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Daniel Bernoulli introduced the principle of virtual work â€” Leonhard Euler developed the theory of buckling
of columns Claude-Louis Navier published a treatise on the elastic behaviors of structures Carlo Alberto
Castigliano presented his dissertation "Intorno ai sistemi elastici", which contains his theorem for computing
displacement as partial derivative of the strain energy. This theorem includes the method of "least work" as a
special case Otto Mohr formalized the idea of a statically indeterminate structure. Alexander Hrennikoff
solved the discretization of plane elasticity problems using a lattice framework Courant divided a domain into
finite subregions Structural failure and List of structural failures and collapses The history of structural
engineering contains many collapses and failures. The final collapse killed 94 people, mostly children. In other
cases structural failures require careful study, and the results of these inquiries have resulted in improved
practices and greater understanding of the science of structural engineering. Some such studies are the result of
forensic engineering investigations where the original engineer seems to have done everything in accordance
with the state of the profession and acceptable practice yet a failure still eventuated. A famous case of
structural knowledge and practice being advanced in this manner can be found in a series of failures involving
box girders which collapsed in Australia during the s. Structural engineering theory Figure of a bolt in shear
stress. Top figure illustrates single shear, bottom figure illustrates double shear. Structural engineering
depends upon a detailed knowledge of applied mechanics , materials science and applied mathematics to
understand and predict how structures support and resist self-weight and imposed loads. To apply the
knowledge successfully a structural engineer generally requires detailed knowledge of relevant empirical and
theoretical design codes , the techniques of structural analysis , as well as some knowledge of the corrosion
resistance of the materials and structures, especially when those structures are exposed to the external
environment. Such software may also take into consideration environmental loads, such as from earthquakes
and winds. Structural engineer Structural engineers are responsible for engineering design and structural
analysis. Entry-level structural engineers may design the individual structural elements of a structure, such as
the beams and columns of a building. More experienced engineers may be responsible for the structural design
and integrity of an entire system, such as a building. Structural engineers often specialize in particular types of
structures, such as buildings, bridges, pipelines, industrial, tunnels, vehicles, ships, aircraft and spacecraft.
Structural engineers who specialize in buildings often specialize in particular construction materials such as
concrete, steel, wood, masonry, alloys and composites, and may focus on particular types of buildings such as
offices, schools, hospitals, residential, and so forth. Structural engineering has existed since humans first
started to construct their own structures. It became a more defined and formalized profession with the
emergence of the architecture as distinct profession from the engineering during the industrial revolution in the
late 19th century. Until then, the architect and the structural engineer were usually one and the same thing â€”
the master builder. Only with the development of specialized knowledge of structural theories that emerged
during the 19th and early 20th centuries, did the professional structural engineers come into existence. The
role of a structural engineer today involves a significant understanding of both static and dynamic loading, and
the structures that are available to resist them. The complexity of modern structures often requires a great deal
of creativity from the engineer in order to ensure the structures support and resist the loads they are subjected
to. A structural engineer will typically have a four or five year undergraduate degree, followed by a minimum
of three years of professional practice before being considered fully qualified. Structural engineers are licensed
or accredited by different learned societies and regulatory bodies around the world for example, the Institution
of Structural Engineers in the UK.
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The definition of members and joints will be discussed below. The degree of indeterminacy is given by the
following equation: Determination of the Number of Members and Joints There is no specific way that a
structure must be split into members and joints for the purposes of the determinacy analysis. Any division of
the structure is okay as long as the members and joints are consistent with each other; however, joints should
be placed at least at the following locations: Free ends Reactions Intersections of three or more elements For
an example of how to calculate the numbers of members and joints, see Figure 4. Stability An unstable
structure generally cannot be analysed. Therefore, it is useful to know if a structure is stable or unstable before
a structural analysis is conducted. There are four main ways that a structure may be geometrically unstable.
