
is 8 inches or less, it is classified as a bar. If the width is more than 8 inches, the shape
is classified as a plate. The usual designation for both is the abbreviation PL (for plate,
even though it could actually be a bar) followed by the thickness in inches, the width
in inches, and the length in feet and inches; for example, PL 3⁄8 × 5 × 3′-21⁄2″. Although
plates and bars are available in increments of 1⁄16 inch, it is customary to specify
dimensions to the nearest 1⁄8 inch. Bars and plates are formed by hot-rolling. 

Also shown in Figure 1.7 are hollow shapes, which can be produced either
by bending plate material into the desired shape and welding the seam or by hot-
working to produce a seamless shape. The shapes are categorized as steel pipe, round
HSS, and square and rectangular HSS. The designation HSS is for “Hollow Struc-
tural Sections.”

Steel pipe is available as standard, extra-strong, or double-extra-strong, with
designations such as Pipe 5 Std., Pipe 5 x-strong, or Pipe 5 xx-strong, where 5 is the
nominal outer diameter in inches. The different strengths correspond to different wall
thicknesses for the same outer diameter. For pipes whose thicknesses do not match
those in the standard, extra-strong, or double-extra-strong categories, the designation
is the outer diameter and wall thickness in inches, expressed to three decimal places;
for example, Pipe 5.563 × 0.500. 

Round HSS are designated by outer diameter and wall thickness, expressed to
three decimal places; for example, HSS 8.625 × 0.250. Square and rectangular HSS
are designated by nominal outside dimensions and wall thickness, expressed in
rational numbers; for example, HSS 7 × 5 × 3⁄8. Most hollow structural sections
available in the United States today are produced by cold-forming and welding
(Sherman, 1997).

Other shapes are available, but those just described are the ones most frequently
used. In most cases, one of these standard shapes will satisfy design requirements. If
the requirements are especially severe, then a built-up section, such as one of those
shown in Figure 1.8, may be needed. Sometimes a standard shape is augmented by
additional cross-sectional elements, as when a cover plate is welded to one or both
flanges of a W-shape. Building up sections is an effective way of strengthening an
existing structure that is being rehabilitated or modified for some use other than the
one for which it was designed. Sometimes a built-up shape must be used because none
of the standard rolled shapes are large enough; that is, the cross section does not have
enough area or moment of inertia. In such cases, plate girders can be used. These can
be I-shaped sections, with two flanges and a web, or box sections, with two flanges
and two webs. The components can be welded together and can be designed to have
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exactly the properties needed. Built-up shapes can also be created by attaching two
or more standard rolled shapes to each other. A widely used combination is a pair of
angles placed back-to-back and connected at intervals along their length. This is
called a double-angle shape. Another combination is the double-channel shape (either
American Standard or Miscellaneous Channel). There are many other possibilities,
some of which we illustrate throughout this book.

The most commonly used steels for rolled shapes and plate material are ASTM
A36, A572, and A992. ASTM A36 is usually specified for angles, plates, S, M, and
channel shapes; A572 Grade 50 for HP shapes; and A992 for W shapes. (These three
steels were compared in Table 1.1 in Section 1.5.) Steel pipe is available in ASTM
A53 Grade B only. ASTM A500 is usually specified for hollow structural sections
(HSS). These recommendations are summarized in Table 1.2. Other steels can
be used for these shapes, but the ones listed in Table 1.2 are the most common
(Anderson and Carter, 2009).

Another category of steel products for structural applications is cold-formed
steel. Structural shapes of this type are created by bending thin material such as sheet
steel or plate into the desired shape without heating. Typical cross sections are shown
in Figure 1.9. Only relatively thin material can be used, and the resulting shapes are
suitable only for light applications. An advantage of this product is its versatility,
since almost any conceivable cross-sectional shape can easily be formed. In addition,
cold-working will increase the yield point of the steel, and under certain conditions it
may be accounted for in design (AISI, 2007). This increase comes at the expense of
a reduction in ductility, however. Because of the thinness of the cross-sectional ele-
ments, the problem of instability (discussed in Chapters 4 and 5) is a particularly
important factor in the design of cold-formed steel structures.

16 Chapter 1 Introduction

Shape Preferred Steel

Angles A36
Plates A36
S, M, C, MC A36 
HP A572 Grade 50
W A992
Pipe A53 Grade B (only choice)
HSS A500 Grade B (round) or

C (rectangular)

TABLE 1.2

FIGURE 1.9
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