the engineering strain is 0.01, the true stress is also approximately 50 MPa.
This indicates that the deformation is within the elastic range, where the
material's response is linear, and the difference between true and
engineering measures is negligible.

Key Takeaways:

- For small strains, the difference between true and engineering
stress/strain is minimal.
- Accurate measurement of true stress is essential for understanding material
behavior during plastic deformation.
- The relationship between these measures helps engineers design safer, more
reliable structures and components.

Final Note:

While simplified calculations suggest a slight increase from 50 MPa to 50.5
MPa in true stress at a strain of 0.01, the practical equivalence in many
engineering contexts justifies considering both as approximately equal. This
underscores the importance of context and material behavior understanding
when interpreting stress-strain data.
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Frequently Asked Questions

How is true stress calculated from engineering
stress and strain in the given scenario?
True stress is calculated using the formula: True Stress = Engineering Stress
× (1 + Engineering Strain). Given the engineering stress of 50 MPa and strain
of 0.01, the true stress is 50 MPa × (1 + 0.01) = 50.5 MPa.

Why does the true stress differ from the engineering
stress at a strain of 0.01?
Because true stress accounts for the actual cross-sectional area reduction
during deformation, whereas engineering stress uses the original area. As
strain increases, true stress typically becomes higher than engineering
stress, but at low strains like 0.01, the difference is minimal.

Is the statement 'The true stress is 50 MPa'
accurate for an engineering stress of 50 MPa and
strain of 0.01?
No, the statement is not accurate. The true stress at these parameters is
approximately 50.5 MPa, not 50 MPa, due to the small increase caused by
strain.

What assumptions are made when calculating true
stress from engineering stress and strain?
The calculation assumes uniform deformation, constant material properties
during deformation, and small strains where the difference between
engineering and true stress is minimal.

How does increasing strain affect the relationship
between true stress and engineering stress?
As strain increases, true stress becomes significantly higher than
engineering stress because it considers the decreasing cross-sectional area,
reflecting the actual stress experienced by the material.



Can the true stress be equal to the engineering
stress at low strains like 0.01?
They are approximately equal at very low strains, but technically, true
stress is slightly higher due to the area reduction, calculated as
engineering stress times (1 + strain).

What practical applications rely on understanding
the difference between true stress and engineering
stress?
Applications such as material testing, failure analysis, and designing
components under load require understanding true stress to accurately predict
material behavior and ensure safety and reliability.
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Understanding the relationship between engineering and true stress is
fundamental in materials science and engineering. When analyzing how
materials deform under load, engineers rely on different stress metrics to
accurately predict behavior, failure points, and design safety margins. In
this context, the statement “For engineering stress of 50 MPa and engineering
strain of 0.01, the true stress is: 50” provides a compelling entry point
into the intricate world of stress analysis. This article delves into the
definitions, calculations, and implications of these stress measures,
unraveling their significance in real-world engineering applications.

---

Fundamentals of Stress and Strain in Materials
Engineering

What is Engineering Stress?
Engineering stress, also known as nominal stress, is a measure of the
internal force within a material divided by its original cross-sectional
area. It provides a straightforward way to quantify how much force a material
can withstand during deformation. The formula for engineering stress
(\(\sigma_{eng}\)) is:

\[



\sigma_{eng} = \frac{F}{A_0}
\]

where:
- \(F\) is the applied force,
- \(A_0\) is the original cross-sectional area before loading.

This measure assumes that the cross-sectional area remains constant during
deformation, which is a valid approximation at small strains.

What is Engineering Strain?
Engineering strain, or nominal strain, quantifies the relative change in
length of a material specimen under load. It is calculated as:

\[
\epsilon_{eng} = \frac{\Delta L}{L_0}
\]

where:
- \(\Delta L = L - L_0\),
- \(L_0\) is the original length,
- \(L\) is the length after deformation.

At small strains, this approximation aligns well with actual deformation, but
at higher strains, differences emerge.

True Stress and True Strain: Going Beyond the Basics
While engineering stress and strain are useful for initial analyses, they do
not account for changes in the material's cross-sectional area or the actual
path of deformation as the material elongates. True stress
(\(\sigma_{true}\)) and true strain (\(\epsilon_{true}\)) provide a more
accurate picture, especially at large deformations.

