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Abstract:

Sound waves paSs readily through many of, the same openings in building
envelopes that allow air infiltration. This-fact-permits the lOC&ulOn of
such air-infiltration openings by acoustic means. '#px

The results of an experimental program, including laboratory tests of
a specially constructed partition and field tests on eight buildings, are
reported. On the average, openings that can be located acoustically trans-
'mit sound that is about twice as loud as that through adjacent, sealed
locations. Laboratory studies indicate that the sound level increase.th;ough
& leakage opening is roughly correlated with the logarithm of the localiair
flow rate wheh a steady dlfferentlal pressure is established across the par-
tition (¢ = 0.67).

Leak 10catlon with sound can be ,done by . SEmlSkllled workers w1th low—
cost "hi-fi shop" equipment. The test procedure does not T'eq_ul*'e pressure
r temperature differentials across the building envelone
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INTRODUCTION K
It is reported [Z] that 30 to 50% of the heating load and
5 fo 20% of the cooling load'in résidential buildings results
from uncontrolled air lezkage through the building envelope.
Although this alr flow is often through obvious openings -
windows and doors, furnace flues, ventilation in kitchens and
bathrooms —it also occurs through other paths whose existence

is not obvious or even suspected, such as piping penetrations,

structural joints, and heating ducts.

A simple'method, involving simple equipment, can be used to
locate many of the hidden openings through which air infiltrates
buildings. The method is called "aqoustic leak location," and it
is based on a physical fact: sound moves through building“ére—
vices and openings just as air does. The method uses a |
sound-making device on one side of a building envelope and a
small listening device close to the other side. To the user
of the listening device, the sound coming through the barrier
will seem almost twice as loud at locations where there are
infiltration openings in the envelope. An opening, once identi-
fied, can be caulked or sealed, and the aCoustic leak location

method can be used again to make sure the sealing is adequate.

Laboratory and field tests have been done with acoustic

leak location. Compared to other means of locating infiltraticn



openings in buildings, acoustic location is low in cost. It
is also easy for contractors and homeowners to implement, and

the equipment required‘is uncomplicated and portable.

EXISTING LEAK LOCATION METHODS
There are three conventional methods for locating air leaks
in buildings. They are thermography, smoke testing, and pressuri-

zation.

Thermography is a technique for visualizing small tempera-
ture differences on heat-radiating surfaces [2,3]. Its greatest
utility is that it can locate flaws in the thermal insulation
of a buildingvenvelope. Under some circumstancés, air lééks

cén also be located. With skill, the method is semiquantitative.

The use of thermography for locating infiltration openinsgs
requires a temperature and pressure difference across the build-
ing envelope. Its greatest limitation, however, is that the

necessary equipment 1s gquite costly.

: It is poséible to £ill a building with smoke and, perhaps
with the aid of a small applied pressure, examine where the smoke
comes out [4]. The method is inexpensive; obviously, however, it
renders the building uninhabitable during teéting and for some

time thereafter.



A fan mounted in a window or door can be used to pressurize
(or depressurize) a building. Pressurization testing is a widely
-used method for observing the air-flow rate through building
envelopes [5]. It is pseudoquantitative in that it allows struc-
tures to be rank-ordered in about the way that they would be if

infiltration caused by natural forces were observed.

During pressurization.testing, it 1s possible to go around
the building and feel air flow coming ﬁhrough leakage openings.
In this way, the openings can be located in about the same length

of time that would be required by the acoustic method.

The location of leaks during building pressurization is
enhanced somewhat by a temperature difference across the wall
and disturbed by windy conditions out-of-doors. It need not

disrupt the ongoing activities of buillding occupants.

THE ACOUSTIC LEAK LOCATION METHOD: BACKGROUND

What we call sound is the result.of small pressure fluc-
tuations about the ambient pressure of the atmosphere. These
pressure'fluctuations propagate as longitudinal waves through
the air. When sound waves strike a solid object such as a
building wall, they cause it to vibrate. This vibration in
turn produces a new sound on the other side of the wall. The
sound produced on the "output" side of the wall is, in general,

greatly reduced in amplitude compared to the sound that caused




the wall to vibrate in the first place. The output sound will
be altered in frequency content as well. The ratio of the input
sound energy to the output sound energy of a wall, under care-
fully controlled conditions, is called the "transmission coeffi-
ciént" of the wall. Ten times the logarithm of this ratio is
the "transmission loss™ of the wall, in decibels (dB). The
transmission loss of typical residential structures varies from
about 20 dB at 100 Hz to 40 or 50 dB at 2000 Hz or more. In |
general, the'mofe massive a structure, the greatér its trans-

mission loss will be.

