
If It Is Known That The Activation Energy For Creep

Is 130000 J/mol, Compute The Steady-state

Creep Rate

Introduction

If It Is Known That The Activation Energy For Creep Is 130,000 J/mol, Compute The Steady-state

Creep Rate — this statement sets the stage for understanding the fundamental principles governing

creep behavior in materials. Creep, a time-dependent deformation under constant stress, is a critical

consideration in designing components that operate at high temperatures for extended periods. The

activation energy associated with creep provides insight into the mechanisms controlling the process

and allows engineers and materials scientists to predict long-term deformation rates through

mathematical modeling. This article delves into the theoretical foundations necessary to compute the

steady-state creep rate given an activation energy, emphasizing the relevant equations, parameters

involved, and practical applications.

Understanding Creep and Its Mechanisms

What Is Creep?

Creep refers to the slow, continuous deformation of a material subjected to a constant load or stress

over time, particularly at elevated temperatures. Unlike instantaneous elastic deformation, creep occurs

over long durations and can lead to failure if not properly accounted for in design considerations.



Creep Stages

Creep typically proceeds through three stages:

Primary Creep: Characterized by a decreasing creep rate due to work hardening.1.

Secondary Creep: Exhibits a relatively constant steady-state creep rate where deformation rate2.

stabilizes.

Tertiary Creep: Accelerated deformation leading to rupture, often due to microstructural damage.3.

For the purpose of this discussion, the focus is primarily on the secondary or steady-state creep rate,

which is critical for long-term structural integrity.

Theoretical Framework for Creep Rate Calculation

Empirical and Theoretical Models

Creep behavior is often modeled using empirical laws derived from experimental data, with the most

common being the power-law creep equation:

\[

\dot{\varepsilon} = A \sigma^n e^{-Q/(RT)}

\]

where:

\(\dot{\varepsilon}\) is the steady-state creep rate (strain rate, typically in s\(^{-1}\))

\(A\) is a material-dependent constant



\(\sigma\) is the applied stress (Pa)

\(n\) is the stress exponent

\(Q\) is the activation energy for creep (J/mol)

\(R\) is the universal gas constant (8.314 J/(mol·K))

\(T\) is the absolute temperature (K)

In many cases, the steady-state creep rate can be expressed via an Arrhenius-type relation,

emphasizing the exponential dependence on temperature and activation energy.

Role of Activation Energy in Creep

The activation energy \(Q\) quantifies the energy barrier that must be overcome for atomic or

microstructural mechanisms (such as diffusion, dislocation movement, or grain boundary sliding) to

occur. A higher \(Q\) indicates a process that is more sensitive to temperature changes, leading to a

lower creep rate at lower temperatures and vice versa.

Parameters Needed for Calculation

Known Parameters

Activation energy, \(Q = 130,000\, \text{J/mol}\)

Applied stress, \(\sigma\)



Temperature, \(T\)

Material constant, \(A\)

Stress exponent, \(n\)

Additional Assumptions

If the problem does not specify the values of \(\sigma\), \(T\), \(A\), or \(n\), standard or typical values

are assumed based on the material type or experimental data. For example, if dealing with a high-

temperature alloy or steel, typical values might be used to illustrate the calculation.

Step-by-Step Calculation of Steady-State Creep Rate

1. Establish the Equation

The general form for calculating the steady-state creep rate is:

\[

\dot{\varepsilon} = A \sigma^n e^{-Q/(RT)}

\]

2. Assign Numerical Values

Suppose we have the following typical values:

Applied stress, \(\sigma = 100\, \text{MPa} = 1 \times 10^8\, \text{Pa}\)



Temperature, \(T = 1000\, \text{K}\)

Stress exponent, \(n = 3\)

Material constant, \(A = 1 \times 10^{-5}\, \text{(unit depends on context)}\)

> Note: These values are illustrative; actual calculations require specific data for the material in

question.

