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TNM 3.0

March 1, 2017 Limited Beta Evaluation ; closed
comments Sept 15, 2017

Improved GUI
Works w/ ACAD, Esri ArcGIS, Micro Station “esri runtime built

into beta test TNM 3.0 software, have to have active license key to activate this map
feature.”

Requires fast PCs and generates huge files; easily
overwhelmed w too many receptors

A few adjustments to TNM acoustic calculations and
algorithms



Four Online Webinars Available at:
https://hostedsites.volpe.dot.gov/DraftTNM3/Downloads/
DownloadWebinars30
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Greatly Improve
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 Goal: Release late 2017 or Early 2018 (FHWQA has
promised for 10 Yrs)

* Experienced trouble with 3 party software issues in
past iterations of TNM.

e Numerous GUIl and Acoustic Algorithm bugs reported

e USDOT Volpe Acoustic Center develops TNM &
subcontracts technical support to FHWA - SS

e Personnel turnover at DC — FHWA
 FHWA will develop training (or select 37 Party)

:t.

aftrans
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Examples of Percentage Split Between Upper and Lower Source Heights (Cruise)

Low Frequencies High Frequencies

(500 Hz and below) (2000 Hz and above)
AUTO 5 ft 27% @ 2%
0 ft 73% o 98%
T

12 ft 57% @ 46%

HEAVY TRUCK

Oft 43% @  54%
[ RAGHS S e R o s Sl

Source: Bowlby and Assoc., TNM 2.5 Caltrans Training Course Oct 2016

Caltrans LOS 10.5 ft.?
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Acoustic Beam Forming
Applied to Trucks




Measurements

m Acoustic “snap-shots” of vehicle passbys on actual
highway
® B&K 90 mic array & processing
® Internal Matlab based processing

m Test Matrix
® 3 sjtes with 3 AC pavements — 55 mph posted speed
® Over 200 heavy truck passby events
® Some medium trucks & light vehicles

m Objective

® Assess vertical distribution truck noise sources for traffic
noise modeling purposes

® Improve understanding of in-service truck noise sources
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Source Height (m)

Comparison of Source D|str|but|ons
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Applications of Heavy Truck
Noise Profiles Determinec
in NCHRP 25-45 24

- Paul Donavan
. 2 3 'y S===N Carrie Janello

TRB 97" Annual Meeting '
January 7-11, 2018 ,’ ’

Washington, DC & A AN

S\ ILLINGWORTH & RODKIN, INC.
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Acoustic Beam Forming System

® Type WL9x6D2509 Foldable
wheel Array

® Equal length arms
® 8.2ft in diameter
® 54 microphones

® Acquisition by B&K PULSE
system

® Data processed by delay &
sum method

® 315 to 4,000 Hz
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Measurement Program

® 20 measurement sites — 4 in California & 16 in North
Carolina

> 6 Level

» 6 Uphill

» 5 Downhill

» 3 Lower speed sites

® 1,289 truck pass-bys
® 29 to 66 mph average speed range

® Pavement types

» Asphalt — 11, dense graded (9), open graded (2)
» Concrete — 7, ground (3), transverse tined (4)
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2-Point Source Distribution Approximation

1/3 Octave
Band
Frequency

Band

800 Hz
1,000 Hz
1,250 Hz
1,600 Hz

4,000 Hz

Height

Oft (Om)
Oft (Om)
Oft (Om)
Oft (Om)
Oft (Om)
Oft (Om)
Oft (Om)
Oft (Om)
Oft (Om)
Oft (Om)
Oft (Om)
Oft (Om)

Level

80.5 dBA
82.5 dBA
86.6 dBA
87.0 dBA
88.5 dBA
88.0 dBA
85.5 dBA
82.5 dBA
80.0 dBA
77.3 dBA
73.8 dBA
71.2 dBA

