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Understanding the behavior of thick-walled cylinders under various loading conditions is fundamental in
mechanical engineering, structural design, and material science. When a thick-walled cylinder with an inside
diameter of 10 cm and an outside diameter of 20 cm is subjected to internal pressure, it exhibits complex stress
distributions and deformation characteristics. Analyzing these responses is crucial for ensuring safety,
durability, and optimal performance in applications ranging from pipelines and pressure vessels to hydraulic
cylinders and structural components.

In this comprehensive article, we will explore the fundamental concepts, analytical methods, and practical
considerations involved in evaluating the stress, strain, and deformation of a thick-walled cylinder subjected
to internal pressure. We will also discuss relevant formulas, safety factors, and material selection
strategies to optimize design and ensure integrity under operational conditions.

---

Understanding Thick-Walled Cylinders: Basic Concepts

What Is a Thick-Walled Cylinder?

A thick-walled cylinder is a cylindrical structure whose wall thickness is significant relative to its radius.
Unlike thin-walled cylinders, where wall thickness is less than approximately one-tenth of the radius, thick-
walled cylinders require more complex analysis because the stress distribution varies through the wall
thickness.

Key features include:
- Significant wall thickness (generally >10% of the radius)
- Non-uniform stress distribution across the wall
- Application in high-pressure environments

Geometry and Dimensions

In our specific case:
- Inner Diameter (Di) = 10 cm
- Outer Diameter (Do) = 20 cm
- Wall Thickness (t) = (Do - Di) / 2 = (20 - 10) / 2 = 5 cm

This geometry indicates a substantial wall thickness, making the analysis more involved than for thin-walled
cylinders.

---

Stress Analysis of Thick-Walled Cylinders Under Internal Pressure



Fundamental Assumptions and Conditions

To analyze the stresses, we typically assume:
- The cylinder is long enough to neglect end effects.
- The material is homogeneous, isotropic, and linearly elastic.
- The internal pressure (Pi) acts uniformly on the interior surface.
- External pressure is negligible or known (if applicable).

Stress Distribution: Radial and Hoop Stresses

The primary stresses in a thick-walled cylinder subjected to internal pressure are:
- Radial stress (σr): varies from maximum at the inner surface to minimum at the outer surface.
- Hoop stress (σθ): also varies through the wall thickness and is typically higher than radial stress.

The classic solution for these stresses is derived from Lam�’s equations:

\[
\sigma_r(r) = \frac{A}{r^2} + B
\]
\[
\sigma_\theta(r) = -\frac{A}{r^2} + B
\]

where \(A\) and \(B\) are constants determined by boundary conditions.

Boundary conditions:
- \(\sigma_r(r = D_i/2) = -P_i\) (inner surface is under internal pressure)
- \(\sigma_r(r = D_o/2) = 0\) (assuming atmospheric pressure on outside)

Calculating the stresses:

\[
A = \frac{(P_i)(D_i^2/4)}{(D_o^2/4) - (D_i^2/4)} = \frac{P_i D_i^2}{D_o^2 - D_i^2}
\]
\[
B = \frac{P_i D_i^2}{D_o^2 - D_i^2}
\]

The resulting hoop and radial stresses at any radius \(r\) are:

\[
\sigma_\theta(r) = \frac{P_i D_i^2}{D_o^2 - D_i^2} \left(1 + \frac{D_o^2}{4r^2}\right)
\]
\[
\sigma_r(r) = \frac{P_i D_i^2}{D_o^2 - D_i^2} \left(1 - \frac{D_o^2}{4r^2}\right)
\]

---

Deformation and Strain Analysis



Radial and Hoop Strain Calculations

Stress analysis is only part of the picture; understanding how the cylinder deforms under these stresses is
equally important. Using Hooke’s law for isotropic materials, the strains can be related to stresses as
follows:

\[
\epsilon_r = \frac{1}{E} \left(\sigma_r - \nu \sigma_\theta\right)
\]
\[
\epsilon_\theta = \frac{1}{E} \left(\sigma_\theta - \nu \sigma_r\right)
\]

where:
- \(E\) = Modulus of Elasticity
- \(\nu\) = Poisson’s Ratio

The radial displacement \(u(r)\) can be obtained by integrating the strain:

\[
u(r) = \int \epsilon_r dr
\]

This displacement indicates the extent of expansion or contraction of the cylinder under internal pressure.