3. Calculate the Exponential Term

Compute the exponential factor:

\[

e^{-Q/(RT)} = e^{-\frac{130,000}{8.314 \times 1000}} = e^{-\frac{130,000}{8,314}} \approx e^{-15.62}

\]

Calculating the exponential:

\[

e^{-15.62} \approx 1.66 \times 10^{-7}

\]

4. Compute the Creep Rate

Putting it all together:

\[



\dot{\varepsilon} = (1 \times 10^{-5}) \times (1 \times 10^8)^3 \times 1.66 \times 10^{-7}

\]

Calculating the stress term:

\[

(1 \times 10^8)^3 = 1 \times 10^{24}

\]

> Note: Since the units of \(A\) are not specified, ensure consistency in units when performing actual

calculations.

5. Final Calculation

\[

\dot{\varepsilon} = 1 \times 10^{-5} \times 1 \times 10^{24} \times 1.66 \times 10^{-7} = 1.66 \times

10^{12}\, \text{s}^{-1}

\]

> This enormous value indicates that choosing realistic values for \(A\), \(\sigma\), and \(T\) is

essential. In practice, \(A\) would be much smaller, and stress/temperature values would be within

realistic ranges, leading to a creep rate compatible with long-term deformation (e.g., 10\(^{-9}\) to

10\(^{-6}\) s\(^{-1}\)).

Refining the Calculation with Realistic Parameters



Typical Values for Engineering Materials

Stress, \(\sigma\): 50–200 MPa

Temperature, \(T\): 800–1200 K

Material constant \(A\): varies widely; for metals, often in the range of 10\(^{-8}\) to 10\(^{-4}\)

Stress exponent, \(n\): 3–7 depending on mechanism

Example with Realistic Data

Suppose:

- \(\sigma = 100\, \text{MPa} = 1 \times 10^8\, \text{Pa}\)

- \(T = 1000\, \text{K}\)

- \(A = 1 \times 10^{-20}\) (hypothetical, typical for some metals)

- \(n = 4\)

Compute exponential term as before:

\[

e^{-15.62} \approx 1.66 \times 10^{-7}

\]

Calculate creep rate:

\[

\dot{\varepsilon} = 1 \times 10^{-20} \times (1 \times 10^8)^4 \times 1.66 \times 10^{-7}

\]



\[

(1 \times 10^8)^4 = 1 \times 10^{32}

\]

\[

\dot{\varepsilon} = 1 \times 10^{-20} \times 1 \times 10^{32} \times 1.66 \times 10^{-7} = 1.66 \times

10^{5}\, \text{s}^{-1}

\]

Again, the value is unreasonably high, indicating the need for precise data. Typically, in real-world

scenarios, the creep rates are extremely small and require accurate parameters obtained from

experimental data.

Frequently Asked Questions

What is the significance of the activation energy being 130,000

J/mol for creep?

The activation energy of 130,000 J/mol indicates the energy barrier that must be overcome for creep

deformation to occur, reflecting the material's sensitivity to temperature changes during creep.

How do you calculate the steady-state creep rate given the activation

energy?

The steady-state creep rate can be calculated using the Arrhenius equation:

ε̇ = A σ^n exp(-Q / (RT)),

where Q is the activation energy, R is the gas constant, T is the absolute temperature, and A, σ, n are

material constants and stress factors.



What additional data is needed to compute the steady-state creep

rate with an activation energy of 130,000 J/mol?

You need the applied stress (σ), temperature (T), the pre-exponential factor (A), and the stress

exponent (n) to accurately compute the creep rate using the Arrhenius equation.

Which temperature units should be used when calculating the creep

rate with an activation energy of 130,000 J/mol?

The temperature should be in Kelvin (K) to ensure consistency with the activation energy units and the

gas constant in the Arrhenius equation.

What is the typical value of the gas constant R used in creep

calculations?

The gas constant R is approximately 8.314 J/(mol·K).

How does temperature influence the steady-state creep rate for a

material with an activation energy of 130,000 J/mol?

As temperature increases, the exponential term exp(-Q / (RT)) increases, leading to a higher creep

rate, indicating that creep accelerates at higher temperatures.