A simble opening through a barrier will have approximately
zero transmission loss. Thus sound coming through such an open-
ing will be far more intense than that radiated from the rest
of the wall. This is basically why acoustic leak location |

works.

Several years ago, the Nationél Bureau of Standards (NBS)
published an extensive study of thevacoustic and thermal properties
of typical residential structures [6]. This study includgd
experimental data on sound "leakage" through cracks located around
windows and doors. Figure 1, calculated from the NBS data,
illustrates the difference between sound coming through a crack

and sound coming through a picture window.



Figure 1 is based upon an assumed sound pressure level (SPL)
spectrum of 80 4B inside a room with a picture window in the
wall. Just outside the picture window, the sound pressure
level is 20 to 47 dB less, depending upon the frequency, as
a result of the transmission loss of the window. However, when
a 3-mm—wide crack is located around the window, the SPL just
outside the crack is the same, or slightly greater than that
inside the room. An observer, listening with a2 small micro-
phone, could immediately discover the crack because the sound
coming ﬁhrough it would be so much louder than that comihg

through the windowlpane.

The data in Fig. 1l are typical of what one observes with
"simple" paths through structures. Sound propagation through
such paths has been examined analytically by Gomperts [7,8];
and by Ingerslev and Nielsen [9]. Available experimental.data

are in fair agreement with their analyses.

Some air-leakage paths through Structures can be classed
as_"complex" paths, such as those illustrated in Fig. 2. In
many cases, acoustic leak location will not‘identify the openings
of such complex paths — particularly if the wall cavities are

filled with insulation.



THE ACOUSTIC LEAK LOCATION METHOD: TECHNIQUE
The acoustic leak location method requires (1) a source of
sound on cne side of a building envelope and (2) equipment with

which & user can listen to sound on the other side.

- The sound soufce can be any one of many common household
objects. For example, a home vacuum cleaner, a dishwasher, a
washing machine, a noisy hair dryer, a television set, and a
recording of organ music have been used. The sound, preferably,
should be steady and predominantly high-pitched. During evalua-
tion of thedmethod, a taped, siren-like sound was used, repro-

duced through loudspeakers (Fig. 3).

The listening equipment is equally simple and available,
with:one stipulation: The user must be able to place it right
égainst the wall and over a smali spot, preferably less than
one centimeter in diameter. Listening equipment has included
a mechanic's stethoScope, a piastic headset of the kind handed
out to airliné passengers, small rubber hoses from auto-parts

stores, and low-cost sound meters.

During development of the acoustic leék location method, a
simple battery-operated listening system (Fig. 4) was used.
Components of this system can be found in retail stores through-
out the country, particularly those specializing in radio and

"hi-fi" supplies.



One additional item proved useful for probing small cracks
located close together, such as joints in the casing around
door and window frames. It was a microphone end cap that
restricted the listening area to a 3-mm circle znd reduce inter-

ference from background noilse.

With the sound source operating on one side of a wall, the
user moves the listening device along the other side of, and
very close to, the.wall. At the location of a leakage opening,
there will be a noticeable increase in the loudness of the sound —
obvious to the human ear. For pinpointing leaks, the listener
éompares the loudness of places with openings to that at sealed
spots nearby.' For inexperienced listeners a quantitative mea-
surement of sound is useful. This can be done with a sound meter

to register the level of sound at the microphone.

Acoustic leak location can be used to test in either direc-
tion through a building envelope, though the sound sources
described above were all used 1inside buildings. Traffic noise
can serve as a source outside a bullding when a listener is
inside. Most acoustic leak location testing is done outside,
hbwever, because the openings located will be on the side of the

wall where they can be caulked.



DEVELOPMENT AND TESTING

Experimental work with the acoustic location method was

done in three phases:

Laboratory measurements, where both acoustic and air
leakage were measured through known paths under con-

trolledAconditions

Local field studies of buildings in the Boston area

by BBN personnel

Field applicaticons of the method at several different

locations in the United States, performed by building

retrofit organizations.

Each of the phases>is summarized below.

Laboratory Measurements

For the laboratory measurements, a typical residential

exterior wall was built containing a number of known leakage

paths. They included:

Through a metal-flap mail slot in the door

Betﬁeen the door and the door jamb

Between the structural framing and avprehuﬁg door

From a duplex outlet through an uninsulated inter-

stud cavity to a wiring hole drilled in the top plate
From a duplex outlet through an insulated (R-11l) inter-
stud cavity to a wiring hole drilled in the top plate

and to an exterior water faucet



. Betwéen the_sill plate and a solid concrete-block
foundation |

« Around a double-hung window sash, and through the
meeting rail of the window

+ Between a prehung window frame and the structural

framing.

