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SECTION 1 INTRODUCTION 
 
Noise Level Reduction (NLR) is used in Residential Sound Insulation Programs 
(RSIP) to determine the indoor Day-Night Average Sound Level or DNL.  Acoustical 
consultants use various testing procedures (aircraft flyovers and artificial 
noise/loudspeaker) to measure the NLR.  The design and implementation of the 
acoustical testing plan and method is left to the individual acoustical consultant 
since the Federal Aviation Administration (FAA) does not specify a measurement 
standard.  In addition, the execution of a specific measurement method, may affect 
the final measurement result.  Therefore, the variation of NLR using the different 
testing methods, and the execution thereof, has not been quantified and has not 
been fully categorized.   
 
The NLR measurement methods, using aircraft flyovers are generally based on the 
FAA document, “Guidelines for the Sound Insulation of Residences Exposed to 
Aircraft Operations”, dated October 1992.  The NLR measurement methods using 
an artificial noise source generally follow the American Society for Testing and 
Materials (ASTM) International Standard E966-10, “Field Measurement of Airborne 
Sound Attenuation of Building Facades and Facade Elements”1.  The procedures in 
E966-10 are often adapted to make them more efficient and practical for RSIP 
applications.  In addition, use of aircraft spectral data and NLR calculations, not 
covered in the ASTM standard are also incorporated into the procedure.  The details 
of the testing procedures will likely vary among the acoustical consultant firms and 
the exact details of the procedures are rarely reported in great detail, if at all, in 
RSIP documents.   
 
Therefore, the NLR variation among the various testing methods and testing 
parameters is not well determined due to lack of a controlled study.  This study is 
meant to provide a systematic analysis to better quantify the variation of NLR 
within the constraints of this contract.  The following paragraphs provide detail to 
support the Acoustical Testing Plan for the “Study of Noise Level Reduction (NLR) 
Variation” based on ATAC’s Policy, Engineering, Analysis, and Research Support 
(PEARS) Contract No. DTFAWA-11-D-00019. 
 
In summary, this study will quantify the variation of the NLR as a result of 
different: 
 

1. Testing Methods; and  

2. Testing Parameters 
 
 

                                                 
 
 
1 American Society for Testing and Materials (ASTM) International Standard E966-10, “Field 
Measurement of Airborne Sound Attenuation of Building Facades and Facade Elements”, editorial 
changes made in April 2011. 



PEARS CONTRACT NO. DTFAWA-11-D-00019 
STUDY OF NOISE LEVEL REDUCTION (NLR) VARIATION 

Landrum & Brown Acoustical Inventory 
April 2013 Page 2 

SECTION 2 ACOUSTICAL INVENTORY 
 
2.1 Selection of Test Homes 
 
Burlington International Airport (BTV) was chosen as the site for this study due to 
the on-going property acquisition program and the availability of properties that are 
now owned by the airport and are in the process of being demolished.  Current 
properties are located between the 65 and 75 DNL 2011 noise contours at BTV.  
Over 150 properties have either been acquired and demolished, have been acquired 
and waiting for demolition, or are eligible to be acquired.  
 
Staff from Landrum & Brown (L&B) traveled to Burlington VT on October 24, 2012 
to review and select properties that would be candidates for the testing.  Many of 
the properties were already acquired and demolished.  Many homes were not 
considered viable for testing due to the various reasons outlined below: 
 

1. Shielding of aircraft operations by the airport terminal/parking structure. 

2. Trees that made the use of a crane impractical.  

3. Power lines which restricted crane use. 

4. High traffic levels on the road which would contaminate noise testing. 

5. High traffic levels which would complicate crane placement. 

6. Test houses were shielded from the airport by dense vegetation or other 
structures. 

7. Houses that were boarded up due to broken windows.   
 

A total of six properties were selected for the measurement study.  Two rooms 
were selected for testing in each house, with the exception of Site #6 where only 
one room was measured.  At Site #6, the other room in the house with the rear 
exposure (facing the airport) was shielded by a garage/apartment.  The six homes 
selected for testing are listed below. 
 

 Site #1 - 13 Dumont Avenue 

 Site #2 - 57 Dumont Avenue 

 Site #3 - 61 Dumont Avenue 

 Site #4 - 4 Picard Circle 

 Site #5 - 120 Airport Parkway 

 Site #6 - 206 Airport Parkway 

 
The BTV study area is shown in Figure 1 with the general area of the six 
measurement sites on Dumont Avenue, Picard Circle and Airport Parkway circled in 
black.   A photo and a short description of the houses selected for the study are  
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Figure 1. BTV Study Area 
 

 

discussed in the following sections.  A site plan of the six homes is included in 
Figure 2.  The six properties to be evaluated are shown in black.  
 
2.1.1 Site #1 – 13 Dumont Avenue 
 
Site #1 is located at 13 Dumont Avenue in South Burlington. The home is a one-
story Cape-style construction with aluminum siding.  The front façade is exposed to 
aircraft operations.  The two rooms that are exposed to aircraft operations include 
the front kitchen with vinyl floor and the front living room with a wood floor.  Both 
rooms have a corner exposure with two facades exposed to aircraft.  A photo of the 
front façade of the house is presented in Figure 3. 
 
2.1.2 Site #2 – 57 Dumont Avenue 
 
Site #2 is located at 57 Dumont Avenue in South Burlington. The home is a one-
story Ranch-style construction with aluminum siding.  The front façade is exposed 
to aircraft operations.  The two rooms that are exposed to aircraft operations 
include the front living room and the front bedroom.  Both rooms have hardwood 
floors.  The bedroom has a corner exposure with two facades exposed to aircraft. 
The living room has a single façade exposure.  A photo of the front façade of the 
house is presented in Figure 4. 
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Figure 2. Site Plan of Six Measurement Locations 
 
 

 

 

 

 

 

 

 

 
 

 

 

 
Figure 3. Site #1 – 13 Dumont Avenue 
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Figure 4. Site #2 – 57 Dumont Avenue 
 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
2.1.3 Site #3 – 61 Dumont Avenue 
 
Site #3 is located at 61 Dumont Avenue in South Burlington. This is a one-story 
Ranch-style construction with aluminum siding.  The front façade is exposed to 
aircraft operations.  The two rooms that are exposed to aircraft operations include 
the front living room and the front bedroom.  Both rooms have carpeted floors. The 
bedroom has a corner exposure with two facades exposed to aircraft.  The living 
room has a single façade exposure.  A photo of the front façade of the house is 
presented in Figure 5. 
 
2.1.4 Site #4 – 4 Picard Circle 
 
Site #4 is located at 4 Picard Circle in South Burlington. This is a two-story 
Contemporary-style home with wood siding.  The rear façade is exposed to aircraft 
operations.  The two rooms that are exposed to aircraft operations include the rear 
upper bedroom and the rear lower dining room.  The bedroom had carpeting, while 
the dining room had just the plywood underlayment for the floor covering.  Both 
rooms have a corner exposure with two facades exposed to aircraft.  At the time of 
the survey, access to the house was not possible due to the buildings being used as 
part of the local haunted house tour.  A photo of the front façade of the house is 
presented in Figure 6. 
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Figure 5. Site #3 – 61 Dumont Avenue 
 

 

 

 
 
 
 
 
 

 
 

 
 
 

 

 

 
 

Figure 6. Site #4 – 4 Picard Circle 
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2.1.5 Site #5 – 120 Airport Parkway 
 
Site #5 is located at 120 Airport Parkway in South Burlington.  This is a one-story 
Ranch-style home with vinyl siding.  The rear façade is exposed to aircraft 
operations.  The two rooms that are exposed to aircraft operations include the rear 
corner bedroom and the middle kitchen/dining room.  The floor in the bedroom was 
carpeted while floor in the kitchen/dining room was partially carpeted and partially 
tiled.  One room has a corner exposure with two facades exposed to aircraft, while 
the other room has one façade exposed to aircraft noise.  At the time of the survey, 
access to the house was not possible due to the buildings being used as part of the 
local haunted house tour.  A photo of the front façade of the house is presented in 
Figure 7. 
 
2.1.6 Site #6 – 120 Airport Parkway 
 
Site #6 is located at 206 Airport Parkway in South Burlington.  This is a one-story 
Ranch-style home with vinyl siding.  The rear façade is exposed to aircraft 
operations. The one room exposed to aircraft operations includes the left rear 
bedroom.  An additional test room at this location was not possible due to shielding 
from a nearby garage.  A photo of the front façade of the house is presented in 
Figure 8. 
 



PEARS CONTRACT NO. DTFAWA-11-D-00019 
STUDY OF NOISE LEVEL REDUCTION (NLR) VARIATION 

Landrum & Brown Acoustical Inventory 
April 2013 Page 8 

Figure 7. Site #5 – 120 Airport Parkway 
 
 

 
 
 
 

 

 

 

 

 

 

 
 
 
 
 

Figure 8. Site #6 – 206 Airport Parkway 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



PEARS CONTRACT NO. DTFAWA-11-D-00019 
STUDY OF NOISE LEVEL REDUCTION (NLR) VARIATION 

Landrum & Brown Acoustical Measurements 
April 2013 Page 9 

SECTION 3 ACOUSTICAL MEASUREMENTS 
 
3.1 Acoustical Testing Plan 
 
The Acoustical Testing Plan (ATP) for this study is outlined in the following 
paragraphs.  The objective of the study was to quantify variation of NLR of the 
existing testing methods and testing parameters.  These are discussed in the 
following sections. 
 
3.1.1 Testing Methods 
 
The testing methods used in this study include the following: 
 

1. Measurement using actual aircraft flyovers; and 

2. Measurement using an artificial noise source (loudspeaker) 
 
The artificial noise source measurement method is further broken down, as follows: 
 

1. Exterior microphone measurement method (external flush/external façade) 

2. Interior microphone locations (4-feet from elements/room spatial average) 

3. Noise source elevation (tripod/crane) 

4. Measurement repeatability (same measurement performed twice) 
 
For actual aircraft flyover measurements, the effect of the aircraft type (jet, prop, 
etc.) on the variation of the NLR was quantified to the extent possible.   
 
3.1.2 Testing Parameters 
 
The identified testing parameters for the measurements that affect the variation in 
the NLR using an artificial noise source include: 
 

1. Angle of incidence 

2. Distance of noise source to façade 
 
3.2 Acoustical Testing 
 
Measurements were conducted using Larson-Davis Model 824 (LD824) Sound Level 
Meters.  The LD824 was calibrated at the beginning of the day of testing and 
calibration was checked at the end of each day of testing.  The list of equipment 
used in this study is presented in Appendix A.  Data collected in the field was 
processed to determine measured NLRs.  The outcome from this field test was the 
result of a statistical analysis of the uncertainties in determining NLR using each 
testing method with a direct comparison among the different test methodologies.  
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The testing of the sample of six homes was conducted from Monday November 12 
thru Friday November 16.  The following structural aspects and room acoustical 
aspects were varied to assess the influence of these parameters on the NLR: 
 

1. Variation of housing construction types; 

2. Variation of room types (corner room/middle room), room size, element size, 
furnishings and interior acoustics; 

3. Variation of room absorption (none-furnished/added absorption). 
 
See details in the test description below. 
 
The tentative daily testing schedule was as follows: 
 

1. Houses were accessed before 6:00 a.m. each day so as to allow the setting 
up of equipment.  This allowed departures operations to be measured during 
the early morning departure push.  Note – the testing times were adjusted 
accordingly based on traffic flow. 

2. Between 9:00 a.m. and approximately 12:00 noon, the rooms were tested 
using the artificial noise source (loudspeaker) on a tripod. 

3. Following a lunch break, a crane was used to allow testing using the elevated 
artificial noise source.  This testing was undertaken between approximately 
1:00 p.m. and 3:00 p.m. 

4. After 3:00 p.m. time was allocated to fill in where insufficient data was 
collected during the earlier hours. 

 
Specifics on the various testing methods are outlined in the following paragraphs. 
 