These apply only to linear geometric stability and not to instability caused by buckling, member yielding or
nonlinear geometry. Instability due to Parallel Reactions Figure 6: Instability due to Concurrent Reactions
Figure 7: Instability due to an Internal Collapse Mechanism There are not enough reactions [3]: This will
generally be clear from an application of the determinacy equations Eq. The reactions are parallel [4]: All of
the reaction components point in the same direction. An example of such a situation is shown in Figure 5. The
reactions are concurrent [4]: All of the reaction components meet at a point. An example of such a situation is
shown in Figure 6. Effectively, the system is free to rotate as a rigid body around the point that the reaction
components meet at. There is an internal collapse mechanism [3]: This is any situation in which there is an
internal mechanism in the system that will cause it to deform between the supports. In some such situations,
this will be clear from the use of the determinacy equations, but in others, it may not. In all such cases, though,
the instability will become clear during the structural analysis because it will be impossible to solve for all of
the internal forces. An example internal collapse mechanism is shown in Figure 7. Example Problem
Determine whether the following structures shown in Figure 8 are externally determinate, internally
determinate, externally indeterminate, internally indeterminate or unstable. If a structure is indeterminacy,
determine how many degrees of indeterminacy it has. Then, is this structure statically determinate? No, it is
unstable because if we take a free-body diagram of the left side of the beam, and take a sum of moments about
the center hinge, the sum of moments will be non-zero due to the vertical reaction at the left pin but we know
that it has to be zero due to the existence of the pin. No, it is unstable due to the same reason above. Then is
this structure statically determinate? No, because the reactions are concurrent through the pin on the right.
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Experiments, Theory, and Computations. Full-day program, currently scheduled for Wednesday, 13 June. This
symposium is a venue for the exchange of recent results in the field of turbulence research. Discussion topics
will include geophysical turbulence, wildfire dynamics, and interactions between bubbles and turbulent flow
fields, but any topics related to turbulence research are appropriate for this session. Geophysical turbulence
concerns flow with shear, stratification, or rotation and with applications in the atmosphere or oceans,
including turbulence evolution, transport, and mixing of natural or anthropogenic substances. Atmospheric
flows and turbulence in large part govern fire dynamics. Additionally, the dissipation associated with bubble
ladened turbulent flows will be discussed. Studies that involve laboratory or field experiments, theoretical
analysis, as well as simulation approaches will be discussed. The organizers particularly encourage students at
the undergraduate or graduate level to present their work in this symposium. Click HERE to download.
Advancing Technology and Applications. Full-day program, currently scheduled for Thursday, 14 June. This
Symposium will focus on increased autonomy of unmanned aerial systems UASs and their widespread
applications. Despite their potential use for many applications, they have not yet seen widespread usage. The
lack of sufficient level of autonomy has prevented the mass deployment of UASs for many applications such
as agriculture, search and rescue, traffic monitoring, package delivery, etc. The Symposium topics of interest
include robust, nonlinear, and intelligent flight controls, collision and obstacle avoidance, command and
control of multiple unmanned systems, coordination between multiple unmanned systems, navigation in
GPS-denied environment, energy harvesting and increased endurance, and application of these systems for
widespread usages. Half-day program, currently scheduled for Wednesday afternoon, 13 June. This half-day
session will be a compilation of current relevant research in the area of Rocket Propulsion. This will include
work done in both liquid and solid propellants that are currently being investigated by several rocket company
researchers. A few projects are being performed at local test sites and government facilities in the region.
Liquid Rocket Laboratory Projects: This half-day session will discuss the newly developed Liquid Rocket
Laboratory at California State Polytechnic University, Pomona and its capabilities. Also highlighted will be
several student research projects related to rocket engines and launch vehicle developments. This set of
presentations will discuss the analytical development of the technologies related to liquid rocket engines and
the development of the hardware designs that are being built by student and local manufacturing concerns.
Half-day program, currently scheduled for Thursday afternoon, 14 June. Engineering education is
experiencing transformative changes. Changes have been taking place not only in the field of technology but
also in pedagogical approaches. Engaging students through short interactions seem to be gaining popularity.