---

Design Considerations and Safety Factors

Material Selection

Choosing the right material is critical for withstanding internal pressure without failure. Factors to consider
include:
- Yield strength
- Ultimate tensile strength
- Corrosion resistance
- Temperature stability

Common materials for thick-walled cylinders include:
- Steel alloys (e.g., ASTM A106, A53)
- Stainless steels
- Composite materials in specialized applications

Stress Limits and Safety Factors

To ensure safety, engineers apply safety factors:
- Typically ranging from 1.5 to 3, depending on the application
- Ensuring the maximum hoop stress is well below the material’s yield strength

Key points:
- Calculate maximum hoop stress at the inner wall
- Compare with allowable stress (material yield strength / safety factor)



- Adjust design parameters if necessary

---

Practical Applications of Thick-Walled Cylinders

Pressure Vessels and Pipelines

Thick-walled cylinders are fundamental in designing pressure vessels capable of withstanding high internal
pressures without failure. Proper analysis ensures safety and compliance with standards such as ASME Boiler
and Pressure Vessel Code.

Hydraulic Cylinders

Hydraulic cylinders often feature thick walls to handle high fluid pressures, making stress analysis critical in
their design to prevent rupture or deformation.

Structural Components

In structural engineering, thick-walled cylinders are used in foundations, pilings, and other load-bearing
elements subjected to internal or external pressures.

---

Advanced Topics and Modern Techniques

Finite Element Analysis (FEA)

Modern engineering often employs FEA for detailed stress and deformation analysis, especially when dealing with
complex geometries or non-linear material behavior.

Material Optimization and Composite Materials

Advances in composite materials allow for lighter, stronger cylinders with tailored properties, necessitating
sophisticated analysis methods.

Corrosion and Fatigue Considerations

Long-term operation requires accounting for material degradation, corrosion, and cyclic stresses, influencing
design and maintenance strategies.

---



Conclusion

Analyzing a thick-walled cylinder with an inside diameter of 10 cm and outside diameter of 20 cm subjected to
internal pressure involves understanding the distribution of hoop and radial stresses, their impact on
deformation, and the importance of material selection and safety factors. Accurate stress analysis using
Lam�’s equations provides critical insights into the cylinder’s behavior under pressure, guiding engineers in
designing safe, reliable pressure vessels and structural components.

By integrating analytical methods with modern computational tools like FEA, engineers can optimize designs,
enhance safety, and extend the lifespan of these vital components across various industries. Whether in oil and
gas, aerospace, or civil engineering, the principles discussed here form the foundation for effective and safe thick-
walled cylinder design.

---
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Frequently Asked Questions

What is the significance of the wall thickness in a thick-walled cylinder
subjected to internal pressure?

The wall thickness determines the cylinder's ability to withstand internal pressure without failure, influencing
stress distribution, strength, and safety margins. Thicker walls generally reduce hoop and longitudinal
stresses, enhancing durability.

How do you calculate the hoop and longitudinal stresses in a thick-walled
cylinder with given internal and external diameters?

Using Lame's equations, hoop stress (σθ) and longitudinal stress (σl) can be calculated as functions of
internal and external pressures, internal and external radii, and wall thickness. The formulas account for the
non-uniform stress distribution through the wall thickness.

What are the typical failure modes for a thick-walled cylinder under
internal pressure?

Failure modes include hoop rupture, longitudinal fracture, buckling, and plastic deformation. The most common
is hoop failure due to high circumferential stresses, especially at the inner surface.

How does the material's properties influence the design of a thick-walled
cylinder subjected to internal pressure?

Material properties like yield strength, ductility, and toughness determine the maximum allowable stress,
influencing wall thickness and safety factors needed to prevent failure under internal pressure.

What role does the internal pressure play in the stress distribution within a
thick-walled cylinder?

Internal pressure induces tensile stresses that vary across the wall thickness, with maximum hoop stress at
the inner surface. The distribution is non-uniform, requiring detailed analysis to ensure safety.



How can finite element analysis (FEA) be used to analyze stress in a thick-
walled cylinder under internal pressure?

