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Disclaimer

The materials presented here are in draft form and the process of being
further analyzed. The results and conclusions may change in the final report.

The opinions and conclusions expressed or implied in this presentation of
those of the research team. They are not necessarily those of the
Transportation Research Board, the National Academies, or the program
SpoNSsors.

R



NCHRP 25-52 Project Objectives

The objectives of this research are to:

1) Measure and document the meteorological effects on roadway noise
propagation under different atmospheric conditions, and

2) Develop best practices and provide guidance on how to
A. Quantify meteorological effects on roadway noise propagation, and
B. How to explain those effects to the public.
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Project Objectives

* |dentify the most critical atmospheric parameters (e.g., atmospheric
stability, wind, humidity, etc.) that affect roadway propagation, and the
distances at which their respective influences may occur, and

* Aid in determining when meteorological effects should and should
not be considered in noise analyses.

The research results should enable practitioners to understand and
explain roadway noise levels under different atmospheric conditions in

a roadway noise analysis.




QOutline of Presentation

Primer on meteorological effects
Preliminary Data Analysis

« Data processing

« Data analysis

Public outreach tool development
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Primer on Met Effects
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Data Collection
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No-Barrier Location Microphones Located
every doubling of distance from 15m to 960m

1.2 m height at 15, 30, 60, 480 and 260 m
1.5, 4.6, 7.6 m heights at 120, 240 m
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Video taken at the No-Barrier site — 120 meters

R

11



Data Processing




Very Large Data Set

Acoustic data from 16 positions (1-second logging)

Two met towers with wind speed/direction, temperature,
and relative humidity

LIDAR (to 200m) and Temperature Profiler (to 1,000 m)
Deer Valley and PHX airport met data

Continuous ATR traffic counts, speed, and mix on I-75
Continuous audio recordings at select microphones
>35,000 good five-minute periods
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Temperature profile was very consistent
throughout, showing inversions every night
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Sound Level Data included A, C, and Z
weightings and 1/3 octave bands

A, C, and Z weighting
e 1/3 octave bands, from 6.3 to 20,000 Hz
e 1-s data filtered for events and combined to 5-min
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Comparisons and Statistics




Standard deviation of level difference shows
greater variance at larger distances

~J

N
o0
@
000

el ® No-Barrier

® Barrier

o
[y
o

@

100 1000

Standard deviation of level difference (dB)

Distance (m)

R

17



Sound level difference is a function of
temperature profile...

6.0
c 5.0
b 4.0
- 3.0 A
2 20 2 A |
O A A Strong Inversion
O 1.0
§ = 0.0 o PS o P Ps °® Weak Inversion
q) is 1 -
£ 2-1.0 X X A o Neutral
o 20 X X _
S 30 — - Weak lapse
g pd
> 40 X — — X Strong Lapse
c X
S ‘5.0 X
o
v -6.0 X

-7.0

10 100 1000

Distance (m)

R

18



Sound level difference from 15 m (dB)
© o b

-
o

10

...and wind profile

100

Distance (m)