Source
Strength

44%
56%
65%
59%
67%
67%
74%
69%
78%
77%
62%
65%

Height

3.3ft (1m)
3.3ft (1m)
3.3ft (1m)
2.3ft (0.7m)
2.3ft (0.7m)
2.3ft (0.7m)
2.3ft (0.7m)
1.6ft (0.5m)
1.6ft (0.5m)
1.6ft (0.5m)
1ft (0.3m)
1ft (0.3m)

Level

81.5 dBA
81.6 dBA
84.0 dBA
85.5 dBA
85.5 dBA
85.0 dBA
81.0 dBA
79.0 dBA
74.5 dBA
72.0 dBA
71.7 dBA
68.5 dBA

Source
Strength

56%
44%
35%
41%
33%
33%
26%
31%
22%
23%
38%
35%



Point Source Summary

® A source at 12ft is unrealistic for matching
average truck profile any split

® Upper source height must vary with frequency to
match average truck profiles from 3.3 to 1.3 ft

® Splits between upper & ground level sources
must vary independently

® Future modeling should use 25-45 profile or
equivalent two point source model



Barrier/Distribution Observations

® Height distributions are substantially modified by

oarriers
O

Distributions used in TNM do not reflect actual
trucks measured in open conditions

® TNM distributions show higher sensitivity to
increasing barrier height
— Could result in higher walls

— Could result in more walls being not feasible or
reasonable



TNM Analysis

Making Sausage



Early Ca’Itrans—Beamforming Measurements
' April 2007 in D-4 Petaluma, CA

==




Time Saving Workflows with FHWA TNM
2.5 and 3.0

AASHTO Meeting June 27-28, 2018

ADOT 1



I
What is the role of Noise staff at DOT?

&

Noise Abatement Policy — for approval
Noise Wall Inventory

ENVIRONMENTAL
& PROJECT
MANAGERS

Local Public

Agencies (LPA)

ADOT RESEARCH

CONSULTANTS e
COMMUNICATIONS

Instructions and guidance
Review of Traffic Noise Analysis Report

Scope of works - review

Traffic Noise Analysis

e Screening
® Reports, re-evaluations
e Construction Noise Analysis

Public meetings

Ad hoc impact studies (fog seal, chip seal)

Continuous improvement

Noise inquiries response & measurements

Facts about noise & FAQ ]
Public meetings }

sy o oy

ADOT

ADOT Continuous Improvement: Everyone, everywhere, solving problems, every day!



What is STREAMLINING?




e
Land Use Determination—Distance from

proiect area

I TR T YT RYT

B 2 DHH DY
DHB BHH  BHB PPN

600 - 800 feet

\

Project Area

Noise Analysis Area

ADOT 4



I
Land Use Determination—Distance from

project area

Noise levels at 50-800 ft distances

85

80 3
70 / NAC
65 B — 67 67 Hard

60

55 % Hourly volume | 7500 % mph

50 ﬁ Auto 90 70
0 50 —— e

—_—
. MedTruck 5 70

800 400 200 10
ﬁ N ﬁ \ HevTruck 5 70

ADOT distance for undeveloped land

ADOT 5

i




BUDGET STRUCTURE
INDIRECT EXPENSES TOTAL EXPENSES

5UM OF DIRECT ANF
INDIRECT EXFEMNSES

Humans resources _ Overhead

Total 2s of Direct Expenses
Rate (%) in calc.

In USS

17.00 95.00 1,615.00 1,615.00 0.00 1,615.00
5.00 95.00 475.00 475.00 0.00 475.00
4.00 95.00 380.00 380.00 0.00 380.00
2.00 140.00 280.00 280.00 0.00 280.00

4,360.00 4,260.00

ADOT Continuous Improvement: Everyone, everywhere, solving problems, every day!
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TNM 3.0 |mprovement
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I
From planning to EIS Tier 1 analysis

- TNM 3.0 screening

Q Long-term List of fﬂ Alternative 1 Qualitative Quantitative
studies Alternatives (Segments 1, Evaluation of Evaluation of
Stakeholders with 2,3) Selected Selected
inputs g Segments Alternative 2 Alternatives Alt;:rnatlve

> @ ® Evaluation %5 ¢ (Segments4, an

= S © > 5 6) Segments

c S S = C s i (o]

= @O € O ® = T

5 o 0 9 QO = 4

o <wn O wn < wl

ADOT

ADOT Continuous Improvement: Everyone, everywhere, solving problems, every day!



