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A pressure vessel is a container that holds a liquid, vapor, or gas at a different pressure other than atmospheric pressure at the same
elevation. More specifically in this instance, a pressure vessel is used to 'distill'/'crack' crude material taken from the ground (petroleum, etc.)
and output a finer quality product that will eventually become gas, plastics, etc. This book is an accumulation of design procedures, methods,
techniques, formulations, and data for use in the design of pressure vessels, their respective parts and equipment. The book has broad
applications to chemical, civil and petroleum engineers, who construct, install or operate process facilities, and would also be an invaluable
tool for those who inspect the manufacturing of pressure vessels or review designs. * ASME standards and guidelines (such as the method
for determining the Minimum Design Metal Temperature)are impenetrable and expensive: avoid both problems with this expert guide. * Visual
aids walk the designer through the multifaceted stages of analysis and design. * Includes the latest procedures to use as tools in solving
design issues.
ABSTRACT: During recent years, the need to determine reasonable and appropriate stress concentration factors for a series of relatively
large diameter conical vessel reducers is becoming quite apparent during the initial design phase. Three diameter transition cases are
considered for the analyses. The ASME Boiler and Pressure Vessel Code, Section VIII, Division I (ASME, 1995) recommends minimum
transition radius on the large diameter end of the reducer. Multiples of minimum transition radii and different reducer angles are considered to
construct different math models for each case. Considering that the sole loading is a result of the applied internal pressure, stress
concentration factors which is the ratio of the maximum calculated stress intensity to the nominal hoop stress at the shell-to-reducer junction
at the large diameter end are calculated for each model. The results are presented both in tabular and in graphical formats. The compilations
of the stress concentration factors will aid the designer in deciding what transition radii to use in conical reducer geometries. The finite
element analysis program ANSYS is utilized for the analyses.
The choice of structural design and material is essential in preventing the external walls of a vessel from buckling under pressure. In this
revised second edition of Pressure vessels, Carl Ross reviews the problem and uses both theoretical and practical examples to show how it
can be solved for different structures. The second edition opens with an overview of the types of vessels under external pressure and
materials used for construction. Axisymmetric deformation and different types of instability are discussed in the following chapters, with
chapters 5 and 6 covering vibration of pressure vessel shells, both in water and out. Chapters 7 and 8 focus on novel pressure hulls, covering
design, vibration and collapse, while chapters 9 and 10 concentrate on the design and non-linear analysis of submarine pressure hulls under
external hydrostatic pressure. In chapter 11, the design, structure and materials of deep-diving underwater pressure vessels are discussed,
focusing on their application in missile defence systems. Finally, chapter 12 analyses the vibration of a thin-walled shell under external water
pressure, using ANSYS technology. Drawing on the author’s extensive experience in engineering and design both in an industrial and
academic capacity, the second edition of Pressure vessels is an essential reference for stress analysts, designers, consultants and
manufacturers of pressure vessels, as well as all those with an academic research interest in the area. Presents an overview of the types of
vessels under external pressure and materials used for construction Assesses axisymmetric deformation and different types of instability
covering vibration of pressure vessel shells Explores novel pressure hulls, covering design, vibration and collapse concentrating on the
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design and non-linear analysis of submarine pressure hulls
ANSYS Mechanical APDL for Finite Element Analysis provides a hands-on introduction to engineering analysis using one of the most
powerful commercial general purposes finite element programs on the market. Students will find a practical and integrated approach that
combines finite element theory with best practices for developing, verifying, validating and interpreting the results of finite element models,
while engineering professionals will appreciate the deep insight presented on the program’s structure and behavior. Additional topics covered
include an introduction to commands, input files, batch processing, and other advanced features in ANSYS. The book is written in a
lecture/lab style, and each topic is supported by examples, exercises and suggestions for additional readings in the program documentation.
