
For the loading shown in Figure 1.2b, the frame will deform as indicated by the
dashed line (drawn to a greatly exaggerated scale). The individual members of the
frame can be classified according to the type of behavior represented by this deformed
shape. The horizontal members AB and BC are subjected primarily to bending, or
flexure, and are called beams. The vertical member BD is subjected to couples trans-
ferred from each beam, but for the symmetrical frame shown, they are equal and
opposite, thereby canceling each other. Thus member BD is subjected only to axial
compression arising from the vertical loads. In buildings, vertical compression mem-
bers such as these are referred to as columns. The other two vertical members, AE and
CF, must resist not only axial compression from the vertical loads but also a signifi-
cant amount of bending. Such members are called beam-columns. In reality, all mem-
bers, even those classified as beams or columns, will be subjected to both bending and
axial load, but in many cases, the effects are minor and can be neglected.

In addition to the members described, this book covers the design of connections
and the following special members: composite beams, composite columns, and plate
girders.

1.1 Structural Design 5

FIGURE 1.2
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1.2 LOADS

The forces that act on a structure are called loads. They belong to one of two broad
categories: dead load and live load. Dead loads are those that are permanent, includ-
ing the weight of the structure itself, which is sometimes called the self-weight. In
addition to the weight of the structure, dead loads in a building include the weight of
nonstructural components such as floor coverings, partitions, and suspended ceilings
(with light fixtures, mechanical equipment, and plumbing). All of the loads men-
tioned thus far are forces resulting from gravity and are referred to as gravity loads.
Live loads, which can also be gravity loads, are those that are not as permanent as
dead loads. They may or may not be acting on the structure at any given time, and the
location may not be fixed. Examples of live loads include furniture, equipment, and
occupants of buildings. In general, the magnitude of a live load is not as well defined
as that of a dead load, and it usually must be estimated. In many cases, a structural
member must be investigated for various positions of a live load so that a potential
failure condition is not overlooked.

If a live load is applied slowly and is not removed and reapplied an excessive
number of times, the structure can be analyzed as if the load were static. If the load
is applied suddenly, as would be the case when the structure supports a moving crane,
the effects of impact must be accounted for. If the load is applied and removed many
times over the life of the structure, fatigue stress becomes a problem, and its effects
must be accounted for. Impact loading occurs in relatively few buildings, notably
industrial buildings, and fatigue loading is rare, with thousands of load cycles over
the life of the structure required before fatigue becomes a problem. For these reasons,
all loading conditions in this book will be treated as static, and fatigue will not be
considered.

Wind exerts a pressure or suction on the exterior surfaces of a building, and
because of its transient nature, it properly belongs in the category of live loads. Because
of the relative complexity of determining wind loads, however, wind is usually con-
sidered a separate category of loading. Because lateral loads are most detrimental to
tall structures, wind loads are usually not as important for low buildings, but uplift on
light roof systems can be critical. Although wind is present most of the time, wind
loads of the magnitude considered in design are infrequent and are not considered to
be fatigue loads.

Earthquake loads are another special category and need to be considered only in those
geographic locations where there is a reasonable probability of occurrence. A structural
analysis of the effects of an earthquake requires an analysis of the structure’s response to
the ground motion produced by the earthquake. Simpler methods are sometimes used in
which the effects of the earthquake are simulated by a system of horizontal loads, similar
to those resulting from wind pressure, acting at each floor level of the building.

Snow is another live load that is treated as a separate category. Adding to the
uncertainty of this load is the complication of drift, which can cause much of the load
to accumulate over a relatively small area.

Other types of live load are often treated as separate categories, such as hydrosta-
tic pressure and soil pressure, but the cases we have enumerated are the ones ordinarily
encountered in the design of structural steel building frames and their members.
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