EIS Tier 1 analysis
- TNM 3.0 screening and contours

Legend » 3 x [ PLANVIEW 3DVIEW X | SECTION VIEW REPORT VIEW
[+ BaseMap

Taffic Noise Model [SR 30] \
/. . Home  Edit/Modify  View  Settings  Calculate  Bamer Analysis foul Reports  Windows  Help
: land development planning :

4 ===[y] ContourGrid_1

~ visual presentation of zone beyond W e W

. 4 [C] Contour Zones
impacts Ci |

4 »—a V] Roadways

- ~—3

. . . 4 ® [J] Receivers
historic properties °

wildlife and protected species

/.\DDT ADOT Continuous Improvement: Everyone, everywhere, solving problems, every day!



e
Pavement treatment
Site equivalency by TNM 3.0

37-Apr 25-Apr 4-May 75-May

Location 1 3A Increase Location 1-34
14:00 17:52 13:05 12:56 0
773 783 783 &1 *
. . . 7.9 787 754 &7
M I 63 73 .2
- odeling median parrier i am e e cammre I SN e
Location 2 Increase T —
. . 14:39 18:35 13:37 4
- Modeling reflections off
75 754 T4
749 7.4
. . F 55 " 9539 " T2 1.7
median barrier Caoaion3 inerease
15:30 13:33 14:15
774 783 5.7
H H T 783 731
- Single vs multilane
F 774 " 730 " 734 Z.0
. Location 4 Increase
m 16:15 15:29 15:21
O e Ing 4.2 T2.8 T4 o
741 73.3 5.2
. . T35 126 54 1z
At h d t r 738 ' 728 " 743 10
- maospneric conaitions
16:54 16:08 14:16 15:57 == Type 1~ OBSI Test Locations
- - J 0
tem t d humidit = E e 2~ cniranmentol o
e pera u re an u I I y 7.0 764 7539 797 . Type 3 — Wayside Test Locations
O T e T 5 v |7 s me o e mr [ee |2
Location 6 inareasel “;:":I w2 |7 |me |ews w2 |ma |ms ;s a
17;:‘; mégi 15&:“5 15;33; o i e e o e e I \
770 786 a1 757
756 01
F w3 " w6 " &3 7 799 3.0
AVERAGE 2.4
MEDIAN 2.3 |

ADDT ADOT Continuous Improvement: Everyone, everywhere, solving problems, every day!




I
Pavement treatment
Site equivalency by TNM 3.0

— - - - — a
Modeling median barrier p 5 s B
4 Basic
Ne— Category O | Mainline
Modeling reflections off Name [ SR101-we
median barrier Notes »
N——— On Structure a
Single vs multilane Surface 0 | PortlandConcrete
modeling Width [ft) O n
~ 4 Flow Control
Atmospheric conditions Lanwo! Device | None g
temperature and humidity Percent Affected g 100
- Speed Constrant [mph] [J
\ 4 Multi-Lane Settings
2 _aned

/.\DDT ADOT Continuous Improvement: Everyone, everywhere, solving problems, every day!



oise Impact Determination
Methodology meeting

¢ DCR, Traffic Study,

e Terrain data

* Engineering documents
e Highway Infrastructure
e Land use inventory

e Sites
* Procedure

METHODOLOGY MEETING CHECKLIST

Description of the information
DCRand/or Traffic Smdy, most current available
Terrain dam - Digital Terrain model
Currentand future ADOT roadway
Number of lanes per dir eCtion
Ramps

infrastructure layout

Intarsections, roundabouts
On structure Toadway !éﬂ»a_nl. .zn':gel._ J-'Ill;-IEG B