Exercises gradually increase in difficulty and complexity, helping readers quickly gain confidence to independently use the program. This
provides a solid foundation on which to build, preparing readers to become power users who can take advantage of everything the program
has to offer. Includes the latest information on ANSYS Mechanical APDL for Finite Element Analysis Aims to prepare readers to create
industry standard models with ANSYS in five days or less Provides self-study exercises that gradually build in complexity, helping the reader
transition from novice to mastery of ANSYS References the ANSYS documentation throughout, focusing on developing overall competence
with the software before tackling any specific application Prepares the reader to work with commands, input files and other advanced
techniques
Damage Modeling of Composite Structures: Strength, Fracture, and Finite Element Analysis provides readers with a fundamental overview of
the mechanics of composite materials, along with an outline of an array of modeling and numerical techniques used to analyze damage,
failure mechanisms and safety tolerance. Strength prediction and finite element analysis of laminated composite structures are both covered,
as are modeling techniques for delaminated composites under compression and shear. Viscoelastic cohesive/friction coupled model and
finite element analysis for delamination analysis of composites under shear and for laminates under low-velocity impact are all covered at
length. A concluding chapter discusses multiscale damage models and finite element analysis of composite structures. Integrates intralaminar
damage and interlaminar delamination under different load patterns, covering intralaminar damage constitutive models, failure criteria,
damage evolution laws, and virtual crack closure techniques Discusses numerical techniques for progressive failure analysis and modeling,
as well as numerical convergence and mesh sensitivity, thus allowing for more accurate modeling Features models and methods that can be
seamlessly extended to analyze failure mechanisms and safety tolerance of composites under more complex loads, and in more extreme
environments Demonstrates applications of damage models and numerical methods
This report provides guidelines for assessing stress results from 2D and 3D finite element analyses, in terms of the ASME Boiler and
Pressure Vessel Code stress limits in the design by analysis Section III (Class 1, NB) and Section VIII, Division 2. An initial project (report
included in this Bulletin) presents six short-term recommendations, four areas for additional consideration, and a number of issues requiring
long-term research. A subsequent project (Guidelines) addresses four areas of consideration as the principal topic of this Bulletin: 1. The
relation between failure mechanisms and the ASME Code stress categories; 2. The appropriate stresses for each category; 3. The
appropriate locations for assessing each stress category; 4. The appropriate stresses for obtaining the membrane-plus-bending stresses. To
enhance understanding of the four areas of consideration, eleven geometries are defined and evaluated through discussion and finite
element results. Each of the four areas of consideration are discussed in detail and 2D axisymmetric and 3D example geometries are
presented. Recommended code guidance is presented in a set of recommended guidelines which Sections VIII and III of the Code are using
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to develop a general appendix on finite element analysis. The guidelines address the failure modes that relate to membrane stresses,
bending stresses, and membrane-plus-bending stresses, types of analyses for stress assessment, locations for evaluation, stress
classification lines and planes and calculating membrane and bending stresses (linearization, principal stress and stress intensity).
An illustrative guide to the analysis needed to achieve a safe design in ASME Pressure Vessels, Boilers, and Nuclear Components Stress in
ASME Pressure Vessels, Boilers, and Nuclear Components offers a revised and updatededition of the text, Design of Plate and Shell
Structures. This important resource offers engineers and students a text that covers the complexities involved in stress loads and design of
plates and shell components in compliance with pressure vessel, boiler, and nuclear standards. The author covers the basic theories and
includes a wealth of illustrative examples for the design of components that address the internal and external loads as well as other loads
such as wind and dead loads. The text keeps the various derivations relatively simple and the resulting equations are revised to a level so
that they can be applied directly to real-world design problems. The many examples clearly show the level of analysis needed to achieve a
safe design based on a given required degree of accuracy. Written to be both authoritative and accessible, this important updated book:
Offers an increased focus on mechanical engineering and contains more specific and practical code-related guidelines Includes problems
and solutions for course and professional training use Examines the basic aspects of relevant theories and gives examples for the design of
components Contains various derivations that are kept relatively simple so that they can be applied directly to design problems Written for
professional mechanical engineers and students, this text offers a resource to the theories and applications that are needed to achieve an
understanding of stress loads and design of plates and shell components in compliance with pressure vessel, boiler, and nuclear standards.