Students often turn to online resources for help than reaching out to their professors. This symposium aims to
addresses these critical issues. It seeks to contributions in topics that include, but not limited to, innovative
pedagogy, online learning, flipped classrooms, MOOC, new trends, and use of technology in enhancing
education. Materials, Design, and Applications. Half-day program, currently scheduled for Friday afternoon,
June This symposium aims to showcase recent advancements in the area of renewable energy systems and
thermal fluids engineering. The symposium welcomes presentations in all areas of renewable energy,
including but not limited to solar-thermal, solar-photovoltaics, wind, geothermal, wave, thermal energy
storage, and compressed are energy storage. The presentations are expected to focus on component-level and
system-level design, material properties, and heat transfer behavior of renewable energy systems. Synthesis,
Manufacturing and Applications. Half day program, currently scheduled for Thursday morning, 14 June. This
symposium will provide a platform for researchers in the field of nanomaterial synthesis, manufacturing and
applications to present their work. Topics include low cost and robust manufacturing processes; nanoscale
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nanotechnology to environmental issues; medical applications of nanotechnology and power generation and
storage. Half-day program, currently scheduled for Friday morning, 15 June. The power needs of spacecraft
can be met in different ways, e. The latter incorporate thermoelectric devices to facilitate thermal-to-electrical
power conversion. In this symposium, presentations will address all aspects of space power including
materials, processing, devices and performance. Half-day program, currently scheduled for Wednesday
morning, 13 June. Polymers possess many properties that make them suitable as the preferred materials in a
number of engineered structures and components. However, they also possess properties â€” for instance,
those related to their processability â€” that enable their use in advanced systems incorporating fibers,
membranes, nanostructures, surface modifications, pharmaceutical delivery, smart components, biomedical
scaffold structures and adhesives, etc. This symposium will present recent developments in the fabrication of
polymers for use in advanced and emerging applications. The rapid aging of the human population is posing
unprecedented issues in regards to their medical and dental needs, e. In addition, the problems of infection
following surgical procedures and the possibility of implant rejection by the body need to be solved. Modern
implants need to address these issues, and in this symposium issues such as material compatibility both in
terms of mechanical properties and environmental stability, osseointegration, etc. Other areas of interest
include implant materials and design, implant selection for structural and functional needs. The process of
engaging students in active learning is connected to positive learning outcomes. Many science departments in
higher education are embracing this phenomenon by encouraging instructors to use more active learning in
their courses. However, many instructors would benefit from increased knowledge of active learning methods
and their usefulness for covering different content in their courses. Instructors benefit when they can learn
from others about appropriate teaching strategies and methods along with their potential drawbacks, and this
in turn benefits students. We will hear from different presenters about the methods they use, what has worked
well for their courses and potential hurdles to utilizing active learning in undergraduate education. The
information in the presentations can be applied to inform instructional decision-making and future research
about active learning in college science courses. Half day program, currently scheduled for Friday afternoon,
15 June. Learning is never a passive process; one-way flow of information from instructor to students will
never make student learning productive and successful. Research indicates that students perform better when
they actively participate in all class activities. On the other hand, inquiry-based project modules which are an
important active learning practice in laboratory courses require students to think and act like scientists in a
real-world setting. It is very important for instructors to create an active learning environment for students.
Enhancing their learning and preparing them for their professional careers are the ultimate goal of active
learning practice implementation. To date many active learning practices have successfully been incorporated
in Chemistry courses. This symposium is to provide a platform for educators in Chemistry to communicate the
active learning practices in their classes. Faculty in all disciplines of chemistry from public schools to private
schools are all invited to give presentations on active learning practices. This does not transmute the fact that
the field is grounded in fundamental theory and research. These methods of library research complement each
other and work in tandem to enrich the discipline as a whole. This symposium will focus on both the theory
and practice of librarianship in academia, which invites an all-inclusive consideration of libraries and
librarians in the learning environment. From case studies involving practice at specific institutions to abstract
investigations addressing aspects of the discipline at large, this symposium intends to foster a dialogue on a
variety of library issues, such as instruction, reference, collection development, digitization, scholarly
communication, and library leadership and management. Half day program, currently scheduled for
Wednesday morning, 13 June. In recent times, the information revolution, nanotechnology, genetic
engineering, remarkable medical breakthroughs, and other STEM-related developments have changed the way
we think about science. Advancements in the sciences pose an ever-present and ever-evolving set of questions
about the world and our place within it. The topic of this symposium focuses on medical advancements, values
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within science, and ethical concerns. More specifically, we will engage with the following areas and topics:
Feminist values in scientific practice; The ethics regarding rapidly advancing medical technologies;
Evolutionary medicine; Social attitudes regarding medicine and vaccinations; Drug development and
biomedicine; Gendered models of the body; Bias and values in biological research and practice; and Offer
insight on how scientists might approach ethical concerns. Rethinking Some Fundamental Aspects of Science.
