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1. INTRODUCTION

This AIR describes the results of some house noise reduction measurements that were made in five
locations in the U.S. in 19661, 19642, 19673, and 19694. The houses used in these tests included a
wide range of construction types of single and multiple family dwellings. The house noise reductions
also cover a wide range. The average house noise reduction developed in this AIR should be used only
when such an average is needed.

The principle objective of this AIR is to use these noise reduction measurements to develop curves
showing the noise reduction of aircraft flyover noise when the noise passes from the outside to the in-
side of houses located in various climates. The noise-reduction data presented herein can be applied
to measurements of aircraft noise made outdoors in order to estimate the noise levels indoors.

2. HOUSE NOISE REDUCTION DATA

The measurements were obtained by recording the sound pressure levels inside a house under study
and outside the dwelling at a distance from any outside surfaces of the house. The noise signals re-
ceived by the two microphones during aircraft flyovers were recorded simultaneously on magnetic
tape. Later, the two recordings obtained for each flyover were played back through a sound lever
meter, a band-pass filter (or a frequency weighting network), and a graphic level recorder. The max—
imum values of the rising and falling noise signals resulting from the aircraft flyover were then read
from the graphic level charts. The noise reduction is expressed as a difference in the maximum

sound pressure levels measured in the individual octave bands, as a difference between calculated per-—
ceived noise levels, and as a difference between A- or N-weighted sound levels.

The 19661 house noise reduction measurements were made in Boston and New York and included tests
in 18 rooms in six houses; measurements in Miami were made in eight rooms in four houses. The
noise reduction measurements are summarized in Table I, which also provides some dimensions of
the individual rooms and median noise reduction values for those rooms where the noise reduction
from more than one flyover was measured.

References 2, 3, and 4 present data from measurements of house noise reduction of aircraft noise in
60 different rooms with windows closed and in 46 different rooms with windows open. This additional
data provides a broader base from which average house noise reduction values can be obtained and
therefore greater confidence in the results can be placed; they do not, however, significantly change
the averages obtained using the data in references 1 and 2 only.

Reference 3 contains information on house noise reduction for aircraft flyover noise obtained for
houses used in extensive tests by NASA of subjective judgments of aircraft noise at Wallops Station,
Virginia, in October and November, 1969. In these tests, four rooms in a brick veneer house and
four rooms in a wood siding house were used. The house noise reduction tests were made on
December 11 and 12, 1968. There were 25 overflights of propeller and jet aircraft for the noise re-
duction measurement in one house and 22 overflights of the same aircraft for measurements in the
other. Tests were made with windows closed only. The results of these tests are presented in
Table III. The average of the data for the wood siding house agree well with the data from the Miami
and Los Angeles tests: The brick veneer house noise reduction data are higher than the Miami and
Los Angeles data but not as high as the New York and Boston data. The brick veneer data are aver-
aged in with the data for the lighter house constructions on the basis that there probably are only a
small number of brick veneer houses in warm climates.
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Results from reference 4 are given in Tables IV through VII. Table IV presents a description of the house
and rooms tested and the source of the aireraft noise. Tables V, VI, and VII present house noise reduction
data with windows open and closed for houses located in or near Los Angeles, New York, and Boston, re-
spectively.

2.1 Variability In Measurements From Reference 1: Previous measurements have shown that there is consider-
able variability in the house noise reduction data obtained with different aircraft flyovers. The noise re-
duction values vary with the type of aircraft and with flight paths as well as with measurement positions in-
side and outside the rooms. To illustrate this, Fig. 1 shows the house noise reductions observed for a
bedroom of a Miami house from eleven successive flyovers. Two measurement graphs are shown, one for
windows closed and one for windows open. The shaded bands indicate the range of the measured noise re-
ductions; individual flyovers are identified by distinctive symbols. The heavy line represents the median
for the respective sets of windows-open or windows-closed measurements. In this room, the noise reduc-
tion ranged from 11 to 20 PNdB for windows closed and from 8 to 12 PNdB with windows open. The noise
reductions in dBA showed similar variations.

