
shell structures theory and
applications
Shell Structures Theory and Applications: Exploring the Science Behind Curved
Surfaces

shell structures theory and applications form a fascinating area of
structural engineering and architecture that combines geometry, material
science, and mechanics to create efficient, lightweight, and strong forms.
These curved surfaces have been employed for centuries, from ancient domes
and vaults to modern-day stadium roofs and aerospace components.
Understanding the underlying principles of shell structures not only sheds
light on their elegance and efficiency but also opens doors to innovative
uses in various fields.

What Are Shell Structures?

At its core, shell structures are thin, curved plates that derive their
strength primarily from their shape rather than material thickness. Unlike
flat plates or beams, shells distribute loads through both membrane forces
and bending moments, allowing them to span large areas with minimal material.
This concept leads to lightweight yet durable constructions.

The geometry of shell structures can vary widely, including shapes like
cylinders, spheres, cones, and hyperbolic paraboloids. These forms are not
arbitrary; they are carefully chosen based on their ability to resist loads
efficiently. For example, a dome’s curvature directs forces down to its
supports, reducing bending stresses and enhancing stability.

Theoretical Foundations of Shell Structures

The theory behind shell structures is rooted in the principles of elasticity
and structural mechanics. Key to this theory is the understanding of how
stresses and strains develop in curved surfaces under various loading
conditions.

- **Membrane Action vs. Bending Action**: Shells primarily carry loads
through membrane stresses (tension or compression along the surface) rather
than bending. This distinction is crucial because membrane stresses are more
efficient, allowing thinner shells.

- **Differential Geometry in Shell Theory**: The curvature of the shell
influences how forces are transmitted. Positive Gaussian curvature (as in
domes) and negative Gaussian curvature (as in saddle shapes) behave



differently under load, affecting stability and stress distribution.

- **Classical Shell Equations**: Developed over the 20th century, these
mathematical models describe how shells deform and carry loads. They involve
complex partial differential equations that consider geometry, material
properties, and boundary conditions.

Advances in computational methods, such as the finite element method (FEM),
have made analyzing shell structures more accessible and precise, enabling
engineers to optimize designs for strength, weight, and cost.

Applications of Shell Structures in Modern
Engineering

The practical applications of shell structures are diverse, spanning
architecture, civil engineering, aerospace, and even marine engineering.
Their ability to combine aesthetic appeal with structural efficiency has made
them a favorite choice in many iconic projects.

Architectural Marvels

Shell structures have been used extensively in architecture to create
visually stunning and functional buildings. Famous examples include:

- **Thin Concrete Shells**: Pioneered by engineers like Félix Candela and
Oscar Niemeyer, these shells enabled the creation of sweeping roof forms that
appear light and airy despite being made of concrete.

- **Geodesic Domes**: Popularized by Buckminster Fuller, these lightweight,
spherical shells distribute stresses evenly and cover large spans without
internal supports.

- **Hyperbolic Paraboloid Roofs**: Known for their saddle-shaped curves,
these roofs provide strength and drainage efficiency, often found in sports
arenas and exhibition halls.

These applications showcase how shell theory informs design decisions that
balance form and function, allowing for innovative structures that captivate
users and observers alike.

Aerospace and Automotive Industries

In aerospace engineering, shell structures are crucial for designing
fuselages, wings, and fuel tanks. The need for lightweight yet strong



components aligns perfectly with shell theory principles.

- **Aircraft Fuselage**: Cylindrical shells carry pressurized air loads and
aerodynamic forces with minimal weight, enhancing fuel efficiency and
performance.

- **Spacecraft Components**: Thin shell panels reduce mass while maintaining
structural integrity in harsh environments.

Similarly, automotive design utilizes shell structures in body panels and
chassis to improve crashworthiness and reduce weight, contributing to better
fuel economy and safety.

Marine and Offshore Engineering

Shell structures also find applications in ship hulls and offshore platforms,
where curved surfaces must withstand complex loading from waves, wind, and
cargo. The shell’s ability to distribute stresses helps prevent localized
failures and extends service life.

Advantages and Challenges in Using Shell
Structures

While shell structures offer numerous benefits, they also come with unique
challenges that engineers and architects must navigate.

Advantages

Material Efficiency: By exploiting curvature, shells achieve high
strength-to-weight ratios, reducing material use and cost.

Aesthetic Flexibility: The wide range of possible shapes allows for
creative and striking designs.