FEA allows for detailed modeling of stress and strain distributions within the cylinder, accommodating
complex geometries and material behaviors, providing accurate insights into potential failure zones.

What safety considerations are important when designing a thick-walled
cylinder subjected to internal pressure?

Design must account for material yield strength, corrosion allowances, manufacturing imperfections, and
operational pressures to ensure stresses remain within safe limits, incorporating appropriate safety factors.

How does the difference between the inside and outside diameters affect the
stress analysis of the cylinder?

A larger difference increases the wall thickness, which influences stress distribution. Thicker walls generally
reduce hoop and longitudinal stresses for a given internal pressure, affecting the cylinder's strength and safety
margins.

What are the standard codes or guidelines used for designing thick-walled
cylinders under internal pressure?

Designs typically follow standards like ASME Boiler and Pressure Vessel Code (Section VIII), API codes, or
other relevant pressure vessel standards that specify allowable stresses, testing, and safety requirements.

Additional Resources
A Thick Walled Cylinder 10 Cm Inside Diameter And 20 Cm Outside Diameter Is Subjected To An Internal
Pressure: An In-Depth Investigation
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Introduction

The analysis of thick-walled cylinders under internal pressure is a fundamental aspect of mechanical
engineering, particularly relevant in the design and integrity assessment of pressure vessels, pipelines, and
various structural components. The specific case of a thick-walled cylinder 10 cm inside diameter and 20 cm
outside diameter provides a classic yet complex scenario that combines theoretical principles with real-world
applications. This article aims to explore the detailed stress analysis, deformation behavior, and safety
considerations associated with such a cylinder subjected to internal pressure, providing insights valuable for
engineers, researchers, and safety professionals.

---

Overview of the Cylinder Geometry and Material Assumptions

Basic Geometry

The cylinder in question is characterized by:

- Inner Diameter (di): 10 cm
- Outer Diameter (do): 20 cm

From these, the key dimensions are:



- Inner Radius (ri): 5 cm
- Outer Radius (ro): 10 cm
- Wall Thickness (t): 10 cm (since t = (do - di)/2 = (20 - 10)/2 = 5 cm)

Note: The calculation above indicates a wall thickness of 5 cm, which is substantial relative to the radius,
confirming the "thick-walled" designation.

Material Properties

For the analysis, typical assumptions include:

- Isotropic, homogeneous material
- Elastic behavior within the elastic limit
- Yield strength (σy) and other properties are considered for safety margins but are not explicitly specified here.

---

Fundamental Concepts in Thick-Walled Cylinder Analysis

Stress Distribution Under Internal Pressure

Unlike thin-walled cylinders, where hoop stress is assumed uniform and primarily circumferential, thick-walled
cylinders exhibit complex, non-uniform stress distributions across the wall thickness. The classical Lame’s
equations govern the internal stress state:

- Radial stress (σr)
- Hoop (circumferential) stress (σθ)
- Longitudinal stress (σz)

This analysis assumes the cylinder is closed at both ends and subjected solely to internal pressure, with
negligible external pressure or axial loads unless specified.

Lame’s Theory Application

Lame’s theory provides the formulas for stress at any radius r within the wall:

\[
\sigma_r(r) = \frac{p_i r_i^2 - p_o r_o^2}{r_o^2 - r_i^2} + \frac{(p_o - p_i) r_i^2 r_o^2}{r^2 (r_o^2 -
r_i^2)}
\]

\[
\sigma_\theta(r) = \frac{p_i r_i^2 - p_o r_o^2}{r_o^2 - r_i^2} - \frac{(p_o - p_i) r_i^2 r_o^2}{r^2 (r_o^2
- r_i^2)}
\]

where:

- \( p_i \) = internal pressure
- \( p_o \) = external pressure (assumed zero unless specified)

---

Stress Analysis Under Internal Pressure

Step 1: Assumptions and Boundary Conditions

- External pressure \( p_o \) = 0 (atmospheric)
- Internal pressure \( p_i \) = Variable (to be specified or analyzed as a parameter)



- Cylinder is perfectly rigid, and deformations are elastic

Step 2: Calculating the Stresses

Using the formulas, the maximum hoop stress occurs at the inner wall (\( r = r_i \)), and the maximum radial
stress at the same location, with the general trend:

