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Abstract - The design and structural integrity analysis of
pressure vessels are critical for ensuring operational safety
and efficiency in industrial applications. This study focuses on
the design and analysis of a vertical pressure vessel using the
guidelines set forth in the ASME Boiler and Pressure Vessel
Code (Section VIII, Division 1) and advanced Finite Element
Analysis (FEA) techniques. The design process involves
determining the optimal dimensions, material selection, and
wall thickness to withstand internal pressures while complying
with ASME standards. The modeled vessel is subjected to
various loading conditions including internal pressure, dead
weight, and wind load. FEA simulations are performed using
ANSYS software to evaluate the stress distribution,
deformation, and safety factor of the vessel. Results from the
FEA are compared with analytical calculations to validate the
design. The analysis confirms that the vessel design meets all
safety and code requirements, demonstrating the effectiveness
of combining code-based design with numerical simulation for
pressure vessel development.
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LINTRODUCTION

Pressure vessels are essential components in industries such
as chemical processing, oil and gas, power generation, and
pharmaceuticals, where fluids or gases are stored or
processed under pressure. The design of these vessels
requires careful consideration of various mechanical,
thermal, and operational factors to ensure safety, reliability,
and compliance with regulatory standards.

Among the different types of pressure vessels, vertical
pressure vessels are commonly used due to their space
efficiency and ease of maintenance. However, their vertical
orientation also introduces unique design challenges, such as
handling axial loads, internal pressure, and external forces
like wind or seismic activity.

To ensure safety and performance, the design of pressure
vessels must adhere to established codes and standards. The
ASME Boiler and Pressure Vessel Code (BPVC), Section VIII,
Division 1, is the most widely accepted guideline, offering
comprehensive rules for material selection, thickness
calculation, stress analysis, and testing procedures.

Top view Front view Side view

Figure: Vertical Pressure Vessel
II. OBECTIVES

1) Design modification of a vertical pressure vessel as per
FEA requirements.

2) Structural analysis of vertical pressure vessel to
withstand internal pressure, Weight and External Loads.3)
Thermal Analysis of vertical pressure vessel to check
temperature distribution across thickness.

4) Fatigue Analysis of vertical pressure vessel to check life of
vertical pressure vessel.

III. APPLICATIONS

Vertical pressure vessels are essential components across
various industries, designed to safely contain gases or liquids
under pressure. Their upright orientation offers several
advantages, making them suitable for specific applications.

1) Materials of the pressure vessel

Selecting the appropriate material for a pressure vessel is
crucial to ensure safety, durability, and cost-effectiveness.
The choice depends on factors like operating temperature,
pressure, corrosion potential, mechanical stresses, and
economic considerations.
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a) Strength, including creep - strength determines the
minimum required thickness of vessel should be, to
withstand the imposed loads or stresses. Ultimate
tensile strength, yield strength, creep and rupture
strength are among the elements used to determine the
overall strength of the material.

b) Resistance to corrosion - chemical actions or change in
environmental chemistry can deteriorate the metals
over a long period of time, where this single factor is
sufficient to influent the material selection.

c) Fracture toughness - the capability of a material to hold
out against conditions that can lead to brittle fracture,
characterized by the lack of deformation or yielding
before the component fails completely when exposed to
a combination of low temperature and high stress.

d) Fabric ability - sufficient ductility of the material to
permit the rolling process of the plate for ease of
construction of pressure vessel. Plate material should
be weldable to assemble the individual segments.

IV. METHODOLOGY

The methodology for designing and analyzing a vertical
pressure vessel involves a systematic approach
incorporating both analytical code-based design using the
ASME Boiler and Pressure Vessel Code (BPVC) and
validation through Finite Element Analysis (FEA). The
process is divided into the following stages. ANSYS 2022R2
software is used for The analysis of the pressure vessel. The
material considered for the analysis are as per ASME Grade
material, Carbon steel. The material properties considered
were having a yield stress of 260 MPa and poison’s ratio
considered was 0.3.

1) Applicable Code:
a) Design Code: ASME Sec. VIII Div. 1 Ed. 2021
b) Analysis Code: ASME Sec. VIII Div. 2 Ed. 2021

2) Design Calculations

For a cylindrical shell under internal pressure, the required
wall thickness t can be calculated using the following
formula:

P-D
2.5 E 06-P

Where:

t = Thickness of pressure vessel (mm or inches)

P = Design pressure (MPa or psi)

D = Diameter of the shell (mm or inches)

S = Allowable stress (MPa or psi)

E = Efficiency of joint

This formula accounts for the internal pressure, material
strength, and joint efficiency, ensuring the vessel's structural
integrity under operating conditions.

t=

3) Considerations in Calculation

a) Corrosion Allowance: A corrosion allowance (typically
2 to 3 mm) is added to the calculated thickness to
account for material loss over time due to corrosive
environments.

b) JointEfficiency: The joint efficiency factor E reflects the
quality of welds. An efficiency factor of E=1.0 indicates
perfect.