Structural Performance: Shells efficiently transfer loads, often
requiring fewer supports and enabling open interior spaces.

Durability: Properly designed shells resist environmental forces and
fatigue well over time.



Challenges

Complex Analysis: Accurate modeling requires advanced mathematical tools
and computational resources.

Construction Difficulties: Building curved surfaces precisely can be
labor-intensive and demands specialized techniques.

Sensitivity to Imperfections: Small flaws in geometry or material can
lead to unexpected stress concentrations.

Connection Details: Joining shell elements or integrating them with
other structural components needs careful design to maintain integrity.

Understanding these factors is vital to successfully applying shell
structures theory and applications in real-world projects.

Tips for Designing Effective Shell Structures

For professionals venturing into shell design, keeping a few practical tips
in mind can make the process smoother and more successful:

Leverage Computational Tools

Modern software enables detailed simulation of shell behavior under various
loads. Using finite element analysis early in the design phase helps identify
weak points and optimize thickness and curvature for performance and cost.

Consider Material Selection Carefully

Materials like reinforced concrete, steel, composites, and aluminum each
bring different properties to shell construction. Choosing the right material
affects not only strength but also constructability and durability.

Focus on Geometric Precision

Since shells rely heavily on their shape, maintaining tight tolerances during
fabrication and assembly prevents stress concentrations and potential
failures.



Integrate Structural and Architectural Goals

Balancing aesthetics with structural demands requires close collaboration
between engineers and architects. Early coordination ensures that design
intent and safety considerations align.

Emerging Trends in Shell Structures

The field of shell structures is evolving with advances in technology and
materials. Some exciting developments include:

- **Use of Advanced Composites:** Lightweight, high-strength composites allow
for thinner shells with improved performance.

- **3D Printing and Digital Fabrication:** These technologies enable complex
geometries and rapid prototyping, reducing construction time and waste.

- **Smart Shells:** Integration of sensors and actuators to monitor and adapt
to changing loads or environmental conditions in real-time.

- **Biomimetic Designs:** Inspired by natural shell forms like seashells and
eggs, engineers are exploring shapes that optimize strength and resilience.

These innovations promise to expand the possibilities of shell structures
theory and applications, leading to more sustainable and efficient built
environments.

Shell structures represent a perfect marriage of science and art, where
mathematical rigor meets creative expression. Their unique ability to span
large spaces with minimal material continues to inspire engineers and
architects worldwide. By understanding the theory and embracing the practical
challenges and opportunities, we can unlock new potentials in construction,
transportation, and beyond.

Frequently Asked Questions

What are the fundamental principles of shell
structures theory?
Shell structures theory involves the study of thin, curved surfaces that can
carry loads primarily through in-plane forces such as tension, compression,
and shear. The fundamental principles include understanding the geometry of
shells, stress resultants, equilibrium equations, compatibility conditions,
and material behavior to analyze and design shells efficiently.



What are the common types of shell structures used
in engineering?
Common types of shell structures include cylindrical shells, spherical
shells, conical shells, and hyperbolic paraboloid shells. Each type has
unique geometric and structural properties, making them suitable for
different applications such as roofs, tanks, domes, and bridges.

How are finite element methods applied in the
analysis of shell structures?
Finite element methods (FEM) are widely used to analyze shell structures by
discretizing the shell geometry into smaller elements and solving the
governing equations numerically. This approach allows for accurate modeling
of complex shapes, material nonlinearities, and load conditions, facilitating
detailed stress and deformation analysis.

What are some practical applications of shell
structures in modern architecture and engineering?
Shell structures are used extensively in modern architecture and engineering
for roofs, domes, stadiums, aircraft fuselages, storage tanks, and bridges.
Their ability to span large areas with minimal material makes them efficient
and aesthetically appealing solutions for both functional and decorative
purposes.

What challenges are associated with the design and
construction of shell structures?
Challenges in designing and constructing shell structures include accurately
predicting nonlinear behavior under complex loads, dealing with stability
issues like buckling, ensuring precise fabrication and assembly, and
accounting for imperfections in geometry and material properties. Advanced
computational tools and careful quality control are essential to address
these challenges.