Why is understanding the activation energy crucial for predicting creep

behavior?

Activation energy helps quantify the temperature sensitivity of creep, enabling engineers to estimate

how materials will deform under long-term loading at different temperatures.



Can you determine the creep rate without knowing the applied stress

or temperature if the activation energy is known?

No, without the specific values of applied stress and temperature, you cannot accurately compute the

steady-state creep rate, as these parameters are essential in the calculation.

What assumptions are made when calculating creep rate using the

Arrhenius equation with a known activation energy?

It is assumed that the creep process follows an Arrhenius-type temperature dependence, the material

behavior is steady-state, and the material constants are known or can be estimated accurately.

How can the knowledge of activation energy assist in material

selection for high-temperature applications?

Understanding activation energy enables engineers to predict how materials will perform over time at

elevated temperatures, aiding in selecting materials with suitable creep resistance for specific

applications.

Additional Resources

If It Is Known That The Activation Energy For Creep Is 130000 J/mol, Compute The Steady-state

Creep Rate

Understanding how materials deform under sustained stress is crucial across industries—from

aerospace to civil engineering. One phenomenon that engineers and materials scientists often grapple

with is creep, the slow, permanent deformation that occurs when a material is subjected to a constant

load over time. A key parameter in modeling creep behavior is the activation energy—an energy barrier

that must be overcome for atomic or molecular movements that facilitate deformation. If it is known

that the activation energy for creep is 130,000 J/mol, how can we predict the steady-state creep rate?



This article delves into the science behind this calculation, explaining the fundamental principles, the

relevant equations, and their practical applications.

---

Understanding Creep and Its Significance in Material Science

Creep is a time-dependent deformation process that occurs when materials are exposed to stress at

high temperatures relative to their melting point. Unlike elastic deformation, which is temporary, creep

results in permanent shape changes that can compromise the integrity of components over time.

Why is creep important?

- Structural safety: Components such as turbine blades, pressure vessels, and bridges are often

subjected to high stresses and temperatures, making creep a critical failure mode.

- Material selection: Engineers must choose materials with suitable creep resistance for specific

applications.

- Design life prediction: Understanding creep allows for accurate lifespan estimation of components

under operational conditions.

Stages of creep:

1. Primary creep: The rate of deformation decreases with time due to work hardening.

2. Secondary (steady-state) creep: The deformation rate stabilizes and remains constant over time.

3. Tertiary creep: Accelerating deformation leading to failure.

Our focus is on the steady-state creep rate because it allows for simplified modeling and prediction of

long-term deformation under given conditions.

---



The Concept of Activation Energy in Creep

Activation energy (Q) is a fundamental concept borrowed from chemical kinetics, representing the

minimum energy barrier that must be overcome for a process—here, atomic movement— to occur. In

the context of creep, activation energy quantifies how temperature influences the rate at which

deformation progresses.

Why does activation energy matter?

- It determines how sensitive the creep rate is to temperature variations.

- Higher activation energies imply that the creep rate is less sensitive to temperature, often indicating a

more stable material.

- It influences the choice of materials for high-temperature applications.

Activation energy in creep mechanisms:

Different creep mechanisms (dislocation glide, diffusion creep, grain boundary sliding) have

characteristic activation energies. Knowing the activation energy helps identify the dominant creep

mechanism in a given material system.

---

The Arrhenius Equation and Creep Rate Prediction

The relationship between the creep rate and temperature is often modeled using an Arrhenius-type

equation, which provides a mathematical way to quantify how the rate varies with temperature and

activation energy.

The Arrhenius equation for creep:

\[ \dot{\varepsilon} = A \sigma^n \exp\left( -\frac{Q}{RT} \right) \]



Where:

- \(\dot{\varepsilon}\) is the steady-state creep rate (strain per unit time).

- A is a material-dependent pre-exponential factor.

- \(\sigma\) is the applied stress.

- n is the stress exponent, indicating how sensitive the creep rate is to stress.

- Q is the activation energy (in Joules per mole).

- R is the universal gas constant (\(8.314\, \text{J/mol·K}\)).