Traffic ighs, 4
1 ey, weght
e Cathgories ang
Accounted for, incug
Seveloped Bnd with

ing Stations, trock parking
Lang = 3 F
faciities Cearly identified ang al
ng Undeveloped and, ang Bartaby
CUITENt permit sty Cearly determineg
3 UTber of the monitoring feceivers Placed 1
TN conditions ang THM vaks

Amples, duration,
nd raffic mix for

rediction mod
= s “Phlemenyy) ¢,
T --_2_5_“_"___1"_‘5?_‘ Noise Mog, Lt;-l:n“ g

1

oo

al, induding —

Consultant:

Complete

0 [ooooooo

O 0| 0 Doopoooog




e
Methodology meeting

Preparation for

Methodology Methodology Draft Noise Study

meeting

meeting W,
Noise
measurement
to determine
existing noise
environment
urrent and future ADOT roadway infrastructure layout,
number of lanes per direction,

t
. Py
:
o ramps Making TNM Final Noise Study
®  intersections, roundabouts Existing conditions Report
:
:

on structure roadway sections, bridges

Preparation for Methodology meeting, " et ey o,k II
A phase where consultant acquires relevant information for the noise analysis e
- SNBSS ®  Location and number of the monitoring receivers placed to
Methodology meeting Jl e I‘_> drermine B s T it S o T

A phase where both consultant and ADOT EP Noise discuss noise analysis oty S o e g
requirements in detalil
Field Measurement, Existing conditions TNM modeling and model calibration
A phase where consultant prepares TNM model for ADOT EP Noise preliminar -~ g e
review >y S
Acceptance of TNM model for Existing conditions by ADOT EP Noise ‘ ——
Future prediction TNM modeling, with impact determination and abatement measures II
consideration, internal review by consultant, following Pre-screening module sor )
Acceptance of TNM model for Future conditions, with impact determination and T— ’
abatement measures consideration, by ADOT EP Noise NOISE ANALYSIS REPORT
Submittal draft report, and acceptance Submittal and Acceptance /
Acceptance of the Final Report

Location and number of the receivers to be modeled, and .
number of receptors they represent per Activity Category ¢ ¢
Applicable approach in the noise prediction model, /

including reference to Supplemental Guidance on the
Application of FHWA's Traffic Noise Model (TNM)

Latest DCR and/or
Traffic Study

Submi
model

ADOT 13




I
Conclusion

“a modernized and streamlined
State government is one that
moves at the speed of
business... State government
thinks and does business as one
enterprise.”

https://ams.az.gov/

LEAN, removing Muda (waste), Muri
(overburden) and Mura (unevenness)

In Noise, by removing
e Squirrels
» Bells, and
Whistles

ADOT

ADOT Continuous Improvement: Everyone, everywhere, solving problems, every day!
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QUALITY POLICY

The Quality Policy for the Arizona Department of Transportation as
shown below is hereby adopted and will be used in conjunction with
all activities within the department:

We will consistently provide our customers
products and services that meet mutually
agI'CEd-upon rcquifements.

mess/r%f hand this 15t day of March 1993

Lyrry §. Bonine, Dircctor
izons Départme:

nt of Transportation

ADOT is recognized and respected as:

e The model of efficient, effective, responsive
government.

¢ The preferred partner of business and industry.

e The employer of choice, attracting and retaining
the best and brightest.

Continuous improvement is our way of life!

ADOT

Tremaine Wilson
Angie Newton
Joe D’Onofrio

Joonwon Joo

Beverly Chenausky

AdotAirNoise@azdot.gov

ADOT Continuous Improvement: Everyone, everywhere, solving problems, every day!
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