> ¢

1000

Moderate Downwind
® Calm
A Moderate Upwind

@ Strong Upwind

R

19



Implications for Noise Impact

and Noise Abatement
Conclusions
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No Met Weak Strong Weak Strong Weak Strong Weak Strong
Effects Upwind Upwind |Downwind | Downwind| Lapse Lapse |Inversion |Inversion
e Spreadsheet tool e
Ho Abatement Sound Levels, dBA
- - Weak Strong Weak Strong Weak Strong Weak Strong
— Ap p | I e S adJ u Stl I I e n tS b aS e d Rec Name. Neutral Upwind Upwind _|Downwind | Downwind| Lapse Lapse | Inversion |Inversion
Rec 1-1 737 722 728 745 nia 725 i 747 745
Rec 1-2 736 721 127 744 nia 724 7.8 74.6 744
O n m e aS u re d d ata Rec1-3 740 725 73.1 748 nia 728 722 75.0 748
Rec 1-4 742 27 73.3 75.0 nia 73.0 724 75.2 75.0
Rec 1-5 743 728 73.4 751 nia 731 725 5.3 75.1
- Rec 1-6 743 728 734 75.1 nia 73.1 125 75.3 75.1
Rec 1-7 743 728 734 75.1 nia 731 725 753 75.1
° S eve n CO n d Itl O n S Rec 1-8 745 73.0 736 753 nia 733 727 755 753
Rec 1-8 743 728 734 75.1 nia 731 725 753 75.1
. Rec1-10 743 728 734 75.1 nia 73.1 125 75.3 75.1
— No Strong downwind data RecZ-1 6.2 637 637 552 nia 545 63.7 65,1 575
Rec 22 66.1 63.6 63.6 68.1 nia 64.4 63.6 68.0 67T
Rec2-3 66.2 63.7 63.7 68.2 nia 645 63.7 68.1 67.8
- Rec3-4 662 63.7 63.7 682 nia 645 63.7 68.1 678
—_ ASS e S S e S I m p aCtS Rec2-E 653 633 63.8 683 nia 545 3.8 8.2 67.9
Rec 25 663 638 638 683 nia 646 638 682 679
Rec2-7 66.2 63.7 63.7 68.2 nia 545 63.7 68.1 67.8
. g Rec2-8 66.0 68.0 nia 843 63.5 67.9 67.6
_ Eval uates feasl bl I Ity and Rec28 662 632 nia 545 637 68.1 67.3
Rec 2-10 66.6 68.6 nia 549 64.1 68.5 68.2
Rec3-1 823 649 nia 801 59.3 847 64.4
Rec 3-2 616 642 nia 554 58.6 54.0 63.7
reasonableness e
Rec3-4 814 64.0 nia 55.2 55.4 63.8 63.5
Strong
Weak Downwi Strong
No Met Effects | Weak Upwil Strong Upwi il nd Weak Lapse Strong Lapse |Weak Inversion Inversion
Number of I ted R tors Receiving 5 dB reducti 10 10 10 19 nia 10 10 16 10
Feasible? Yes Yes Yes Yes nia Yes Yes Yes Yes
Number of Benefited Resid (25 dB) 10 10 10 36 nia 10 10 16 10
First Row Benefits 10 10 10 10 n/a 10 10 10 10
1st row Benefits Receiving 7 dB 10 1] 1] 10 nia 1] 1] 10 10
NRDG 100% 0% [0} 100% nia 0% 0% 100% 100%
All hie Area per Benefited Resid (ft) 1,400 1,400 1,400 1,400 1,400 1,400 1,400 1,400 1,400
Area (ft%) 7,319 7,319 7,319 7,319 nia 7,319 7,319 7,319 7,319
Area Per Benefited Residence (ft?) 732 nia nia 203 nia nia nia 457 732
Reasonable? Yes HNo HNo Yes nia No No Yes Yes
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Implications for Noise Impacts (Site #2)

« Upwind and lapse reduce sound levels at
impacted residences by 2-3 dB reducing the
number of impacts by 6 to 8.

 Downwind and inversion increase sound
levels for some 3 and 4t row residences
increasing the number of impacts by 10.
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Design philosophy

e 7 dB for impacted

first-row
residences

Results

e upwind and
lapse reduce
ILs and
benefits

 downwind
and inversion
increase ILs
and benefits
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Implications for Noise Barrier Evaluation (Site #2)
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Implications for Noise Barrier Evaluation (Site #2)
— Feasibility

* met under all conditions

— Noise Reduction Design Goal

e 7 dB for 50% of first-row benefited

— Met for downwind and inversion
» ILs increased for first-row residences

— Not met for upwind and lapse
» First-row residences receive than 5 dB (upwind and weak lapse)
» First-row residences receive than 7 dB (strong lapse)

MNoise Barrier Evaluation Results, Site #2

Moderate | Strong | Moderate | Strong Weak Strong Weak Strong
Upwind Upwind | Downwind | Downwind| Lapse Lapse Inversion Inversion

Mumber of Benefited Residences 3 109 -— 16 32 109 103
First Row Benefited Residences 0 13 -— 0 13 3! 13
First Row BenegtngI:c?ﬁl;:[:l%r:lces Receving 7 0 13 . 0 0 13 13
MNoise Reduction Design Goal 0% 100% -— 0% 0% 100% 100%
Moise Reduction Design Goal Met? Yes No Yes — No No Yes Yes /\
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Implications for Noise Barrier Evaluation (Site #2)
e Cost Effectiveness

— 1,400 sf per benefited residence
— Downwind and weak inversion increased benefits and reduced the APBR
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Public Outreach Tools




WHY IS IT
SO LOUD
TODAY?

