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Techniques for Reviewing TNM Model Runs and Associated Noise Modeling Reports
Federal Highway Administration

1.0 What Every Reviewer Should Know

Every state highway agency (SHA) must develop a noise policy to comply with the
requirements of the Federal Highway Administration (FHWA) noise regulation, Procedures for
Abatement of Highway Traffic and Construction Noise, 23 CFR 772 [1]. SHAs must conduct noise
studies for federal highway projects in accordance with the FHWA noise regulation and the
SHA noise policy.

SHAs have flexibility in developing their noise policies and documenting the results of the
noise studies. This guide provides technical guidance and is a tool for SHA practitioners to
support and promote comprehensive and efficient reviews of highway traffic noise studies.
This guide provides guidance for reviewing noise models developed with FHWA’s Traffic
Noise Model (TNM) version 3.0 (TNM 3.0). Some SHAs already provide guidance for TNM
models review. This guide serves as a supplemental resource but is not intended to replace
SHA guidance.

1.1 Legislation, Regulations and Policies

1.1.1 The National Environmental Policy Act (NEPA)

The National Environmental Policy Act of 1969 (NEPA) established a national policy on the
environment and created the Council on Environmental Quality (CEQ). The purpose of
NEPA is to minimize or eliminate damage to the environment caused by actions funded or
taken by the federal government. NEPA provides broad authority and responsibility for
evaluating and mitigating adverse environmental effects including those resulting from
highway traffic noise.

) ] THIS IS THE FIRST PROJECT
1.1.2 1970 Federal-Aid Highway Act IN THE UNITED STATES

ON WHICH ACTUAL CONSTRUCTION WAS STARTED
UNDER PROVISIONS OF THE NEW

: : FEDERAL AID HIGHWAY ACT OF 18
The Federal Aid Highway Act of 1970 (FAHA 1970) mandated SR AL HLANAL ALT CF (156
CAMEQUN(,: ;AUTYR[:AE"YS[)QCOMPANY

that FHWA develop noise standards for identifying noise

impacts and evaluating noise mitigation for federal projects.
FAHA 1970 also stipulated that FHWA cannot approve plans
and specifications for federal projects unless the project includes
adequate noise abatement measures to comply with the
standards.

s D T N e
Source: "Three States Claim First Interstate

1.1.3 FHWA Noise Regulation (23 CFR 772) Highway", by Richard F. Weingroff, FHWA,
) ) ) Public Roads, Vol. 60, No. 1, Summer 1996
FHWA developed noise regulations or standards in response

to the requirements set forth in FAHA 1970. The purposes of the FHWA noise regulation
are to:

e Provide procedures for noise studies and noise abatement measures to help protect
public health, welfare and livability;
e Supply noise abatement criteria (NAC); and
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e [stablish requirements for information to be given to local officials for use in the
planning and design of highways.

FHWA has updated the regulations as summarized below:
DEPARTMENT OF TRANSPORTATION

o 1973 - Policy and Procedures Memorandum (PPM) 90-2. Federal Highway Administration
o 1976 — Federal-Aid Highway Procedures Manual, 1 olume 7, 23 CFR Part 772
Chapter 7, Section 3 (FHPM 7-7-3). :::":2:"::;"‘" FHWA-2008-0114]
o 1982 - Procedures for Abatement of Highway Traffic Noise and Procedures for Abatement of Highway
Construction Noise, 23 CFR 772. Traffic Noise and Construction Noise
o 1997 - Procedures for Abatement of Highway Traffic Noise and Ao eramar nor.
Construction Noise, 23 CFR 772: Revised eligibility for ACTION: Final rule.
Type II projects.

e 2005 - Procedures for Abatement of Highway Traffic Noise and Construction Noise, 23 CFR
772: Revised to require FHWA’s Traffic Noise Model (FHWA TNM) for highway
traffic noise analyses.

o July 13, 2010 - Procedures for Abatement of Highway Traffic Noise and Construction Noise, 23
CFR 772: Revised to add definitions and to clarify the applicability of the regulation,
certain analysis requirements, and the use of Federal funds for noise
abatement measures. [1]

Each update supersedes and replaces the previous one.

1.1.4 State Highway Agency (SHA) Noise Policies

On June 12, 1995, FHWA issued a memorandum requiring states to adopt written statewide
noise policies. These written state policies must be approved by FHWA and demonstrate
“substantial compliance” with the FHWA noise regulation. On July 13, 2010, FHWA
amended 23 CFR 772 that required states to develop noise

policies consistent with the regulation and that are applied o

uniformly and consistently statewide. SHAs have flexibility SS== Mishway Traffic Noise:

Analysis and Abatement Guidance
in developing their noise policies and documenting the

results of noise studies.

1.1.5 FHWA Guidance

FHWA concurrently published the document, Highway
Traffic Noise Analysis and Abatement: Policy and Guidance
(FHWA’s guidance), to aid states in developing their
policies. FHWA updated this guidance most recently in
December 2011 [2] to ensure consistency with the July 13,
2010 FHWA noise regulation.

FHWA HEP.10.025 gl e 10 mdxeviel Ducaber 2000

FHWA has developed answers to many Frequently Asked
Questions (FAQs) and also developed a series of “Highway Traffic Noise Resources” to
assist SHAs in implementing the FHWA noise regulation.
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1.2 Noise Study Requirements

The FHWA noise regulation requires noise studies for Type I projects including roadway
widenings to provide additional through travel lanes, the construction of a highway on new
location, the physical alteration of an existing highway that significantly changes either the
horizontal or vertical alignment or increases capacity. Projects that involve the addition of a
new or substantial alteration of a weigh station, rest stop, ride-share lot or toll plaza are also
Type I Projects.

The SHA must conduct detailed noise analyses for Type I projects as well as for Type 11
projects, which involve the construction of noise barriers when there is no associated
highway project. Projects that are not Type I or Type II are Type I11. Type III projects
include projects that typically do not add capacity and are not expected to cause noise
impacts including maintenance, roadway safety, bridge repair, intersection improvement, and
bicycle and pedestrian projects. Noise analyses are not required for Type III projects
regardless of the type of environmental document.

1.3 Traffic Noise Terminology

Highway traffic noise levels are expressed in terms of the hourly, A-weighted equivalent
sound level in decibels (dBA). A sound level represents the level of the rapid air pressure
fluctuations caused by sources, such as traffic, that are heard as noise. A decibel is a unit that
relates the sound pressure of a noise to the faintest sound the young human ear can hear.
The A--weighting refers to the amplification or attenuation of the different frequencies of
the sound (subjectively, the pitch) to correspond to the way the human ear “hears” these
frequencies. Generally, when the sound level exceeds the mid-60 dBA range, outdoor
conversation in normal tones at a distance of three feet (0.9 meters) becomes difficult. A 9-
10 dB increase in sound level is typically judged to be twice as loud as the original sound,
while a 9-10 dB reduction is half as loud. Doubling the number of sources (i.c., vehicles)
increases the hourly equivalent sound level (L) by approximately 3 dB, which is usually the
smallest change that people can detect without specifically listening for the change. Figure
1-1 shows some common indoor and outdoor sound levels.
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Figure 1-1: Common Sound Levels

COMMON OUTDOOR NOISES COMMON INDOOR NOISES
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Because most environmental noise fluctuates from moment to moment, it is standard
practice to condense data into a single level called the equivalent sound level (Le). The L is
a steady sound level that would contain the same amount of sound energy as the actual time-
varying sound evaluated over the same time period. The L., averages the louder and quieter
moments, but gives much more weight to the louder moments in the averaging. For traffic
noise studies, L. is typically evaluated over the worst one-hour period and is defined as L,

(1h).

The term insertion loss (IL) is generally used to describe the reduction in L. (1h) at a
location after a noise barrier is constructed. For example, if the L., (1h) at a residence before
a barrier is constructed is 75 dBA and the L, (1h) after a barrier constructed is 65 dBA, then
the insertion loss would be 10 dB.

Noise studies may use the terms “receptor” and “receiver” that are similar but distinct.
Receptors represent noise-sensitive locations, such as a backyard or an outdoor seating area
at a restaurant. Receivers are discreet TNM modeling points that represent receptors. A
TNM receiver can represent a single receptor or a group of receptors, such as using one
TNM receiver to represent a group of residences with similar sound levels.
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1.4 Criteria for Determining Impacts

Noise impact is determined by comparing predicted future noise levels with the project: (1)
to a set of Noise Abatement Criteria (NAC) for a land use activity category, and (2) to

existing noise levels.

The FHWA noise regulation states that traffic noise impacts require consideration of

abatement when worst-hour noise levels approach or exceed the NAC listed in

Activity
Category

LAeq(h)

Evaluation
Location

Activity Description

57

Exterior

Lands on which serenity and quiet are of extraordinary
significance and serve an important public need and where
the preservation of those qualities is essential if the area is to
continue to serve its intended purpose.

BO

67

Exterior

Residential.

cw

67

Exterior

Active sport areas, amphitheaters, auditoriums, campgrounds,
cemeteries, day care centers, hospitals, libraries, medical
facilities, parks, picnic areas, places of worship, playgrounds,
public meeting rooms, public or nonprofit institutional
structure, radio stations, recording studios, recreation areas,
Section 4(f) sites, schools, television studios, trails, and trail

crossings.

52

Interior

Auditoriums, day care centers, hospitals, libraries, medical
facilities, places of worship, public meeting rooms, public or
nonprofit institutional structure, radio studios, recording

studios, schools, and television studios.

E@

72

Exterior

Hotels, motels, offices, restaurants/bars, and other developed
lands, properties or activities not included in A-D, or F.

Agriculture, airports, bus yards, emergency services,
industrial, logging, maintenance facilities, manufacturing,
mining, rail yards, retail facilities, shipyards, utilities (water

resources, water treatment, electrical), and warehousing.

Undeveloped lands that are not permitted.

a7
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or substantially increase existing noise levels. FHWA requires that each SHA define
“approach” and “substantial increase.” Most SHAs define approach as one dB below the
NAC. FHWA permits SHAs to define “substantial increase” between 5 and 15 dB.

