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3.1 INTRODUCTION

Tension members are structural elements that are subjected to axial tensile forces. They
are used in various types of structures and include truss members, bracing for buildings
and bridges, cables in suspended roof systems, and cables in suspension and cable-stayed
bridges. Any cross-sectional configuration may be used, because for any given mater-
ial, the only determinant of the strength of a tension member is the cross-sectional area.
Circular rods and rolled angle shapes are frequently used. Built-up shapes, either from
plates, rolled shapes, or a combination of plates and rolled shapes, are sometimes used
when large loads must be resisted. The most common built-up configuration is proba-
bly the double-angle section, shown in Figure 3.1, along with other typical cross sec-
tions. Because the use of this section is so widespread, tables of properties of various
combinations of angles are included in the AISC Steel Construction Manual.

The stress in an axially loaded tension member is given by

where P is the magnitude of the load and A is the cross-sectional area (the area nor-
mal to the load). The stress as given by this equation is exact, provided that the cross
section under consideration is not adjacent to the point of application of the load,
where the distribution of stress is not uniform.

If the cross-sectional area of a tension member varies along its length, the stress
is a function of the particular section under consideration. The presence of holes in a
member will influence the stress at a cross section through the hole or holes. At these
locations, the cross-sectional area will be reduced by an amount equal to the area
removed by the holes. Tension members are frequently connected at their ends with
bolts, as illustrated in Figure 3.2. The tension member shown, a 1⁄2 × 8 plate, is con-
nected to a gusset plate, which is a connection element whose purpose is to transfer
the load from the member to a support or to another member. The area of the bar at
section a–a is (1⁄2)(8) = 4 in.2, but the area at section b–b is only 4 – (2)(1⁄2)(7⁄8) = 3.13 in.2
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FIGURE 3.1
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and will be more highly stressed. This reduced area is referred to as the net area, or
net section, and the unreduced area is the gross area.

The typical design problem is to select a member with sufficient cross-sectional
area to resist the loads. A closely related problem is that of analysis, or review, of a
given member, where in the strength is computed and compared with the load. In gen-
eral, analysis is a direct procedure, but design is an iterative process and may require
some trial and error.

Tension members are covered in Chapter D of the Specification. Requirements
that are common with other types of members are covered in Chapter B, “Design 
Requirements.”

3.2 TENSILE STRENGTH

A tension member can fail by reaching one of two limit states: excessive deforma-
tion or fracture. To prevent excessive deformation, initiated by yielding, the load
on the gross section must be small enough that the stress on the gross section is less
than the yield stress Fy. To prevent fracture, the stress on the net section must be
less than the tensile strength Fu. In each case, the stress P/A must be less than a lim-
iting stress F or
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