Half day program, currently scheduled for Wednesday afternoon, 13 June. Advancements in scientific
modeling, research and practices bring about an ever-evolving set of questions about the epistemic and
pragmatic aims of scientific research. Although these questions may not yet have answers, the topic of this
session promotes dialogue between scientists, philosophers and historians in an attempt to merge field specific
knowledge and broader contextual knowledge. The topic of this symposium focuses on rethinking some
fundamental aspects of science, such as the epistemic and pragmatic aims of scientific research, common
scientific practices, and types of experimentation. Important epistemic challenges, such as integrating
indigenous and Western knowledge; The important role ignorance plays in science; Biomimetic systems, or
man-made systems that are modeled after natural systems; The notion of accuracy and its role in memory
science; Successes and failures of climate models; Epistemic and pragmatic aims of scientific research; and
Expanding the types of experiment within community ecology. Half-day program, currently scheduled for
Thursday morning, 14 June. Ozone and particulate matter are toxic components of the polluted urban
atmosphere. These are formed through gas-phase chemical reactions involving nitrogen oxides NOx , volatile
organic compounds VOC , other compounds and ultraviolet radiation. Air pollution policy makers develop
strategies to reduce ozone and particulate matter concentrations that usually involve reducing the emissions of
NOx and VOC. Computer simulations involving emission scenarios, atmospheric chemistry and meteorology
are used to evaluate the potential effectiveness of emission reduction strategies. Governmental agencies
develop strategies to improve air quality based on atmospheric chemistry knowledge and modeling that
usually involve reductions of NOx and VOC emissions. Recently new tools have been developed that relate
air quality simulations with health effects and economic impacts. We solicit speakers who will present policy
relevant new research on atmospheric chemistry, air quality modeling and the impact of poor air quality on
health and the economy. A panel of scholars at Cal Poly Pomona are addressing issues of sustainability in a
variety of ways â€” through studying food justice issues in Ethnic and Women Studies, developing educators
for sustainability in teacher education courses, creating and managing student farms as community service,
examining intergenerational learning in critical food systems courses as part of Liberal Studies, and studying
environmental apparel and food issues as part of a Science Technology and Society major. Each presenter will
provide a brief overview and then engage the attendees in participatory model lessons related to the goals of
their respective courses and programs. Old Bones and New Insights. The tar seeps at Rancho La Brea in Los
Angeles are world famous for their enormous numbers of fossils from the last 40, years of the Ice Ages. Over
3 million fossils have been collected, with at least 59 mammalian species and bird species, as well as plants,
insects, mollusks, and many other groups. These deposits were first extensively collected about century ago,
yet many new specimens are being found every day. More importantly, new techniques and new theoretical
insights have allowed us to discover even more surprises about evolution and life in the late Pleistocene. Some
of these more recent studies include functional morphology of spectacular animals like saber-toothed cats and
dire wolves, examination of patterns in evolution of the major climate change of the last glacial-interglacial
cycle, and using the large number of juvenile bones to look at patterns of growth in many different mammals.
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of the structural engineering and structural mechanics communities. Particularly welcome are contributions dealing with
applications of structural engineering and mechanics principles in all areas of technology.

Applied Mathematics in Structural Engineering 4: This course is designed to give beginning graduate students
the basic preparation in mathematical methods required for graduate Structural Engineering courses. Topics
include systems of linear algebraic equations; ordinary differential equations; diffusion and wave propagation
problems; and calculus variation. Advanced Structural Analysis 4: Application of advanced analytical
concepts to structural engineering problems. Analysis of frame structures using matrix methods and
introduction to the finite element method. Displacement-based and force-based beam element formulations.
Development of computer software for structural analysis. SE A-B or equivalent, or consent of instructor.
Nonlinear Structural Analysis 4: The course emphasizes the principles behind modern nonlinear structural
analysis software. It deals with the theory, computer implementation, and applications of methods of material
and geometric nonlinear analysis. Emphasis is on 2D and 3D frame structures modeled using ID beam-column
elements. Static, dynamic, and energy-based techniques and predicting elastic stability. Linear and nonlinear
analysis of classical and shear deformable beams and plates. Ritz, Galerkin, and finite element approaches for
frames and reinforced shells. Nonconservative aerodynamic divergence flutter and follower forces. SE B or
consent of instructor. Response of the linear systems to harmonic, periodic and transient excitations.
Linearization of the equations of motion. Free and forced vibrations. Matrix iteration, Jacobi, normal mode
and frequency response method. Advanced Structural Dynamics 4: Free-and forced-vibration of continuous
systems such as axial and torsional vibrations of bars and transverse vibrations of various beams, membranes,
and plates. Euler-Lagrange formulation using variational calculus. Rayleigh-Ritz method for approximation.