3.2.1 Actual Aircraft 
 
For the flyover testing method using actual aircraft, A-weighted noise levels from 
aircraft events were collected in the field.  The A-weighted Sound Exposure Level 
(SEL) events were collected simultaneously in two interior rooms and at an exterior 
location at each house.  The SELs were measured and calculated by setting a 
threshold level on the sound level meters based on the exterior and interior 
background noise levels at each location.  The exterior microphone was located to 
allow direct line-of-sight between the microphone and the flight path of the aircraft 
and was located 20 feet from any reflective surface of the house.  Due to the close 
proximity of the house to the runway sideline, the elevation angle to the measured 
aircraft was quite small, where almost all recorded events were start of take-off 
rolls and departing to the south, with the exception of the departures on the 
morning of November 14, when aircraft were departing to the north.  The NLR could 
not be measured for arrivals, because the aircraft levels were not high enough 
above ambient levels.  The two interior microphones were located at least four-feet 
from any major reflective surface such as walls, ceiling or floors.  One microphone 
was placed opposite a major sound transmitting element within the room.  The 
other microphone was placed in an area of the room, but not the geometric center 
of the room.   
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Although the study initially intended to select only two possible aircraft types for 
the test, that was not possible due to the limited number of aircraft operations (and 
aircraft types) at BTV.  To the maximum extent possible, aircraft events were 
recoded for departure only or arrivals only.  The time of the aircraft event were 
recorded, as well as the type of event and the aircraft type.  Data was entered 
immediately into a program on a laptop.  To the extent possible, the number of 
aircraft events were logged until the standard deviation of the NLR was within ±1 
dB for each room or as close as possible.  All aircraft events were logged with the 
focus primarily on turbine-powered (jet) aircraft.  The major aircraft type operating 
at BTV includes commuter jet aircraft (ERJ & CRJ).  Other jet aircraft with limited 
operations include the A320, F16, business jets and a B727 cargo aircraft.  
 
Various factors affect the event NLR and therefore the NLR differs from event to 
event.  Therefore the number of events needed in the measurement to achieve a 
reasonable uncertainty level was evaluated on a case-by-case basis.  The goal was 
to collect data until the confidence interval is less than ±1 dB.  This was usually 
achieved with between eight and 15 events.  However, sometimes many more 
events were needed depending on factors such as the exposure of varying flown 
flight patterns, aircraft types, weather and ambient noise.  The impact of aircraft 
type and flight segment (departure versus approach) selection was studied.  It 
should be noted that for this study, other the variation of the aircraft flight paths 
relative to the house are expected to be significant due to a significant difference of 
noise exposure during start of take-off roll, given the close proximity of the houses 
to the runway.  
 
3.2.2 Artificial Noise Source (on Tripod) 
 
For the outdoor loudspeaker tests, the exterior placement of the loudspeaker was 
varied (distance & angle of incidence), the exterior microphone placement was 
varied and the interior microphone placement was varied.  The goal of the selected 
test matrix was to provide sufficient data to quantify the variation affected by the 
testing parameters. 
 
In addition, variation due to aircraft spectral data and NLR calculation procedures 
were investigated as well during the data post-processing phase.  The measured 
spectral data of the external actual aircraft NLR measurement method was used for 
the external spectrum for each home.  This allowed for direct comparison of the 
actual aircraft and artificial noise source measurement methods.   
 
With the loudspeaker on tripod the following variables were introduced into the 
testing process, to the extent possible.  Many of the variables including the 
loudspeaker angle, loudspeaker distance and exterior microphone measurement 
location were based on ASTM International E966-10 “Standard Guide for Field 
Measurement of Airborne Sound Insulation of Building Facades and Façade 
Elements.”  These are as follows: 
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1. Exterior placement of the loudspeaker 

a. Position the loudspeaker at an angle of incidence of 60-degrees, 45- 
degrees and 30-degrees from the front or read façade normal.  

b. Locate the loudspeaker at two distances from the façade.  This 
distance depended upon the geometrics of each house and will be 
determined once on-site. 

 
2. Exterior microphone placement 

a. Outdoor data was collected via spatial average along the exposed 
façade.  This included microphone placement on the façade surface (5 
dB adjustment for pressure doubling2) and at a distance four-feet away 
from the façade (2 dB adjustment for energy doubling/reflection3). 
 

3. Interior microphone placement 

a. The indoor data was collected via spatial average in the central area of 
the room.  An additional measurement was undertaken four-feet from 
the most sound transmitting element in the room. The spatial average 
in the central area of the room was repeated.  This allowed analysis of 
the repeatability of the spatial averaging technique. 

 
It should be noted that these properties are in the process of being demolished so 
they are devoid of typical furnishings such as furniture, draperies and other wall 
adornments.  Out of the six homes to be included in the testing, access to two 
homes was not available during the survey trip due to their temporary use as part 
of the local haunted house tour.  Of the four homes that were able to be inspected 
on the interior, only one house (two rooms) was carpeted.  The other three homes 
had wood or vinyl floors.  To replicate a more typical acoustical environment in the 
interior, L&B staff purchased rolls of fiberglass insulation to be placed within each 
room during the testing.  Two to three rolls of R-30 fiberglass insulation were 
dispersed within each of the rooms tested.  Each roll was approximately 25-feet 
long, 18-inches wide and 9½-inches thick.  The rolls were placed either along a 
wall, dispersed on the floor, or put in both locations.  The exact number of rolls 
used in each room and whether they were dispersed on the floor or walls is 
explained in more detail in Appendix B.  Reverberation time measurements (RT60) 
were undertaken to ensure that the reverberation time in each room is in the 0.3 to 
0.5 seconds range.  This reverberation time would be more typical of a normal 
room environment.  One interior measurement, with the loudspeaker at 45-
degrees, exterior faced measurement at four-feet and interior measurement using a 
central spatial average were undertaken in each room without the 
absorption/insulation present. 
 
                                                 
 
 
2 Previously ASTM E966 used a 6 dB adjustment, however, field measurements showed better 
agreements with a 5 dB adjustment, and has therefore been changed in ASTM E966-10. 
3 Previously ASTM E966 used a 3 dB adjustment, however, field measurements showed better 
agreements with a 2 dB adjustment, and has therefore been changed in ASTM E966-10. 
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3.2.3 Artificial Noise Source (Elevated by Crane) 
 
For the tests using an outdoor loudspeaker elevated by a crane, the placement of 
the loudspeaker was varied, the exterior microphone placement was varied and the 
interior microphone placement was varied.  The goal of the selected test matrix is 
to provide sufficient data to quantify the variation affected the by testing 
parameters.  The list below further describes the assumptions for this test. 
 
Variation due to aircraft spectral data and NLR calculation procedures were taken 
into account for the data post-processing phase.  The BTV specifics on the days of 
testing were used for the post-processing.  With the loudspeaker elevated with a 
crane, the following variables were introduced into the testing process, to the 
extent possible, including: 
 

1. Exterior placement of the loudspeaker 

a. Position the loudspeaker at an angle of incidence of 45-degrees to the 
normal of both facades and ceiling for corner rooms or the center of 
the façade and ceiling.  

b. Position the loudspeaker at two distances from the façade.  This 
distance depended upon the geometrics of each house and was 
determined once on-site. 
 

2. Exterior microphone placement  

a. The outdoor data was collected via spatial average along the exposed 
façade.  This included microphone placement on the façade surface (5 
dB adjustment for pressure doubling); and 

b. At a distance four-feet away from the façade (2 dB adjustment for 
energy doubling/reflection). 
 

3. Interior microphone placement 

a. The indoor data was collected via spatial average in the central area of 
the room. 

b. An additional measurement was undertaken four-feet from the most 
sound transmitting element in the room. 

c. The spatial average in the central area of the room was repeated.  This 
allowed analysis of the repeatability of the spatial averaging technique. 

 
3.3 Acoustical Testing Schedule 
 
Testing at each site was undertaken based on the testing plan outlined in Section 
3.1.  However, due to various circumstances, the actual acoustical testing was 
conducted at the six selected sites based on the time and dates as outlined in 
Table 1.   
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Table 1.  Acoustical Test Schedule 
Site 
No. Address Testing Date Approximate 

Testing Times 
1 13 Dumont Avenue Monday November 12, 2012 5 a.m. to 6 p.m. 

2 57 Dumont Avenue Tuesday November 13, 2012 5 a.m. to 6 p.m. 

3 61 Dumont Avenue Wednesday November 14, 2012 5 a.m. to 5 p.m. 

4 4 Picard Circle Thursday November 15 &  
Friday November 16, 2012 5 a.m. to 5 p.m. 

5 120 Airport Parkway Thursday November 15 &  
Friday November 16, 2012 5 a.m. to 7 p.m. 

6 206 Airport Parkway Thursday November 15 &  
Friday November 16, 2012 5 a.m. to 7 p.m. 

 
3.4 Site-Specific Testing Information 
 
The pictures in the following sections show the general setup of the outdoor 
microphone location for the actual aircraft measurements.  The pictures also show 
the indoor microphone setup as well as placement of the additional room insulation.  
Table 2 presents the background noise levels and reverberation times with and 
without additional fiberglass insulation. 
 

Table 2.  Measured Background Levels and Reverberation Times 
Site 
No. Address Room 

Exterior 
Background 
Level (dBA) 

Interior 
Background 
Level (dBA) 

T60 (sec.)  
w/o Room 
Insulation 

T60 (sec.)  
w/ Room 
Insulation 

1 13 Dumont Avenue Living Room 
Kitchen/Dining Room 52.1 35.3 

32.7 
0.90 
0.60 

0.45 
0.36 

2 57 Dumont Avenue Living Room 
Front Bedroom 52.0 33.8 

33.4 
1.04 
0.81 

0.39 
0.31 

3 61 Dumont Avenue Living Room 
Front Bedroom 53.6 33.9 

32.0 
0.48 
0.41 

0.30 
0.28 

4 4 Picard Circle Family Room 
Rear Bedroom 45.9 31.8 

29.4 
0.92 
0.41 

0.28 
0.29 

5 120 Airport Parkway Kitchen/Dining Room 
Rear Bedroom 51.1 31.8 

29.4 
0.80 
0.48 

0.46 
0.29 

6 206 Airport Parkway Rear Bedroom 53.3 40.1 0.61 0.18 

 
3.4.1 Site #1 
 
Figure 9 shows the front façade at 13 Dumont Avenue.  The living room tested is 
on the left with the kitchen area on the right.  The living room was approximately 
12½-feet by 13½-feet in size with the kitchen about 13½-feet by 12-feet.  Exact 
sizes are presented in Appendix B.  Both rooms had two facades of exposure.  A 
picture of the living room is presented in Figure 10 with the kitchen presented in 
Figure 11. 
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Figure 9. Site #1 – Front Façade at 13 Dumont Avenue 

 
 

Figure 10. Site #1 – Living Room at 13 Dumont Avenue 
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Figure 11. Site #1 – Kitchen at 13 Dumont Avenue 

 
 
3.4.2 Site #2 
 
Figure 12 shows the front façade at 57 Dumont Avenue.  The bedroom tested is on 
the left with the living room area on the right.  The bedroom has two facades of 
exposure, while the living room has one façade of exposure.  The bedroom was 
approximately 12½-feet by 9½-feet in size with the living room about 25-feet by 
11½-feet.  Exact dimensions are presented in Appendix B.  A picture of the 
bedroom is presented in Figure 13 with the living room presented in Figure 14. 
 
3.4.3 Site #3 
 
Figure 15 shows the front façade at 61 Dumont Avenue.  The bedroom tested is on 
the left with the living room area on the right.  The bedroom has two facades of 
exposure, while the living room has one façade of exposure.  The bedroom was 
approximately 12½-feet by 9½-feet in size with the living room about 25-feet by 
11½-feet.  Exact dimensions are presented in Appendix B.  A picture of the 
bedroom is presented in Figure 16 with the living room presented in Figure 17. 
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Figure 12. Site #2 – Front Façade at 57 Dumont Avenue 

 
 
 

Figure 13. Site #2 – Bedroom at 57 Dumont Avenue 
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Figure 14. Site #2 – Living Room at 57 Dumont Avenue 

 
 
 

Figure 15. Site #3 – Front Façade at 61 Dumont Avenue 
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Figure 16. Site #3 – Bedroom at 61 Dumont Avenue 

 
 
 

Figure 17. Site #3 – Living Room at 61 Dumont Avenue 
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3.4.4 Site #4 
 
Figure 18 shows the rear façade at 4 Picard Circle.  The bedroom tested is on the 
2nd floor left with the dining room on the lower right.  Only the dining room had two 
facades of exposure.  The bedroom was approximately 16½-feet by 13-feet in size 
with the dining room about 11-feet by 13-feet.  The exact dimensions are 
presented in Appendix B.  A picture of the bedroom is presented in Figure 19 with 
the dining room presented in Figure 20. 
  