Contains 30 papers presented in five sessions of the July 1997 conference: numerical analysis of heat exchanger & high temperature
components; design with composite metals; non-linear FEA applications; finite element analysis applications; and analysis of bolted joints.
Topics include the results of
The authors present a modern continuum mechanics and mathematical framework to study shell physical behaviors, and to formulate and
evaluate finite element procedures. With a view towards the synergy that results from physical and mathematical understanding, the book
focuses on the fundamentals of shell theories, their mathematical bases and finite element discretizations. The complexity of the physical
behaviors of shells is analysed, and the difficulties to obtain uniformly optimal finite element procedures are identified and studied. Some
modern finite element methods are presented for linear and nonlinear analyses. A state of the art monograph by leading experts.
Designing a pressure vessel using a handbook is troublesome and not interactive. Therefore computer aided software is created to assist the
users, however due to business benefit, the computer aided software for designing pressure vessel are not for sale or pricey. This project is
to develop an interactive system to design pressure vessels besides the understanding of the algorithm in designing pressure vessel. Results
generated by the system were to compare with manual calculations using ASME VIII-1 design code. Beside that, a finite element model was
created using the results generated by the system and the maximum stress value in finite element analysis was to compare with theoretical
calculation. This project includes comparison studies to compare self defined material with material library, comparison for self defined load
with load from substance library and comparison for substance library liquid with substance library gas. Software Microsoft Visual Basic 6.0 is
used for the purpose of building the interactive interfaces and processing the data. The system applied formulae from ASME VIII-1 design
code and the finite element analysis is using software ALGOR V16. As a conclusion, designing a pressure vessel using computer aided tool
is easier and interactive beside low time consumption, therefore, the project Computer Aided Interactive Pressure Vessel Design is able to
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contribute to the human kind beneficial and should extend the study to become a tool that able to design for all kind of pressure vessel.
A numerical model that predicts high temperature pressure vessel rupture was developed. The finite element method of analysis was used to
determine the effects that various parameters had on pressure vessel failure. The work was concerned with 500, 1000 and 33000 US gallon
pressure vessels made of SA 455 steel. Experimental pressure vessel fire tests have shown that vessel rupture in a fully engulfing fire can
occur in less than 30 minutes. This experimental work was used both to validate the numerical results as well as to provide important vessel
temperature distribution information. Due to the fact that SA 455 steel is not meant for high temperature applications, there was little
published high temperature material data. Therefore, elevated temperature tensile tests and creep rupture tests were performed to measure
needed material properties. Creep and creep damage constants were calculated from SA 455 steel's creep rupture data. The Kachanov OneState Variable technique and the MPC Omega method were the creep damage techniques chosen to predict SA 455 steel's high temperature
time-dependent behaviour. The specimens used in the mechanical testing were modeled to numerically predict the creep rupture behaviour
measured in the lab. An extensive comparison between the experimental and numerical uniaxial creep rupture results revealed that both
techniques could adequately predict failure times at all tested conditions; however, the MPC Omega method was generally more accurate at
predicting creep failure strains. The comparison also showed that the MPC Omega method was more numerically stable than the One-State
Variable technique when analyzing SA 455 steel's creep rupture. The creep models were modified to account for multiaxial states of stress
and were used to analyze the high temperature failure of pressure vessels. The various parameters considered included pressure vessel
dimensions, fire type (fully engulfing or local impingement), peak wall temperature and internal pressure. The objective of these analyses was
to gain a better understanding of the structural failure of pressure vessels exposed to various accidental fire conditions. The numerical results
of rupture time and geometry of failure region were shown to agree with experimental fire tests. From the fully engulfing fire numerical
analyses, it was shown that pressure vessels with a smaller length to diameter ratio and a larger thickness to diameter ratio were inherently
safer. It was also shown that as the heated area was reduced, the failure time increased for the same internal pressure and peak wall
temperature. Therefore, fully engulfing fires produced more structurally unstable conditions in pressure vessels then local fire impingements.