Nonlinear Mechanical Vibrations 4: Advanced analytical techniques to understand nonlinearity in mechanical
vibrations. Phase plane analysis, dynamic instability, and bifurcations. Applications in nonlinear structural
resonance. Introduction to chaotic dynamics, advanced time series analysis, and using chaotic dynamics in
applications such as structural damage assessment. SE or equivalent or consent of the instructor. Introduction
to probability theory and random processes. Dynamic analysis of linear and nonlinear structural systems
subjected to stationary and nonstationary random excitations. Reliability studies related to first excursion and
fatigue failures. Applications in earthquake engineering, offshore engineering, wind engineering, and
aerospace engineering. SE or Equivalent and basic knowledge of probability theory e. Topics in Structural
Engineering 4: A course to be given at the discretion of the faculty in which topics of current interest in
structural engineering will be presented. Advanced Structural Concrete 4: Properties of reinforcing steels;
Concrete technology; Creep, shrinkage and relaxation; Mohr-Coulomb failure criteria for concrete;
Confinement, Moment curvature and force-displacement responses; Plastic design; Code-compliant seismic
design philosophy; Code compliant seismic design of structural walls. Department Approval or consent of
instructor. Advanced Structural Steel Design 4: Load and resistance factor design LRFD philosophy. Behavior
and design of steel elements for global and local buckling. Bracing requirements for stability. Conventional
and advanced analysis techniques for P-delta effects. Ductility requirement for seismic design. SE and SE or
equivalent course or consent of instructor. Design and analysis of bridge structures, construction methods,
load conditions. Load paths and distribution of dead and live loads. Design of prestressed concrete bridges.
Special problems in analysis - concrete box girders, curved and skewed bridges, environmental and seismic
loads. Analysis and design of unreinforced and reinforced masonry structures using advanced analytical
techniques and design philosophies. Material properties, stability, and buckling of unreinforced masonry.
Flexural strength, shear strength, stiffness, and ductility of reinforced masonry elements. Design for seismic
loads. SE or equivalent basic reinforced concrete course or consent of instructor. Cable structures from a
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structural mechanics point of view. Theoretical and practical aspects of the application of cables to mooring,
guyed structures, suspension bridges, cable-stayed bridges and suspended membranes. Graduate standing or
consent of instructor. Concepts, advantages and limitations of seismic isolation techniques; fundamentals of
dynamic response under seismic excitation; spectral analysis; damping; energy approach; application to
buildings and structures. Introduction to plate tectonics and seismology. Rupture mechanism, measures of
magnitude and intensity, earthquake occurrence and relation to geologic, tectonic processes. Probabilistic
seismic hazard analysis. Strong earthquake ground motion; site effects on ground motion; structural response;
soil-structure interaction; design criteria; code requirements. SE or consent of instructor. Geotechnical
Earthquake Engineering 4: Influence of soil conditions on ground motion characteristics; dynamic behavior of
soils, computation of ground response using wave propagation analysis and finite element analysis; evaluation
and mitigation of soil liquefaction; soil-structure interaction; lateral pressures on earth retaining structures;
analysis of slope stability. Advanced Seismic Design of Structures 4: Modal analysis; Nonlinear response
spectra; Performance-based seismic design; Nonlinear time history analyses; Capacity design; Structural
walls; Coupled walls; Rocking Walls; Base isolation. Structural Reliability and Risk Analysis 4: Review of
probability theory and random processes. Fundamentals of structural reliability theory. First- and
second-order, and simulation methods of reliability analysis. Structural component and system reliability.
Bayesian reliability analysis methods. Bases for probabilistic design codes. Finite element reliability methods.
Basic knowledge of probability theory e. Computational Techniques in Finite Elements 4: Practical
application of the finite element method to problems in solid mechanics including basic preprocessing and
postprocessing. Topics include element types, mesh refinement, boundary conditions, dynamics, eigenvalue
problems, and linear and nonlinear solution methods. Plates and Shells 4: General mathematical formulation
of the theory of thin elastic shells; linear membrane and bending theories; finite strain and rotation theories;
shells of revolution; shallow shells; selected static and dynamic problems; survey of recent advances. Wave
Propagation in Elastic Media 4: Wave propagation in elastic media with emphasis on waves in unbounded
media and on uniform and layered half-spaces. Fundamental aspects of elastodynamics. Application to
strong-motion seismology, earthquake engineering, dynamics of foundations, computational wave
propagation, and non-destructive evaluation. Wave Propagation in Continuous Structural Elements 4:
Propagation of elastic waves in thin structural elements such as strings, rods, beams, membranes, plates and
shells. Approximate strength-of-materials approach for the propagation of elastic waves in these elements and
dynamic response to transient loads. Advanced Soil Mechanics 4: Advanced treatment of topics in soil
mechanics, including state of stress, pore pressure, consolidation and settlement analysis, shear strength of
cohesionless and cohesive soils, mechanisms of ground improvement, and slope stability analysis. Concepts in
course reinforced by laboratory experiments. Advanced Foundation Engineering 4: Advanced treatment of
topics in foundation engineering, including earth pressure theories, design of earth retaining structures, bearing
capacity, ground improvement for foundation support, analysis and design of shallow and deep foundations,
including drilled piers and driven piles. Advanced treatment of soils interaction with structures, including
shallow and deep foundations, bridge abutments, retaining walls, and buried structures subjected to static and
dynamic loading. Linear and nonlinear Winkler models p-y and t-z curves.