The wall divided the laboratory area into two rooms, designated
the "inside" and the "outside" of a buildiﬁg. A differential
pressure was established between the two test rooms in accordance
with the procedures of ASTM E283-73 [5], with the "inside" of

the partition at a negative pressure relating to the outside.

Measurements of the flow rate vs differential pressure were
made at several pressures for each of the various leakage paths.
Figure 5 is typical of the data obtained. Such results were
extrapolated or interpolated to the flow rate at a differéntial
préssure of 0.3 in. H2O, corresponding to the stagnation pressure

of a 25-mph wind.

The laboratory test data, summarized in Table 1, show that
some major leaks occurred where.they were easily seen (door
jamb, window sash). However, the seriousness of other leaks
(under the sill‘plate, around window and door frames) was dis-
covered only by testing; those leaks were not obvious and in

some cases not visible.



During the air flow tests, acoustlc studies were
of sound levels through known openings. These studies showed
that a sound level increase of more than 5 dB(A)¥ at a crack
is a strong indication that the crack will have a localbflow of

100 ft/min or more at 0.3 in. H,O pressure difference. Leaks

2
typically tranémitted sound levels that averaged 10 dB(A) more
than those heard at nearby sealed areas. A summary of all the

acoustic vs air flow data i1s showed on Fig. 6.

Field Studies

When the acoustic leak location method was tested in the
field, eight structures builtvto withstand New_England winters
were found tobbe surprisingly leaky. In these structures, both
alr flow tests and the acoustvic leak location method were used.
" The correlation between the two sets of results 1s good - +O;7H,‘
with a standard error of estimate of + 3 dB (Fig. 7). Air“flow
tests also identified several "complex" leakage paths (i.e.,
through interior openings in sash-weight bexes) that were not

found by the acoustic method.

*The A-weighting of a sound level meter is an adjustment that

approximates the way the human ear hears sound.



Use of Acoustic Leak Location by Other Organizations

Several retrofit organizations and contractors in Massachusetts
and Washington, DC were trained and equipped to try the acoustic
leak location method. In general, they were pleased with the

application of the method to their work.

CONCLUSIONS

Acoustic leak location is a useful means of identifying many
of the hidden openings in building envelopes thrpugh which air.
can mo&e. It involves a2 sound source on one side of a wall, and
a person with simple listening equlpment at the other. To'the
listener, the sound at a crack or opening will seem approximately

twice as loud as at a nearby sealed area.

Acoustic leak location is most useful in buildings that
~are drafty and therefore most in need of caulking and insulating.
It works less well in tight, well-insulated bulldings because
sound does not propagate well through complex paths in building

walls that are filled with fibrous insulating material.

Acoustic leak location is perhaps the simplest and least
expensive method for finding hidden openings in buildings.

Homeowners can do it themselves.
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gure 1. Sound spectra inside and outside a picture window with

a simple, 3-mm wide perimeter crack.

2. "Complex" paths.

3. The sound soufce used for most field testing.

4. Listening system uéed for most field investigations.
5. Measured air leakage through door elements (net).

6. Increase in sound level near crack vs local air flow

from crack at 0.3 in. pressure differential.
7. Increase in sound level near cracks vs local air flow

from same crack.’

Table 1. Summary of results of azir-flow tests at 0.3 in. HZO

differential pressure.



ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL (SPL) IN dB re 20uPo

A A e S Y RO S R DU I R S B RN R B H R S
SPL SPECTRUM JUST QUTSIDE
3mm SIMPLE CRACK
' ! /’J/\\ /\“\
8@ m ' |
N omL srection mee oot |
SPL SPECTRUM INSIDE ROOM
70
60 e : ,
SPL SPECTRUM JUST QUTSIDE
SEALED PICTURE WINDQW
50 :
40 }
|
30
50 Lt L |1 I N [ N N L
315 63 125 250 500 1000 2000 4000 8000

ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz (cps)
FIGURE 1. SOUND SPECTRA INSIDE AND QUTSIDE A PICTURE WINDOW WITH A SIMPLE,

3-mm WIDE PERIMETER CRACK. (CALCULATED FROM MEASURED DATA
REPORTED BY NBS [Ref.6].

14



"COMPLEX" PATHS.

FIGURE 2.
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