3.4.5 Site #5 
 
Figure 21 shows the rear façade at 120 Airport Parkway.  The bedroom tested is 
on the left with the kitchen/dining room area in the middle.  The bedroom has two 
facades of exposure, while the kitchen/dining room has one façade of exposure.  
The bedroom was approximately 15½-feet by 11½-feet in size with the 
kitchen/dining room about 25-feet by 15-feet.  Exact dimensions are presented in 
Appendix B.  A picture of the bedroom is presented in Figure 22 with the 
kitchen/dining room presented in Figure 23. 
 
3.4.6 Site #6 
 
Figure 24 shows the rear façade at 206 Airport Parkway.  The bedroom tested is 
on the right and has two facades of exposure.  The bedroom was approximately 9-
feet by 10½-feet in size with the exact dimensions presented in Appendix B.  Only 
one room was tested at this location.  A picture of the bedroom is presented in 
Figure 25. 
 

Figure 18. Site #4 – Rear Façade at 4 Picard Circle 
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Figure 19. Site #4 – Bedroom at 4 Picard Circle 

 
 
 

Figure 20. Site #4 – Dining Room at 4 Picard Circle 
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Figure 21. Site #5 – Rear Façade at 120 Airport Parkway 

 
 
 

Figure 22. Site #5 – Bedroom at 120 Airport Parkway 
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Figure 23. Site #5 – Kitchen/Dining Room at 120 Airport Parkway 

 
 
 

Figure 24. Site #6 – Rear Façade at 206 Airport Parkway 
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Figure 25. Site #6 – Bedroom at 206 Airport Parkway 

 
 
3.5 Background Data to Acoustical Testing 
 
At each measurement location background information was collected to allow 
personnel to understand the testing conditions at each house.  This data includes 
the following: 
 

 Microphone setup location inside rooms (actual aircraft only) 

 Microphone setup location outside rooms (actual aircraft only) 

 House construction information 

o Exterior walls 
o Roof type 

 Room information 

o Room dimensions 
o Wall stud dimensions 
o Wall type 
o Wall cavity filling 
o Window dimensions 
o Window type 
o Floor coverings 
o Placement of additional insulation to simulate interior furnishings 

 Weather conditions 
 
This background information is summarized further in Appendix B. 
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SECTION 4 ACOUSTICAL TEST RESULTS 
 
4.1 Overview of the Test Results 
 
The NLR acoustical tests were performed starting on Monday November 12, 2012 
and continued through Friday November 16, 2012 following the ATP outlined in 
Section 3.  The following sections outline the testing results for the following: 
 

1. Actual Aircraft 

2. Artificial Noise Source (On Tripod) 

3. Artificial Noise Source (Elevated By Crane) 

 
4.2 Actual Aircraft 
 
4.2.1 Results for Actual Aircraft 
 
The results for the NLR actual aircraft tests are presented in Table 3.  In Table 3 
column one and two describes the site number and the address.  The number of 
aircraft events tested at each location is presented in column three. The mean 
measured NLR and the 90% confidence interval for testing at room number one at 
each site are presented in columns four and five.  The mean measured NLR and the 
90% confidence interval for testing at room number two at each site are presented 
in columns six and seven.  Measurements logs for the actual aircraft measurements 
for each site are presented in Appendix C.  The type of aircraft that were 
measured at each site is presented in Table 4. 
 

Table 3.  Noise Level Reduction (NLR) Measurements 
Based on Actual Aircraft Events 

Site 
No. Location No. of 

Events 

Room #1 (1) Room #2 (2) 

Mean 
NLR (dB) 

90% 
Confidence 

Interval (dB) 

Mean 
NLR (dB) 

90% 
Confidence 

Interval (dB) 
1 13 Dumont Avenue 10 23.6 ±0.9 25.1 ±1.0 
2 57 Dumont Avenue 12 27.1 ±1.2 27.3 ±1.5 
3 61 Dumont Avenue 15 28.3 ±1.3 28.5 ±1.3 
4 4 Picard Circle 13 28.5 ±1.4 27.3 ±1.9 
5 120 Airport Parkway 8 24.7 ±0.7 23.8 ±0.8 
6 206 Airport Parkway 13 25.4 ±1.6 (3) (3) 

Notes: 
(1) Room #1: Living Room (Sites No. 1-3), Family Room (Site No. 4), Kitchen/Dining Room (Site No. 5), Rear 
Bedroom (Site No. 6)  
(2) Room #2: Kitchen/Dining Room (Site No. 1), Front Bedroom (Site No. 2-3), Rear Bedroom (Site No. 4-6)  
(3) Only one room was measured at Site #6. 
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Table 4.  Measured Aircraft Types at Each Site 

Site 
No. Location 

Total 
No. of 
Events 

Aircraft Type & No. of Events 

E145 E170 E190 CRJ2 CRJ7 A320 
C550/
C525/
C750 

Other Unk. 

1 13 Dumont Avenue 10 1 0 1 1 1 0 1 2 (1) 3 
2 57 Dumont Avenue 12 1 2 0 2 1 1 0 1 (2) 4 
3 61 Dumont Avenue 15 3 3 1 0 3 1 2 0 2 
4 4 Picard Circle 13 1 4 1 2 3 1 0 0 1 
5 120 Airport Parkway 8 1 2 1 2 2 0 0 0 0 
6 206 Airport Parkway 13 2 2 1 2 1 0 2 3 (3) 0 
Notes: 
(1) LJ60 & GL5T 
(2) F2TH 
(3) BE40, F900 & PA28 
 
4.3 Artificial Noise Source 
 
4.3.1 Background 
 
As mentioned in previous sections, the testing procedures generally follow those 
outlined in the ASTM International Standard E966-10.  The procedures conform to 
good practice in sound insulation programs.  The efficiency and flexibility of the 
testing procedures are enhanced using methods and theories from other sources 
such as Leo Beranek’s Noise and Vibration Control.  These are applied to the ASTM 
standard to achieve the same level of accuracy. 
 
L&B used a specialized field monitoring kit that includes a signal generator, 
amplifier, and an equalizer to produce a noise source of equal energy in each 
octave band (known in the acoustics field as “pink noise”).  The use of pink noise 
lends to accurately measuring all octave bands of interest.  The noise source was 
relayed to a loudspeaker and the amplified pink noise was directed at the room of 
interest.  For some tests the loudspeaker was elevated using a crane to perform 
tests that include exposure of the overall room including the roof structures.  For 
other tests the speaker was placed on a tripod for measurements exposing the wall 
facades only. 
 
The speaker was directed at the room to be measured, with the goal of having a 
uniform sound field exposed to all of the surfaces of interest.  With the loudspeaker 
pointed at the room, measurements were made both on the exterior and in the 
interior of the structure, per the methodology outlined in Section 3.  Exterior and 
interior octave band sound levels were measured and recorded with the speaker in 
operation.  Exterior and interior octave band sound levels were also measured and 
recorded without the speaker to provide background or ambient sound levels. 
 
Once the measurements have been completed the Outdoor/Indoor Noise Reduction 
(OINR) of rooms are calculated from the measured exterior and interior sound 
levels in each octave band, as outlined in ASTM E966-10.  The OINR values are 
then used to compute the outdoor-to-indoor NLR of aircraft noise based on the A-
weighted aircraft noise spectrum.  This is done by first normalizing the exterior 
spectrum to an A-weighted level that matches the exterior DNL at the property.  
The OINR is then subtracted from each octave band to determine the interior A-
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weighted spectrum. The NLR is determined by subtracting the A-weighted total 
interior level from the A-weighted total exterior level.  The analysis includes the 
octave bands from 63 Hz to 8000 Hz.  The 63 and 8000 Hz octave bands usually 
have minimal influence on the NLRs for airport projects due to the A-weighted 
attenuation of these octave bands.  These octave bands are included in the analysis 
in cases where they do slightly affect the NLR. 
 
Sound levels using the artificial noise source are used to determine the OINR in 
accordance with ASTM E966-10.  With the speaker pointed at the room, 
measurements are made both on the exterior and in the interior of the room.  The 
exterior measurements are reduced in each octave band based on the 
measurement location.  The definitions according to ASTM E966-10 for room NLR 
measurements are explained below. 
 
Once the measurements have been completed, the OINR of rooms are calculated 
from the measured exterior and interior sound levels in each octave band, as 
outlined in ASTM E966-10.  The OINR values are then used to compute the 
outdoor-to-indoor Noise Level Reduction (NLR) of aircraft noise based on A-
weighted aircraft noise spectrum.  NLR is a single number rating used for the 
comparison of the difference in the outdoor-to-indoor noise levels.  This number is 
typically used to judge the overall effectiveness of sound insulation programs. 
 
4.3.2 Aircraft Noise Spectra 
 
While the NLR of a room is a property of the façade or facades being measured, it is 
also dependent upon the exterior noise source spectrum.  In aviation sound 
insulation programs, the NLR is based on aircraft as the noise source.  For this 
study, L&B used the measured spectral data of the external actual aircraft NLR 
measurements for the external spectrum for each home.  The exterior spectra of 
aircraft at each property was determined using the measured exterior  
measurements of the actual aircraft measurements.  The antilog of the A-weighted 
SELs divided by 10 were determined for each octave band and the sum was divided 
by the duration all events together.   From this data, the total A-weighed Leq of 
aircraft events was determined for each property.  The exterior spectra 
measurement logs are included in Appendix D.  This spectrum is BTV-specific and 
consistent with the measured aircraft activity of each day of testing at each home.  
The noise source spectrum of the fleet mix is A-weighted to closely resemble 
human perception and to be consistent with the FAA guidelines for assessing 
aircraft noise in communities.  The indoor A-weighted noise source spectrum for 
each room tested in the program is obtained by subtracting the measured OINR 
from each octave band of the exterior A-weighted noise source spectrum.  The A-
weighted noise level is obtained by summing the energies in each octave band.  
The NLR, based on a typical aircraft noise spectrum, is the difference between the 
outdoor and indoor A-weighted noise levels. 
 
For this study, the exterior noise source spectrum information is from the measured 
exterior aircraft noise level measurements for the actual aircraft NLR measurements 
at each specific site.  Therefore, six separate average aircraft noise spectrums were 
developed for each of the six sites measured using an artificial noise source.  In 
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addition, the total average is included, as shows as a dashed line. Figure 26 shows 
the exterior source spectrum normalized to 68 dBA.  
 

Figure 26.  BTV Site-Specific External Source Spectra 
(Normalized to 68 dBA) 

 
 
4.3.3 Results for Artificial Noise Source (On Tripod) 
 
The results for the NLR artificial noise source tests (on tripod) are presented in 
Table 5.  In Table 5 column one and two describes the site number and the 
address.  The exterior and interior measurement locations are described in column 
three and four.  The measured NLR at the various distances and façade angles for 
the two rooms measured are presented in the remaining 12 columns.  Detailed logs 
for the artificial noise source measurements for each site are presented in 
Appendix E. 
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Table 5.  Noise Level Reduction (NLR) Measurements Based on Artificial 
Noise Source (On Tripod) 

Site 
No. Location 

Exterior 
Meas. 

Location 
(1) 

Interior 
Meas. 

Location 
(2) 

NLR (dB) NLR (dB) 
Room #1 (3) Room #2 (4) 

Façade Distance (5) Façade Distance (5) 
25 ft. 50 ft. 25 ft. 50 ft. 