Understanding
how weather
affects traffic
noise levels in
your community.

Public Outreach Materials - Brochure

Have you heard? You may have

noticed that sound levels from highways
or other sources are much louder or quieter

during particular times of the day or year.
Changes in weather conditions are often the
cause of these higher or lower sound levels.

What happens when the wind changes?

Changing wind speeds above the ground cause sound waves to bend
toward or away from the earth, a process called refraction. The change in
the sound level depends on the differences in wind speeds above the
ground and the wind direction. You might notice that sound levels are
higher when the wind is blowing from the highway toward you (downwind)
as illustrated below. Conversely, you might notice that sound levels are
lower when the wind is blowing away from you and toward the highway

(upwind).
L& WIND DIRECTION
- G
- ’ <+
------- ' .
.................... Y w “.._.-‘ -
— T, o il -
» R R 4
e e .- -3 W W)
Higher sound TRAFFIC ON ROAD Lower sound
levels DOWNWIND levels UPWIND
from noise source. from noise source.
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What happens when
the temperature changes?

The temperature of the air above the ground changes with height. When
the air above the ground & cooler than the air near the ground, 3
temperature lapse occurs. Temperature lapses are common during the day.
Lapses cause sound waves to bend away from the earth and reduce sound
levels in nearby communities as illustrated below. You might notice that
sound levels are lower during the day than at night even though there may
be more traffic on the road.

TEMPERATURE LAPSE
Cool aw above warmer air

TRAS P

=
ﬁmﬂ
evel TRAFFIC ON ROAD
lapye

ji

Conversely, when the air above the ground is warmer than the air near the
ground, a temperature inversion occurs. Temperature inversions are
common at night when the weather is clear and winds are calm. Inversions
cause sound waves to bend back toward the earth and increase sound
levels as llustrated below. You might notice that sound levels are higher at
night or in the early morning than during the day.

TEMPERATURE INVE

Warm air above cool a

TRAFIKC 2
L

Public Outreach Materials - Brochure

What are the effects my on community?

The effects on a particular community depend on the distance to highways
and the frequency and duration of particular weather conditions. Weather
patterns that change sound levels may be more common in certain areas..
Higher sound level: will be more common in areas where the wind typically
blows from a highway toward a community (downwind) than in locations
where the wind typically blows from a highway toward a community
(downwind) from the community toward the highway (upwind). Higher sound
levels will also be more common in areas where temperature inversions are

common.
[Wote: A SHA could customise ths 38ction 0 Jescnde the fypes of weother conaions
ot are typecal for the stats. ]

What if my neighborhood
has a noise barrier?

Changes in th ditions also affect how well 2 noise barrier performs.
Temperature inversions and downwind conditions can increase sound levels
in neighborhoods protected by a noise barrier. Temperature lapses and
upwind conditions can further reduce sound levels in nesighborhoods
protected by a noise barrier. The changes in sound levels will depend on the
specific wind and temperature conditions.

CCe
=1

CONTACT US
Phone: [Telephone]

Email: [Email address)
Web: [Web address]

Higher sound levels TRAFFIC ON ROAD

AUring INverson

CONTITIONS.
\
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Public Outreach Materials — Interactive Tool

Why 1s it

Modules

il Understanding how
> weather affects traffic noise
levels in your community:.

What happens in communities What does it sound like How might traffic noise levels change under
under inversion conditions? 400 feet (120 m) from an Interstate? fferent condit

ition
e air Weather Condition
Neuwtral
| Weak Downwind
 JEMPERATURE - &~ = - n Weak Upwind
» o - Strong Upwind
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