Additional Resources
Shell Structures Theory and Applications: An In-depth Exploration

shell structures theory and applications form a critical area in modern
engineering, architecture, and material science. These lightweight, curved
surfaces have been leveraged for their outstanding strength-to-weight ratio,
aesthetic appeal, and efficient load-bearing capabilities. The theory behind
shell structures integrates principles from structural mechanics, material
behavior, and geometric nonlinearity, while their applications span across
various industries—from aerospace engineering to civil infrastructure. This



article delves into the fundamental concepts of shell structures, their
analytical models, and the practical uses that underscore their significance
in contemporary design and construction.

Understanding Shell Structures: Theoretical
Foundations

Shell structures are essentially thin, curved plates that derive their
strength mainly from their geometry rather than thickness. Unlike flat
plates, shells resist loads primarily through membrane stresses—tension and
compression—minimizing bending stresses under ideal conditions. This
efficient load transfer mechanism is the cornerstone of shell theory,
distinguishing them from beams and conventional plate structures.

The classical shell theory, largely developed in the 19th and early 20th
centuries, involves simplifying assumptions such as thinness relative to
other dimensions and small strains. The governing equations are derived from
the principles of elasticity and differential geometry, resulting in complex
partial differential equations that describe the relationship between applied
loads, displacements, and internal stresses. Numerical methods like the
finite element method (FEM) have become indispensable for solving these
equations, especially for shells with complex shapes or boundary conditions.

Key Concepts in Shell Structures Theory

Several fundamental concepts underpin the shell structures theory:

Membrane Action: The primary mode of load transfer in shells, where in-
plane forces carry the loads efficiently.

Bending and Shear Effects: While membrane action dominates, bending
moments and shear forces become significant near supports, edges, or
under localized loads.

Geometric Nonlinearity: Large deformations can alter the stiffness and
load paths, necessitating nonlinear analysis for accurate predictions.

Stability and Buckling: Shells are prone to buckling under compressive
loads, making stability analysis crucial in design.

These theoretical aspects are critical in predicting shell behavior and
ensuring structural integrity under various operating conditions.



Applications of Shell Structures in Modern
Engineering

The practical applications of shell structures capitalize on their inherent
ability to provide large spans with minimal material use. This efficiency has
made shells a preferred choice in diverse fields.

Architectural and Civil Engineering Uses

Architects and civil engineers have long been intrigued by shells for their
ability to create expansive, column-free spaces. Iconic examples include the
Sydney Opera House and the thin concrete shells designed by Félix Candela.
The use of reinforced concrete shells in roofs, domes, and canopies allows
for aesthetically pleasing forms that also meet stringent engineering
requirements.

Advantages in architecture include:

Material Efficiency: Thin shells use less material than equivalent flat
slabs or beams.

Structural Elegance: Curved forms distribute loads evenly, reducing
localized stress concentrations.

Cost-effectiveness: Lower material and foundation demands can reduce
overall costs.

However, challenges such as complex formwork, sensitivity to imperfections,
and the need for precise construction techniques must be managed.

Aerospace and Automotive Engineering

In aerospace, shell structures form the backbone of fuselage and wing design.
The external skin of aircraft is often a shell that must withstand
aerodynamic loads, internal pressurization, and thermal stresses. Composite
materials have enhanced shell performance by improving strength and reducing
weight.

Similarly, automotive engineering applies shell theory in body panels and
chassis components, where lightweight and rigidity are paramount. Advances in
computational modeling allow engineers to optimize shell thickness,
curvature, and material layup for performance and safety.



Marine and Offshore Structures

Shell structures find extensive use in ship hulls, submarine bodies, and
offshore platforms. The curved surfaces efficiently resist hydrostatic
pressure and dynamic wave forces. The theory informs the design of hull
thickness, curvature, and stiffening elements to prevent buckling and fatigue
failure.

Analytical and Computational Approaches to
Shell Design

Given the complexity of shell behavior, analytical solutions are limited to
simple geometries and load cases. Therefore, computational methods dominate
in practical design.

Finite Element Analysis (FEA)

FEA breaks down shell structures into discrete elements, applying numerical
techniques to solve governing equations. Modern FEA software can incorporate
material anisotropy, nonlinear geometry, and dynamic loading conditions. This
capability enables engineers to simulate real-world scenarios with high
accuracy.

Comparative Analysis of Shell Theories

Several shell theories exist, each balancing complexity and accuracy:

Classical Thin Shell Theory: Assumes negligible thickness and small1.
deformations, suitable for preliminary design.