Façade Angle (degrees) (6) Façade Angle (degree) (6) 
30 45 60 30 45 60 30 45 60 30 45 60 

1 13 Dumont 
Avenue 

EF SA 22.0 22.4 23.0 21.0 21.4 22.6 23.4 23.4 23.4 23.4 23.7 23.7 
EF PGL 22.7 22.0 23.0 21.7 21.1 21.6 23.5 23.6 23.7 23.4 23.9 23.6 
EF SAR 22.8 22.1 23.1 21.8 21.8 22.2 23.5 23.3 23.6 22.9 23.8 23.7 
EFL SA 22.3 22.5 22.1 22.0 22.8 23.1 23.7 23.8 23.4 24.2 24.6 24.3 
EFL PGL 22.6 22.3 22.3 22.7 22.6 22.2 23.7 24.0 23.6 24.2 24.9 24.2 
EFL SAR 22.8 22.3 22.2 22.8 23.0 22.7 23.7 23.8 23.7 23.9 24.9 24.3 

2 57 Dumont 
Avenue 

EF SA 25.9 25.0 23.5 25.5 25.7 26.8 26.8 26.1 26.1 26.6 27.4 26.8 
EF PGL 25.4 25.2 25.8 24.3 25.5 26.3 26.4 26.2 26.2 27.1 27.4 26.2 
EF SAR 25.8 25.3 25.2 25.0 25.8 26.9 26.4 26.1 26.2 26.9 27.1 26.4 
EFL SA 26.5 25.1 24.4 26.9 26.9 27.1 26.1 26.5 26.7 27.7 28.1 27.9 
EFL PGL 26.2 25.4 25.8 25.9 26.5 26.7 25.7 26.7 26.8 28.3 28.1 27.5 
EFL SAR 26.6 25.5 25.2 26.6 27.1 27.3 25.7 26.5 26.8 28.0 27.8 27.5 

3 61 Dumont 
Avenue 

EF SA 26.3 24.8 24.9 24.8 24.3 22.7 24.0 24.3 25.3 23.7 24.2 24.8 
EF PGL 26.0 24.5 24.2 24.7 23.7 22.6 25.3 24.8 24.2 24.0 24.1 24.3 
EF SAR 26.4 25.3 24.7 25.1 24.1 22.8 24.9 24.5 25.5 23.2 23.6 24.7 
EFL SA 26.7 25.7 25.1 26.1 25.0 24.3 25.0 25.2 26.4 25.3 25.4 25.5 
EFL PGL 26.5 25.6 24.5 26.1 24.6 24.3 26.4 25.5 25.5 25.5 25.2 25.0 
EFL SAR 26.7 26.2 24.8 26.4 24.9 24.4 26.0 25.3 25.6 24.8 24.8 25.3 

4 4 Picard 
Circle 

EF SA 23.9 24.6 24.9 22.5 23.8 24.7 26.6 26.3 26.0 24.4 24.0 23.2 
EF PGL 24.2 24.7 25.1 23.4 24.2 25.3 26.6 26.2 25.8 24.3 24.0 23.1 
EF SAR 24.0 24.8 25.2 23.0 24.0 24.9 26.8 26.1 26.4 24.2 24.0 23.6 
EFL SA 21.0 22.8 22.6 20.2 22.3 23.4 25.6 25.5 25.2 24.0 23.1 22.6 
EFL PGL 21.2 23.0 23.0 20.6 22.5 24.0 25.6 25.3 25.0 23.7 23.0 22.4 
EFL SAR 21.0 22.9 23.0 20.6 22.4 23.8 25.9 25.3 25.6 23.8 23.1 23.0 

5 120 Airport 
Parkway 

EF SA 23.5 22.6 22.2 23.3 22.8 22.4 21.1 17.9 19.4 19.0 18.8 18.2 
EF PGL 20.5 19.9 21.4 21.1 21.3 20.4 20.7 17.4 20.1 18.5 18.4 20.0 
EF SAR 23.2 22.8 22.1 23.0 22.9 22.2 20.1 18.0 19.1 19.4 18.4 19.4 
EFL SA 25.7 25.1 22.9 24.6 23.1 22.9 21.8 20.4 20.6 20.4 20.9 19.2 
EFL PGL 23.1 22.5 21.7 22.3 21.3 21.0 21.3 19.9 21.0 20.1 20.6 19.8 
EFL SAR 25.4 25.2 23.0 24.2 23.4 23.1 20.8 20.6 20.4 20.8 20.7 19.4 

6 206 Airport 
Parkway 

EF SA 23.1 22.4 24.0 21.8 21.9 22.2 (7) (7) (7) (7) (7) (7) 
EF PGL 22.7 22.9 22.8 21.1 21.7 22.1 (7) (7) (7) (7) (7) (7) 
EF SAR 22.6 22.8 23.6 21.2 21.3 21.9 (7) (7) (7) (7) (7) (7) 
EFL SA 22.9 21.4 23.0 23.0 23.0 21.7 (7) (7) (7) (7) (7) (7) 
EFL PGL 22.5 21.8 21.8 22.2 22.9 21.6 (7) (7) (7) (7) (7) (7) 
EFL SAR 22.4 21.7 22.6 22.4 22.5 21.4 (7) (7) (7) (7) (7) (7) 

Notes: NLR values reported in A-weighted decibels 
(1)  EF: External Façade Spatial Average Measurement (4 feet from façade) 
 EFL: External Flush Measurement (average of 5 measurements flush on the façade) 
(2) SA: Spatial Average Taken in Center of Room 
 PGL: Average Taken 4 feet from Major Sound Transmitting Element 
 SAR: Spatial Average Taken in Center of Room Repeated 
(3) Room #1: Living Room (Sites No. 1-3), Family Room (Site No. 4), Kitchen/Dining Room (Site No. 5), 
 Rear Bedroom (Site No. 6)  
(4) Room #2: Kitchen/Dining Room (Site No. 1), Front Bedroom (Site No. 2-3), Rear Bedroom (Site No. 4-6)  
(5) Distance is From Closest Corner of Corner Rooms or Center of Non-Corner Rooms 
(6) Angle of Incidence to Front Facade 
(7) Only one room was measured at Site #6. 
 
The results for the NLR artificial noise source tests (on tripod) are repeated for a 
limited number of tests in which the rooms had no added room insulation and were 
devoid of all room furnishings.  These tests were undertaken to determine the 
difference between the tests that were undertaken earlier as presented in Table 5. 
The artificial noise source tests (on tripod) and with no added room insulation 
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repeated for the 25-foot distance and the 45-degree façade angle are presented in 
Table 6.  In Table 6 column one and two describes the site number and the 
address.  The exterior and interior measurement locations are described in column 
three and four.  The measured NLR at the 25-foot distance and 45-degree façade 
angles for the two rooms measured are presented in columns 6, 9, 12 and 15. 
Detailed logs for the artificial noise source measurements for each site are 
presented in Appendix E. 
 

Table 6.  Noise Level Reduction (NLR) Measurements Based on Artificial 
Noise Source (On Tripod & w/ No Added Room Insulation) 

Site 
No. Location 

Exterior 
Meas. 

Location 
(1) 

Interior 
Meas. 

Location 
(2) 

NLR (dB) NLR (dB) 
Room #1 (3) Room #2 (4) 

Façade Distance (5) Façade Distance (5) 

25 ft. 25 ft. 
(no insulation) 25 ft. 25 ft. 

(no insulation) 
Façade Angle (degrees) (6) Façade Angle (degree) (6) 

30 45 60 30 45 60 30 45 60 30 45 60 

1 13 Dumont 
Avenue EF SA -- 22.4 -- -- 19.0 -- -- 23.4 -- -- 21.1 -- 

2 57 Dumont 
Avenue EF SA -- 25.0 -- -- 21.9 -- -- 26.1 -- -- 21.3 -- 

3 61 Dumont 
Avenue EF SA -- 24.8 -- -- 23.0 -- -- 24.3 -- -- 21.5 -- 

4 4 Picard 
Circle EF SA -- 24.6 -- -- 21.0 -- -- 26.3 -- -- 25.3 -- 

5 120 Airport 
Parkway EF SA -- 22.6 -- -- 22.9 -- -- 17.9 -- -- 17.6 -- 

6 206 Airport 
Parkway EF SA -- 22.4 -- -- 19.0 -- (7) (7) (7) (7) (7) (7) 

Notes:  NLR values reported in A-weighted decibels 
(1) EF: External Façade Spatial Average Measurement (4 feet from façade) 
 EFL: External Flush Measurement (average of 5 measurements flush on the façade) 
(2) SA: Spatial Average Taken in Center of Room 
 PGL: Average Taken 4 feet from Major Sound Transmitting Element 
 SAR: Spatial Average Taken in Center of Room Repeated 
(3) Room #1: Living Room (Sites No. 1-3), Family Room (Site No. 4), Kitchen/Dining Room (Site No. 5), Rear 
 Bedroom (Site No. 6)  
(4) Room #2: Kitchen/Dining Room (Site No. 1), Front Bedroom (Site No. 2-3), Rear Bedroom (Site No. 4-6)  
(5) Distance is From Closest Corner of Corner Rooms or Center of Non-Corner Rooms 
(6) Angle of Incidence to Front Facade 
(7) Only one room was measured at Site #6. 

 
4.3.4 Results for Artificial Noise Source (Elevated by Crane) 
 
The results for the NLR artificial noise source tests (elevated by crane) are 
presented in Table 7.  In Table 7 column one and two describes the site number 
and the address.  The exterior and interior measurement locations are described in 
column three and four.  The measured NLR at the various distances and 45-degree 
façade angles for the two rooms measured are presented in columns 6, 9, 12 and 
15.  Detailed logs for the artificial noise source measurements for each site are 
presented in Appendix E. 
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Table 7.  Noise Level Reduction (NLR) Measurements Based on Artificial 
Noise Source (Elevated by Crane) 

Site 
No. Location 

Exterior 
Meas. 

Location 
(1) 

Interior 
Meas. 

Location 
(2) 

NLR (dB) NLR (dB) 
Room #1 (3) Room #2 (4) 

Façade Distance (5) Façade Distance (5) 
25 ft. 50 ft. 25 ft. 50 ft. 

Façade Angle (degrees) (6) Façade Angle (degree) (6) 
30 45 60 30 45 60 30 45 60 30 45 60 

1 
13 
Dumont 
Avenue 

EF SA -- 24.7 -- -- 22.9 -- -- 22.4 -- -- 22.0 -- 
EF PGL -- 23.7 -- -- 22.3 -- -- 22.9 -- -- 22.6 -- 
EF SAR -- 25.5 -- -- 23.1 -- -- 22.9 -- -- 22.8 -- 
EFL SA -- 24.6 -- -- 23.0 -- -- 23.8 -- -- 23.5 -- 
EFL PGL -- 23.6 -- -- 23.5 -- -- 25.2 -- -- 25.1 -- 
EFL SAR -- 25.2 -- -- 24.2 -- -- 25.3 -- -- 25.3 -- 

2 
57 
Dumont 
Avenue 

EF SA -- 26.5 -- -- 25.4 -- -- 28.2 -- -- 28.2 -- 
EF PGL -- 26.1 -- -- 25.8 -- -- 27.9 -- -- 28.0 -- 
EF SAR -- 26.0 -- -- 25.7 -- -- 27.7 -- -- 28.4 -- 
EFL SA -- 26.8 -- -- 26.7 -- -- 25.8 -- -- 29.1 -- 
EFL PGL -- 26.3 -- -- 27.1 -- -- 25.3 -- -- 29.0 -- 
EFL SAR -- 26.4 -- -- 26.9 -- -- 25.6 -- -- 29.3 -- 

3 
61 
Dumont 
Avenue 

EF SA -- 25.7 -- -- 25.0 -- -- 23.9 -- -- 23.1 -- 
EF PGL -- 26.0 -- -- 25.3 -- -- 24.5 -- -- 22.1 -- 
EF SAR -- 25.7 -- -- 24.5 -- -- 24.1 -- -- 23.1 -- 
EFL SA -- 25.3 -- -- 26.5 -- -- 25.1 -- -- 24.8 -- 
EFL PGL -- 27.7 -- -- 26.7 -- -- 25.7 -- -- 24.0 -- 
EFL SAR -- 27.3 -- -- 26.1 -- -- 25.3 -- -- 24.8 -- 

4 4 Picard 
Circle 

EF SA -- 26.4 -- -- 24.9 -- -- 26.2 -- -- 24.4 -- 
EF PGL -- 24.8 -- -- 23.5 -- -- 25.4 -- -- 23.9 -- 
EF SAR -- 27.0 -- -- 25.0 -- -- 26.1 -- -- 24.0 -- 
EFL SA -- 25.2 -- -- 24.9 -- -- 25.8 -- -- 23.7 -- 
EFL PGL -- 23.6 -- -- 23.1 -- -- 24.9 -- -- 23.0 -- 
EFL SAR -- 25.9 -- -- 25.0 -- -- 25.6 -- -- 23.4 -- 

5 
120 
Airport 
Parkway 

EF SA -- 25.2 -- -- 23.9 -- -- 21.9 -- -- 20.2 -- 
EF PGL -- 22.4 -- -- 21.2 -- -- 21.0 -- -- 20.1 -- 
EF SAR -- 24.2 -- -- 23.9 -- -- 21.0 -- -- 20.4 -- 
EFL SA -- 25.0 -- -- 24.4 -- -- 22.3 -- -- 21.3 -- 
EFL PGL -- 22.5 -- -- 21.9 -- -- 21.1 -- -- 21.0 -- 
EFL SAR -- 24.2 -- -- 24.3 -- -- 21.4 -- -- 21.5 -- 