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Important examples related to Civil Engineering include buildings, bridges, and towers; and in other branches
of engineering, ship and aircraft frames, tanks, pressure vessels, mechanical systems, and electrical supporting
structures are important. To design a structure, an engineer must account for its safety, aesthetics, and
serviceability, while considering economic and environmental constraints. Other branches of engineering work
on a wide variety of non-building structures. Classification of structures[ edit ] A structural system is the
combination of structural elements and their materials. It is important for a structural engineer to be able to
classify a structure by either its form or its function, by recognizing the various elements composing that
structure. The structural elements guiding the systemic forces through the materials are not only such as a
connecting rod, a truss, a beam, or a column, but also a cable, an arch, a cavity or channel, and even an angle,
a surface structure, or a frame. Structural load Once the dimensional requirement for a structure have been
defined, it becomes necessary to determine the loads the structure must support. Structural design, therefore
begins with specifying loads that act on the structure. The design loading for a structure is often specified in
building codes. There are two types of codes: There are two types of loads that structure engineering must
encounter in the design. The first type of loads are dead loads that consist of the weights of the various
structural members and the weights of any objects that are permanently attached to the structure. For example,
columns, beams, girders, the floor slab, roofing, walls, windows, plumbing, electrical fixtures, and other
miscellaneous attachments. The second type of loads are live loads which vary in their magnitude and
location. There are many different types of live loads like building loads, highway bridge loads, railroad
bridge loads, impact loads, wind loads, snow loads, earthquake loads, and other natural loads. Analytical
methods[ edit ] To perform an accurate analysis a structural engineer must determine information such as
structural loads , geometry , support conditions, and material properties. The results of such an analysis
typically include support reactions, stresses and displacements. This information is then compared to criteria
that indicate the conditions of failure. Advanced structural analysis may examine dynamic response , stability
and non-linear behavior. There are three approaches to the analysis: The first two make use of analytical
formulations which apply mostly to simple linear elastic models, lead to closed-form solutions, and can often
be solved by hand. The by and finite element approach is actually a numerical method for solving differential
equations generated by theories of mechanics such as elasticity theory and strength of materials. However, the
finite-element method depends heavily on the processing power of computers and is more applicable to
structures of arbitrary size and complexity. Regardless of approach, the formulation is based on the same three
fundamental relations: The solutions are approximate when any of these relations are only approximately
satisfied, or only an approximation of reality. Limitations[ edit ] Each method has noteworthy limitations. The
method of mechanics of materials is limited to very simple structural elements under relatively simple loading
conditions. The structural elements and loading conditions allowed, however, are sufficient to solve many
useful engineering problems. The theory of elasticity allows the solution of structural elements of general
geometry under general loading conditions, in principle. Analytical solution, however, is limited to relatively
simple cases. The solution of elasticity problems also requires the solution of a system of partial differential
equations, which is considerably more mathematically demanding than the solution of mechanics of materials
problems, which require at most the solution of an ordinary differential equation. The finite element method is
perhaps the most restrictive and most useful at the same time. This method itself relies upon other structural
theories such as the other two discussed here for equations to solve. It does, however, make it generally
possible to solve these equations, even with highly complex geometry and loading conditions, with the
restriction that there is always some numerical error. Effective and reliable use of this method requires a solid
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understanding of its limitations. Strength of materials methods classical methods [ edit ] The simplest of the
three methods here discussed, the mechanics of materials method is available for simple structural members
subject to specific loadings such as axially loaded bars, prismatic beams in a state of pure bending , and
circular shafts subject to torsion. The solutions can under certain conditions be superimposed using the
superposition principle to analyze a member undergoing combined loading. Solutions for special cases exist
for common structures such as thin-walled pressure vessels. For the analysis of entire systems, this approach
can be used in conjunction with statics, giving rise to the method of sections and method of joints for truss
analysis, moment distribution method for small rigid frames, and portal frame and cantilever method for large
rigid frames. Except for moment distribution, which came into use in the s, these methods were developed in
their current forms in the second half of the nineteenth century. They are still used for small structures and for
preliminary design of large structures. The solutions are based on linear isotropic infinitesimal elasticity and
Eulerâ€”Bernoulli beam theory. In other words, they contain the assumptions among others that the materials