- T is the absolute temperature in Kelvin.

Key insight:

The exponential term \(\exp(-Q/RT)\) dominates the temperature dependence. As temperature

increases, the exponential term increases, leading to a higher creep rate.

---

Calculating the Steady-State Creep Rate

To compute the steady-state creep rate (\(\dot{\varepsilon}\)), we need specific parameters: applied

stress, temperature, material constants (A and n), and the activation energy (Q). Since the problem

provides Q, but not the other parameters, typical values or assumptions are necessary for

demonstration.

Assumptions for calculation:

- The applied stress \(\sigma\) and material constants \(A\) and \(n\) are known or assumed based on

typical values for the material.

- The temperature \(T\) is specified or chosen based on the application.

Step-by-step calculation approach:

1. Identify or assume known parameters:



For demonstration, let's assume:

- \(\sigma = 100\, \text{MPa}\) (megapascals)

- \(A = 10^{-5}\, \text{s}^{-1} \text{MPa}^{-n}\) (a typical pre-exponential factor)

- \(n = 3\) (a common stress exponent for metals)

- Temperature \(T = 600^\circ C = 873\, \text{K}\)

2. Apply the Arrhenius equation:

\[ \dot{\varepsilon} = A \sigma^n \exp\left( -\frac{Q}{RT} \right) \]

3. Calculate the exponential term:

\[ \exp\left( -\frac{Q}{RT} \right) = \exp\left( -\frac{130000}{8.314 \times 873} \right) \]

\[

\Rightarrow \exp\left( -\frac{130000}{7249.722} \right) = \exp(-17.91) \approx 1.65 \times 10^{-8}

\]

4. Compute the stress-dependent term:

\[ \sigma^n = (100\, \text{MPa})^3 = 100^3 = 1,000,000\, \text{MPa}^3 \]

5. Calculate the creep rate:

\[ \dot{\varepsilon} = 10^{-5} \times 1,000,000 \times 1.65 \times 10^{-8} \]

\[ \dot{\varepsilon} = 10^{-5} \times 1.65 \times 10^{-2} \]

\[ \dot{\varepsilon} = 1.65 \times 10^{-7}\, \text{s}^{-1} \]

This indicates that under the assumed conditions, the steady-state creep rate is approximately \(1.65

\times 10^{-7}\) per second.

Interpreting the result:

A creep rate of \(10^{-7}\, \text{s}^{-1}\) suggests that the material experiences a very slow, but



continuous, deformation—equivalent to about 0.016 mm per year—highlighting why creep can be a

critical consideration over long service periods.

---

Implications and Practical Applications

Knowing how to calculate the steady-state creep rate from activation energy and other parameters

allows engineers to:

- Design durable components: By predicting long-term deformation, materials can be selected or

modified for better creep resistance.

- Estimate service life: Accurate creep rate predictions enable lifespan calculations for high-

temperature components.

- Optimize operating conditions: Understanding temperature and stress sensitivities guides operational

limits to prevent premature failure.

Limitations and considerations:

- The calculation assumes the dominant creep mechanism remains consistent over the temperature

and stress range.

- Precise values of \(A\) and \(n\) are critical for accurate predictions.

- Real-world conditions may involve variable stresses, temperatures, and microstructural changes over

time.

Advances in modeling:

Modern computational tools incorporate more complex models that account for microstructural

evolution, grain size effects, and other factors to refine creep predictions further.

---



Conclusion

Calculating the steady-state creep rate when the activation energy is known is a fundamental task in

material science, crucial for ensuring the safety and longevity of high-temperature components. By

leveraging the Arrhenius equation and understanding the underlying mechanisms, engineers can

predict how materials will behave under sustained stresses at elevated temperatures. The example

calculation with an activation energy of 130,000 J/mol illustrates the process, emphasizing the

importance of accurate parameter selection and the profound influence of temperature and stress on

creep behavior. As industries continue to push the limits of material performance, mastering these

predictive techniques remains essential for innovation and safety in engineering design.
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