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What do structural engineers do?

Structural engineers have the responsibility of designing structures and structural components so that they
are sufficiently strong, stiff, stable, and safe to meet client needs. For a structure to be sufficiently strong,
it must be able to handle normal loads without sustaining noticeable damage. To be sufficently stiff, a
structure should not deform under loading in ways that cause discomfort or distress to occupants/users
or contents/equipment. Stability is related to strength, but it refers to particular kinds of failure that are
not initiated by localized overstressing of material, but rather by phenomena driven by nonlinear feedback
between load and deformation, such as buckling or overturning. For a structure to be safe, it should be able
to handle extreme loadings in such a way that occupants have time to exit prior to collapse.

Structural engineers typically work as part of a team that might include architects, contractors, fabrica-
tors, building officials, and numerous other engineering disciplines. Although a great deal of the educational
focus for structural engineering revolves around analysis and design code calculations, in practice one must
bring to the table an ability to work creatively in a team context to solve problems. Structural engineering
requires a great deal of technical depth, but structural engineers are professionals, not technicians.

Note that it is possible (and not uncommon) for the structural engineer to perform his or her job well,
but for the structure itself to not succeed. A building can be ugly, drafty, or toxic, it can block views, it
can go out of style, and so on. Although these kinds of issues are not so much the direct concern of the
structural engineer, it is generally wise to be aware of the full range of ramifications of one’s work.

What are the principal technical aspects of structural engineering?

A structural engineer requires both a means to characterize how a given system or component will behave
in service (analysis) and an ability to select and configure systems and components to behave well (design).
For both these tasks, the technical ingredients of thinking about structures are the following:

Loads The imposed forces and displacements to which the structure will be subjected. Loads can be applied
externally (e.g., a desk on a floor), or they can be an inherent part of the structure itself (self-weight).
They can be static (e.g., gravity), quasi-static (e.g., snow, thermal effects), or dynamic (e.g., wind,
earthquakes, and traffic). For the most part, loads drive structural design, but they also are typically
known with the least certainty.

Geometry The spatial location of the material that composes the structure, and the geometry of the
environment in which the structure must exist.

Supports The nature of the interfaces between structural components, including the interaction of the
structure and its foundation system.

Topology The form and connectivities that define the structural system.

Materials The stuff the structure is composed of, how it behaves mechanically, thermally, acoustically, and
chemically.

The engineer typically has varying degrees of control over each of these, and the basic idea is to work with
the parameters one has control over to address the given issues that define the problem. In this regard,
structural engineering is just like any field of engineering practice.

Where do structural engineers work?

Structural engineers typically work in a design office setting, but there is usually the opportunity or necessity
for field inspection and problem solving. Meeting with clients and other design and construction team
members is also a big part of the job, and this often includes a certain degree of marketing and sales (the
design bidding process often includes a set of formal presentations). Depending on the firm one works for, the
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work itself might be largely local and small scale, or international and large-scale. Some firms are relatively
large (100+ engineers), and many are small (< 10 engineers), and it is not uncommon for structural engineers
to work in a firm of one (i.e., to be their own firm). This latter scenario usually is only possible after a
person has worked at a larger firm for long enough to develop sufficient experience and clientelle to strike
out out on one’s own.

What is special about civil structures?

Civil structures share many common features with any designed physical device, be it an automobile fender
or an airplane wing, but there are several characteristics of civil structures that are relatively specialized:

• Civil structures tend to be relatively large in scale. There would not be much use for a nano-bridge or
a nano-building, at least as far as direct use by people goes.

• The infrastructure of a civilization normally is designed to last indefinitely, and so there are large time
scales, too.

• The environment must be dealt with on its own terms—one does not construct a bridge with a sticker
saying things like, “Store at room temperature; avoid vibration”.

• The creation of infrastructure has political and cultural implications. When an electronics manufacturer
develops a new product, there is no need for public hearings, environmental impact studies, and so on,
but almost all civil projects have to pass through various kinds of public approval processes.

• There is no prototyping and full-scale testing with civil structures. Planes, automobiles, toothbrushes,
and the like are designed to be manufactured by the hundreds or thousands or more, but civil structures
are generally unique one-offs. You have to get it right the first time.

• The ramifications of failures can be very expensive or even catastrophic, causing extreme disruption in
people’s lives or loss of life itself. Imagine what life would be like if our bridges, buildings, and water
supply systems crashed as often as our computer software.

Where does this course fit into the overall curriculum?

As suggested above, structural engineering coursework typically is organized around two principal threads:
analysis and design. This is an analysis course, and so the focus is on determining what kind of demands (e.g.,
internal stresses, displacements, etc.) a given combination of loads, supports, configuration, and materials
places on the structural components and subsystems. Design courses typically focus on determining how
to size members and components so they will have sufficient capacity to handle these imposed demands1 .
For all but the simplest structures, it turns out that design decisions generally affect the demands, and so
practical design tends to involve iteration: choose a configuration, analyze it, check demands and capacities,
update the configuration as necessary, re-analyze, and so on.

Analysis of structural systems can be further broken down into various categories, depending on the
nature of the effects and phenomena that must be accommodated by a design. In this course, we will focus
primarily on the simplest class of behavior: namely static, linear, elastic response. Figure 1 shows how this
set of modeling options might look relative to more general choices if one had a suitable push-button selector.
To understand what these terms imply, it is helpful to consider each one in turn:

Static A static analysis ignores the effects of inertia, and implicitly assumes that all change in load-
ing/properties happens relatively slowly such that no vibrations are induced. (There is a related
class of analysis called quasi-static, which also ignores inertial effects, but requires inclusion of a real
time scale to account for time effects for things like material behavior (e.g., creep or relaxation). When
inertial effects are included, one is doing a dynamic analysis.

1In contemporary practice, there is a trend toward designing structures to meet various levels of performance, as opposed
to the more traditional fail/no fail categories.
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To understand what these terms imply, it is helpful to consider each one in turn:

Static A static analysis ignores the effects of inertia, and implicitly assumes that all change in load-
ing/properties happens relatively slowly such that no vibrations are induced. (There is a related
class of analysis called quasi-static, which also ignores inertial effects, but requires inclusion of a real
time scale to account for time effects for things like material behavior (e.g., creep or relaxation). When
inertial effects are included, one is doing a dynamic analysis.

1In contemporary practice, there is a trend toward designing structures to meet various levels of performance, as opposed
to the more traditional fail/no fail categories.
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Line Elements

Plate/Shell Elements

 Continuum Elements

Figure 2: Representative examples of various types of elements used in structural modeling.