First-Order Shear Deformation Theory (FSDT): Accounts for transverse2.
shear strains, important for moderately thick shells.

Higher-Order Theories: Incorporate more detailed strain distributions,3.
used in advanced research and complex applications.

Choosing the appropriate theory depends on shell geometry, loading, and
required precision.



Advantages and Limitations of Shell Structures

Shell structures offer unique benefits but also present challenges that
influence their adoption.

Advantages

High Strength-to-Weight Ratio: Efficient load distribution allows for
lightweight yet robust structures.

Aesthetic Versatility: Curved surfaces enable innovative architectural
expressions.

Large Span Capability: Shells can cover wide areas without internal
supports.

Limitations

Complex Analysis and Design: Accurate prediction requires advanced
computational tools.

Construction Challenges: Precision in formwork and material placement is
critical.

Sensitivity to Imperfections: Small deviations can significantly affect
buckling resistance.

Balancing these factors is essential in the successful application of shell
structures.

Emerging Trends and Future Directions

Advancements in material science, such as the development of ultra-high-
performance concrete and fiber-reinforced composites, continue to enhance
shell structures’ capabilities. Additionally, digital fabrication
technologies like 3D printing and automated formwork systems are addressing
construction challenges, enabling more complex and efficient shell designs.

Integration of smart materials and sensors into shells offers the potential



for real-time health monitoring, further improving safety and lifespan.
Moreover, sustainability concerns are driving research into optimizing shell
geometries to minimize material use and environmental impact.

Shell structures theory and applications remain a vibrant research area, with
ongoing innovations poised to expand their role in next-generation
infrastructure and technology.