The FHWA established the NAC based on interference of speech communication. The
NAC are a compromise between noise levels that are desirable and those that are achievable
and are not design goals. SHAs should focus noise abatement efforts on achieving the noise
reduction design goal; not reducing noise levels below the NAC.

1.5 How to Use this Guide

Section 2 of this guide provided a Tier 1 approach that provides basic details and checklists
for reviewers performing accelerated reviews and includes information on how to review
noise models developed using TNM 3.0. Section 3 of this guide provides a Tier 1 approach
that provided in-depth advanced scenario details and checklists useful for detailed reviews of
complex projects and reviews specific project scenarios using the National Cooperative
Highway Research Program (NCHRP) Report 791, Supplemental Guidance on the
Application of FHWA’s Traffic Noise Model (TNM). Section 4 identifies challenges in
TNM 3.0 analysis (Section 4). Appendix A includes a checklist tool for review of noise
models.

TNM 3.0 differs from its predecessor, TNM 2.5, in the way it names models. TNM 2.5 used
the term “run” to define a specific model while TNM 3.0 uses the term “project”. Therefore,

all references in this guide to “project” are for the TNM model and not the Type I project
for which the noise study is being conducted.

Sections 2 and 3 are in a statement and response format. The reviewer can move through
each section of a guide to evaluate the completeness and accuracy of a submitted noise
model. The reviewer can use the associated TNM 3.0 noise modeling review checklist in
Appendix A to determine if it provides all required information. A reviewer can complete a
checklist for each report noting items that are complete and add notes on items that are
missing, incorrect, or need attention.

The blue boxes in the right margin throughout the guide provide additional review tips,
many of which reference the FHWA Frequently Asked Questions (FAQs) available on
FHWA's Noise Program website.

The TNM 3.0 review questions tie directly to the review checklist in Appendix A. The
reviewer can complete a checklist for each noise model noting items that are modeled
correctly and adding notes on items that are missing, incorrect or need attention.

The reviewer should also use the FHWA’s review guide, Technigues for Reviewing Noise Analyses
and Associated Noise Reports, to review the associated noise study report to ensure that the
TNM modeling results are reported accurately.

FHWA also updated the Noise Measurement Handbook and developed a Noise
Measurement Field Guide. SHAs may opt to use these documents to supplement their noise
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measurement procedures. All referenced FHWA documents are available on FHWA’s Noise

Program website.

Table 1-1: Noise Abatement Criteria [Hourly A-weighted Sound Level, decibels (dBA)]

Activity
Category

LAeq(h)

Evaluation
Location

Activity Description

57

Exterior

Lands on which serenity and quiet are of extraordinary
significance and serve an important public need and where
the preservation of those qualities is essential if the area is to
continue to serve its intended purpose.

B

67

Exterior

Residential.

co

67

Exterior

Active sport areas, amphitheaters, auditoriums, campgrounds,
cemeteries, day care centers, hospitals, libraries, medical
facilities, parks, picnic areas, places of worship, playgrounds,
public meeting rooms, public or nonprofit institutional
structure, radio stations, recording studios, recreation areas,
Section 4(f) sites, schools, television studios, trails, and trail

crossings.

52

Interior

Auditoriums, day care centers, hospitals, libraries, medical
facilities, places of worship, public meeting rooms, public or
nonprofit institutional structure, radio studios, recording

studios, schools, and television studios.

E@

72

Exterior

Hotels, motels, offices, restaurants/bars, and other developed
lands, properties or activities not included in A-D, or F.

Agriculture, airports, bus yards, emergency services,
industrial, logging, maintenance facilities, manufacturing,
mining, rail yards, retail facilities, shipyards, utilities (water

resources, water treatment, electrical), and warehousing.

Undeveloped lands that are not permitted.

' Includes undeveloped lands permitted for this activity category. Source: 23 CFR 772, July 2010.
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2.0 Reviewing TNM Objects Scenarios and TNM
Reports

2.1 Introduction

FHWA updated the acoustical algorithms in TNM 3.0 to support more
accurate noise analyses. TNM 3.0 uses a Graphical User Interface (GUI) that
incorporates geographic information systems (GIS) capability. When
complete, the TNM 3.0 will provide FHWA stakeholders with a modern
noise analysis tool that interacts with common highway design software.

TNM 3.0 also has updated acoustical algorithms (including the ability to
process treflections off of single bartiers, as well as Lio/Ls capabilities), and
interoperability via a TNM plug-in to Esti's ArcGIS®, AutoDesk's
AutoCAD®, and Bentley's MicroStation®. These enhancements provide
more flexibility and accuracy during data entry and better visual
representations during data analysis for highway traffic noise studies.

Figure 2-1 shows the graphical user interface of the TNM 3.0. The new
layout allows the user to select from a variety of base-maps as background
for the model. The GUI layout is explained in detail in Section 2.2.

Figure 2-1: TNM 3.0 Initial Screen

D fRe—

Cosrdingtes: 9150953320 530748077

TR 2cove Recevr hame. Sequence Number X ¥ Zgrounc] Heg [ # Rcepeon
Levels/Crtera
Adustment Factors
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2.2 Project Settings

Check completeness of basic setup information.

Check that the basic setup information includes the organization, the agency
and contract number, the project units, the project projection, the TNM
project name (i.e. Existing, Future No-Build and Build, etc.) and a brief
project description including analyst name.

Figure 2-2: TNM 3.0 Project Setting

@ Edit Project X

Consultant Name

State Highway Agency - District No.

L L o
World
WebMercator

LAeq1h: Volumes, Speeds l
|

I-75 Future Build

Barrier Design Runs ( by: TNM Analyst Name)

Cancel

Project information can also be viewed by clicking the “Project Information’
in the Object Details Pane.

b

Figure 2-3: Project Information

Project Information

Run Title: TNM3.0 Standalone Webinar Case
Number of Receivers: 13

Unit Of Measure: English

Organization:

Project Contract: FHWA TNM 3.0

Analysis By:

Status: New Case
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2.3 Project Layout

The screenshots shown below and for the rest of the document are meant as
an example and are not intended to recommend the project extents to model
in actual projects. The TNM project layout shows the Legend Pane, the View
Pane, the Edit Pane and the Object Details Pane (Figure 2-4).

e The Legend Pane displays the layers and TNM objects
e The View Pane displays the map and associated data using different
visualization methods

e The Edit Pane contains the editing functions
e The Object Details Pane lists the data for the active TNM object
e The Properties Pane

Figure 2-4: TNM 3.0 Layout

Legend Pane Edit Pane

[ S | G S | Comts S | U St ettt | St | Pk

Properties Pane

View Pane

Object Details Pane
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2.4 Project Views

Check the various project objects using several views, which will be
elaborated on in the following sections, as well as a measuring tool that can

be used to measures distances between the different objects. The TNM
project views are:

e Section view
e 3D View
e Measurement Tool

Figure 2-5: Section View

Cross Section
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Figure 2-6: 3D View

3DVIEW X | SECTION VIEW REPORT VIEW
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Figure 2-7: Measurement Tool (feet or meters)

PLANVIEW X |3DVIEW | SECTIONVIEW | REPORT VIEW

Coordinates: x 337303908196 .\y: 4832452.52264 5/

2.5 Receivers

A Standard model calculates noise levels at area(s) of frequent human use
with receivers placed in representative locations where frequent human use
occurs. The reviewer can enable the receiver layer (Figure 2-8), review the
plan view, and check receiver data in the Object Details Pane or receivers
report (Figure 2-9). The reviewer can save and export the report to Excel,
Word and PDF to check coordinates and other object details.

Figure 2-8: Receivers Plan View
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Figure 2-9: Receivers Report View

PLANVIEW  |3DVIEW [ SECTIONVIEW | REPORTVIEW X

M4 o1y e @@ @ E@AE-| pagewicth  ~ Find | Nedt
REPORT: ‘Soundlevel Input: Receivers 5
TNMVERSION 30 REPORTDATE 4 ey 2017
CALCULATED WTH 30 CALGULATION DATE 2812017 92253 AM
CasE: TNB.0 Standalone Webinar Case ORGANIZATION: Environmental Acoustics - GannettFleming Inc
PATH ANALYSISBY.
CALCULATION SEQUENCE NUNEER: TNMSERIAL NUVBER

PROJECTICONTRACT TNB.0 Stan dalone Webinar Case

[Grandview Hospital S| .
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Palmer 2 21 4] seoio| e 2wl 500 — 0 | 8| v

Palmer 3 2 5| swusim| wmwe®| 20| 500 = 0 = 8] v

Receiver Page 1of 1 4May 2017

< >

Confirm that model identifies receivers’ names.

It is helpful to name receivers using street addresses or property names for
non-residential properties. Receiver names could also be tied to the
stationing for the project. Overall the analyst should use a consistent naming
system for all receivers. Some SHAs have guidance on naming receivers.

e  Object Details Pane should indicate the number of dwelling units
(also known as receptors) represented by each receiver.

Check receptor number accuracy for each receiver.

Check that each receiver represents the correct number of receptors. In some
cases, one TNM receiver can represent multiple receptors. However, the
receptors should be expected to experience similar sound levels for both

existing and future conditions and have comparable noise reductions if a
barrier was constructed.
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Figure 2-10: Receivers Input Data

Receivers
Receivers Active Receiver Name Sequence Number X [m] ¥ [m] Z [greund] [ft] Height [ft] ¥ Receptors Notes
Levels/Criteria Grand Silent Hospital -9373312 48325055 753 5 1

Adjustment Factors

Singing Church

Quiet Park

Tennis Courts

Sound Institute

Motel REMEL

Pink Moise Restaurant
107 West Grand Ave.

[la) & & [&] [&] [&] 4] [&] [&]

5050 Palmer St.

B

-9373226 4832429 751
-9373087 4832221 748
-0373005 48319465 745
-9373177 4832000.5 776
-0373167 48323845 749
-9373140 48323885 747
-9373033 4832408 743

-0373115 4832393 743
-0373154 48323465 749
-9373101 4832356 742

(LT RV R BT R R}

5
5
5

10
10
2

= R R

4
4

Receivers | Barriers | Roadways | Terrain Lines | Building Rows | Tree Zones | Ground Zones | ‘Contour Zones | User Defined Vehicles | Cutput | Project Information | Calculation Results I

Check accuracy of receiver elevations and heights and accuracy of

height above ground for modeled upper-floor receivers.