in question are elastic, that stress is related linearly to strain, that the material but not the structure behaves
identically regardless of direction of the applied load, that all deformations are small, and that beams are long
relative to their depth. As with any simplifying assumption in engineering, the more the model strays from
reality, the less useful and more dangerous the result. Example[ edit ] There are 2 commonly used methods to
find the truss element forces, namely the Method of Joints and the Method of Sections. Below is an example
that is solved using both of these methods. The first diagram below is the presented problem for which we
need to find the truss element forces. The second diagram is the loading diagram and contains the reaction
forces from the joints. Since there is a pin joint at A, it will have 2 reaction forces. One in the x direction and
the other in the y direction. At point B, we have a roller joint and hence we only have 1 reaction force in the y
direction. Let us assume these forces to be in their respective positive directions if they are not in the positive
directions like we have assumed, then we will get a negative value for them. Since the system is in static
equilibrium, the sum of forces in any direction is zero and the sum of moments about any point is zero.
Therefore, the magnitude and direction of the reaction forces can be calculated.
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and muscles' that create the form and shape of man made structures. Structural engineers need to understand and
calculate the stability, strength and rigidity of built structures for buildings [1] and nonbuilding structures.

This is an open access article distributed under the Creative Commons Attribution License , which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
Important advances in mathematics, physics, biology, economics, and engineering science have shown the
importance of the analysis of nonlinear vibrations, instabilities, and strongly coupled dynamical behavior.
New investigation tools enable us to better understand the dynamic behavior of more complex structures.
However, the increasing interest in mechanical structures with extreme performances has propelled the
scientific community toward the search for solutions of complex problems and systems exhibiting strong
nonlinearities. As a consequence, there is an increasing demand for both high-performance, nonlinear
structural components as well as advanced multidisciplinary and multiscale mathematical models and
methods. It should be kept in mind that linearity is one of the properties of dynamic systems which is very
rarely fulfilled. Nonetheless, if the system under consideration is not strongly nonlinear, then the methods of
spectral and correlation analysis can be applied and will lead to sensible results describing a linear
approximation of the system at hand. But there are cases of strongly nonlinear systems for which the output
signal might not be even proportional to the input. This is a very important problem if one is trying to
determine, for example, extreme values of the system response like in cases of catastrophic structural failure
prediction. In such cases of strong nonlinear behavior, the system nonlinearities should be taken into account.
In this special issue, the current state of nonlinear structural dynamic models in vibration analysis, stability
analysis, and control has been reviewed. Known methods for analysis of nonlinear and oscillating systems at a
macroscopic scale have been explored in some new problems, and some new techniques have been applied to
complex structures as well. There are thirty five papers, collected in this special issue on Nonlinear vibrations,
stability analysis, and control, that are shedding light on a wide range of topics; however, they do not cover all
rich contents of these important fields. Mathematical models and methods for nonlinear and strongly coupled
correlated oscillating systems and for distributed-parameter structures have been investigated and improved in
the following main topics: This special issue deals with interesting and modern problems in vibrations,
stability, and control. Some of these papers investigate theoretical problems while others are devoted to more
practical applications. Some papers deal with structural engineering methods and applications such as
stochastic finite elements, laminated composite plates, Jeffcott rotor, Euler-Bernoulli and magnetic beams,
vehicle-pipes-soil vibration, gear transmission, and compressor vibrations. Others are devoted to
biomechanical applications: The collection of papers in this special issue covers a very wide range of
applications ranging from purely mathematical tools for engineering problems to applications of nonlinear
dynamics tools for human and economic problems. Some of the papers are dedicated to mathematical methods
based on nonlinear dynamics tools, for example, wavelets for solving different mathematical and engineering
problems. Others concentrate on specific nonlinear systems with well-expressed nonlinear behavior and offer
methods for their analysis. The special issue contains studies on different engineering applications of
nonlinear dynamic systems for the analysis of the behavior of essential structural components like beams,
plates, and pipes. Some papers offer nonlinear-dynamics-based analysis of important machinery components
and applications, for example, rotors, gear transmissions, vehicle vibrations, power transmission lines,
hydraulic systems, compressors, gas stations, controllers. Medical, human, climate, and financial applications
of nonlinear dynamics tools are considered also. In all these papers, the authors efforts succeeded in showing
the importance of nonlinear vibrations, stability, and control topics in opening new frontiers for challenging
future researches.