4) Material Selection
Materials are selected based on:
a) Pressure-temperature ratings
b) Corrosion resistance
c) Costand availability
d) Code compliance

5) Finite Element Analysis (FEA)

a) Pre-processing
i. Import CAD model into FEA software (e.g., ANSYS,

Abaqus).

ii.  Assign material properties as per ASME selected
materials.

iii. Apply mesh (structured or unstructured) and refine

near stress concentration zones (nozzles, junctions).

b) Boundary Conditions and Loading
i.  Apply internal pressure as per design condition.

ii. Apply external loads (weight, wind, seismic if
applicable).

iii. Fix supports (typically at skirt base).

iv. Include thermal loads if thermal expansion is
significant.

c) Simulation and Analysis
i. Run Transient Structural Analysis:
a. Determine stress distribution (Von Mises stress).
b. Check for maximum displacement.
ii. Compare FEA stresses with allowable stress.
iii. Check for Reaction forces.

6) Validation and Comparison
The FEA results are compared for:
i. Validate the analytical design
ii. Identify stress concentration zones
iii. Evaluate deformation under operating conditions
Discrepancies, if any, are analyzed, and design
modifications are proposed to enhance safety and
reliability.
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V.TOOLS/ PLATFORM

1) Design Stage - Modeling the Pressure Vessel
In the design of pressure vessels using ANSYS Space Claim in
accordance with the ASME Boiler and Pressure Vessel Code
(BPVC) Section VIII, Division 1, the approach is primarily
based on established design rules rather than detailed stress
analyses. This methodology simplifies the design process by
relying on predefined formulas and safety factors, which are
particularly advantageous for standard vessel configurations
and materials.

2) FEA Procedure:

i)Import Geometry
Import CAD (Ansys Space claim) into ANSYS.

ii) CAD Cleanup
CAD cleanup in ANSYS (or any other simulation software) is
an essential step in the preparation process before running
simulations, particularly when you’re working with
imported geometry. The main goal of CAD cleanup is to
ensure that the model is accurate, efficient, and ready for
meshing and simulation.

iii) Analysis
Analysis is performed in ANSYS software. Performing an
analysis in ANSYS involves a systematic approach, from
importing the geometry to defining the physics, meshing,
solving, and post-processing the results. Each step is crucial
for obtaining accurate and meaningful results, and the
process may vary slightly depending on the type of analysis
you are performing.

VI. IMPLEMENTATION

The 3D model has been meshed with SOLID185 for
Structural Analysis.

The SOLID185 element in ANSYS is a versatile 3D 8-node
structural solid used for modeling solid structures. For
meshing with SOLID185, it's important to ensure that
elements are properly numbered and not twisted, as
improper numbering can lead to issues such as zero-volume
elements. The meshing process should also consider the
specific material behaviors and the geometry of the structure
being modeled.

1) Material Definition:
The allowable stress values for materials are specified in
ASME Section II, Part D.

2) Meshing:

Finer mesh at stress concentration zones: nozzle-to-shell
junctions, supports.3 elements across shell thickness to
capture the material behavior and stress distribution
accurately.

3) Loading Conditions and Boundary Conditions:

1) Internal pressure

2) Convection for Insulation
3) Temperature

4) End Cap Forces

5) Bolt Pretensions

6) Fixed Support

Figure: FEA Model

VII. RESULT

The von Mises stress is a critical parameter in assessing the
structural integrity of pressure vessels, providing insights
into the distribution of stress throughout the vessel. Elevated
stress levels are commonly observed in regions where the
vessel's geometry changes, such as at nozzle connections,
transitions between vessel sections, or areas with varying
wall thicknesses. These geometric discontinuities act as
stress concentrators, leading to localized high-stress zones
that can significantly impact the vessel's performance and
safety. Areas where the wall thickness changes, such as at
welded joints or support attachments, are susceptible to
stress concentrations. FEA studies indicate that these
regions can experience significant stress intensification,
necessitating careful design and analysis.

Table -1: Summery for equivalent stresses.

Schedule Thickness Stresses

Nozzles Before Before observed In
Modification Modification FEA

1 Nozzle 1 40.5 118

2 Nozzle 2 17 118

3 Nozzle 3 204 118

4 Nozzle 4 80 118

5 Nozzle 5 98.60 118

6 Leg Support 13 140

7 Shell 102.66 118

8 Dished End 82.46 118
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VIII. CONCLUSION

Stresses observed in the nozzle N1, N2 and N3 are above
allowable limit. So required design modification is done by
using appropriate pipe data to overcome the peak stresses
which are coming on nozzle shell junction due do External
loading.

Schedule Thickness Stresses
Nozzles Before Before observed In
Modification Modification FEA
N1 Schedule 80 5.54 mm 378 MPa
N2 Schedule 80 5.54 mm 394 MPa
N3 Schedule 40 7.11 mm 648 MPa

Table 2: Nozzle Details before Modification

Schedule After Thickness Stresses
Nozzles Modification After observed In
Modification FEA
N1 Schedule 80 11.07 mm 40.5 MPa
N2 Schedule 80 11.07 mm 17 MPa
N3 Schedule 40 10.97 mm 204 MPa

Table 3: Nozzle Details after Modification

The design of the Pressure vessels is safe. The Factor of
safety that we consider is permissible and by which the
design is considered safe. The bursting pressure is under the
allowable stress so that the design does not fail. And the
analysis is so close to the Analytical design hence the both
data are validated and the design is considered as safe and
there are no failure occurs in the pressure vessel.
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