Check that receiver height is set by default to 5 feet above ground or 5 feet

above the floor level for upper floors of multi-story buildings as shown in

the “Height” Column in Figure 2-10. Check elevations by opening section
(Figure 2-11) and 3D views and checking heights in the receiver Object
Details Pane or receivers report.

Figure 2-11: Section View

SECTION VIEW

Cross Section

—

Palmer 3

Height (f
E
I

720

SBOut 5B Ins.

.........  f——

NBins NBOut

T T T
20 40 60

T
100

Distance (ft)

Check that enough modeled receivers are present to account for

impacts and benefits.

Check that the analysis identifies all impacts and the modeling extends an
adequate distance from the road. The distance needed to identify all impacts
will vary from project to project. The impact distance for arterial widening
projects may only be a couple of hundred feet while the impact distance for a




Techniques for Reviewing TNM Model Runs and Associated Noise Modeling Reports
Federal Highway Administration

new alignment project may be well beyond 500 feet. Similarly, the modeling
should extend an adequate distance to ensure all benefits are identified if a
barrier is evaluated. This distance varies by locations and may depend on the
specific requirements of the noise barrier design process. The reviewer can
use the measurement tool to determine the distance from the receivers to the
nearest lane.

Figure 2-12: Measurement Tool (feet or meters)

PLANVIEW X |3DVIEW | SECTIONVIEW | REPORT VIEW

Check that the NAC are correct for modeled receivers, the Noise
Reduction Design Goal are set per the SHA noise policy, and the
threshold for Substantial Increase is set per the SHA noise policy.

Check the “Levels/Criteria” data in the receiver Object Details Pane or
receivers report to ensure that the values for all State-specific criteria are
propetly identified. These criteria include the values for:

e The Noise Abatement Criteria (titled ‘“Absolute Criterion’ within

TNM.

e The threshold for substantial increase (titled ‘Relative Criterion’ within

TNM.

e The noise reduction design goal.
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Figure 2-13: Receivers “Levels/Criteria” Data

Receivers
Receivers Receiver Name Sequence Number Existing LAeq, Th Noise Reduction Goal [dBA] Absolute Criterion [dBA] Relative Criterion [dBA]

’m Grand Silent Hospital 1 0 ) 66 10
_ Singing Church 2 a 8 L] 10
Adjustment FCIOrs | o et park 3 0 8 66 10
Tennis Courts 4 a 8 66 10
Sound Institute 5 a 8 L 10
Motel REMEL 13 a 8 L 10
Pink Noise Restaurant 16 a 8 L 10
101 West Grand Ave, 17 a 8 06 10
105 West Grand Ave, 18 a 8 06 10
110 West Grand Ave. 19 1) 8 06 10
500 Palmer St. 20 1) 8 06 10
5050 Palmer St. 21 0 8 66 10

Receivers | Barriers I Roadways | Terrain Lines | Building Rows | Tree Zones | Ground Zones | Contour Zones | User Defined Vehicles | Output | Project Information | Calculation Results I

2.6 Roadways

The TNM project should include modeled roadways for existing and
proposed lanes. One TNM roadway may represent multiple lanes. However,
FHWA recommends modeling each lane separately for more accurate results
FHWA FAQ). NCHRP Report 791 provides additional details on input of
TNM roadways.

The reviewer can enable the roadway layer (Figure 2-14), review the plan

view, and check roadway data in the Object Details Pane or roadways report
(Figure 2-15). The reviewer can save and export the roadway report to Excel,
Word and PDF to check coordinates and other object details.

Figure 2-14: Roadway Plan View
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Figure 2-15: Roadway Report View

I 1 of 11D M|« @ | E A W~ | PageWidth - Find | Next
REPORT: INPUTROADWAYS :
TNM VERSION: 30 REPORT DATE: 5May2017
CALCULATED WITH: 30 CALCULATION DATE: 2/8/2017 9:22:53 AM
CASE: TNM3.0 Standalone Webinar Case ORGANIZATICON: Environmental Acoustics - Gannett Fleming Inc.
PATH ANALYSIS BY:
CALCULATION SEQUENCE NUMBER: TNM SERIAL NUMBER:
PROJECT/CONTRACT: TNM3.0 Standalone Webinar Case
Road Segment Road Segment
Roadway Roadway Start Point Coordinates (pavement) Width Point Road Pavement On
Name Notes Name | Number X Y 3 Notes Category Type Structure
[ft] (] [it] [ft]
I75SBto Point_16 0[-9372575.00| 4832674.00 74000 1400 Mainline Average No
Grand Ave
Point_17 1]-9372646.00| 4832633.00 740.00 1400 Mainline (Average No
Point_19 2|-9372704.00| 4832607.00 74000 1400 Mainline Average No
Point_21 3(-0372754.00| 4832587.00 74000 14.00 Mainline Average No
Point_23 4]-9372815.00| 4832566.00 74000 1400 Mainline Average No
Point_25 5[-9372876.00 | 4832565.00 74000 14.00 Mainline Average No
Main St to SB Point_32 0[-0372685.00| 4832611.00 74000 1400 Mainline (Average No
Point_33 1{-0a72730.00| 4832577 00 74200 14.00 Mainline Average No
Point_35 2[-ea72770.00] 483254500 744,00 14.00 Mainline Average No
Point_37 3[-9372807.00| 4832507.00 746.00| 14.00 Mainline Average No v

Verify assignment of roadway names.

Verify that roadways have unique names that also indicate direction of travel
(i.e. Main Street Eastbound) (Figure 2-16).

Figure 2-16: Roadway Input Data

Roadways
| Roadways Name Comments
Points NB 75 to EB SR 4 (Ramp E1)
SB West Great Miami Blvd Inside 1
Segments

SB West Great Miami Blvd Outside 1
Traffic SE Main St Outside 1

Flow Control 5B Main 5t Inside 1

NB Main 5t Inside 1

NB West Great Miami Bivd Outside 1

NB West Great Miami Bivd Inside 1

NB Main 5t Inside 1

Forest Ave

W. Grand Ave_Divided

W. Grand Ave to W, Great Miami Blvd

|Receivers Barriers | Roadways | Terrain Lines | Building Rows | Tree Zones | Ground Zones

Check linkage of roadway point names to stationing.

It is recommended to tie the names of roadway points to the project
stationing to provide a link to the project design plans (Figure 2-17). It is
recommended that the direction and lane are added to the name of roadway
points.

10



Techniques for Reviewing TNM Model Runs and Associated Noise Modeling Reports
Federal Highway Administration

Figure 2-17: Roadway Input Data (showing point names)

Roadways
Roadways ] Roadway: SB 75 CenterlLane =
Points
Point Name Point Mumber X [m] Y [m] Z [pavement] [ft] Road Width [ft]
Segments
SB_C_STA 150 9 -9372514 4832658 764 13
Traffic SB_C_STA 150450 10 -9372564 48326375 764 13
Flow Control SB_C_STA 151 11 -9372638 4832599 763 13
SB_C_STA151+50 12 -9372674 4832576 7625 13
SB_C_STA 152 13 -9372722 48325405 762 13
SB_C_STA 152450 14 -9372778 48324935 761 13
SB_C_STA 153 15 -9372803 4832467 761 13
SB_C_STA153+50 16 -9372834 4832432 761 13
SB_C_STA 154 17 -9372864 48323905 761 13
SB L STA IS SO 18 0272094 AQ2729 7 261 a2

Receivers | Barriers | Roadways | Terrain Lines | Building Rows | Tree Zones | Ground Zones | Contour Zones

Verify modeled roadway categories and pavement types.

TNM 3.0 includes three categories of roads: mainline, ramp and shoulder.
Check the assighments in the roadway Object Details Pane or the roadways
report.

Figure 2-18: Roadway Segment Data

Roadways
Roadways Roadway: SB 75 CenterDivided Divided =
Points } B
Start Point  Start Peint Number Road Category Surface Type On Structure
@ Point_179 9 Mainline Average True
Traffic Point_181 10 Mainline Average False
Flow Control | Point 183 11 Mainline Average False
Point_185 12 Mainline Average False
Point_187 13 Mainline Average False
Point_189 14 Mainline Average False
Point_191 15 Mainline Average False
Paint_193 16 Mainline Average False
_Pc:int_'|95 17 Mainline Average False

Receivers | Barriers | Roadways | Terrain Lines | Building Rows | Tree Zones | Ground Zones | Conte

Check the roadways report for road category and pavement type. TNM
currently allows the user to select from four pavement types: Dense-graded
asphalt concrete (DGAC), open-graded asphalt concrete (OGAC), Portland
cement concrete (PCC), and an average pavement type. An average

pavement is a pavement type consisting of Reference Energy Mean Emission
Levels (REMEL) data measured on DGAC and PCC pavements combined.
Use "average" pavement in nearly all situations. FHWA allows the use of
other pavement types for TNM validation purposes only.

11



Techniques for Reviewing TNM Model Runs and Associated Noise Modeling Reports
Federal Highway Administration

Figure 2-19: Roadway Segments

Roadways
Roadways | Roadway: NB 75 to EB SR 4 (Ramp E1) =
Points - .
Start Point  Start Point Mumber Road Category Surface Type  On Structure
segments | o 10 o Ramp Average False
Traffic Paint 123 1 Ramp Average False
Flow Control | Point 124 2 Ramp Average False
Point_74 0 Ramp Average False
Point_ 75 1 Ramp Average False
Point 77 2 Ramp Average False
Point_70 3 Ramp Average True

| Receivers | Barriers | Roadways | Terrain Lines | Building Rows | Tree Zones | Ground Zones | Cor

Check modeling of roadway shoulders.

FHWA recommends modeling shoulders as roadways with no traffic
(FHWA FAQ) when roads are super-elevated and to ensure that the
intervening ground is modeled as pavement and that the edge of the roadway
is modeled accurately. The NCHRP 791 report also recommended modeling
shoulders as separate roadways. Increasing the width of the near roadway is
also acceptable and does not require modeling additional roadway.

Check assignment of traffic volumes and speeds to all applicable
roadway segments.