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Chapter 7 : Symposia for AAASPD meeting in Pomona, California
The resistance offered by a structure to undesirable movement like sliding, collapsing and over turning etc is called
stability. STABLE STRUCTURES: A stricter is said to be stable if it can resist the applied load without moving OR A
structure is said to be stable if it has sufficient number of reactions to resist the load without moving.

Agricultural engineers apply knowledge of engineering technology and biological science to agriculture. They
design agricultural machinery, equipment, structures. Some specialties include power systems and machinery
design; structures and environment; and food and bioprocess engineering. Ceramic engineers work with
inorganic, nonmetallic materials to develop supportive components for products and systems that impact all
our lives. For example, fiber optic materials are critical to the telecommunications industry, and cell phones
would not be possible without the development of electronic ceramics. Construction engineers are responsible
for overseeing the construction of airports, malls, schools, manufacturing facilities, highways, high rise
structures, water treatment plants and much more. Graduates with an accredited degree in engineering
management have gained a strong understanding of the organizational and management skills required to lead
engineering and technical professionals and projects. Mechanics is the study of motion and forces. With roots
in physics and mathematics, Engineering Mechanics is the basis of all the mechanical sciences and can be
applied to civil engineering, materials science and engineering, mechanical engineering, and aeronautical and
aerospace engineering. Graduates with an accredited degree in engineering physics or engineering science
have very broad knowledge that can apply to most industries. The degree often leads to technical positions in
most major industries and also to research positions in government or private research laboratories. Paper
engineers combine the investigative principles in the chemical and physical sciences with the manufacturing
aspects of chemical engineering, which they apply to pulp and paper processing. Geological engineers solve
engineering problems and design engineering systems with, on, and in geological materials. They are
responsible for assuring that geological factors of engineering works are recognized and accounted for to
protect the environment from man-made hazards. Metallurgical engineers extract, refine, and recycle metals.
They solve problems such as reducing corrosion, maintaining heat levels, and increasing the strength of a
product. They help develop or improve metals that are used in healthcare, in transportation, in defense, and in
the entertainment industry. This area of engineering focuses on designing small electronic components like
semiconductors, microchips, and circuit boards. Microelectronic Engineers are employed in the rapidly
changing industry of microelectronics and microelectronic packaging. Mining engineers including mining
safety engineers find, extract, and prepare coal, metals, and minerals to be used by manufacturing industries
and utilities. They design open-pit and underground mines, supervise the construction of mine shafts and
tunnels, and devise methods for transporting minerals to processing plants. Naval Architecture and Marine
Engineering: Marine engineers and naval architects design and supervise the construction of everything from
aircraft carriers to submarines, and sailboats to tankers. Marine engineers are responsible for the internal
works of the ships like propulsion and steering, while naval architects are responsible for the ships design and
stability. Ocean engineers are also involved with deep sea exploration and may work to design or operate
ocean platforms or sub-surface vehicles. Petroleum engineers search the world for reservoirs containing oil or
natural gas. Once these resources are discovered, petroleum engineers work with geologists and other
specialists to understand the geologic formation and properties of the rock containing the reservoir, determine
the drilling methods to be used, and monitor drilling and production operations. Surveying Engineers or
Geomatics Engineers manage the global spatial data infrastructure. They develop systems and equipment for
gathering, analyzing, and using information about the earth. They work with digital mapping and global
positioning systems, photogrammetry, remote sensing, as well as more traditional surveying tools. More than
25 major specialties are recognized in the fields of engineering and engineering technology. Select a degree
field from the list below to find out more: Find opportunities for pre- university, undergraduate, and graduate
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students all over the world.
Chapter 8 : Stability - Stable & Unstable Structures & Structural Members
Overview of Truss Stability. Stability in general refers to the resistance to change, deterioration, and displacement. In the
structural engineering context, it is important to make the distinction between internal and external stability.

Chapter 9 : Other Engineering Degree Areas | TryEngineering
Structural engineering overlaps strongly with structural mechanics, which focuses on the application of fundamental
concepts in solid mechanics to problems in structural engineering, and especially on the mathematical modeling of the
behavior of both traditional and advanced structural materials.

Page 12

