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Thus, the load P must be less than FA, or

P < FA

The nominal strength in yielding is

Pn = FyAg

and the nominal strength in fracture is

Pn = Fu Ae

where Ae is the effective net area, which may be equal to either the net area or, in some
cases, a smaller area. We discuss effective net area in Section 3.3.

Although yielding will first occur on the net cross section, the deformation within
the length of the connection will generally be smaller than the deformation in the
remainder of the tension member. The reason is that the net section exists over a rela-
tively small length of the member, and the total elongation is a product of the length
and the strain (a function of the stress). Most of the member will have an unreduced
cross section, so attainment of the yield stress on the gross area will result in larger
total elongation. It is this larger deformation, not the first yield, that is the limit state.

LRFD: In load and resistance factor design, the factored tensile load is compared
to the design strength. The design strength is the resistance factor times the nominal
strength. Equation 2.6,

Ru = fRn

can be written for tension members as

Pu ≤ ftPn

where Pu is the governing combination of factored loads. The resistance factor ft is
smaller for fracture than for yielding, reflecting the more serious nature of fracture.

For yielding, ft = 0.90

For fracture, ft = 0.75

Because there are two limit states, both of the following conditions must be satisfied:

Pu ≤ 0.90FyAg

Pu ≤ 0.75Fu Ae

The smaller of these is the design strength of the member.
ASD: In allowable strength design, the total service load is compared to the 

allowable strength (allowable load):

where Pa is the required strength (applied load), and Pn�Ωt is the allowable strength.
The subscript “a” indicates that the required strength is for “allowable strength
design,” but you can think of it as standing for “applied” load.

For yielding of the gross section, the safety factor Ωt is 1.67, and the allowable
load is
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(The factor 0.6 appears to be a rounded value, but recall that 1.67 is a rounded value.
If Ωt = 5⁄3 is used, the allowable load is exactly 0.6 Fy Ag.)

For fracture of the net section, the safety factor is 2.00 and the allowable load is

Alternatively, the service load stress can be compared to the allowable stress. This can
be expressed as

ft ≤ Ft

where ft is the applied stress and Ft is the allowable stress. For yielding of the gross
section,

For fracture of the net section,

You can find values of Fy and Fu for various structural steels in Table 2-3 in the
Manual. All of the steels that are available for various hot-rolled shapes are indicated
by shaded areas. The black areas correspond to preferred materials, and the gray
areas represent other steels that are available. Under the W heading, we see that A992
is the preferred material for W shapes, but other materials are available, usually at a
higher cost. For some steels, there is more than one grade, with each grade having dif-
ferent values of Fy and Fu. In these cases, the grade must be specified along with the
ASTM designation—for example, A572 Grade 50. For A242 steel, Fy and Fu depend
on the thickness of the flange of the cross-sectional shape. This relationship is given
in footnotes in the table. For example, to determine the properties of a W33 × 221 of
ASTM A242 steel, first refer to the dimensions and properties table in Part 1 of the
Manual and determine that the flange thickness tf is equal to 1.28 inches. This matches
the thickness range indicated in footnote1; therefore, Fy = 50 ksi and Fu = 70 ksi. Values
of Fy and Fu for plates and bars are given in the Manual Table 2-4, and information
on structural fasteners, including bolts and rods, can be found in Table 2-5.

The exact amount of area to be deducted from the gross area to account for the
presence of bolt holes depends on the fabrication procedure. The usual practice is to
drill or punch standard holes (i.e., not oversized) with a diameter 1⁄16 inch larger than
the fastener diameter. To account for possible roughness around the edges of the hole,
Section B4.3 of the AISC Specification (in the remainder of this book, references to
the Specification will usually be in the form AISC B4.3) requires the addition of 
1⁄16 inch to the actual hole diameter. This amounts to using an effective hole diameter
1⁄8 inch larger than the fastener diameter. In the case of slotted holes, 1⁄16 inch should
be added to the actual width of the hole. You can find details related to standard, over-
sized, and slotted holes in AISC J3.2, “Size and Use of Holes” (in Chapter J, “Design
of Connections”).
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