Check the roadways Object Details Pane (Figure 2-20) or roadways report
(Figure 2-21) to ensure traffic and speeds are assigned correctly. Confirm that
traffic volumes and speeds are added for each vehicle category and vehicle
speed is assigned for each category.

Figure 2-20: Roadway Traffic Volume and Speed

Roadways

Roadways |i Roadway: SB 75 CenterDivided Divided ~ ~  Grid Settings ~ @CopyDawn
Points

Start Point Start Point Number Auto Volume Auto Speed [mph] Medium Truck Volume Medium Speed [mph] Heavy Truck Volume Heavy Speed [mph] Bus Volume Bus Speed [mph] Motorcycle Volume Motorcycle Speed [mph]

:S"g'“e"'s EUNICNE I - SR S S N S U T TR I ————
Traffic Point_181 10 1837 65 194 65 452 55 85 55 18 65

Flow Control | Pont183 11 1837 65 194 65 452 55 8 55 18 65
Point 185 12 1837 65 194 65 452 55 8 55 18 65
Point 187 13 1837 65 194 65 452 55 8 55 18 65
Point 139 14 1837 65 194 65 452 55 8 55 18 65
Point 191 13 1837 65 194 65 452 55 8 55 18 65
Point 193 16 1837 65 194 65 452 55 8 55 18 65
Point 195 17 1837 65 194 65 452 55 8 55 18 65
Point 197 _18 1837 65 194 65 452 55 8 55 18 65

| Receivers | Barriers | Roadways ‘ Terrain Lines | Building Rows | Tree Zones | Ground Zones | Contour Zones | User Defined Vehicles | Output | Praject Information | Calcu\al\nn_

12
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Figure 2-21: Traffic for TNM Vehicles Roadway Report View
EImETMEETELaTE

W47 of1 b M|« @ @ & E b | pagewidtn [ ] Find 1 Nee
~

NB75Inside |Point_27 14 1837 65 194 65 452 55 0 0 0 0
Point_29 15 1837 65 194 65 452 55 0 0 0 0

NB 75 Center |Point_92 0 1837 65 194 65 452 55 0 0 0 0
Point_93 1 1837 65 194 65 452 55 0 0 0 0
Point_1 2 1837 65 194 65 452 55 0 0 0 0
Point_95 2 1837 65 194 65 452 55 0 0 0 0
Point_97 3 1837 65 194 65 452 55 0 0 0 0
Point_4 4 1837 65 194 65 452 55 0 0 0 0
Point_99 4 1837 65 194 65 452 55 0 0 0 0
Point_101 5 1837 65 194 65 452 55 0 0 0 0
Point_103 6 1837 65 194 65 452 55 0 0 0 0
Point_105 7 1837 65 194 65 452 55 0 0 0 0
Point_107 8 1837 65 194 65 452 55 0 0 0 0
Point_109 9 1837 €5 194 65 452 55 0 0 0 0
Point_111 10 1837 €5 194 65 452 55 0 0 0 0
Point_113 1" 1837 €5 194 65 452 55 0 0 0 0
Point_115 12 1837 65 194 65 452 55 0 0 0 0
Point_117 13 1837 65 194 65 452 55 0 0 0 0
Point_119 14 1837 65 194 65 452 55 0 0 0 olv

Check that traffic control devices are accurately modeled.

Check roadways Object Details Pane or roadways report to determine if
roadway traffic flow control devices (i.e. stop sign, traffic signal, Toll Barrier
and On Ramp) are entered correctly. In addition, verify that traffic flow
control devices are checked for percent of vehicles affected (for example a
stop sign affects 100% of vehicles, but a stoplight may only affect 30% of all
vehicles) and constrained speed from decelerating and accelerating. TNM 3.0
allows the analyst to add a traffic control at any point on the road and there

is no need to break the road into two roadways and place the traffic control
device at the beginning of the second roadway as was previously done with
TNM 2.5.

Figure 2-22: Roadway Traffic Control Devices

Roadways
Roadways Roadway: NB75to EBSR4 -
Paoints
Point Name Point Number Control Device Vehicle Affected Constraint Speed [mph]
Segments 5
Point_122 0 Nane 0 0
Traffic Point 123 1 Nane 0 0
Flow Contral | Point 124 2 None 0 0
Point_74 0 None 1] 0
Point_77 2 None 0 0
Point_79 3 None 0 0
Point_125 7 None 0 0

Receivers | Barriers | Roadways | Terrain Lines | Building Rows | Tree Zones | Ground Zones | Contour Zones | U

13
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Check that roadways on structure are modeled correctly.

Check that roadways are on structure in the Object Details Pane or roadways
report. Structures can be solid, such as a fill embankment, or hollow
underneath, such as a bridge. Improper modeling of these roadways can
affect the noise propagation paths and alter the noise impact and abatement

results.

Figure 2-23: Roadway on Structure

Roadways

Roadways Roadway: SB 75 CenterDivided Divided =

Foints Start Point  Start Point Number Road Category Surface Type On Structure
SEETETE Point_195 17 Mainline Average False
Traffic Point_197 18 Mainline Average False
Flow Control | Point 199 19 Mainline Average False
Paint_201 20 Mainline Average False
Point_203 21 Mainline Average False
Point_205 22 Mainline Average False

(Pont] 2 Mainine  Averge  Tue

Point 207 23 Mainline Average True
Point_208 24 Mainline Average True
Point 211 25 Mainline Average True
Point_213 26 Mainline Average True

Receivers | Barriers | Roadways | Terrain Lines | Building Rows | Tree Zones | Ground Zones | Co

Check that multi-lane highways are modeled correctly.

Check that multi-lane highway widths are correct and that inside and outside
shoulders are modeled. Confirm that traffic is not assigned to the shoulders.

Figure 2-24: Multi-Lane Roadway Layout

14
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Check that roadway elevations are added correctly

FHWA recommends matching horizontal curves within plus or minus 6 feet
and vertical curves within plus or minus 1 foot. Check elevations by opening
section and 3D views and checking elevations in the roadways Object Details
Pane or roadway report.

Figure 2-25: Roadways 3D View

3DVIEW X |SECTION VIEW REPORT VIEW

2.7 Building Rows

Multiple small buildings, such as a row of houses, act as multiple small
barriers with gaps in between. The TNM Building Row input simulates a row
of houses as a single long barrier, not with gaps, but with a low transmission
loss uniformly along the row, reducing sound levels at receivers behind it.

The reviewer can enable the building rows layer (Figure 2-206), review the
plan view, and check building rows data in the Object Details Pane or
building rows report (Figure 2-27).

Building rows should only be used when the gaps along a building row is less
than 80 percent. If your building percentage is greater than this, input a noise
barrier instead of a building row. Furthermore, TNM does not account for
the actual location of gaps along a building row. For this reason, if you wish
more precise results, you must input each individual building structure as a
separate TNM barrier.
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Figure 2-26: Building Rows Plan View
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Figure 2-27: Building Rows Report View

PLANVIEW  [3DVIEW  |SECTIONVIEW | REPCRTVIEW X _
H 41 of 1h M|« @ i B A W~ | Page Width - Find | Mext
REPORT. BUILDING ROW INPUT
TNMVERSION: 3.0 REPORT DATE: 6 May 2017
CALCULATED WITH: 3.0 CALCULATION DATE: 2/8/2017 922:53 AM
CASE: TNM3.0 Standalone Webinar Case ORGANIZATION: Environm ental Acoustics - Gannett
Fleming Inc_
PATH ANALYSIS BY:
CALCULATION TNM SERIAL NUMBER:
SEQUENCE NUMBER: PROJECT/CONTRACT: TNM3.0 Standalone Webinar Case
Building Row Average Building Building Point Coordinates Point
Name Height Percent Row Number X Y z Notes
| % Notes Ui ] ]
WestGrand 2 20.00 2000 0 5373184.00] 433237600 752.00]
1 8373185.00] 433240100 751.00]
2 9373015.00] 4832440.00 742.00}
Palmer | 2500 | 2500 ‘ 0 -8373106.00| 4332338.00 742.00]
1 ~8373042.00] 4332352.00 741.00]
West Grand 1 | 20 00 | 20 ,00‘ 0 537338300 4832408 01) 78210]
1 8373274.00] 4332392.00 753.00]
BuildingRow Page 1 of 1 6 May 2017

Confirm that buildings
FHWA guidance.

rows are modeled in manner consistent with

Confirm that the modeled building rows are shown in the building rows
layer. Verify that they are placed in appropriate areas and in the correct
locations if the SHA has guidance on it (at the front face of existing
receptors, through the center of existing receptors, or at the back face of
existing receptors). Typically building rows are placed at the front face of

existing receptors.
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Check that buildings row names are assigned.

Check that building rows have unique names that indicate location (i.e. street
name). Figure 2-28 shows the building rows input data.

Figure 2-28: Building Rows Input Data

Building Rows

Building Rows MName Average Height [ff] Gap Percentage Notes

Points West Grand 2 20 20

West Grand 1 20 20

Receivers | Barriers | Roadways | Terrain Lines | Building Rows | Tree Zones | Gr/

Check that building row elevations are correct.

Check the elevations by opening section and 3D views (Figure 2-29) and
checking elevations in the building rows Object Details Pane or building
rows report.

Figure 2-29: Building Rows 3D View (representing residential homes)
[ reorver ooy«

-

Ras— —

Check that building row heights and building percentages are
correctly modeled.

Check the entered data in the building rows Object Details Pane or building
rows report. Verify that building rows have assigned heights as shown in
Figure 2-29.
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TNM treats a building row like a barrier with a uniform transmission loss
(the model allows percentages between 20 and 80) and does not account for
the effect of individual gaps.

NCHRP 791 report evaluated TNM sensitivity to building row height,
percentage and orientation. The report also addressed the effects of
modeling individual buildings as fixed height barriers instead of using
building rows.

Modeling individual residences as fixed-height barriers yielded lower levels
than modeling building rows. The building barrier approach provided better
agreement with measured sound levels than building row approach due to the
sensitivity to actual gaps in the building row.

Check that building row elevations are correct.

Check 3D view and building rows Object Details Pane to ensure that
building rows are modeled correctly.