- Radial stress at inner wall:

\[
\sigma_r(r_i) = - p_i
\]

- Hoop stress at inner wall:

\[
\sigma_\theta(r_i) = \frac{p_i r_i^2 (r_o^2 + r_i^2)}{r_o^2 - r_i^2}
\]

Plugging in the known dimensions:

\[
r_i = 5\, \text{cm}
\]
\[
r_o = 10\, \text{cm}
\]

The hoop stress simplifies to:

\[
\sigma_\theta(r_i) = \frac{p_i \times 25 \times (100 + 25)}{100 - 25} = \frac{p_i \times 25 \times 125}{75}
= p_i \times \frac{3125}{75} \approx p_i \times 41.67
\]

Similarly, the radial stress at the inner wall is:

\[
\sigma_r(r_i) = - p_i
\]

This indicates that the maximum hoop stress at the inner wall is approximately 41.67 times the internal
pressure, a significant factor in design considerations.

---

Deformation and Compatibility Considerations

Hoop and Radial Strains

In elastic conditions, the strains relate to stresses via Hooke’s law:

\[
\epsilon_\theta(r) = \frac{1}{E} \left[ \sigma_\theta(r) - \nu (\sigma_r(r) + \sigma_z) \right]
\]

\[
\epsilon_r(r) = \frac{1}{E} \left[ \sigma_r(r) - \nu (\sigma_\theta(r) + \sigma_z) \right]
\]



where:

- \( E \) = Young’s modulus
- \( \nu \) = Poisson's ratio
- \( \sigma_z \) = axial stress (considered uniform)

The deformation behavior influences the overall integrity and potential for buckling or failure.

---

Safety and Failure Criteria

Maximum Allowable Stress and Material Limits

The critical concern in pressure vessel design is ensuring that hoop and radial stresses do not exceed the
material’s yield strength, incorporating safety factors. Typical safety factors range from 1.5 to 3, depending
on standards and application.

Calculating Max Internal Pressure

Given the maximum hoop stress at the inner wall:

\[
\sigma_\theta^{max} = p_i \times 41.67
\]

To prevent yielding:

\[
p_i \leq \frac{\sigma_y}{41.67}
\]

For example, if the material's yield strength is 250 MPa:

\[
p_i \leq \frac{250\, \text{MPa}}{41.67} \approx 6\, \text{MPa}
\]

This pressure level must be validated against operational requirements and safety margins.

---

Practical Applications and Design Implications

Pressure Vessel Design

The analysis underscores the importance of choosing appropriate materials and thicknesses. For high-pressure
applications, thicker walls or higher-strength materials may be necessary.

Stress Concentrations and Manufacturing Considerations

Manufacturing imperfections, stress concentrations at welds, and corrosion can significantly affect the
actual stress state.

Inspection and Maintenance

Regular inspections, non-destructive testing, and maintenance are essential to ensure continued safety under
internal pressure loads.



---

Advanced Topics and Further Research

Finite Element Analysis (FEA)

Modern engineers often employ FEA to model complex stress distributions more accurately, especially when
dealing with non-uniformities, external loads, or thermal effects.

Fatigue and Creep

Long-term operation under cyclic pressures or high temperatures introduces additional failure modes like
fatigue and creep, requiring specialized analysis.

External Pressure and Combined Loads

In real-world scenarios, external pressure, axial loads, bending moments, and thermal stresses must be
incorporated for comprehensive safety assessments.

---

Conclusion

The detailed investigation into a thick-walled cylinder 10 cm inside diameter and 20 cm outside diameter
subjected to internal pressure reveals significant insights into stress distribution, deformation, and safety
considerations. The analytical approach grounded in Lame’s theory provides a robust framework, but
practical applications demand consideration of material properties, manufacturing tolerances, and operational
conditions. Proper design, regular inspection, and adherence to safety standards are vital to ensuring the
integrity and longevity of pressure vessels and related structures.

This case study exemplifies the critical importance of thorough mechanical analysis in engineering design,
emphasizing that even seemingly straightforward components like thick-walled cylinders require meticulous
evaluation to prevent failure and ensure safety in their operational environments.
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