6 
206 
Airport 
Parkway 

EF SA -- 24.0 -- -- 22.9 -- (7) (7) (7) (7) (7) (7) 
EF PGL -- 23.8 -- -- 23.1 -- (7) (7) (7) (7) (7) (7) 
EF SAR -- 23.8 -- -- 23.0 -- (7) (7) (7) (7) (7) (7) 
EFL SA -- 23.9 -- -- 22.9 -- (7) (7) (7) (7) (7) (7) 
EFL PGL -- 23.7 -- -- 23.1 -- (7) (7) (7) (7) (7) (7) 
EFL SAR -- 23.7 -- -- 23.0 -- (7) (7) (7) (7) (7) (7) 

Notes:  NLR values reported in A-weighted decibels 
(1) EF: External Façade Spatial Average Measurement (4 feet from façade) 
 EFL: External Flush Measurement (average of 5 measurements flush on the façade) 
(2) SA: Spatial Average Taken in Center of Room 
 PGL: Average Taken 4 feet from Major Sound Transmitting Element 
 SAR: Spatial Average Taken in Center of Room Repeated 
(3) Room #1: Living Room (Sites No. 1-3), Family Room (Site No. 4), Kitchen/Dining Room (Site No. 5), Rear 
 Bedroom (Site No. 6)  
(4) Room #2: Kitchen/Dining Room (Site No. 1), Front Bedroom (Site No. 2-3), Rear Bedroom (Site No. 4-6)  
(5) Distance is From Closest Corner of Corner Rooms or Center of Non-Corner Rooms 
(6) Angle of Incidence to Front Facade 
(7) Only one room was measured at Site #6. 
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SECTION 5 STATISTICAL ANALYSIS  
 
This section discusses the statistical analysis of the measured data presented in the 
previous sections.  The statistical analysis is divided into two views, each providing 
specific information about trends by changing measurement methods or parameters 
within the measurement methods.  The two analytical views are as follows: 
 

1. Comparisons to a reference measurement in a room and defined as follows: 

a. Room with batt insulation;  

b. External façade and internal spatial average measurement method; 

c. 25-foot noise source distance on a tripod; and  

d. Angle of incidence of 45 degrees. 

2. General influence of changing measurement methods and parameters of 
measurement methods. 

 
The first analytical view isolates the effects of a change of a measurement method 
or a measurement parameter.  For example, when comparing the influence of 
increasing the noise source distance, only measurements that were done at the 50- 
foot noise source distance on a tripod at 45-degrees angle of incidence are 
compared to the reference measurement, thereby changing only the noise source 
distance (one parameter).  This analytical view has, therefore, a smaller sample 
size of 11, representing one sample per room.  This analysis is called the 
“Reference Comparison” in this study. 
 
The second analytical view provides a more practical statistical distribution of the 
effects of different measurement methods and measurement parameter changes, 
and better reflects the influence of these changes on the diversity of measurement 
methods that are performed by various consultants in the field.  For example, the 
analytical sample for comparing the influence of increasing the angle of incidence to 
60-degrees includes all measurement methods where the angle of incidence is 
increased.  This includes external flush, external façade, internal spatial averaging 
and the internal four-foot from elements and the repeated internal spatial 
averaging measurements.  Therefore these sample sizes are varying depending on 
what is being compared and larger than the sample sizes of the first analytical 
view.  This analysis is called the “General Comparison” in this study. 
 
The following section discusses the statistical analysis of actual aircraft 
measurement method, artificial measurement method, parameters of the artificial 
measurement method, and various aspects of building construction.   
 
5.1 Actual Aircraft Measurements 
 
This section presents the variation of NLR measurements pertaining to using real 
aircraft.  The first sub-section focuses on variation within the measurement method 
using actual aircraft, and the second sub-section compares the actual aircraft 
measurement method to the artificial noise source measurement method. 
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5.1.1 Influence of Aircraft Type on Actual Aircraft Measurement Method 
 
Different aircraft types emit different noise spectra.  Therefore, the measured NLR 
varies for various aircraft types, because the noise source spectrum affects the 
NLR.  This sub-section takes a sample of aircraft types and evaluates the influence 
on the measured NLR.  Due the relatively small sample size measured at this 
airport and having only measured various departing aircraft types, a selection of 
common aircraft types will be compared to the mean NLRs.  The aircraft types that 
are evaluated include the: 
 

 Airbus A320 

 Embraer E145/E170/E190 

 Canadair CRJ2/CRJ7 

 
To compare the influence of aircraft type, the NLR for specific aircraft types are 
subtracted from the average or mean NLR of the room.  Figure 27 shows the 
frequency distribution of the difference between the NLR measured for various 
aircraft types and the mean NLRs.  The median NLR difference is -0.2 dB, -0.4 dB 
and 0.0 dB for the A320, E145/E170/E190 and CRJ2/CRJ7; respectively.  Table 8 
shows further detailed statistical information.  A positive difference indicates the 
NLR of the specific aircraft types is higher than the mean NLR. 
 

Figure 27.  Frequency Distribution of NLR Differences between Various 
Aircraft Types 
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Table 8.  NLR Statistical Information for Comparing NLR Differences for 
Various Aircraft Types 

Aircraft Type Sample 
Size 

NLR Difference (dB) 
5th 

Percentile Median 95th 
Percentile 

A320 6 -1.0 -0.2 0.6 

E145/E170/E190 37 -3.3 -0.4 1.2 

CRJ2/CRJ7 47 -3.0 0.0 1.9 

 
5.1.2 Actual Aircraft and Artificial Noise Source Measurement Method 
 
This sub-section compares the actual aircraft measurement method to the artificial 
noise source method outlined in Section 5. 
 
Figure 28 shows the frequency distribution of the difference between the actual 
aircraft measurement method and the artificial noise source method.  The median 
difference is 3.1 dB and 3.4 dB of the reference and general comparison; 
respectively.  A positive difference indicates the measured actual aircraft NLR is 
higher than that of the artificial noise source measurement method.  The median 
NLR of the actual aircraft measurement method NLR is higher than that of the 
artificial noise source measurement method.  Table 9 shows further detailed 
statistical information. 
 

Figure 28.  Frequency Distribution of NLR Differences between Actual 
Aircraft and Artificial Noise Source Measurement Method 
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Table 9.  NLR Statistical Information for Comparing Differences between 
Actual Aircraft and Artificial Reference Measurement Method 

Comparison Sample 
Size 

NLR Difference (dB) 
5th 

Percentile Median 95th 
Percentile 

Reference 11 1.1 2.1 5.1 

General 528 -0.8 2.4 5.6 

 
5.2 Artificial Noise Source Measurements 
 
This section focuses on the variation on NLR measurements using an artificial noise 
source.  For determining the NLR, two measurements need to be performed; an 
exterior and an interior measurement.  The following sub-section will examine two 
measurement methods in which the exterior levels have been determined and two 
methods in which the interior levels have been determined.  The second sub-
section examines increasing the noise source elevation.  The last sub-section 
evaluates the repeatability of artificial noise source method. 
 
5.2.1 Exterior Measurement Methods Comparisons 
 
This sub-section compares the external flush measurement method to the reference 
artificial noise source method outlined in Section 5, which uses the external façade 
measurement method.  The general comparison also includes crane measurement 
method at different distances and angles of incidence in the comparison, and the 
internal four-feet from elements measurement method. 
 
Figure 29 shows the frequency distribution of the difference between the external 
flush and external façade measurement method.  The median difference is 0.1 dB 
and 0.6 dB for the reference and general comparison; respectively.  A positive 
difference indicates the measured NLR with the external flush measurement method 
is higher than that of the external facade measurement method.  The median NLR 
with the external flush measurement method is higher than that of the external 
facade measurement method.  Table 10 shows further detailed statistical 
information. 
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Figure 29.  Frequency Distribution of NLR Differences between External 
Flush and External Facade Measurement Method 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 10.  NLR Statistical Information for Comparing Differences between 

External Flush and External Facade Measurement Method 

Comparison Sample 
Size 

NLR Difference (dB) 
5th 

Percentile Median 95th 
Percentile 

Reference 11 -3.5 0.1 2.9 

General 264 -1.8 0.6 1.7 

 
5.2.2 Interior Measurement Methods Comparisons 
 
This sub-section compares the internal four-feet from elements measurement 
method to the reference artificial noise source method outlined in Section 5, which 
uses the internal spatial average measurement method.  The general comparison 
also includes external flush and crane measurement method at different distances 
and angles of incidence in the comparison. 
 
Figure 30 shows the frequency distribution of the difference between the external 
flush and external façade measurement method.  The median difference is 0.1 dB 
and -0.2 dB of the reference and general comparison; respectively.  A positive 
difference indicates the measured NLR with the internal four-feet from elements 
measurement method is higher than that of the internal spatial average 
measurement method.  The internal four-feet from elements measurement method 
appears to trend towards lower NLRs than the internal spatial averaging 
measurement method.  Table 11 shows further detailed statistical information. 
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Figure 30.  Frequency Distribution of NLR Differences between Internal 
Four-Feet from Elements and Spatial Average Measurement Method 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 11.  NLR Statistical Information for Comparing Differences between 

Internal Four-Feet from Elements and Spatial Average Measurement 
Method 

Comparison Sample 
Size 

NLR Difference (dB) 
5th 

Percentile Median 95th 
Percentile 

Reference 11 -1.6 0.1 0.5 

General 176 -2.2 -0.2 0.7 

 
5.2.3 Noise Source Elevation Measurement Methods Comparisons 
 
This sub-section compares the elevated on a crane measurement method to the 
reference artificial noise source method outlined in Section 5, which uses the 
tripod measurement method.  The general comparison also includes external flush 
measurement method at different distances and angles of incidence.   
 
Though the noise source elevation could be considered a parameter change of the 
artificial measurement method, a number of parameters change when increasing 
the elevation such that the structure is exposed with an angle of incidence in the 
horizontal direction as well as the vertical direction.  Therefore we are considering 
elevating the noise source on a crane a measurement method. 
 
Figure 31 shows the frequency distribution of the difference between the crane 
and tripod measurement method.  The median difference is 1.6 dB and 0.9 dB of 
the reference and general comparison; respectively.  A positive difference indicates 
the measured NLR with the elevated measurement method is higher than that of 
the tripod measurement method.  The median NLR with the elevated measurement 
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method is higher than that of the tripod measurement method.  Table 12 shows 
further detailed statistical information. 
 

Figure 31.  Frequency Distribution of NLR Differences between Elevated 
and Tripod Measurement Method 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 12.  NLR Statistical Information for Comparing Differences between 

Elevated and Tripod Measurement Method 

Comparison Sample 
Size 

NLR Difference (dB) 
5th 

Percentile Median 95th 
Percentile 

Reference 11 -0.3 1.6 3.3 

General 132 -0.7 0.9 2.6 

 
5.2.4 Artificial Noise Source Repeatability Evaluation 
 
This sub-section compares the repeated internal spatial average measurements 
method of the reference artificial noise source method outlined in Section 5.  The 
general comparison also includes external flush and crane measurement method at 
different distances and angles of incidence in the comparison.  The sample gives an 
indication of the repeatability of performing a measurement, such as an internal 
spatial average. 
 
Figure 32 shows the frequency distribution of the difference between the repeated 
and initial internal spatial average measurement method.  The median difference is 
0.2 dB and 0.1 dB of the reference and general comparison; respectively.  A 
positive difference indicates the repeated internal spatial average NLR 
measurement method is higher than that of the initial internal spatial average 
measurement method.  Approximately 80% of the repeated measurements differ 
less than ±0.5 dB from the initial measurement.  Table 13 shows further detailed 
statistical information. 
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Figure 32.  Frequency Distribution of NLR Differences between Initial and 

Repeated Internal Spatial Average Measurement 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 13.  NLR Statistical Information for Comparing Differences between 

Initial and Repeated Internal Spatial Average Measurement 

Comparison Sample 
Size 

NLR Difference (dB) 
5th 

Percentile Median 95th 
Percentile 

Reference 11 -0.2 0.2 0.5 

General 176 -0.6 0.1 0.8 

 
5.3 Parameter Changes of Artificial Noise Source Measurements 
 
This section focuses on the variation of parameters on NLR measurements using an 
artificial noise source.  The angle of incidence is decreased and increased 15-
degrees from 45-degrees, and the distance is increased to 50-feet from 25-feet in 
the following three sub-sections.   
 