2.8 Terrain Lines

TNM terrain lines define where the terrain is located, horizontally and
vertically. A terrain line reduces sound levels when it breaks the line-of-sight
between a roadway and a receiver. Terrain lines below the line-of-sight
generally reduce ground attenuation and increase sound levels. Terrain lines

may represent elevation contours, but can also represent the bottom and top
of slopes and drainage channels among other surface topography.

TNM terrain lines define where the terrain is located horizontally and
vertically. The TNM User’s Guide states that typical terrain lines might
include:

e the bottom of deep drainage ditches

e the top of a cut for a depressed roadway

e the edge of fill for roadways on fill

e the ridge of an intervening hill

e aline of constant elevation of an intervening hill

The reviewer can enable the terrain line layer (Figure 2-30), review the plan
view, and check terrain line data in the Object Details Pane or terrain lines
report (Figure 2-31).
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Figure 2-30: Terrain Lines Plan View
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Figure 2-31: Terrain Lines Report View

raven oo orves < [over [
Hal Jof1r M|e @@ @EMME-| Pagewisth - [ | Find | Nex
REPORT TERRAIN LINE INPUT :
TNMVERSION: 30 REPORT DATE 6 May 2017
CALCULATED WITH: 30 CALCULATION DATE: 2/8/2017 9:22:53 AM
CASE: TNM3.0 Standalone Webinar Case ORGANIZATION: Environmental Acoustics -
Gannett Fleming Inc.
PATH: ANALYSIS BY:
CALCULATION TNM SERIAL NUMBER:
SEQUENCE NUMBER: PROJECT/CONTRACT: TNM3.0 Standalone Webinar
Case
Terrain Line Terrain Point Coordinates (ground) Paint
Name Line Number X Y Z Notes
Notes Ift] Ift] ]
I-75 Base of slope 1 0 -9372743.00 4832584.00 740.00
1 -9372778.00 4832556.00 740.00
2| -9372816.00 4832517.00 740.00
3 -9372847.00 4832483.00 740.00
4| -9372868.00 483244500 740.00
5 -9372902.00 4832379.00 740.00
6| -9372924.00 4832339.00 740.00 .

Verify that the model includes significant terrain features.

Review the plan view to see any modeled terrain lines and check the
associated input data in the terrain lines Object Details Pane or terrain lines

report. Modeled terrain should try to match the actual terrain where it varies
by more than 5 feet vertically and 4 feet horizontally as noted above. Models
that include terrain that is different from what exists in the field will produce

erroneous results. Terrain lines can, and sometimes should, be used in
conjunction with ground zones — for example a lake ground zone,
surrounded by a terrain line to show the ground elevation denoting the
shoreline area.
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Because TNM cuts sections from receivers to roadways when calculating
sound levels, terrain lines should generally be modeled parallel to the primary
roadway. NCHRP 791 evaluated terrain lines and recommended that terrain
lines also be used to model the ground beneath structure roadways. NCHRP
Report 791 provides additional details on input of TNM terrain lines.

Verify that terrain lines names are assigned.

Verify that terrain lines have unique names that provide some indication of
location (i.e. ditch, top of cut) (Figure 2-32).

Figure 2-32: Terrain Lines Input Data

Terrain Lines

Terrain Lines Terrain line:  |-75 Base of slope 1 =
Points -
Mame  Point Number Sequence Number X [m] Y [m] 7 [ft] Notes
Point 8 0O 0 -9372743 4832584 740
Point 8 1 1 -9372778 48325555 740
Point_10 2 2 -9372816 4832517 740
Point_11 3 3 -9372847 48324825 740
Point_12 4 4 -9372868 4832445 740
Point_13 5 3 -9372902 4832379 740
Point_14 6 6 -0372024 4832339 740
Point_15 7 T -9372935 4832313 740
Point_16 & 8 -9372963 48322545 740
Point 17 9 < -9372998 48321805 740

Receivers | Barriers | Roadways | Terrain Lines | Building Rows | Tree Zones | Ground Zones | Conto

Check that terrain lines elevations are correct.

Check section view (Figure 2-33) and terrain lines Object Details Pane to
ensure that terrain lines are modeled correctly and reflect real world
conditions as they are, and as they are expected to be.
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Figure 2-33: Terrain Lines Section View
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2.9 Ground Zones

The properties of the intervening ground affect sound levels. Some previous
models assumed that sound propagating over a “hard” surface, such as
pavement, decreases at 3 dB per doubling of distance while sound
propagating over a “soft” surface, such as lawn, decreases at 4.5 dB per
doubling of distance. Sound propagation is more complicated and changes
with distance and surface characteristics. TNM includes the eight different
ground types shown in Figure 2-34.

Figure 2-34: TNM Ground Types

Effective Flow Resistivity (Rayls)
Pavement 20,000
Water 20,000
Hard Soil 5,000
Loose Soil 500
Lawn 300
Field Grass 150
Granular Snow 40
Powder Snow 10

The NCHRP 791 report includes an expanded list of ground types, which
can be used as the basis for “custom” ground zones within TNM. This may
be especially important for model validation.
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The reviewer can enable the ground zone layer (Figure 2-35), review the plan

view, and check ground zone data in the Object Details Pane or ground
zones report (Figure 2-30).

Figure 2-35: Ground Zones Plan View
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Figure 2-36: Ground Zones Report View

e JscronvenJreoroen  over— |
At Jot2b M|e @@ @EA | PageWidth - [ [ Find | Nex
REPORT: GROUND ZONE INPUT A
TNMVERSION 30 REPCRT DATE: 6May 2017
CALCULATED WITH: 30 CALCULATION DATE: 2/8/2017 3:22:53 AM
CASE THNM3.0 Standalone Webinar Case ORGAMIZATION - Environmental Acoustics - Gannett Fleming
Inc.
PATH: ANALYSIS BY
CALCULATION TNM SERIAL NUMBER:
SEQUENCE NUMBER: PROJECT/CONTRACT: TNM3.0 Standalone Webinar Case
Effective Flow Ground Coordinates Paint
‘Ground Zone Name: Ground Type Resistivity Zone Point X Y Notes
(c@s Rayls) Notes Number L [t
Grandview Hospital Pavement 20000 o -9373109.00 4832426 00
Parking 1
Grandview Hospital Pavement 20000 1 -9373228 00 4832582 00
Parking 1
Grandview Hospital Pavement 20000 2| -9373148.00 4832597.00
Parking 1
Grandview Hospital Pavement 20000 3] -9373155.00 4832625 00
Parking 1
Grandview Hospital Pavement 20000 4 -9373038.00 4832651.00
Parking 1
Grandview Hospital Pavement 20000 H -9373031.00 4832644.00
Parking 1
Grandview Hospital Pavement 20000 B -9373012.00 4832647.00
Parking 1
Grandview Hospital Pavement 20000 7] -9373004.00 4832604.00 o

Check that model includes significant ground zones.

Check that the model includes ground zones to represent existing and/or

proposed areas that are different from the default ground type for the model.

The default ground type is typically set to “Hard Soil.”
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NCHRP 791 concluded that ground zones are not needed for small areas
and that the ground zones need to comprise 20% of the distance between the
road and the receiver to change sound levels my one dB or more.

Check that ground zone names and types are correctly assigned.

Check that ground zone input data in the ground zones Object Details Pane
(Figure 2-37) or ground zones report.

Figure 2-37: Ground Zones Input

Ground Zones

Ground Zones Name Ground Type Motes

Tzl Grandview Hospital Parking 1 Pavement

Tennis Court Pavement
MeKinley Park Lawn

2.10 Tree Zones

A model may include tree zones that meet FHWA’s policy which states that
trees must be “sufficiently dense to completely block the view along the
propagation path. This requires dense undergrowth as well as dense tree-top
foliage. Do not include a TNM tree zone unless its vegetation is sufficiently
dense.”

The reviewer can enable the tree zone layer (Figure 2-38), review the plan
view, and check tree zone data in the Object Details Pane or tree zones
report (Figure 2-39). The reviewer should check if another ground type other
than the default is required. A ground zone is required to define the type of
ground inside tree zones. For example, if you are using a tree zone, surround
the tree zone with a ground zone of Loose Soil to account for the ground
effects of that tree zone.
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Figure 2-38: Tree Zones Plan View
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Figure 2-39: Tree Zones Report View

PLANVIEW | SECTIONVIEW | REPORTVIEW X |3DVIEW
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REPORT: TREE ZONE INPUT =
TNMVERSION: 30 REPORT DATE: TMay2017
CALCULATED WITH: 30 CALCULATION DATE: 2/8/2017 9:22:53 AW
CASE TNIB.0 Standalone Webinar Case ORGANIZATION: Emvironmental Acoustics - Gannett Fleming Inc
PATH: AALYSISBY

CALCULATION TNMSERIAL NUNBER

SEQUENCE NUMBER: PROJECT/CONTRACT: TNVB.0 Standalone Webinar Case

Dense Wood Squirel Field Grass 500 0.00 [ -9373269.00 4832700.00 0.00
1 -9373397.00 4832681.00 0.00
2 -937346000 4832951.00 0.00
3 -937331300 483297200 000
4 -9373269.00 4832700.00 000
Dense Wood Belmonte  |Field Grass 500‘ 0.00‘ [ -9373411.00 4832683.00 0.00
1 -9373594.00 4832701.00 0.00
2 -9373598.00 4832847 00 0.00
3 -937364000 4832908 .00 000
4 -937347200 4832946 00 000
& -9373411.00 4832683.00 0.00
v

Confirm that model includes tree zones and that they meet FHWA’s
definition.

Review the plan view (Figure 2-38) to see any modeled tree zones and check
the associated input data in the tree zones Object Details Pane or tree zones
report. Verify that existing and/or proposed tree zones meet FHWA’s tree
zone definition. If the model includes a tree zone(s) for future conditions,
then there should be a reasonable expectation that the trees will still exist at
that time. Use of tree zones in the future should be explained in the Noise
Study Report during the discussion of land uses.

Narrow tree zones (up to 50 feet) typically provide no noise reduction to the
nearest portions of a roadway. However, omitting these narrow tree zones
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could increase the length of a barrier due since there may be a significant
distance through the tree zone at shallow angles as shown in Figure 2-40.