2.2 Comparisons of House Noise Reduction Measurements From References1 and 2: Referring now to the noise
reductions measured in different rooms, Fig. 2 shows the range of median noise reduction values measured
for the rooms in the Boston and New York houses in tests described in reference 1. Two sets of curves are
again shown, one for rooms with windows closed and one for those with windows open. The heavy line in-
dicates the median value for all the rooms measured. The noise reduction, expressed as a difference in
PNdB, ranged from 23 to 34 PNdB for houses with windows closed and from 11 to 28 PNdB with windows
open. There is a shift of 10 PNdB between the median values for houses with windows closed (30 PNdB) and
those with windows open (20 PNdB).

Figure 3 shows a similar comparison of the house noise reduction measurements for the Miami houses.
The noise reduction, expressed as a difference in PNdB, ranged from 15 to 24 PNdB for rooms with
windows closed and from 5 to 13 PNdB with windows open. There was 11 PNdB difference between the
median noise reduction for houses with windows closed and those with windows open. The noise reductions
in terms of dB(A), in Figures 2 and 8, were comparable to the reductions expressed in terms of PNdB.

A comparison of window areas showed that, on the average, the Boston and New York rooms had somewhat
lower ratios of window area to exposed wall surfaces than did the Miami rooms. The windows in several of
the Miami houses were not tightly fitted, in contrast to the generally well-fitted windows found in the Boston
and New York test houses. In addition, the roofs of several of the Miami houses were of relatively light-
weight construction.

The data in references 1 and 2 were examined to compare the differences in house noise reduction values
measured by three separate quantities: the change in perceived noise level and the noise reduction in terms
of the change in A- or N-weighted sound level,

The differences between PNL and A-weighted noise reduction values obtained from the measurements
reported in reference 1 are summarized in the first column of Table II. In comparison, the results of PNL
and A-weighted measurements in Los Angeles houses in 1964, reference 2, are tabulated in the second
column of Table II. The standard deviations listed in Table II are comparable, or only slightly larger, than
the standard deviations of A-weighted measurements and calculated perceived noise levels, for current jet
aircraft flyover noise signals. '

The differences in N-weighted levels in the third column of Table II show, on the average, somewhat closer
agreement with the differences in perceived noise level than do the A-weighted measurements. However,
the range of differences and the standard deviations are quite similar to those shown in the first and second
columns. Thus, it is expected that either the N-weighted or A-weighted sound level measurements can be
used as good predictors of house noise reduction, expressed as a difference in perceived noise levels.

3. GENERALIZED VALUES OF HOUSE NOISE REDUCTION
In studying the impact of noise on people living near airports, there is a need for curves of noise reduction
vs. frequency to indicate the amount by which a noise recorded outside should be attenuated to represent the

noise ingside a house. These curves may be used in studies of the effects of the noise of aircraft operating
from airports in general at all times of the day and in all seasons of the year.
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3.1 House Noise Reduction By Categories: Information on house noise reduction for aircraft noise obtained
from the four references is correlated in four categories:

1. Warm climate houses, windows open, Table VIII
2_ " 1" 1" 1" closed’ 1" D(
3. Cold " " " open, "X
4 " " " 1" C].OSed " XI

The curves of the averages for these four categories are plotted in Fig. 4 (dashed lines for warm climate,
solid lines for cold climate), together with their averages and dot dash lines for averages of:

1. Windows open and windows closed, warm climate,
2. Windows open and windows closed, cold climate and,
3. Overall average for warm and cold climate

The average curves for warm or cold climate house noise reduction are provided for studies of the impact
of noise on people living near airports in warm or cold climates. The overall average curve is provided
for studies of noise from aircraft which operate from airports in both warm and cold climates. Table XII
presents the average house noise reductions for warm and cold climates and Table XIII presents the over-
all average.

3.2 Response Characteristics For Octave-Band Filters For Use in Simulating Indoor Noise From Outdoor
Noise Recordings: The data in Tables XII and XIII contain smoothed average values sufficient for specify-
ing the response of filters used to provide simulated indoor-noise levels from outdoor noise recordings.
The value for the noise reduction in the octave band centered at 125 Hz is increased by 0.5 dB to simplify
the construction of the filter. The tolerance on the octave band response of the filter is +0.5 dB in the pass
bands.

4. REFERENCES

1) Bolt, Beranek, and Newman, Inc., Report 1387, '"Methods for Improving the Noise Ingulation of
Houses with Respect to Aircraft Noise, "' November 1966.
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