- True Stress considers the actual cross-sectional area during deformation:

\[
\sigma_{true} = \frac{F}{A}
\]

where \(A\) is the instantaneous cross-sectional area.

- True Strain accounts for the continuous change in length:

\[
\epsilon_{true} = \ln \left( \frac{L}{L_0} \right)
\]



These measures are essential for understanding material behavior during
processes like necking, stretching, and forming operations.

---

Connecting Engineering and True Stress and
Strain

The Relationship at Small Strains
For small strains (typically less than 5%), the difference between
engineering and true stress/strain is negligible. In this regime, the cross-
sectional area remains nearly constant, and the simplified assumptions hold.
Hence, the true stress approximately equals the engineering stress, and the
true strain closely matches the engineering strain.

The Relationship at Larger Strains
As strains increase beyond small values, the material’s cross-sectional area
decreases significantly during deformation. To accurately describe the
material’s response, the true stress and strain are used. The relationship
between the two measures is given by:

\[
\sigma_{true} = \sigma_{eng} (1 + \epsilon_{eng})
\]

\[
\epsilon_{true} = \ln (1 + \epsilon_{eng})
\]

This means that at larger elongations, the true stress tends to be higher
than the engineering stress, reflecting the actual internal forces at play.

---

Applying the Concepts: The Given Data

Given Parameters
Let’s analyze the specific case:

- Engineering stress: \(\sigma_{eng} = 50\, \text{MPa}\)



- Engineering strain: \(\epsilon_{eng} = 0.01\)

The question posed is: What is the true stress?

Calculation of True Stress
Using the relationship between engineering and true stress:

\[
\sigma_{true} = \sigma_{eng} (1 + \epsilon_{eng})
\]

Substituting the known values:

\[
\sigma_{true} = 50\, \text{MPa} \times (1 + 0.01) = 50\, \text{MPa} \times
1.01 = 50.5\, \text{MPa}
\]

In this specific case, due to the small strain, the true stress is
approximately 50.5 MPa, very close to the engineering stress.

However, the statement “the true stress is: 50” suggests an approximation or
a special case where the true stress is considered equal to the engineering
stress at this small strain. This is common in many practical situations
because at low strains, the difference is minimal and often neglected for
simplicity.

---

Implications and Practical Significance

Why Does Accurate Stress Measurement Matter?
Understanding whether to use engineering or true stress is critical in
several contexts:

- Material Testing: Accurate stress measurement helps determine the
material’s yield strength, ultimate tensile strength, and ductility.
- Design Safety Margins: Engineers must ensure that structures can withstand
internal forces without failure, which requires precise stress calculations.
- Manufacturing Processes: Processes like cold forming, forging, and
extrusion involve large strains, where true stress and strain calculations
are essential for process control.



Limitations of Engineering Stress and Strain
While engineering stress and strain are convenient for small deformations,
they can be misleading at larger strains because:

- They do not account for cross-sectional area reduction.
- They can underestimate the true internal stresses during significant
deformation.
- Relying solely on them can lead to inaccurate assessments of a material’s
capacity and safety margins.

When to Use True Stress and Strain
In high-precision scenarios or large deformation contexts, engineers prefer
true stress and strain because:

- They provide a more realistic picture of the internal forces.
- They are essential for modeling the plastic behavior of materials.
- They improve the accuracy of finite element analysis and other
computational methods.

---

Conclusion: The Balance Between Simplicity and
Accuracy
The relationship between engineering and true stress and strain reflects a
balance between simplicity and precision. For small strains, the difference
is minimal, allowing engineers to use straightforward calculations without
significant error. As strains grow, embracing true stress and strain models
becomes critical for accurate analysis and safe design.

In the specific case of an engineering stress of 50 MPa and an engineering
strain of 0.01, the true stress is approximately 50.5 MPa, a negligible
difference at this scale. However, understanding the underlying principles
ensures that engineers can adapt their calculations as deformation
progresses, maintaining safety, reliability, and innovation across diverse
applications—from tiny microelectronic components to massive structural
frameworks.

This nuanced understanding underscores the importance of selecting the
appropriate stress and strain measures based on the deformation regime,
ultimately safeguarding both the integrity of engineering designs and the
safety of their applications.
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