Figure 2-40: Roadway Visibility through a Tree Zone (NCHRP 791)

Roadways

F 3

Some traffic visible No traffic visible
in this direction in this direction

Check assignment of tree zone names and ground types.

Check tree zone input data in the tree zones Object Details Pane (Figure
2-41) or tree zones report.

Verity that the ground type within the tree zone is consistent with what
exists. There is no need to model a soft-ground ground zone around the tree
zone, though it is not necessarily incorrect to do so and it should not affect
the results.

Figure 2-41: Tree Zones Height and EFR

Tree Zones

Tree Zones Name Average Height [ft] Effective Flow Resistivity Ground Type Notes
Points Dense Wood Squirel 20 500 FieldGrass
Dense Wood Belmonte 15 500 FieldGrass

Receivers | Barriers | Roadways | Terrain Lines | Building Rows | Tree Zones | Ground Zones | Contour Zones

Check accuracy of tree zone elevations.

Check section and 3D views and the tree zone Object Details Pane (Figure
2-42) to ensure that tree zones are modeled correctly. This may involve
including terrain lines in and/or around the tree zone in addition to the
elevation defined for the tree zone itself.
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Figure 2-42: Tree Zones Input Data

Tree Zones

Tree Zones Tree zone:  Dense Wood Squirel =

Points -
Name  Point Number Sequence Number X [m] ¥ [m] Z[ft] Notes

Point-14 0 0 -9373269.2712 4832609.7732 0
Point-15 1 1 -9373307.0644 4832680.6639 0
Point-16 2 2 -9373460.3638 4832950.5822 0
Point-17 3 & -0373313.4614 4832972.0801 0
Point-18 4 4 -9373269.2712 4832600.7732 0

| Recaivers | Barriers | Roadways | Terrain Lines | Building Rows | Tree Zones | Ground Zones | Contour Zon

2.11 Barriers

Verify modeling accuracy of barriers in the TNM project.

The TNM Project should show barriers modeled as equally spaced segments,
it is preferable to use 100 feet segments for preliminary noise analysis and 25
-50 feet for final design noise analysis to align with the stationing of the
adjacent highway. Please note that this may not match the actual design
segments of the barrier which may be 10-20 feet in length. Barriers should
be optimized horizontally and vertically to provide optimal design of the
noise mitigation.

The reviewer can enable the barriers layer (Figure 2-43), review the plan view
and check barrier data in the Object Details Pane or barriers report (Figure
2-44).
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Figure 2-43: Barriers Plan View Layout
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Figure 2-44: Barriers Report View
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Check accuracy of barriers heights and perturbation increments.

Check 3D view (Figure 2-45) and the barriers Object Details Pane (Figure
2-406) or barriers reports to ensure that barriers heights are modeled correctly
and that the number of perturbations was assigned in accordance with the
SHA noise policy. Typically, perturbations are set at increments of 2 feet

starting from 8 feet and going to the maximum allowable height, usually 20 —
22 feet.
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Figure 2-45: 3D View of Barriers Segment Perturbation

Figure 2-46: Barriers Segment Perturbation Input

Barriers
General Barrier: _ -
R Start Point Name  Start Point Number Segment Height [ft] For Moise Abatement Increment [ft] Up Increments Down Increments Wall Area Unit Cost [§/ft42] Wall (Additional) Lineal Unit Cost [$/ft]

@ Point_10 0 10 2 5 3 25 25
Structure Point_11 1 10 2 5 3 25 25
Reflections | Point.13 2 10 2 5 3 25 25
Point_15 3 10 2 5 3 25 25
Point_17 4 10 2 5 3 25 25
Point_19 5 10 2 5 3 25 25
Point_21 ] 10 2 5 3 25 25
Point_23 7 10 2 5 3 25 25
Point_25 8 10 2 3 3 25 25
Point_ 27 9 10 2 3 3 23 23

Receivers | Barriers | Roadways | Terrain Lines | Building Rows | Tree Zones | Ground Zones | Contour Zones | User Defined Vehicles | Output | Project Information | Calculation Re;ults_

Verify that large buildings are modeled as barriers.

Verity that large buildings are modeled as fixed heights barriers (not for noise
abatement) in accordance with FHWA guidance. Check the 3D view (Figure
2-47), the barriers Object Details Pane (Figure 2-48) or the barriers report to
ensure that large buildings heights are modeled correctly. Buildings may be
modeled based on the front face of the building, or the front and sides as
shown below. Modeling the entire building envelope adds processing time
without increasing the accuracy of noise level results and is not necessary.
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Figure 2-47: Large Buildings Modeled as Barriers

PLAN VIEW 3D VIEW > | SECTION VIEW REPORT VIEW

Figure 2-48: Large Buildings Input Data

Barriers
General Barrier  Quiet Hospital -~
Points ; - - 5 B} - 3 -
Start Point Name  Start Point Number Segment Height [f] For Noise Abatement Increment [ft] Up Increments Down Increments  Wall Area Unit Cost [$/ft*2] Wall {Additional) Lineal Unit Cost [$/ft]
@ Point_97 0 30 O 0 0 0 0 0
Structure Point_38 1 30 O 0 ] 0 0 0
Reflections | Point_100 2 30 O 0 ] o 0 0
Point_102 3 30 ] 0 0 0 0 0
Point_104 4 30 O 0 0 0 0 0
Point_106 5 30 O 0 0 0 0 0
Point_108 [ 30 ] 0 0 0 0 0
Point_110 7 30 O 0 0 0 0 0
Point_112 8 30 O 0 0 0 0 0
Point_114 9 30 ] 0 0 )] 0 0

Receivers | Barriers | Roadways | Terrain Lines | Building Rows | Tree Zones | Ground Zones | Contour Zones | User Defined vehicles | Output | Project Information | Calculation Results _

Check that parapet walls and median barriers are modeled per the
noise policy.

Check that median barriers and parapet walls (Jersey barriers) are modeled as
fixed heights barriers (typically 3 or 3.5 feet, as indicated in SHA
specifications) in accordance with FHWA guidance. Check the 3D view, the
barriers Object Details Pane (Figure 2-49) or the barriers report to ensure
that median/jersey battiers heights are modeled correctly
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Figure 2-49: Jersey Barriers Input Data

Barriers
General |} Barrier 175 Jersey Barrier -
Points - - - -
Start Point Name Start Point Number Segment Height [ft] For Noise Abatement Increment [ft] Up Increments Down Increments
Segments
Structure Paint_11 1 3.5 ] 0 0 0
Reflections | Peint.13 2 35 O 0 0 0
Paint_15 3 35 | 0 ] 0
Point_17 4 35 | 0 ] 0
Point_19 5 3.5 ] 0 0 0
Point_21 6 3.5 O 0 0 0
Point_23 7 3.5 O 0 0 0
Point_25 ] 3.5 O 0 0 0
Point 27 9 3.5 ] 0 0 0

| Receivers | Barriers | Roadways | Terrain Lines | Building Rows | Tree Zones | Ground Zones | Contour Zones | User Defined Vehicles I Output | Projec

Check modeling accuracy of barriers on structure.

Check the barriers Object Details Pane (Figure 2-50) or the barriers report to
ensure that barriers on structured are paired correctly with roadway
segments.

Figure 2-50: Barriers Segments on Structure

Earriers
General Barrier:  SB 75 Ramp -

Points Start Peint Name Start Point Number On Structure Bamrier/Roadway Segment Pairing Textual Pairing
Segments | ooine 10 0 True | Pair w/ Selected T
Structure | poine_11 1 True | Pair w/ Selected [ et |

Reflections | point_13 2 False | Pair w/ Selected [ Eait |
Point_15 3 False | Pair w/ Selected | Eait |

Point_17 4 False | Pair w/ Selected | Eait |

Point_19 5 False | Pair w/ Selected | Eait |

Paint_21 6 False | Pair w/ Selected | Bt |

Point_23 7 False | Pair w/ Selected | Eait |
—_———D—1]

Receivers | Barriers | Roadways | Terrain Lines | Building Rows | Tree Zones User Defir

Check assignment of barriers reflection surfaces

TNM 3.0 includes the ability for receivers on the opposite side of the
highway to account for barrier reflection from the highway side (Figure
2-51). Check the barriers Object Details Pane (Figure 2-52) or the barriers
report to ensure that barriers reflection are modeled correctly. Where the
table shows Reflections as “T'rue’, that is a reflective surface barrier. Where it
shows ‘False’, that is an absorptive surface barrier.

Typically, barriers have a reflective surface unless the SHA noise policy
specifies when and how absorptive treatments can be used. Most SHAs that
allow use of absorptive materials do so in cases where there are barriers on
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both sides of the roadway, or where there is a barrier on one side, but the
opposite noise-sensitive land uses did not qualify for abatement, or on the
back side of a barrier where there is a roadway between the barrier and the
receptors — such as a frontage road.

Figure 2-51: Barrier Reflection Plan View

Receivers affected by reflection

PLANVIEW X | 3DVEW | SECTIONVEW | RSPORT VEW
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Figure 2-52: Barriers Noise Reflection Coefficient (NRC)

Barriers
General Barrier:  Reflective Barrier -
Points
Start Point Name Start Point Number Reflections NRC (left side) NRC (right side) Barrier/Roadway Segment Pairing Textual Pairing
Segments .
Point-37 3 True 1 0 [ Pair w/ Selected || eat |
Structure :
_ Point-39 4 False 1 0 ( Pair w/ Selected || eat |
Reflections :
Point-41 5 False 1 0 ( Pair w/ Selected =T
Point-43 6 False 1 0 ( Pair w/ Selected | Eat |
Point-45 7 False 1 0 ( Pair w/ Selected || Edit |

Receivers | Barriers | Roadways | Terrain Lines | Building Rows | Tree Zones | Ground Zones | Contour Zones | User Defined Vehicles | Output | Project Ini

Check parallel barrier analysis

When a roadway is flanked by parallel reflective barriers, retaining walls, or a
combination of the two, sound reflects back and forth across the roadway
many times before ultimately progressing outwards towards nearby receivers.
These multiple reflections increase the sound level at nearby receivers, this
noise increase due to reverberation may partially offset the noise reduction
due to the barrier construction.
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To avoid a reduction in the performance of parallel reflective noise barriers,
check the width-to-height ratio (W:H) of the roadway section to the barriers
(Figure 2-53). If the W:H is less than 10:1, then parallel barrier analysis is
required. When the W:H is between 10:1 and 20:1, then parallel barrier
analysis is recommended, but if the W:H is more than 20:1, then parallel
barrier analysis is not required.