5.3.1 Decreasing Angle of Incidence 
 
This sub-section compares decreasing the angle of incidence to 30-degrees to the 
reference artificial noise source method outlined in Section 5, which uses and 
angle of incidence of 45-degrees.  The general comparison also includes the 
repeated measurement, external flush and internal four-feet from elements 
measurement methods at different distances in the comparison. 
 
Figure 33 shows the frequency distribution of the difference between the external 
flush and external façade measurement method.  The median difference is 0.7 dB 
and 0.2 dB of the reference and general comparison; respectively.  A positive 
difference indicates the NLR measured at 30-degrees angle of incidence is higher 
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than that measured at 45-degrees.  Table 14 shows further detailed statistical 
information. 
 
Figure 33.  Frequency Distribution of NLR Differences between 30- and 45- 

Degrees Angle of Incidence 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 14.  NLR Statistical Information for Comparing Differences between 

30- and 45-Degrees Angle of Incidence 

Comparison Sample 
Size 

NLR Difference (dB) 
5th 

Percentile Median 95th 
Percentile 

Reference 11 -0.6 0.7 2.4 

General 132 -1.2 0.2 1.5 

 
5.3.2 Increasing Angle of Incidence 
 
This sub-section compares increasing the angle of incidence to 60-degrees to the 
reference artificial noise source method outlined in Section 5, which uses an angle 
of incidence of 45-degrees.  The general comparison also includes the repeated 
measurement, external flush and internal four-feet from elements measurement 
methods at different distances in the comparison. 
 
Figure 34 shows the frequency distribution of the difference between the external 
flush and external façade measurement method.  The median difference is 0.1 dB 
and 0.0 dB of the reference and general comparison; respectively.  A positive 
difference indicates the NLR measured at 60-degrees angle of incidence is higher 
than that measured at 45-degrees.  Table 15 shows further detailed statistical 
information. 
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Figure 34.  Frequency Distribution of NLR Differences between 60- and 45-
Degrees Angle of Incidence 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 15.  NLR Statistical Information for Comparing Differences between 

60- and 45-Degrees Angle of Incidence 

Comparison Sample 
Size 

NLR Difference (dB) 
5th 

Percentile Median 95th 
Percentile 

Reference 11 -1.0 0.1 1.6 

General 132 -1.3 0.0 1.4 

 
5.3.3 Increasing Noise Source Distance 
 
This sub-section compares increasing the noise source distance to 50-feet to the 
reference artificial noise source method outlined in Section 5, which uses a noise 
source distance of 25-feet.  The general comparison also includes the repeated 
measurement, external flush and internal four-feet from elements measurement 
methods at different angles of incidence in the comparison. 
 
Figure 35 shows the frequency distribution of the difference between the external 
flush and external façade measurement method.  The median difference is -0.1 dB 
and -0.4 dB of the reference and general comparison; respectively.  A positive 
difference indicates the NLR measured at 50-feet noise source distance is higher 
than that measured at 25-feet.  Table 16 shows further detailed statistical 
information. 
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Figure 35.  Frequency Distribution of NLR Differences between 50- and 25-
Feet Noise Source Distance 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 16.  NLR Statistical Information for Comparing Differences between 

50- and 25-Feet Noise Source Distance 

Comparison Sample 
Size 

NLR Difference (dB) 
5th 

Percentile Median 95th 
Percentile 

Reference 11 -1.7 -0.1 1.1 

General 264 -2.2 -0.4 -1.6 

 
5.4 Evaluation of Building Structures 
 
This section focuses on the influence of the building structure and interior acoustical 
conditions on the NLR.  A total of 11 rooms were evaluated, which provides a 
limited sample to evaluate these aspects in detail.  To increase the sample size, 
L&B also included the general comparison.  The following sub-sections will evaluate 
the following: 
 

 Construction types and room location;  

 Window Styles; and  

 Difference of the interior absorptive properties of rooms. 
 
5.4.1 Construction Types 
 
This sub-section compares various building structure types and compares to the 
reference measurements.  The general comparison includes all measurement 
methods and parameters changes and only excludes measurements where batt 
insulation has been removed from the rooms.  Three general construction types 
were categorized as described below: 
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1. Aluminum-sided one-story residential structure (Site 1, 2 and 3) 

2. Wood-sided two-story residential structure (Site 4) 

3. Vinyl-sided one-story residential structure (Site 5 and 6) 

 
Two different window styles were observed at the six sites; Site 1, 3 and 6 had 
single-glazed windows with storms.  Sites 2, 4 and 5 had double-glazed insulated 
windows.  The window styles will be evaluated in the following sub-section 
 
Figure 36 shows the frequency distribution of the three construction types.  For 
this comparison, the average external spectrum was applied to the analysis.  The 
median reference NLR is 24.6 dB, 25.6 dB, and 21.9 dB of the aluminum-sided, 
wood-sided and vinyl-sided structures; respectively.  Table 17 shows further 
detailed statistical information.  The bar colors reflect the construction style and the 
shade reflects the reference/general comparison.  Aluminum siding is reflected in 
blue, vinyl siding in green and wood siding in brown.  Reference comparisons have 
a light shade, and the general comparisons have a darker shade. 
 

Figure 36.  Frequency Distribution of NLRs of Rooms with Different 
Construction Types 
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Table 17.  NLR Statistical Information for NLRs of Rooms with Different 
Construction Types 

Structure Type Comparison Sample 
Size 

NLR Difference (dB) 
5th 

Percentile Median 95th 
Percentile 

Aluminum-Sided 
Reference 6 23.6 24.6 25.7 

General 288 22.8 25.2 27.1 

Wood-Sided 
(2-Story) 

Reference 2 24.9 25.6 26.2 

General 96 21.5 24.2 26.4 

Vinyl-Sided 
Reference 3 19.7 21.9 23.0 

General 144 20.4 22.8 25.7 

 
5.4.2 Window Styles 
 
This sub-section compares two window styles and the reference measurements for 
comparison.  The general comparison includes all measurement methods and 
parameters changes and only excludes measurements where batt insulation has 
been removed from the rooms.  Two window styles were categorized as described 
below: 
 

1. Single-glazed windows with exterior storms (Site 1, 3 and 6) 

2. Double-glazed insulated windows (Site 2, 4 and 5) 
 

Figure 37 shows the frequency distribution of the two observed window styles.  
For this comparison, the average external spectrum was applied to the analysis.  
The median reference NLR is 24.3 dB, and 24.6 dB with single-glazed windows with 
storms and double-glazed insulated glazed windows; respectively.  Table 18 shows 
further detailed statistical information.  The bar colors reflect the construction style 
and the shade reflects the reference/general comparison.  Single glazed windows 
with storms are reflected in blue and insulated glazed windows are reflected in 
green.  Reference comparisons have a light shade, and the general comparisons 
have a darker shade. 
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Figure 37.  Frequency Distribution of Measured NLRs of Rooms with 
Different Window Styles 

 
 

Table 18.  NLR Statistical Information for Measured NLRs of Rooms with 
Different Window Styles 

Window Style Comparison Sample 
Size 

NLR Difference (dB) 
5th 

Percentile Median 95th 
Percentile 

Single-Glazed  
(w/ Storm) 

Reference 5 22.2 24.3 25.1 

General 240 22.0 24.5 26.7 

Double-Glazed 
(Insulated) 

Reference 6 20.6 24.6 26.2 

General 288 20.8 24.8 27.0 

 
5.4.3 Reducing Room Absorption 
 
This sub-section compares removing the batt absorption to the reference artificial 
noise source method outlined in Section 5, which has batt insulation on the walls 
and floors.  The general comparisons are not appropriate for this comparison. 
 
Figure 38 shows the frequency distribution of the difference between from 
removing batt insulation.  The median difference is -2.8 dB.  The NLR reduces when 
batt insulation is removed.  A positive difference indicates the NLR measured with 
the batt insulation removed is higher than that measured with batt insulation in the 
rooms.  Table 19 shows further detailed statistical information. 
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Figure 38.  Frequency Distribution of NLR Differences from Removing Batt 
Insulation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 19. NLR Statistical Information for Comparing Differences from 
Removing Batt Insulation 

Comparison Sample 
Size 

NLR Difference (dB) 
5th 

Percentile Median 95th 
Percentile 

Reference 11 -4.2 -2.8 0.0 
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SECTION 6 DISCUSSION 
 
6.1 General Comparisons 
 
This section discusses the results of the statistical analysis presented in the 
previous sections.  A number of primary causes that contribute to the NLR variation 
are described first.  The following sections will discuss the relation of statistical 
measurement information to the various causes of the NLR variation.  Due to the 
limited scope of this study, not all causes that contribute to the NLR variations are 
included in this study. 
 
Primary contributions to the variation of NLR measurements that should be 
considered are broken down as follows: 
 
1. Actual Aircraft Measurement Method – Using actual aircraft for the noise source 

will produce different NLR results than using an artificial noise source. 
Differences are summarized as follows: 

a) Aircraft Types: The aircraft type influences the measured NLR differently.  
The sample of aircraft measured during a specific window of time may not 
necessarily reflect the actual annual aircraft mix. 

b) Aircraft Operations (departures/arrivals/start-of-takeoff roll): The operation 
may have an influence on the measured NLR.  The measured samples in this 
study do not include any arrivals due to the location of the housing selection. 
Therefore, this study did not lend to accurate NLR measurements for arrivals.  
In addition, the departures measured in this study tended to be on the 
ground or low to the horizon. 

c) Flight Path Location: The flight path location in relation to the building will 
affect the exposure of the structure.  Different parts of a building envelope 
usually perform differently acoustically and, therefore, the NLR may vary.  
Also, the spectrum of the noise exposure fluctuates throughout the duration 
of an aircraft over flight which also contributes to variations in the NLRs. 

d) Weather: Wind and temperature inversions affect the noise propagation that 
may affect the noise exposure and, ultimately, may influence the NLR.   

e) Variation in Microphone Placement: There are a number of sources that 
specify the microphone locations for measuring NLRs.  For example, one 
option specified in the Wyle Research Report WR89-7 is four-feet from the 
most sound transmitting element.  A room with multiple windows and 
perhaps an exterior door leaves a consultant to choose the location of the 
microphone.  The exterior microphone location specifications also leave 
consultants with freedom in selecting locations depending on the 
environment. 

f) Data Acquisition Setup:  To automate the data acquisition, consultants may 
choose to set sound level triggers on the sound level meters for starting and 
stopping aircraft events recordings.  They may also perform these actions 
using software back in an office.  Differences in the setup of sound level 
meters may affect the final measured NLR. 
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2. Artificial Noise Source Measurement Method – Using an artificial noise source for 

performing NLR measurements may produce different NLRs than by using actual 
aircraft.  This is further influenced by the measurement method with the 
artificial noise source, as well as the influence of human judgments and 
performance of the measurements.  Finally, the exterior noise source spectrum 
that the NLR measurement is based on will affect the final results. 

a) Human Variations: Every consultant performs measurements differently and, 
therefore, there are variations not only caused by a consultant performing 
measurements slightly differently, but also when measurements are 
performed by different consultants. 

i) Data Acquisition: The repeatability of performing spatial averages and 
exterior spatial averages, location selections for external flush 
measurements is affected by how the consultant executes the 
measurements. 

ii) Noise Source Location Selection: The ASTM E966-10 standard only 
specifies minimum noise source distance to facades.  Consultants have 
the freedom to increase this distance, thereby introducing variations in 
the NLR measurements.  Also, limitations of the environment may not 
make it possible to position the noise source at the minimum distance per 
ASTM E966-10 standard.  The accuracy of positioning the noise source at 
45-degrees is limited, thereby also introducing variations in NLR 
measurements.  An even sound distribution over the façade (as would 
often be the case during real aircraft exposure) is improved as the noise 
source is placed further away.   

b) Measurement Method: The measurement method that consultants chose 
affects the final NLR results.  The consultant has three main external 
measurement methods to choose from and two internal measurements.  In 
addition, a consultant may choose to perform a moving spatial average or 
select multiple static microphone locations.  Also the consultant may choose 
to elevate the noise source using a crane instead of a tripod. 

i) Noise Source Elevation: The noise source can be elevated using a crane or 
a tripod, where each measurement method exposes the facades 
differently, and thereby causing a NLR variation. 

ii) External Free Field: This measurement is sometimes affected by nearby 
objects, or differences in the noise propagation to the façade to be 
measured and the location where the free field measurement is taken. 

iii) External Façade: This measurement may be affected by the absorptive 
properties of the structure, and sometimes the transmission loss, where 
not a true 100% of the sound is reflected.   

iv) External Flush: As with the external façade measurement method, the 
external flush method adjustment may not be quite accurate, depending 
on the absorptive surfaces and transmission loss of the façade.  In 
addition, a moving spatial average is not possible, and a limited number 
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of microphone locations are selected that will affect the exterior 
measurement result depending on where the microphones are positioned. 

v) Internal Spatial Averaging: Depending on whether a moving or static 
spatial average is performed, variances in the microphone locations affect 
the interior measurement. 

vi) Internal Four-Feet from Elements: Depending on whether a moving or 
static four-feet from element measurement is performed, variances in the 
microphone locations affect the interior measurement. 

c) Exterior Noise Source Spectrum: Whether the consultant chooses to shape 
the noise source spectrum to represent aircraft noise and measure A-
weighted levels, or measure a flat spectrum and shape the exterior spectrum 
using software, to calculate A-weighted levels, both ultimately result in 
applying an exterior noise spectrum to base the NLR calculations on.  The 
exterior noise spectrum affects the NLR calculations. 
 