Keywords: central volume, stress analysis, FEA, finite element analysis, pressure vessel, cryogenic, nEDM.
This textbook offers theoretical and practical knowledge of the finite element method. The book equips readers with the skills required to
analyze engineering problems using ANSYS®, a commercially available FEA program. Revised and updated, this new edition presents the
most current ANSYS® commands and ANSYS® screen shots, as well as modeling steps for each example problem. This self-contained,
introductory text minimizes the need for additional reference material by covering both the fundamental topics in finite element methods and
advanced topics concerning modeling and analysis. It focuses on the use of ANSYS® through both the Graphics User Interface (GUI) and
the ANSYS® Parametric Design Language (APDL). Extensive examples from a range of engineering disciplines are presented in a
straightforward, step-by-step fashion. Key topics include: • An introduction to FEM • Fundamentals and analysis capabilities of ANSYS® •
Fundamentals of discretization and approximation functions • Modeling techniques and mesh generation in ANSYS® • Weighted residuals
and minimum potential energy • Development of macro files • Linear structural analysis • Heat transfer and moisture diffusion • Nonlinear
structural problems • Advanced subjects such as submodeling, substructuring, interaction with external files, and modification of
ANSYS®-GUI Electronic supplementary material for using ANSYS® can be found at
http://link.springer.com/book/10.1007/978-1-4899-7550-8. This convenient online feature, which includes color figures, screen shots and input
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files for sample problems, allows for regeneration on the reader’s own computer. Students, researchers, and practitioners alike will find this
an essential guide to predicting and simulating the physical behavior of complex engineering systems."
With very few books adequately addressing ASME Boiler & Pressure Vessel Code, and other international code issues, Pressure Vessels:
Design and Practice provides a comprehensive, in-depth guide on everything engineers need to know. With emphasis on the requirements of
the ASME this consummate work examines the design of pressure vessel com
The safe design and operation of pressure equipment and pressure systems is key to much of the infrastructure in any present-day industrial
society. This book presents an amalgam of best practice from a range of international specialists, as well as highlighting new areas that
require research and development. In May 2002, pressure equipment took a major step forward with the emergence of the first edition of the
new European Standard EN13445. Pressure Equipment Technology; Theory and Practice not only describes and analyses the status of the
new Standard (providing underpinning data) but primarily it seeks to provide new light and present new information on many of the areas
where there is insufficient coverage in EN13445 or other Standards. The information is presented in a variety of ways in order to make it
useful not only for the specialist but for the general reader as well. The researcher in pressure vessel technology will find here a
comprehensive and up-to date picture on many important and vital topics that need to be considered. The non-expert will also find a variety of
different analysis approaches that will give interest in a whole spectrum of pressure equipment and storage vessels. The papers and
information included in this volume give expert guidance on a variety of important topics that must be understood if appropriate design of
pressure equipment is going to be undertaken. These include, Piping and Finite Element Analysis Saddles - Plastic Collapse Loads Vessel
Ends and Eccentric Loads Containment Vessels Explosive Loading Welding and Fatigue

This reprint volume compiles the works of the author on the building of science in developing countries. The purpose of this
volume is to improve the accessibility of the literature on science development for interested individuals especially in the Third
World Countries.
"To promote applications of finite element analysis (FEA) in the pressure equipment field, this book deals with a novel and
economically interesting FEA approach in pressure vessel design - the so-called Direct Route in Design by Analysis. - This
standardized approach is based on linear as well as non-linear FEA, on the partial safety factor concept, and on failure mode
related design checks. - "This book is intended as support of this approach and as a reference book for this new route, providing
background information on the underlying principles, basic ideas, presuppositions, and new solutions. - "Examples are included to
familiarize readers with this approach and to highlight problems and solutions, advantages and disadvantages. - "The book is
intended for designers in the pressure equipment industry, for design specialists of inspection bodies, and for researchers
focussed on structural design in industry and in universities."--BOOK JACKET.