Check the barriers Object Details Pane (Figure 2-54) to ensure that barriers
reflection are modeled correctly. Where the table shows Reflections as “True’,
that is a reflective surface barrier. Where it shows ‘False’, that is an
absorptive surface barrier. Check the parallel barrier by clicking on “start
section” under the Calculate Section button. Draw a section across the two
barriers, then view the results of sound level degradation in the Object
Details Pane (Figure 2-55).

Figure 2-53: Parallel Reflection Plan View
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Figure 2-54: Parallel Barriers Noise Reflection Coefficient (NRC)

Barriers

Pair w/ Selected Edit

General Barrier: - Absorptive Barrier -
points Start Point Name  Start Point Number Reflections NRC (left side) NRC (right side) Barrier/Roadway Segment Pairing Textual Pairing
segments | ;0 5o 0 False 0 0 ( Pair w/ Selected [ Eat ]
Stmdf"e Point-51 1 False 0 0 ( Pair w/ Selected [ st |
@ Point-53 2 False 0 0 ( Pair w/ Selected | Eat ]
Point-55 3 False 0 0 ( Pair w/ Selected [ et ]
Point-57 4 False 0 0 [ Il J

Receivers | Barriers ‘ Roadways | Terrain Lines | Building Rows | Tree Zones | Ground Zones | Contour Zones | User Defined Vehicles | Qutput | Project Ir
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Figure 2-55: Parallel Barrier Analysis Results

Calculation Results

Road Segment Progress:

Receiver Progress:

Current Status: New Case
Receiver Name Calculated Noise Reduction Difference Noise Reduction With Barrier Level No Barrier Level Meet Noise Reduction Goal Parallel Increase
Receiverl True 6.8 14.8 69.9 84.7 True 0.0
Receiver2 True 17 9.7 722 819 True 0.0
Receiver3 True -24 56 69.83 754 False 0.0
Receiverd True -4.8 3.2 67.6 70.8 False 0.0
Receiver5 True 5.7 13.7 68.4 82.0 True 0.0
Receivert True -1.0 7.0 69.3 76.3 False 0.0
Receiver? True -4.3 3.7 67.5 713 False 0.0

Check accuracy of barriers elevation.

Check 3D view (Figure 2-56) and the barriers Object Details Pane to ensure
that barriers are modeled correctly. At a minimum, barriers should be tall
enough to cut the line of site from a receptor to the roadway. They should
also be located close to the roadway (as shown below) or close to the
receptors. In the case of an on-ramp or off-ramp, there should be some
overlap between a barrier for the mainline and a second barrier for the ramp
(as shown in Figure 2-50).

Figure 2-56: Barriers 3D View
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3.0 Review of Specific Projects in TNM 3.0

The following Specific Projects are representative of more widely used project types and of the
common modeling errors associated with them. Recently, roundabouts are more commonly
recommend by highway engineers as an alternative solution to un-signalized intersections. In
addition, signalized and unsignalized intersection projects are more common nowadays as more
states are developing projects on local arterial roadways to accommodate increasing traffic volumes.

e Modeling Roundabout. There any many aspects to the design of roundabouts, key of which
are entry, circulation and exit speeds. Typical design of roundabouts consists of three main
travel paths through a roundabout: through, right-turn, and left-turn, all with associated curve
radii. NCHRP 791 described modeling techniques to model roundabouts. TNM 3.0 was used
to show these modeling techniques and how reviewers can check that roundabouts are
modeled accurately.

e Modeling Unsignalized Intersections. It is recognized by noise practitioners that
unsignalized intersection are complicated in modeling as there is need not only for
acceleration modeling but to model deceleration as the vehicles approach the intersection.
Furthermore, the main issue with un-signalized intersections is over-modeling or micro-
modeling without any improvement in the accuracy of the results. The converse issue would
be under-modeling and missing potentially important effects on received sound levels,
particularly the effects of accelerating vehicles, when noise-sensitive receptors are nearby.
NCHRP 791 described modeling techniques to model signalized intersections. TNM 3.0 was
used to show these modeling techniques and how reviewers can check that signalized
intersections are modeled accurately.

e Modeling Signalized Intersections. Signalized intersections are more complicated to
model because of the need to capture acceleration away from the stopping point and the
percentage of vehicles on the approaching roadway that do not decelerate to a stop. Instead,
they cruise through the intersection during the green phase of the traffic signal. NCHRP 791
described modeling techniques to model signalized intersections. TNM 3.0 was used to show
these modeling techniques and how reviewers can check that signalized intersections are
modeled accurately.

3.1 Roundabout

Roundabouts have become a more and more common design feature for regular intersections and
for highway entrance and exit termini in the last 15 years. A modern roundabout is characterized by
a generally circular shape with counterclockwise flow, a single lane or multiple lanes and use of yield
signs at the entries rather than stop signs or signals. The main issue with roundabouts is finding a
level of detail in modeling that achieves accurate results while avoiding over-modeling that does not
improve the results. Modeling roundabouts is challenging as there is need to correctly account for
vehicles accelerating and decelerating during the approach and departure from the roundabouts.

FHWA TNM computes the acoustical effect of acceleration as vehicles pull away from traffic-
control devices such as stop signs, toll booths/bartiers, and traffic signals, and also along highway
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entrance ramps. FHWA TNM calls roadways with traffic-control devices “flow control” or
“interrupted flow” roadways. An interrupted flow roadway is designated by choice of a “Control
Device” in the FHWA TNM Roadway Input dialog box. When this choice is made, the modeler-
supplied speeds on the traffic tab of the roadway input dialog box are treated by FHWA TNM as
the final speeds that vehicles will try to reach during their acceleration. The modeler provides a
starting speed for all traffic on the roadway, called the “speed constraint,” which would be zero for a
stop sign, but which could be non-zero for an entrance ramp, as an example. The modeler also
provides a percentage from 0 to 100% for “vehicles affected,” which, in the case of a control device
such as an entrance ramp, results in a percentage of the traffic to experience acceleration, while the
remaining percentage is modeled as cruising along the roadway at the modeler-provided speeds.

FHWA TNM has no built-in function for modeling deceleration. NCHRP Report 311 defined two
“zones of influence” (ZOIs) to represent the last two segments of a roadway being used to model
deceleration, as illustrated in Figure 3-1. The reviewer should check NCHRP Report 791 for
guidelines on the lengths of these segments, as a function of approach speed, and “equivalent
speeds” to use for each vehicle type on each segment. Generally, the noise analyst reduces the

modeled speed as the vehicles approach the roundabout.

Figure 3-1: ZOls for a Deceleration Roadway (NCHRP Report 311)

—_— >

Constant Z0I1{1) Z0I(2) End of Acceleration
Speed Approach Deceleration Roadway
Roadway

The screenshots shown below are meant as an example (Figure 3-2) to illustrate how the reviewer
should check the modeling of a roundabouts. The receivers were modeled only on one side to speed

the model runtime.

Figure 3-2: Plan View of Roundabout Modeling
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Coordinates: x 239.89377 , y: 195.22561
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NCHRP 791 recommends modeling an approach and departure legs for each roadway. Check the
approach leg (deceleration) is modeled by a constant speed (highlighted) equal to the posted speed
up to the beginning of the roundabout as shown in Figure 3-3. Verify there is no flow control
applied for the approach leg as shown in Figure 3-4.

Figure 3-3: Traffic Volume and Speeds of Approach Leg

Roadways
Roadways Roadway: WB Approach ~  Grid Settings ~
Points R —
Start Point  Start Point Number Auto Volume Auto Speed [mph]
SEL e pointl 1 1000 40
Traffic EE 7001 47 1000 34
Flow Control EE 7012 38 1000 18

‘|

Figure 3-4: Flow Control of Approach Leg

Roadways
ROEdWEIYS Roadway: WB Approach =
Points
Point Name Point Number Control Device Vehicle Affected Constraint Speed [mph]
Segments pointl 1 None 100 0
Traffic EBZOIL 47 None 100 0
Flow Control || EgzonR 38 None 100 0
point2 2 None 100 0
point3 3 None 100 0
point4 4 None 100 0
point5 5 None 100 0
point6 6 None 100 0

Receivers | EBarriers | Roadways | Terrain Lines | Building Rows | Tree Zones | Ground Zones | Contour Zones
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Check the departure leg (accelerated) is modeled by constant-speed (posted speed) roadway that will
start at the exit point from the roundabout as shown in Figure 3-5. Verify that a flow control
acceleration roadway would be modeled from the exit point from the roundabout to the end of the
modeled site as shown in Figure 3-6. Check the roadway have a “Speed Constraint” (starting speed)
and 100% vehicles affected with the posted or operating speed.

Figure 3-5: Traffic Volume and Speeds of Departure Leg

Roadways
Roadways Roadway: WB Departure ~  Grid Settings ~
Points
Start Point  5tart Point Number Auto Volume Auto Speed [mph]
Segments
Traffic
Flow Control
point352 352 1000 40
point353 353 1000 40
point354 354 1000 40
point355 355 1000 40
point356 356 1000 40
nnint157 157 1000 Aan

‘|

Receivers l Barriers I Roadways \ Terrain Lines l Building Rows l Tree Zones l Ground &

Figure 3-6: Flow Control of Departure Leg

Roadways
Roadways Roadway: WB Departure -
Points
Point Name Point Number Control Device Vehicle Affected Constraint Speed [mph]
Segments || 7 7 Onramp 100 15
Traffic point3s0 350 Onramp 100 15
Flow Control || point351 351 Onramp 100 15
point352 352 Onramp 100 15
point353 353 Onramp 100 15
point354 354 Onramp 100 15
point355 355 Onramp 100 15
point356 356 Onramp 100 15
point357 57 Qnramn 100 15

Receivers | Barriers | Roadways | Terrain Lines | Building Rows | Tree Zones | Ground Zones | Contour Zones
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3.2 Unsignalized Intersections

The main issue with unsignalized intersections is over-modeling or micro-modeling without any
improvement in the accuracy of the results. The converse issue would be under-modeling and
missing potentially important effects on received sound levels, particularly the effects of accelerating
vehicles, when noise-sensitive receptors are nearby.

