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THE MECHANICS OF HOME BUILDING

BY R. BRUCE HOADLEY

Simple wood beams

B eams, defined as elongated members that are loaded
perpendicular to their long axis, are critical to the
structure of a house. The classic example of a double or triple
2x beam supporting floor joists usually comes to mind, but
joists, roof rafters, headers over windows and doors, and stair
stringers are all examples of beams.

Today, builders often rely on engineered structural lumber—
LVLs, PSLs, I-joists, and others—but dimensional lumber is still
used widely as well. In practice, builders have no say over the
strength of the wood itself; we are simply charged with using
the inherent strength effectively.

If you know the limit of acceptable deflection and how much
weight a beam needs to carry—both of which are provided by
building codes—then the type, species, grade, length, width,
and depth of the beam all can be selected.

Although engineers are invaluable for their knowledge of
the calculations used to specify beams of all sorts—including
more complicated setups such as continuous, fixed-end, and
cantilever beams—anyone can apply the principles of beam
mechanics generally, without getting into precise calculations,
to improve the mechanical performance of countless parts
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of a house. The decision of where to place a support column
or partition wall, when to choose double 2x8s as opposed to
a single 2x10, and the most effective method for stiffening
an undersize joist can benefit from a basic understanding of
the relationship between a beam’s carrying capacity and its
stiffness. Here's how it works.

This text has been adapted from the revised edition of
Understanding Wood by R. Bruce Hoadley (2000), available
as an ebook at tauntonstore.com.

The fundamentals
Let's consider a center-loaded dimensional-lumber beam

that's bearing on two fixed points and spanning the

space between without the help
of intermediate support.

This setup is called a simply
supported beam and is the

most basic example.

The weight from the load above causes the beam to bend,
creating compression on the upper surface and tension along
the bottom. Both stresses reach their maximum at the very top
and bottom of the beam and then diminish to zero at the central
horizontal plane, called the neutral axis. The stresses are also
greatest at midspan and decrease to zero at each end of the

beam where it's supported.
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KNOW YOUR BEAM OPTIONS

Builders face two primary considerations when choosing of elasticity—will deflect half as much. However, this
a beam: first, how much it can carry and what factors information is useful only if you have lots of wood species
influence its carrying capacity; second, how much it will to choose from. Framing lumber is typically offered in
deflect and what factors influence its deflection. just a few species, so the more useful information is likely
The grade and species of a beam have an effect in to be how changes to the length, width, and depth of a
this regard. For example, a wood species that is twice beam will affect its carrying capacity and deflection. These
as strong can carry twice as much weight, and a species changes are either direct (increase X, and Y increases), or
with twice the bending tolerance—known as modulus inverse (increase X, and Y decreases).

Load-bearing capacity The amount of deflection

If you double the span of a beam,

it can carry half as much.
If you double the load on a beam,

it will deflect twice as much.

If you double the span of a beam,
it will deflect eight times as much.

If you double the width of a beam, If you double the width of a beam,
it can carry twice as much. it will deflect half as much.

If you double the depth of a beam, If you double the depth of a beam,
it can carry four times as much. it will deflect ' its original amount.
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