STRENGTH AND
ENGAGEMENT

EVERY ANCHOR ROD has its limit.

Here, we’ll discuss the limit state of thread stripping in
threaded steel anchor rods (anchor bolts), used with nuts, for
diameters, D, from 0.5 in. to 4 in.

Internal threads (nuts) or external threads (threaded rod)
could strip under certain conditions. This limit state can usu-
ally be avoided by having a suitable type of nut fully engaged
with the threaded fastener. A thread’s strip strength depends
on both its geometry and material. An external uni ed coarse
thread (UNC), whose cross section is approximately triangular,
is wrapped as a helix around a solid cylinder. The number of
threads that resist load depends on the thread spacing, or pitch,
and the engaged length of the nut with the fastener, parallel to
the fastener’s longitudinal axis.

Notes on thread strength and partial

engagement of anchor rod nuts.

Load Path

The load path for a tension-loaded threaded fastener with a
heavy-hex nut is shown in Figures 1a and 1b. For example, a base
plate pushes up against a washer which then pushes against a nut.
The nut’s threads then push against the corresponding threads
of the anchor rod. The anchor threads in turn transmit most of
the load into the root diameter portion of the rod—the solid
cylinder portion—producing tension stress. However, some of
the tension force remains in the threads because they are integral
with the root cylinder. For tension, the effective stress area of
the anchor rod is its tensile stress area A, which is less than the
gross area A but greater than the root area. See Equation 1, (per
references 1, 2, 3 and 6) and Equation 2 (per references 3 and 5).
The ratio of A} to A is not a constant, and ranges from 0.72 to
0.88, as shown in Figure 3. Thread spacing n, in threads per inch,
varies from 13 to 4 for this diameter range (see Table 1).
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Partial Engagement

If a nut is not fully engaged with an anchor rod (see Figure 2)
and the required tension is less than the rod’s full allowable,
then there are design methods that can be used to evaluate
structural adequacy.

Method 1 (AISC Design Guide 1: Base Plate and Anchor
Rod Design, 2nd ed.) conservatively limits the engagement
length L to a minimum of half of the nut’s height h. At this
minimum engagement, the reduced allowable rod tension T,
is considered to be half of its full (basic) allowable T ,. Partial-
engagement lengths in between 50% and 100% of the nut
height result in linear reductions of T,:
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