3. Building Construction - The building construction influences the measured NLR.  
This includes the window styles/sizes, doors, wall construction and roof 
construction.  Sound insulation programs focus on replacing certain elements 
(windows, doors, etc.) to increase the NLR.  The pre- to post-construction NLR 
differences are affected by the existing building construction. 
 

4. Room Absorption - The furnishings of a room affect the measured NLR.  This can 
be important when consultants are comparing pre- and post-construction 
measurements.  When the furnishings significantly change, it will affect the 
computed pre-post construction NLR change in addition to the change due to the 
installation of new acoustical products.  

 
6.2 Actual Aircraft and Artificial Noise Source Measurements 
 
Consultant may choose to perform NLR measurements using actual aircraft or an 
artificial noise source.  Section 5.1.2 shows the median NLR of the actual aircraft 
measurement method measuring is higher than that of the artificial noise source 
method.  Approximately 90% of the differences are within a 6.4 dB range from the 
actual aircraft measurement methods (general comparison).  In general, the 
median NLR of actual aircraft measurement method is 2.4 dB higher than using an 
artificial noise source.   
 
The causes for the difference can only be speculated at this time.  One possibility is 
the difference of aircraft noise exposure compared to using an artificial noise 
source.  Actual aircraft noise exposure changes and exposes different parts of the 
building envelope differently over the course of time during an over flight.  The 
artificial noise source exposes all the facades continuously and represents a worse 
case exposure, which is the case only for a brief period during an actual over flight.   
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6.3 Influence of Aircraft Noise Exposure on Actual Aircraft 
Measurement Method 
 
Section 5.1.1 and Appendix C show variation between individual aircraft.  The 
median 90% confidence intervals of the NLRs of the 11 rooms measured in Table 3 
is ±1.3 dB.  However, additional measurements would be required to quantify 
differences in measured NLRs for different aircraft types more accurately, because 
the sample size that was measured for this study was too small.  Therefore, it is not 
certain whether the NLR variations of different aircraft are due to differences of 
elevation between different aircraft causing the exposure to vary.  Given that the 
homes were located to the side of the runway, differences in aircraft elevation may 
be significant. 
 
From past experience, we have observed clear NLR differences for arriving 
props/turbo props, small regional jets (such as CRJ), commercial jets (such as 
B737), and wide body commercial jets (such as B747).  Only departures have been 
measured in this evaluation and, therefore, to quantify any NLR differences for 
aircraft types for arrivals would require additional measurements. 
 
This study does not include the NLR variations caused by location of flight path in 
relation to the buildings (sideline versus overhead) and variations due to different 
weather conditions. 
 
6.4 Artificial Noise Source Measurements Methods 
 
For this study, two external and two internal measurement methods have been 
evaluated.  Depending on the two measurement methods a consultant chooses, the 
internal and external measurement method NLR differences can increase, decrease 
or partially cancel out each other.  This is a result of the way the NLR is computed, 
where the interior levels are subtracted from the exterior levels.  In addition, the 
elevated measurement method is discussed. 
 
In general, the median NLR using the external flush measurement method is 0.6 dB 
higher than the external façade method.  The slight trend does seem to be 
conclusive.  It is not certain if this is related to the five chosen static microphone 
locations that limited the coverage of the exposed facades.  For rooms with two 
exposed façades one microphone was placed near the ground where the ground 
propagation attenuation may be higher compared to the microphone positions 
higher up on the walls.  This difference is emphasized even more during elevated 
measurements, where most of the microphones are closer to the elevated noise 
source.  When comparing the results to the reference measurement, the median 
NLR is only 0.1 dB higher using the external flush measurement method. 
 
The internal four-feet from elements measurement method is not showing a 
conclusive difference, despite the general median NLR of the internal four-feet from 
elements measurement method being 0.1 dB lower than the internal spatial 
average measurement method.  A larger difference was expected.  Although we 
added batt insulation to rooms and measured the reverberation times to match that 
of furnished rooms, it may not have been completely sufficient in the larger rooms. 
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In general using a crane to elevate the noise source increases the median NLR by 
0.9 dB compared to using a tripod to elevate the noise source.  Compared to the 
reference measurement, the difference is 1.6 dB.  This difference supports the 
possible explanation of the external flush measurement method microphone 
locations having more higher than lower locations for rooms with two exposed 
facades.   
 
6.5 Human Causes to NLR Variation 
 
There are two parts to performing NLR measurements; (1) measurement setup 
and, (2) data acquisition.  For variation caused by differences in measurement 
setups, this study evaluates varying angles of incidence and varying the distance 
noise of the noise source.  This study only includes the NLR variation from 
repeating the internal spatial average measurement less than 10 minutes after the 
initial measurement by the same consultant. 
 
Section 5.2.4 shows that 80% of the repeated internal spatial average NLR 
measurement differences are within ±0.5 dB from the initial measurements.  
Almost all repeated NLR measurement differences are within ±1.0 dB from the 
initial NLR measurements. 
 
The variation from repeating external façade and external flush measurements and 
internal four-feet from elements measurements are not included in this study.  
Therefore, the additional variation due to a second measurement cannot be 
determined.  The NLR is calculated by subtracting the exterior and interior 
measurements, each having a certain variation that are additive. 
 
The variation of the noise source angle of incidence and distance are also additive 
variations.  The angles of incidence evaluated in this study are ±15 degrees from 
45 degrees.  Section 5.3.1 and Section 5.3.2 show that in general, the median NLR 
difference from a 45-degree angle is 0.2 dB and 0.0 dB when decreasing and 
increasing the angle of incidence by 15-degrees; respectively.  Although the 
transmission loss continuously decreases as the angle of incidence decreases from 
90-degrees, many rooms had two exposed façades.  As the angle of incidence is 
reduced in relation to the front façade, it is simultaneously increased in relation to 
the side façade.  Therefore, in general the NLR variation from changing the angle of 
incidence is not conclusive in the sample of rooms measured in this study.   
 
Section 5.3.3 shows that in general, the median difference from increasing the 
distance of the noise source is -0.4 dB.  The NLR in general decreases as the noise 
source is moved further away.  This difference is conclusive.  In a number of rooms 
that were open to adjacent rooms, noise was observed coming from the adjacent 
rooms, as a result of a more even noise exposure of multiple rooms. 
 
6.6 Building Construction 
 
NLR variation evaluation from different building construction is limited in this study, 
due to the relatively small sample size.  This study evaluates the NLR variation from 
rooms with different wall construction and different window styles. 
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Section 5.4.1 shows the median NLRs are 24.6 dB, 25.5 dB, and 22.4 dB for the 
aluminum-sided, wood-sided and vinyl-sided structures.  The sample size of 11 
rooms is too small to be conclusive.  Observations from experience on different 
programs have shown buildings with brick facades to have higher NLR than others. 
 
Section 5.4.1 evaluates the two observed window styles: single-glazed with storms 
and double-glazed insulated (newer) windows.  The median reference NLR is 23.4 
dB, and 24.8 dB with single-glazed windows with storms and double-glazed 
insulated windows; respectively.  The single-glazed windows with storms have a 
larger airspace that increases the transmission loss and lowers the resonance 
frequency.  The double-glazed insulated windows generally seal better and in this 
study, where installed, are showing 1.4 dB higher median NLR than single-glazed 
windows with storms. 
 
6.7 Room Absorption 
 
NLR variation from differences in furnishings was simulated using batt insulation.  
Section 5.4.4 shows that the median NLR difference from removing batt insulation 
is -2.8 dB.  The interior levels in a room consist of direct sound coming from the 
exposed facades and perhaps some single reflections, and the reverberation level.  
Adding absorption mainly decreases the reverberation levels, and thereby the 
interior levels too.  This increases the difference between the exterior and interior 
levels that increases the NLR.  Therefore it is important to have the furnishings for 
pre- and post-construction testing as much the same as possible to determine the 
NLR increase as a result of the modifications. 
 
6.8 Final Statements 
 
Figure 39 and Figure 40 summarize the measured variations as a result from 
various measurement methods, parameter changes, and absorption changes.  The 
total variation of NLR measurements is comprised of many causes, each introducing 
their own variations to the total.  This study includes a subset of a number of 
possible causes that contribute to the total NLR variation.  Section 6.1 listed various 
aspects that contribute to the NLR variation.  To quantify the total NLR variation, 
the variation of individual components that contribute to the total NLR needs to be 
quantified separately.   
 
For artificial noise source sound insulation measurements, the main variation 
components are: 

1. Human Variation 

a. Data Acquisition 

b. Measurement Setup 

2. Measurement Method 

a. External 

b. Internal 



PEARS CONTRACT NO. DTFAWA-11-D-00019 
STUDY OF NOISE LEVEL REDUCTION (NLR) VARIATION 

Landrum & Brown Discussion 
April 2013 Page 53 

c. Noise Source Height 

3. Analysis Method  

a. Exterior Spectrum 

The relation of these variations is mathematically described below: 
 
Var(NLR Measured) = Var(Data Acquisition) + Var(Setup) + Var(Measurement 
Method) + Var(Analysis) 
 
Var(Data Acquisition) = Var(Internal Measurement) + Var(External Measurement) 
 
Var(Setup) =  Var(Angle of Incidence) + Var(Noise Source Distance) 
 
Var(Measurement Method) = Var(Exterior Method) + Var(Interior Method) 
 
Further studies could be broken down into a number of separate studies, each 
focusing on a separate category that contributes to the NLR variation.  These study 
categories can be broken down as: 

1. Human Variation: 

a) Data Acquisition –  

i) A focus on the variations of repeatability when performing the external 
as well as internal measurements can be quantified. 

ii) Also it is useful to determine variations between different instruments.  
This can be as detailed as quantifying the differences between the 
microphones, pre-amps and the sound level meter itself.  Studies on 
instrument variations have most likely already been done in the past 
and can be referred to. 

b) Measurement Setup – To gain a better understanding of factors pertaining 
to the noise source setup that contribute to the NLR variations, the 
following main aspects can be further analyzed.   

i) The external levels at various locations of the façade and internal 
levels at various locations in the room can be compared to the noise 
source distance and frequency.  The use of waterfall graphs showing 
levels as a function of noise source distance and octave band may 
reveal the influence of reflections and interference patterns.  

ii) The external levels at various locations of the façade and internal 
levels at various locations in the room can be compared to angle of 
incidence and frequency.  These measurements can be plotted in 
waterfall graphs showing the levels as a function of angle of incidence 
and octave bands. 

2. Measurement Method: 

a) External - A detailed comparison of external flush and external façade 
measurements at various locations of a façade can be compared directly 
with two microphone positions; one flush and one at four feet from the 
façade. 
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b) Internal - A detailed comparison of the levels at different locations 
throughout the room can be directly compared to locations four feet from 
weaker elements. 

c) Noise Source Height – Having the noise source elevated above the roof 
changes the exposure of the property.  The differences can be analyzed in 
further detail to further understand the variation between measurement 
methods. 

