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As we approach ASNT’s 75th anniversary, let us consider how
a typical Midwestern United States single-family house has
changed through the years. In 1941, houses were much smaller.
They were often heated by coal furnaces with ductwork typically
insulated with asbestos, or boilers and radiators with asbestos
wrapped pipes. The walls were painted with lead-based paint,
and the tile used for floors typically contained asbestos. The
exterior walls were often un-insulated balloon frame or
constructed with solid two- or three-course brick with interior
plaster. The 1930s had seen the introduction of platform
framing and gas furnaces. Ventilation was controlled primarily
by opening and closing windows and doors. The 1960s
followed with installation of air conditioning and installation
of insulation in the exterior walls.

The year 1978 marked another critical time as crude oil
increased from $13 to $34 per barrel and gasoline went from
$0.35 to $1.00 per gallon. The increasing price of oil began
the upward spiral of the cost of energy. Notice that this
occurred immediately following the popularization of air
conditioning in houses.

With air conditioning and increased energy prices came the
paradigm change to strive to maintain comfortable
temperature and humidity levels in homes year-round by
closing the doors and windows. We also learned that heating,
ventilating, and air conditioning (HVAC) means much more
than simply installing a furnace and air conditioner. Houses
previously intended to breathe now needed to be properly
ventilated, meaning that warm or cold air needed to be
properly circulated, and exchanged with fresh air in an
efficient manner in order to ensure healthy indoor air quality.

Today’s typical house is a complicated system of seemingly
independent components that are integral pieces of a system

when installed in a house. The most common components are:
� The building shell,
� The heat source,
� The cooling source,
� The air distribution/circulation system.

The ideal house today would function like a space shuttle.
The living space is separated from the outside by a pressure
boundary and a thermal boundary, while the air inside is
controlled and ventilated. Understanding the terms “thermal
boundary,” “pressure boundary,” and “ventilation” are
essential.
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Figure 1. Photo showing the dirt collected from the air as it
passed through the fiberglass.
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The thermal boundary is the most obvious to home occupants
and is the least understood. The thermal boundary is the exterior
shell of the living space (walls, ceilings, and floors). Thermal
boundary refers to that which separates the living space from the
uncontrolled outside space. It is intended to keep heat from flowing
from one to the other. As such, a layer of insulation is placed
around this space. But the insulation often does not function as a
thermal barrier, as most insulation allows air to flow through it
(Figure 1). 

“Pressure boundary” refers to the ability of the house shell to keep
the inside air in and the outside air out. Notice the change from
heat flow in the thermal boundary to air flow in the pressure
boundary. It does not matter how much insulation a house (or
space shuttle) has if the doors and windows of the structure are
open.

During the heating and cooling seasons, no one intentionally
leaves their doors and windows open; however, there are
innumerable holes or penetrations in the structure of the house 
that permit uncontrolled airflow. The U.S. Department of Energy
identifies uncontrolled air infiltration as the largest single source of
energy loss in most houses (DOE, 2010). The identification and
measurement of these holes is where leak testing (LT), in this case 
a blower door test, plays a very important role.

A calibrated fan and pressure manometer are installed in an
exterior doorway. With all other doors and windows closed, the fan
is energized to create a pressure difference of 50 Pa between the
inside and outside. This pressure difference is equal to the pressure
exerted on a house by a 32 km/h (20 mph) wind blowing against
the structure. This is the industry yardstick for quantifying air
leakage in a house.

Air infiltration is measured in cubic feet per minute at 50 Pa
(commonly CFM50). This air leakage measurement is used to
calculate the air changes per hour at 50 Pa. Multiply the CFM50
measurement by 60 to obtain cubic feet per hour, and divide by the
interior volume of the house to determine air changes per hour
(ACH50).

For example, a house measures 3500 CFM50 with the blower
door. The house has 232.3 m2 (2500 ft2) of living space with a 
2.4 m (8 ft) ceiling, yielding 566.3 m3 (20 000 ft3).

(1)

That means, when a winter storm comes through with a 32 km/h
(20 mph) wind, all the air in the house is forced out of the house
10 times per hour, or once every 6 min, and the furnace is
constantly heating the cold outside air that is being sucked into 
the house. This was the case with my own house, which was built
in 1981.

×
=

3500 CFM50 60
20000 ft

10.5 ACH503

TECH TOON

Courtesy of Miceli Infrastructure Consulting



8 · Vol. 14, No. 3

FYI | Home NDT Home

Houses built utilizing balloon frame construction often measure
15 to 20 ACH50. Typical energy efficient houses today measure
approximately 3.5 ACH50 or better, while super energy efficient
houses will measure less than 1 ACH50 and incorporate more
sophisticated HVAC equipment such as heat recovery ventilators 
or energy recovery ventilators to keep the energy inside the house
while exchanging the stale air for fresh air.

Finally, houses need ventilation. “But isn’t the house supposed to
breathe?” This is a common misconception. Ventilation is very
different from uncontrolled air leakage. Exchanging stale air for
fresh air is only one aspect of ventilation. It is also important to
expel humid and odorous air from kitchens, bathrooms, and
laundry areas.

So how are the results of the blower door test used? There are two
primary applications. The blower door test result is a key input for
sizing the furnace and air conditioner for a house. Certified HVAC
contractors are usually certified by the Air Conditioning
Contractors Association. This certification requires that a house be
modeled in order to measure and calculate the heating and cooling
British Thermal Unit (BTU) requirements. Modeling requires
measuring the exposed exterior wall area and insulation, window
and door area and thermal ratings, and the air infiltration rate.
These data, combined with weather data for the location of the
house, are used to calculate the heating and cooling BTU
requirements for the furnace and air conditioner.

A house can be fairly airtight and well insulated and still have
areas that are not comfortable. The air distribution system, also
referred to as ductwork, is the second application. There are two
aspects to this test. First is to ensure that the heated or cooled air is
delivered to the designated rooms. Second is to measure the
quantity of air being delivered to ensure that each room receives
what it needs. The ductwork in houses is often poorly designed,
resulting in excessive air losses, as well as significant thermal losses
from duct runs through crawl spaces and attics.

LT takes a slightly different form when examining houses with
combustion appliances such as a gas or oil furnace, gas water heater,
gas kitchen appliances, and wood-burning fireplaces.

I recently examined a 100-year-old house with all gas appliances
and found gas leaks at each appliance. The natural draft water
heater vent was completely blocked by years of accumulated debris.
The blockage causes the water heater to backdraft, meaning all of
the exhaust goes into the house. But the house measured over 
15 ACH50, meaning it was excessively leaky, enough to negate 
the hazard caused by the backdraft.

Another newer house measured only 3 ACH50, hence fairly
tight. But the homeowners had remodeled their kitchen and
installed a commercial gas range and range hood. This house also
had a wood-burning fireplace. When performing the LT
measurements we discovered that turning the range hood on would
cause the fireplace to backdraft. This presented a carbon monoxide
poisoning hazard to the occupants. This is a classic example of the
interdependence of seemingly independent components.

As nondestructive testing (NDT) professionals, we
predominantly think of NDT as being a practice that applies to
our work with high tech materials. I encourage you to think how
NDT can and should play an important role in our personal
residences as well.  h
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