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Air-Transported Moisture:
A Stealthy Enemy

By Alan Carson, Carson Dunlop

ost home inspectors would agree that
water is the No. 1 enemy of homes.
We usually think of roof and plumbing
leaks, surface water leaking through foun-
dations and other similar examples. These
situations are called bulk moisture, which
is the most visible way that moisture moves
through buildings. The following list covers
all four ways that moisture moves through
buildings:
* bulk moisture — leaks (description and
examples listed above)
* capillary action — wicking or rising
dampness
* wapor diffusion — water vapor that moves
from high-to-low pressure areas without
air movement
* air-transported moisture — water vapor
carried by the air

Bulk moisture is the most visible and
significant source of water damage in
houses. Air-transported moisture is second.
Vapor diffusion and capillary action are
relatively minor issues. In this article, we
will examine air-transported moisture.

In a nutshell, warm, moist air that leaks
into walls condenses as it cools, trapping
water in the wall, which leads to mold and
rot. It's important for home inspectors to
understand what's happening so they know
what to look for during inspections.

This article will focus on heating
climates. The same principles apply to
cooling climates, although the issues are
slightly different.

How does moisture get into the air?
Air is able to hold moisture as a vapor.
Moisture in the air comes from the
following:

* humidifiers, which people often set im-
properly, causing too much moisture to be
added to the air in cold weather

* people washing their faces and hands and
brushing their teeth

* showers and baths

* cooking and washing dishes

* washing clothes

* washing floors, walls and furniture

* watering plants

* people breathing and perspiring

* damp soil in subgrade spaces
(crawl spaces)

* firewood (one cord can release one gallon
of water per day as it dries)

* pets

A family of four can generate 10 to

12 gallons of water a week by just going
about their normal household activities,
Humidifiers can add considerably more
water to the air. Unprotected soil in a craw!
space can contribute 10 gallons a day!

How much water can air hold?
The amount of water in the air is described
as either absolute humidity or rélative

humidity.

Absolute humidity. Absolute humidity is
the actual amount of moisture in the air,
This can be measured in grains (0.002285
ounces) of moisture per pound of dry air.
For example, 70"F-saturated air contains

108 grains of moisture per pound of dry air.

The term “saturated” refers to the amount

of moisture that air can hold without form-
ing condensation. If more moisture is added
or the temperature drops, we will get rain or
condensation.

Saturation levels change. Air can hold more
moisture at higher temperatures. A pound
of 70°F air can hold 108 grains of mois-
ture. The same air at 40°F can hold only 36
grains. As air warms up, it can hold more
moisture. As air cools down, it’s able to hold
less moisture. Condensation forms when air
is cooled.

Relative humidity. Relative humidity (RH)
is the amount of moisture in the air relative
to how much moisture the air could hold

if saturated. Air at 40°F can hold 36 grains
of moisture per pound of dry air. That air

is at 100% relative humidity. If the air is
warmed to 70°F, it still has 36 grains of
moisture, but its relative humidity drops to
33% because 70°F air can hold 108 grains
of moisture (36/108 = 33%). The dew point
is the temperature for air of a given relative
humidity below which condensation occurs.

Here's where it gets interesting! Air at 70°F
can hold twice as much moisture as air at
50°F. If we cool a sample of air at 70°F with
509% relative humidity to 50°F, the relative
humidity rises to 100%. If the temperature
falls to 49°F, we get condensation. And that
can be a problem ...

To summarize, cold air can hold very little
moisture. Warm air can hold a lot of mois-
ture. Cooling the air causes condensation.

The more moisture it has, the less it has to
cool to condense.
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How much humidity?

People are comfortable with humidity in the
range of 30% to 50% RH. When it’s freez-
ing outside, it is best for buildings to have
<15% RH to avoid condensation, mold and
rot. People usually get their way.

What does it all mean?

The air in a home at 70°F and 40% RH will
be saturated if it cools to 45°F, Condensa-
tion will form in the winter when warm,
moist house air leaks into cold wall or roof
spaces. The outside wall temperature will
be close to the outdoor temperature. As air
leaks through the wall or roof, it will cool
and the water vapor will condense inside
the wall or roof assembly. This can lead to
water damage, mold and rot inside the wall
assembly. This can go unnoticed for some
time until considerable damage occurs.

‘The water damage, mold and rot inside of
this exterior wall assembly was a result

of the extreme moisture from an indoor
pool that was not managed properly. This
structure had to be torn down.
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How do we prevent condensation?

We can reduce the indoor humidity, but
generally, people are not comfortable with
that. We try to stop the air leaking into wall
assemblies with drywall, polyethylene air
and vapor barriers, building wrap, and foam
insulation, among other materials, but
perfection is hard to achieve. Air barriers
that are 99% effective are not effective at all,
in the same way that a balloon with a tiny
hole in it won't hold air.

Another strategy is to let the air escape
quickly outdoors before it can condense.
Attic ventilation is a good example. Breath-
able exterior siding (wood, vinyl and alumi-
num siding) is more forgiving than barrier
systems like stucco and exterior insulation
finishing systems (EIFS), It’s risky to rely
on this approach, although it was very ef-
fective in older homes with air-leaky, poorly
insulated walls. The walls were warmer and
the air escaped more easily than in today’s
tight, energy-efficient construction.

What do we watch for?

Damage in walls can be difficult to iden-
tify until the damage becomes extensive.
Moisture runs down, collecting on sill
plates inside the wall. There may be visible
evidence of water at baseboards and quar-
ter rounds. Moisture meters and infrared
cameras can help identify concealed water
problems.

Problems are typically worse on upper floors
owing to stack effect. Warm air rises and
exerts more pressure on upper walls, result-
ing in air moving into wall assemblies.

Staining on siding indicates severe condensation.
Photo courtesy of Roger Hankey.

Although there could be many variables in
play, condensation on windows is an indica-
tor of possible problems and should be a
clue for a home inspector to look further.

Water damage and rot on the interior sill of
this window is a result of condensation, which
commonly occurs with single-pane or poorly
insulated glazing combined with high interior
humidity levels.

Conclusion

This article reviewed air-transported
moisture that can cause wall damage in
cold climates, The ASHI@HOME training
program provides a more comprehensive
explanation of the building science, as well
as home inspection strategies.

Thanks to Roger Hankey for his significant
contributions to this article. gasy
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