3. Analysis Method: 

a) Exterior Spectrum - Depending on how the data is analyzed, the NLR 
varies.  Some consultants measure A-weighted exterior and interior levels 
of a noise source producing simulated aircraft spectrum.  Other 
consultants measure spectral data and apply certain aircraft of pink noise 
spectra to the analysis, producing different results.   

Additional studies can further quantify differences between actual noise source and 
artificial aircraft by choosing an airport and locations with more typical aircraft noise 
exposure.  The properties can be chosen such that exposures with different flight 
paths, and differences between departures and arrivals can be quantified and 
compared to measurements using an artificial noise source.  By collecting spectral 
data as a function of time, the NLR can be analyzed as different parts of the 
property are exposed during an over-flight.   
 
For real aircraft sound insulation measurements, the main aspects that contribute 
to NLR variation are: 

1. Conditional 

a. Aircraft Types 

b. Flight Path Location 

c. Aircraft Operation 

2. Environmental 

a. Weather 

i. Wind Speed/Direction 

ii. Temperature (and Temperature Inversions) 

b. Geographic - these are uncommon, however, as an example, 
sometimes large buildings are constructed near residential structures 
that change the acoustics of the environment and possibly the aircraft 
noise exposure. 

3. Measurement Setup 

a. Interior as well as exterior microphone location selections 

b. Data acquisition setup 

 
The relation of the most common variations is mathematically described below: 
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Var(NLR Measured) = Var(Data Acquisition) + Var(Aircraft Type) + Var(Weather) + 
Var(Aircraft Operation)  
 
Var(Data Acquisition) = Var(Exterior Measurement Location) + Var(Interior 
Measurement Location) + Var(Data Acquisition Setup) 
 
Further studies could be broken down into a number of separate studies, each 
focusing on a separate category that contributes to the NLR variation.  These study 
categories can be broken down as: 

1. Conditional: 

a. Spectral data as a function of time of aircraft types can be measured 
externally and internally, that can help explain variations in the 
measured NLR. 

b. By selecting multiple homes at different locations in relation to the 
flight path and measuring the frequency content as a function of time 
externally and internally, the difference between NLR measurements 
using real aircraft and artificial noise source can be further understood.  
Although, usually, flight paths do not change significantly, and may 
not be a significant source of NLR variation. 

c. The exposure of departures and arrivals are different.  Therefore it 
would be useful to understand how this difference affects the NLR. 

2. Environmental: 

a. The NLR can be measured during different weather conditions and 
compared.  Determining temperature inversions might not be feasible; 
however, the influence of wind and temperature on the exterior and 
interior levels and frequency content can provide useful information 
about how the NLR changes due to weather conditions. 

3. Measurement Setup:  

a. Different exterior and interior microphone locations can affect 
measured levels.  The NLR variation resulting from different 
microphone locations is important for determining the NLR variation 
using real aircraft. 

b. Different trigger levels and settings of the instruments can be 
compared to understand the influence of instrument settings. 
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Figure 39.  Summary of the Variations Compared to the Reference 
Measurement 

Note: Reference measurement is defined as a room with batt insulation, artificial noise source on a tripod, external 
façade and internal spatial average measurement method, 25-foot noise source distance and angle of incidence of 
45 degrees. 

 
Figure 40.  Summary of the General Comparison of Measured Variations 
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APPENDIX A 
EQUIPMENT USED FOR NLR MEASUREMENTS 

 
 Actual Aircraft 

o Larson Davis 824 Sound Level Meter/One Third Octave Band 
Analyzer 
 

 Artificial Noise Source (On Tripod) & (Elevated By Crane) 
o Larson Davis 824 Sound Level Meter/One Third Octave Band 

Analyzer 
o McCauley AC95-1 Coaxial Loudspeaker 
o Crown XLS 202 Power Amplifier 
o Rolls REQ215 31 Band Graphic Equalizer 
o Goldline PN3B Noise Generator  
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APPENDIX B 
MEASUREMENT SITE BACKGROUND INFORMATION 
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APPENDIX C 
ACTUAL AIRCRAFT MEASUREMENTS LOGS 
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APPENDIX D 
EXTERIOR SPECTRUM MEASUREMENT LOGS 
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63 Hz 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz 8000 Hz

A‐Weighted Ext Spectrum 63.9 71.8 71.3 75.8 77.4 73.8 64.0 54.3

Duration

0:00:21 65.0 72.1 67.7 70.3 68.7 62.9 50.8 43.4

0:00:30 76.4 73.0 63.9 61.7 57.8 53.9 43.7 36.0

0:00:30 79.8 75.3 65.2 60.9 61.1 59.2 49.8 41.4

0:00:34 70.2 72.4 66.5 64.1 61.3 55.7 45.7 34.5

0:00:42 77.3 75.4 67.9 67.1 65.6 61.7 50.4 40.1

0:00:24 60.7 71.8 64.4 63.9 63.7 55.4 43.1 32.7

0:00:24 67.3 68.5 59.4 54.0 53.8 48.4 36.6 34.6

0:00:28 72.2 68.6 59.8 57.9 56.8 52.9 47.8 41.2

0:00:27 70.4 68.0 60.6 57.9 57.6 52.2 46.0 39.3

0:00:39 77.9 75.5 66.1 63.5 60.5 55.7 50.9 44.9

Site 1

Leq

 
 

63 Hz 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz 8000 Hz

A‐Weighted Ext Spectrum 67.6 75.8 79.4 83.8 84.5 84.1 76.0 55.3

Duration

0:00:19 71.5 68.8 72.1 68.2 65.1 61.0 56.2 44.0

0:00:32 80.8 74.0 76.0 72.0 67.9 64.2 56.3 39.6

0:00:23 76.7 75.6 70.3 67.0 64.6 61.7 53.3 39.0

0:00:30 83.4 79.5 73.5 74.7 70.6 67.5 59.0 44.0

0:00:24 68.7 66.6 69.8 68.1 69.0 65.8 57.7 45.3

0:00:20 89.2 87.2 79.1 77.6 80.1 80.1 72.2 50.5

0:00:28 76.6 75.4 70.9 68.1 65.5 61.8 55.5 44.7

0:00:32 72.1 74.3 70.4 65.7 60.2 48.3 31.8 29.2

0:00:30 70.2 72.2 74.5 70.8 64.0 56.0 34.5 20.9

0:00:26 68.0 72.2 72.2 70.8 66.6 55.9 31.3 25.3

0:00:17 71.7 71.7 66.3 69.0 64.7 59.2 50.2 27.7

0:00:28 65.0 78.9 76.7 78.0 70.4 59.3 39.4 22.2

0:00:22 67.7 72.8 75.1 75.4 66.2 53.7 33.8 26.6

Site 2

Leq
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63 Hz 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz 8000 Hz

A‐Weighted Ext Spectrum 64.0 71.2 72.8 77.2 79.3 75.7 62.5 44.7

Duration

0:00:16 77.4 72.9 65.7 64.2 66.6 60.0 51.5 24.6

0:00:20 70.1 73.7 69.4 70.0 70.3 64.3 53.4 25.3

0:00:23 79.4 76.4 70.1 67.1 68.0 62.9 50.8 24.2

0:00:17 79.5 74.1 65.8 62.0 63.1 58.1 44.2 21.2

0:00:28 80.7 75.9 68.9 64.5 67.2 65.0 49.3 27.2

0:00:25 78.6 72.8 64.5 62.6 64.5 57.6 45.6 32.2

0:00:21 68.8 70.1 67.5 67.1 68.8 62.6 49.0 25.6

0:00:30 78.4 75.0 68.5 65.1 62.6 61.1 48.0 23.4

0:00:34 74.6 74.7 68.9 68.7 64.7 62.8 45.2 32.5

0:00:25 76.2 74.0 67.3 68.2 62.3 54.2 39.0 34.7

0:00:21 72.6 67.7 65.8 59.1 56.8 54.2 49.1 40.5

0:00:10 67.1 76.3 69.7 67.8 63.4 56.0 43.8 35.0

0:00:23 70.6 71.3 66.3 66.7 63.9 55.3 43.3 33.2

0:00:23 75.1 73.8 70.1 70.4 66.7 59.7 43.9 25.8

0:00:20 70.8 70.8 65.0 65.7 63.0 54.6 37.5 29.1

Site 3

Leq

 
 

63 Hz 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz 8000 Hz

A‐Weighted Ext Spectrum 70.8 77.7 74.9 82.6 85.7 83.6 71.1 43.4

Duration

0:00:17 82.2 78.2 61.1 66.4 68.6 64.5 53.1 28.8

0:00:26 80.7 75.8 62.5 68.3 68.8 62.7 52.4 28.7

0:00:13 73.6 67.8 71.5 68.1 65.0 58.0 46.8 23.7

0:00:21 86.3 80.2 65.2 69.0 70.5 64.7 53.0 26.6

0:00:43 85.3 81.1 64.4 71.7 72.9 69.1 56.0 34.7

0:00:31 83.3 76.7 60.0 64.8 66.0 61.4 49.1 25.3

0:00:29 84.5 81.6 64.6 69.5 71.0 67.3 55.8 29.2

0:00:32 82.7 81.0 63.7 64.5 67.3 66.3 53.8 27.6

0:00:23 82.2 81.1 70.1 75.7 79.5 77.5 64.3 34.3

0:00:32 84.5 82.9 67.7 63.0 65.7 64.6 55.7 29.4

0:00:25 76.7 75.0 64.7 61.4 61.4 57.1 49.1 27.8

0:00:26 80.0 79.8 69.2 61.3 62.2 62.2 54.9 27.8

0:00:40 62.4 72.2 75.5 77.0 72.1 62.4 48.8 27.7

0:00:25 79.9 77.1 72.5 74.6 69.7 64.4 53.0 30.3

Site 4

Leq

 



PEARS CONTRACT NO. DTFAWA-11-D-00019 
STUDY OF NOISE LEVEL REDUCTION (NLR) VARIATION 

Landrum & Brown Exterior Spectrum Measurement Logs 
April 2013 Page D-4 
  

63 Hz 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz 8000 Hz

A‐Weighted Ext Spectrum 70.2 77.1 69.4 75.6 81.3 80.3 68.9 41.6

Duration

0:00:28 78.0 73.7 56.9 58.7 61.2 56.5 46.0 22.7

0:00:41 77.1 72.6 58.3 60.7 62.8 58.7 46.3 23.7

0:00:25 78.8 74.9 58.2 63.2 65.7 63.4 52.1 26.6

0:00:46 81.1 78.7 62.2 63.3 65.7 65.4 52.4 23.7

0:00:46 80.8 76.2 63.0 62.8 64.6 61.3 53.5 32.2

0:00:38 82.4 79.7 62.2 63.5 66.8 64.8 50.9 23.0

0:00:35 81.3 76.1 60.1 61.6 64.3 60.0 45.1 21.1

0:00:42 81.7 80.3 66.6 65.9 68.4 66.4 56.5 27.2

Site 5

Leq

 
 

63 Hz 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz 8000 Hz

A‐Weighted Ext Spectrum 62.0 71.6 79.3 83.1 82.7 78.5 66.8 43.7

Duration

0:00:30 77.0 73.7 76.6 75.4 72.0 68.6 56.0 33.1

0:00:16 76.2 71.4 70.9 69.8 65.8 59.2 47.5 26.5

0:00:18 61.2 80.2 74.7 70.4 65.9 57.6 44.8 26.6

0:00:41 71.0 75.1 78.8 75.9 72.7 66.1 52.3 31.0

0:00:20 67.7 67.8 68.9 68.0 65.8 60.0 50.4 24.9

0:00:39 74.0 68.3 71.5 67.9 65.2 59.5 52.0 26.3

0:00:26 78.8 76.2 72.4 75.2 70.9 65.9 55.8 33.5

0:00:26 77.2 74.5 71.9 73.6 70.2 65.4 53.4 28.8

0:00:21 64.1 68.6 69.1 67.1 64.8 59.2 52.2 23.6

0:00:11 71.6 76.4 71.4 63.8 61.5 55.3 40.3 28.8

0:00:21 70.5 64.8 68.7 66.8 63.2 55.9 44.6 30.9

0:00:39 71.5 71.4 73.5 69.2 63.7 51.0 36.1 32.9

0:00:21 73.9 69.9 68.0 68.7 65.0 57.5 43.1 33.7

Site 6

Leq
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ARTIFICIAL NOISE SOURCE MEASUREMENTS LOGS 
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