Pressure vessels are closed containers designed to hold gases or liquids at a pressure substantially different from the ambient
pressure. They have a variety of applications in industry, including in oil refineries, nuclear reactors, vehicle airbrake reservoirs,
and more. The pressure differential with such vessels is dangerous, and due to the risk of accident and fatality around their use,
the design, manufacture, operation and inspection of pressure vessels is regulated by engineering authorities and guided by legal
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codes and standards. Pressure Vessel Design Manual is a solutions-focused guide to the many problems and technical
challenges involved in the design of pressure vessels to match stringent standards and codes. It brings together otherwise
scattered information and explanations into one easy-to-use resource to minimize research and take readers from problem to
solution in the most direct manner possible. Covers almost all problems that a working pressure vessel designer can expect to
face, with 50+ step-by-step design procedures including a wealth of equations, explanations and data Internationally recognized,
widely referenced and trusted, with 20+ years of use in over 30 countries making it an accepted industry standard guide Now
revised with up-to-date ASME, ASCE and API regulatory code information, and dual unit coverage for increased ease of
international use
Designed for a one-semester course in Finite Element Method, this compact and well-organized text presents FEM as a tool to
find approximate solutions to differential equations. This provides the student a better perspective on the technique and its wide
range of applications. This approach reflects the current trend as the present-day applications range from structures to
biomechanics to electromagnetics, unlike in conventional texts that view FEM primarily as an extension of matrix methods of
structural analysis. After an introduction and a review of mathematical preliminaries, the book gives a detailed discussion on FEM
as a technique for solving differential equations and variational formulation of FEM. This is followed by a lucid presentation of onedimensional and two-dimensional finite elements and finite element formulation for dynamics. The book concludes with some case
studies that focus on industrial problems and Appendices that include mini-project topics based on near-real-life problems.
Postgraduate/Senior undergraduate students of civil, mechanical and aeronautical engineering will find this text extremely useful; it
will also appeal to the practising engineers and the teaching community.
This book provides comprehensive coverage of stress and strain analysis of circular cylinders and pressure vessels, one of the
classic topics of machine design theory and methodology. Whereas other books offer only a partial treatment of the subject and
frequently consider stress analysis solely in the elastic field, Circular Cylinders and Pressure Vessels broadens the design
horizons, analyzing theoretically what happens at pressures that stress the material beyond its yield point and at thermal loads that
give rise to creep. The consideration of both traditional and advanced topics ensures that the book will be of value for a broad
spectrum of readers, including students in postgraduate, and doctoral programs and established researchers and design
engineers. The relations provided will serve as a sound basis for the design of products that are safe, technologically
sophisticated, and compliant with standards and codes and for the development of innovative applications.

A finite-element computer program, MULT-NOZZLE, was developed for the stress analysis of cylindrical pressure
vessels with two or three closely spaced reinforced nozzles. MULT-NOZZLE consists of two modules which may be
operated independently. The first module, FEMG, automatically prepares a finite-element mesh including the nodal point
coordinates, finite-element connectivities, mesh options, and boundary value specifications for input to the finite-element
solution module SAP3M. SAP3M, which is a modified and
improved version of the SAP3 computer program, computes
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the nodal point displacements and stress tensor components, and prints and/or stores the results for later
postprocessing. The accuracy of the SAP3M module is demonstrated by comparison studies of two classical theory-ofelasticity problems: a simply supported beam and a thick-walled ring under internal pressure loading. A complete
discussion of MULT-NOZZLE is presented in four volumes. Volume develops the finite-element idealization for pressure
vessels with two idential radially attached closely spaced nozzles for internal pressure loading. The nozzles may be
unreinforced or fully reinforced according to the rules of the ASME Boiler and Pressure Vessel Code and may be located
in either a longitudinal or a transverse plane of the vessel. Validation of the program for analyzing this type of structure is
demonstrated by the analysis of three two-nozzle pressure vessel models and comparison of results with experimental
data. In general, quite satisfactory results were obtained.
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