In essence, the synergy between theoretical insight and practical
implementation underpins the enduring relevance of shell structures across
multiple disciplines. Their unique blend of strength, efficiency, and
elegance continues to inspire engineers and architects in shaping the built
environment.
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  shell structures theory and applications: Shell Structures Mitchell Gohnert, 2022-02-03
This text provides a complete and thorough derivation of the mathematical theory of shell
structures. Many books on shells only give the key equations or snippets of theory, skipping all of
the mathematical steps required to solve for the key equations. This is understandable, because of
the mathematical complexity of shell structures. Thus, the reader must just accept the design
equations blindly, without achieving a complete understanding of shell theory. This book, therefore,
fills this gap by providing a complete picture of shell theory. Class tested over three university
post-graduate courses and one public course on shell structures, the book is mathematically
intensive, but it written in an accessible style ideal for students of engineering mechanics in civil and
mechanical engineers concentrations, as well as practicing structural engineers looking for a
reference on shells.
  shell structures theory and applications: Shell Structures Wojciech Pietraszkiewicz, 2014
  shell structures theory and applications: Shell Structures, Theory and Applications
Wojciech Pietraszkiewicz, Czeslaw Szymczak, 2005-09-22 Shells are basic structural elements of
modern technology. Examples of shell structures include automobile bodies, domes, water and oil
tanks, pipelines, ship hulls, aircraft fuselages, turbine blades, laudspeaker cones, but also balloons,
parachutes, biological membranes, a human skin, a bottle of wine or a beer can. This volume
contains full texts of over 100 papers presented by specialists from over 20 countries at the 8th
Conference Shell Structures: Theory and Applications, 12-14 October, 2005 in Jurata (Poland). The
aim of the meeting was to bring together scientists, designers, engineers and other specialists in
shell structures in order to discuss important results and new ideas in this field. The goal is to
pursue more accurate theoretical models, to develop more powerful and versatile methods of
analysis, and to disseminate expertise in design and maintenance of shell structures. Among the
authors there are many distinguished specialists of shell structures, including the authors of general
lectures: I.V. Andrianov (Ukraine), V.A. Eremeyev (Russia), A. Ibrahimbegovic (France), P. Klosowski
(Poland), B.H. Kröplin (Germany), E. Ramm (Germany), J.M. Rotter (UK) and D. Steigmann (USA).
The subject area of the papers covers various theoretical models and numerical analyses of strength,
dynamics, stability, optimization etc. of different types of shell structures, their design and
maintenance, as well as modelling of some surface-related mechanical phenomena.
  shell structures theory and applications: Shell Structures: Theory and Applications
Wojciech Pietraszkiewicz, Jaroslaw Gorski, 2013-09-18 Shells are basic structural elements of
modern technology and everyday life. Examples are automobile bodies, water and oil tanks,
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pipelines, aircraft fuselages, nanotubes, graphene sheets or beer cans. Also nature is full of living
shells such as leaves of trees, blooming flowers, seashells, cell membranes, the double helix of DNA
or wings of insec
  shell structures theory and applications: Shell Structures Mitchell Gohnert, 2018
  shell structures theory and applications: Shell Structures: Theory and Applications Volume 4
Wojciech Pietraszkiewicz, Wojciech Witkowski, 2017-10-30 Shells are basic structural elements of
modern technology and everyday life. Examples of shell structures in technology include automobile
bodies, water and oil tanks, pipelines, silos, wind turbine towers, and nanotubes. Nature is full of
living shells such as leaves of trees, blooming flowers, seashells, cell membranes or wings of insects.
In the human body arteries, the eye shell, the diaphragm, the skin and the pericardium are all shells
as well. Shell Structures: Theory and Applications, Volume 4 contains 132 contributions presented at
the 11th Conference on Shell Structures: Theory and Applications (Gdansk, Poland, 11-13 October
2017). The papers reflect a wide spectrum of scientific and engineering problems from theoretical
modelling through strength, stability and dynamic behaviour, numerical analyses, biomechanic
applications up to engineering design of shell structures. Shell Structures: Theory and Applications,
Volume 4 will be of interest to academics, researchers, designers and engineers dealing with
modelling and analyses of shell structures. It may also provide supplementary reading to graduate
students in Civil, Mechanical, Naval and Aerospace Engineering.
  shell structures theory and applications: Shell Structures Mitchell Gohnert, 2022 This text
provides a complete and thorough derivation of the mathematical theory of shell structures. Many
books on shells only give the key equations or snippets of theory, skipping all of the mathematical
steps required to solve for the key equations. This is understandable, because of the mathematical
complexity of shell structures. Thus, the reader must just accept the design equations blindly,
without achieving a complete understanding of shell theory. This book, therefore, fills this gap by
providing a complete picture of shell theory. Class tested over three university post-graduate
courses and one public course on shell structures, the book is mathematically intensive, but it
written in an accessible ideal for students of engineering mechanics in civil and mechanical
engineers concentrations as well as practicing structural engineers looking for a reference on shells.
  shell structures theory and applications: Shell Structures: Theory and Applications (Vol. 2)
Wojciech Pietraszkiewicz, Ireneusz Kreja, 2009-09-22 Shell Structures. Theory and Applications,
Volume 2 contains 77 contributions from over 17 countries, reflecting a wide spectrum of scientific
and engineering problems of shell structures. The papers are divided into six broad groups: 1.
General lectures; 2. Theoretical modeling; 3. Stability; 4. Dynamics; 5. Numerical analysis; 6.
Engineering
  shell structures theory and applications: Shell Structures: Theory and Applications (Vol. 2)
Wojciech Pietraszkiewicz, Ireneusz Kreja, 2009-09-22 Shell Structures. Theory and Applications,
Volume 2 contains 77 contributions from over 17 countries, reflecting a wide spectrum of scientific
and engineering problems of shell structures. The papers are divided into six broad groups: 1.
General lectures; 2. Theoretical modeling; 3. Stability; 4. Dynamics; 5. Numerical analysis; 6.
Engineering
  shell structures theory and applications: Theory of Shell Structures C. R. Calladine, 1983
This book attempts to bring the essence of shell structures within the grasp of engineers. It tackles
the fundamental question of how bending and stretching effects combine and interact in shell
structures from a physical point of view; and shows that this approach leads to an understanding of
the structural mechanics of shells in general.
  shell structures theory and applications: Shell Structures: Theory and Applications
Volume 4 Wojciech Pietraszkiewicz, 2017 Shell Structures: Theory and Applications XI will contain
the proceedings of the 11th International Conference on Shell Structures, held in Gdansk, Poland on
October 11-13, 2017.--Provided by publisher.
  shell structures theory and applications: 9th Conference , 2009
  shell structures theory and applications: Recent Developments in the Theory of Shells



Holm Altenbach, Jacek Chróścielewski, Victor A. Eremeyev, Krzysztof Wiśniewski, 2019-09-25 This
book commemorates the 80th birthday of Prof. W. Pietraszkiewicz, a prominent specialist in the field
of general shell theory. Reflecting Prof. Pietraszkiewicz’s focus, the respective papers address a
range of current problems in the theory of shells. In addition, they present other structural
mechanics problems involving dimension-reduced models. Lastly, several applications are discussed,
including material models for such dimension-reduced structures.
  shell structures theory and applications: Computational Modeling, Optimization and
Manufacturing Simulation of Advanced Engineering Materials Pablo Andrés Muñoz-Rojas,
2016-06-20 This volume presents recent research work focused in the development of adequate
theoretical and numerical formulations to describe the behavior of advanced engineering materials.
Particular emphasis is devoted to applications in the fields of biological tissues, phase changing and
porous materials, polymers and to micro/nano scale modeling. Sensitivity analysis, gradient and
non-gradient based optimization procedures are involved in many of the chapters, aiming at the
solution of constitutive inverse problems and parameter identification. All these relevant topics are
exposed by experienced international and inter institutional research teams resulting in a high level
compilation. The book is a valuable research reference for scientists, senior undergraduate and
graduate students, as well as for engineers acting in the area of computational material modeling.
  shell structures theory and applications: Progress in Continuum Mechanics Holm Altenbach,
Hans Irschik, Alexey V. Porubov, 2023-10-04 This book gives an insight into the current
developments in the field of continuum mechanics. Twenty-five researchers present new theoretical
concepts, e.g., better inclusion of the microstructure in the models describing material behavior. At
the same time, there are also more applications for the theories in engineering practice. In addition
to new theoretical approaches in continuum mechanics and applications, the book puts an emphasis
on discussing multi-physics problems.
  shell structures theory and applications: Novel Electronic Structure Theory: General
Innovations and Strongly Correlated Systems , 2018-01-03 Novel Electronic Structure Theory:
General Innovations and Strongly Correlated Systems, Volume 76, the latest release in the Advances
in Quantum Chemistry series presents work and reviews of current work in quantum chemistry
(molecules), but also includes scattering from atoms and solid state work of interest in physics.
Topics covered in this release include the Present Status of Selected Configuration Interaction with
Truncation Energy Error, Recent Developments in Asymptotic Expansions from Numerical Analysis
and Approximation Theory, The kinetic energy Pauli enhancement factor and its role in determining
the shell structure of atoms and molecules, Numerical Hartree-Fock and Many-Body Calculations for
Diatomic Molecules, and more. - Provides reports on current work in molecular and atomic quantum
mechanics - Contains work reported by many of the best scientists in the field - Presents the latest
release in the Advances in Quantum Chemistry series
  shell structures theory and applications: Theory of Shell Structures C. R. Calladine,
1983-05-05 Shell structures form key components in a very wide range of engineering enterprise.
The theory of shell structures is an old and large subject, with a huge literature. However, this book
is not a compilation of results from the past. Instead, it is an attempt to bring the essence of the
subject within the grasp of engineers. It tackles the fundamental question of how bending and
stretching effects combine and interact in shell structures from a physical point of view; and it
shows that this approach leads to an understanding of the structural mechanics of shells in general,
and to useful results in particular problems. The first half of the book is concerned mainly with the
basic ideas and equations of equilibrium, geometry and elasticity, and their combination in various
useful ways. In particular, it includes a simple treatment of the geometry of general curved surfaces.
The second half of the book first investigates the behaviour of various practical shell structures
under static loading. Then there are chapters on the buckling of shells, on vibration, and on the
application of plastic theory to analysis and design.
  shell structures theory and applications: Shell Structures. Theory and applications. 5th
Conference. 15-18 October 1992, Janowice near Tarnów , 1992



  shell structures theory and applications: Thin-shell Structures; Theory, Experiment and
Design California Institute of Technology, 1974 The book describes the status of the theoretical and
experimental understanding of the mechanics of thin-walled shell structures as known in the 1970's.
The distinctive feature of this book is in its emphasis on experimental evaluation of the theories, and
on practical concerns for shell design. The book is the edited proceedings of the Symposium on Thin
Shell Structures: Theory, Experiment and Design which was held in Pasadena, California from June
29 to 30, 1972. (Author).
  shell structures theory and applications: Advanced Materials and Engineering Taufiq Yap
Yun Hin, 2014-06-30 Selected, peer reviewed papers from the Annual International Conference on
Intelligent Materials and Nanomaterials (AIMN 14), April 18-19, 2014, Seoul, South Korea
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