FHWA TNM computes the acoustical effect of acceleration as vehicles pull away from traffic-
control devices such as stop signs. FHWA TNM calls roadways with traffic-control devices “flow
control” or “interrupted flow” roadways. An interrupted flow roadway is designated by choice of a
“Control Device” in the FHWA TNM Roadway Input dialog box. When this choice is made, the
modeler-supplied speeds on the traffic tab of the roadway input dialog box are treated by FHWA
TNM as the final speeds that vehicles will try to reach during their acceleration. The modeler
provides a starting speed for all traffic on the roadway, called the “speed constraint,” which would
be zero for a stop sign. The modeler also provides a percentage from 0 to 100% for “vehicles
affected,” which, in the case of a control device such as a stop sign will result in 100% of the traffic

to experience acceleration.

The screenshot in Figure 3-7 illustrates how the reviewer should check the accuracy of an
unsignalized intersection project. The receivers were modeled only on one side to speed the model

runtime.
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Figure 3-7: Plan View of Unsignalized Intersection Modeling

SECTION VIEW

For modeling unsignalized intersection, NCHRP 791 recommends to partially model the
movements of one of the roads and avoid all of the intersecting FHWA TNM points. In this case,
model the road with the most traffic (or perhaps the most adjacent receivers) as continuous, while the
cross road (lesser traffic) will be modeled as an approach and departure leg. There is no need for
modeling of reduced speeds for deceleration unless the posted speed is high because of the
dominance of noise from the percentage of traffic cruising through the stop sign and the percentage
of traffic accelerating from a stopped condition on the departure leg of the intersection.

Check that the roadway with more traffic is modeled with the posted speed on the approaching leg
Figure 3-8) and connected at the stop line to a flow control acceleration roadway that crosses
through the intersection and proceeds on the departing leg. Verify that the flow control on the
departure leg roadway would have a “Speed Constraint” (starting speed) of 0 wph and 100% vebicles
affected as shown in Figure 3-9.
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Figure 3-8: Main Roadway Traffic Volume and Speeds of Approach Leg

Roadways
Roadways Roadway: WB Approach ~  Grid Settings ~ @ Copy Down
Points - ) , )
Start Point Start Point Number Auto Volume Auto Speed [mph] Medium Truck Volume Medium Speed [mph]
segments | .y 4 1000 40 25 40
Traffic point2 47 1000 40 25 40
Flow Control point3 38 1000 40 25 40
point4 2 1000 40 25 40
point5 3 1000 40 25 40
pointé 4 1000 40 25 40
point7 5 1000 40 25 40

Figure 3-9: Main Roadway Flow Control of Departure Leg

Roadways
Roadways Roadway: _ -
Points _ : _ ) :
Foint Name Point Number Control Device Vehicle Affected Constraint Speed [mph]
Segments point7 7 StopSign 100 0
Traffic point350 350 StopSign 100 0
Flow Control point351 351 StopSign 100 0
point352 352 StopSign 100 0
point353 353 StopSign 100 0
point354 354 StopSign 100 0
point355 355 StopSign 100 0
point356 356 StopSign 100 0
point357 357 StopSign 100 0

Check that the roadway with lesser traffic is modeled by a constant-speed (posted speed) on the
approach leg, as shown in Figure 3-10. Verify that the departing leg is modeled by a flow control
acceleration roadway starting just past the main roadways using 7100% vebicles affected and a “Speed
Constraint” (starting speed) of 20 mph to represent speed as the vehicles exit the intersection, as shown in

Figure 3-11.
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Figure 3-10: Local Roadway Traffic Volume and Speeds of Approach Leg

Roadways
Roadways Roadway: NB Approach ~  Grid Settings ~ @ Copy Down
Points - ) _ -
Start Point  Start Point Number Auto Volume Auto Speed [mph] Medium Truck Volume Medium Speed [mph]
Segments
Traffic point25 25 1000 40 25 40
Flow Control point366 366 1000 40 25 40
point367 367 1000 40 25 40
point368 368 1000 40 25 40
point369 369 1000 40 25 40
point370 370 1000 40 25 40
point371 371 1000 40 25 40
point372 372 1000 40 25 40
point373 373 1000 40 25 40

Figure 3-11: Local Roadway Flow Control of Departure Leg

Roadways
Roadways Roadway: NB Departure -
Points _ _ - _
Point Name Point Number Control Device Vehicle Affected Constraint Speed [mph]
segments | i34 34 StopSign 100 20
Traffic point3s 35 StopSign 100 20
Flow Control | point374 374 StopSign 100 20
point375 375 StopSign 100 20
point376 376 StopSign 100 20
point377 377 StopSign 100 20
point378 378 StopSign 100 20
point379 379 StopSign 100 20

3.3 Signalized Intersections

The main issue with signalized intersections is over-modeling or micro-modeling without any
improvement in the accuracy of the results. The converse issue would be under-modeling and
missing potentially important effects on received sound levels, particularly the effects of accelerating
vehicles, when noise-sensitive receptors are nearby.

FHWA TNM computes the acoustical effect of acceleration as vehicles pull away from traffic-
control devices such as traffic signals. FHWA TNM calls roadways with traffic-control devices “flow
control” or “interrupted flow” roadways. An interrupted flow roadway is designated by choice of a
“Control Device” in the FHWA TNM Roadway Input dialog box. When this choice is made, the
modeler-supplied speeds on the traffic tab of the roadway input dialog box are treated by FHWA
TNM as the final speeds that vehicles will try to reach during their acceleration. The modeler
provides a starting speed for all traffic on the roadway, called the “speed constraint,” which would
be zero for a traffic signal. The modeler also provides a percentage from 0 to 100% for “vehicles
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affected,” which, in the case of a control device such as a stop sign will result in 100% of the traffic
to experience acceleration.

The screenshots shown below are meant as an example (Figure 3-12) to illustrate how the reviewer
should check the accuracy of a signalized intersection project. The receivers were modeled only on
one side to speed the model runtime.

Figure 3-12: Plan View of Signalized Intersection Modeling

SECTION VIEW

For modeling signalized intersection, NCHRP 791 recommends to partially model the movements
of one of the roads and avoid all the intersecting FHWA TNM points. In this case, model the road
with the most traffic (or perhaps the most adjacent receivers) as continuous, while the cross road
(Iesser traffic) will be modeled as an approach and departure leg. There is no need for modeling of
reduced speeds for deceleration unless the posted speed is high because of the dominance of noise
from the percentage of traffic cruising through the signal and the percentage of traffic accelerating
from a stopped condition on the departure leg of the intersection.

Check that the roadway with more traffic is modeled with the posted speed on the approaching leg
(Figure 3-13) and connected at the stop line to a flow control acceleration roadway that crosses
through the intersection and proceeds on the departing leg. Verify that the flow control on the
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departure leg roadway would have a “Speed Constraint” (starting speed) of 0 mph and 50% vebicles
affected as shown in Figure 3-14.

Figure 3-13: Main Roadway Traffic Volume and Speeds of Approach Leg

Roadways
Roadways Roadway: WB Approach ~  Grid Settings ~ @ Copy Down
Points - ) , )
Start Point  Start Point Number Auto Volume Auto Speed [mph] Medium Truck Volume Medium Speed [mph]
segments | .y 4 1000 40 25 40
Traffic point2 47 1000 40 25 40
Flow Control point3 38 1000 40 25 40
point4 2 1000 40 25 40
point5 3 1000 40 25 40
pointé 4 1000 40 25 40
point7 5 1000 40 25 40

Figure 3-14: Main Roadway Flow Control of Departure Leg

Roadways
Roadways Roadway: WB Departure -
Points
Point Name Point Number Control Device Vehicle Affected Constraint Speed [mph]
Segments | ;.7 7 Trafficlight 50 0
Traffic point350 350 TrafficLight 50 0
Flow Control || point351 351 TrafficLight 50 0
point352 352 TrafficLight 50 0
point353 353 TrafficLight 50 0
point354 354 TrafficLight 50 0
point355 355 TrafficLight 50 0
point356 356 TrafficLight 50 0
point357 357 TrafficLight 50 0

Check that the roadway with lesser traffic is modeled by a constant-speed (posted speed) on the
approach leg, as shown in Figure 3-15. Verify that the departing leg is modeled by a flow control
acceleration roadway starting just past the main roadways using 50% vebicles affected and a “Speed

Constraint” (starting speed) of 20 mph to represent speed as the vehicles exit the intersection, as shown in
Figure 3-16.
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Figure 3-15: Local Roadway Traffic Volume and Speeds of Approach Leg

Roadways
Roadways Roadway: NB Approach ~  Grid Settings ~ @ Copy Down
Points - ) _ -
Start Point  Start Point Number Auto Volume Auto Speed [mph] Medium Truck Volume Medium Speed [mph]
Segments
Traffic point25 25 1000 40 25 40
Flow Control point366 366 1000 40 25 40
point367 367 1000 40 25 40
point368 368 1000 40 25 40
point369 369 1000 40 25 40
point370 370 1000 40 25 40
point371 371 1000 40 25 40
point372 372 1000 40 25 40
point373 373 1000 40 25 40

Figure 3-16: Local Roadway Flow Control of Departure Leg

Roadways
Roadways Roadway: NB Departure M
Points
Point Name Point Number Control Device Vehicle Affected Constraint Speed [mph]
Segments | i34 34 Trafficlight 50 20
Traffic point35 35 TrafficLight 50 20
Flow Control | point374 374 TrafficLight 50 20
point375 375 TrafficLight 50 20
point376 376 TrafficLight 50 20
point377 377 TrafficLight 50 20
point378 378 TrafficLight 50 20
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4.0 Identifying Challenges in TNM Analysis

This section identified challenges in TNM 3.0 analysis and common problems that TNM reviewer

need to confirm that have been conducted for any noise analysis.

Table 4-1: Summary of Common TNM Modeling Issues

TNM Object

Issue

Roadways

Incorrect elevations

Roadways are not extended an adequate distance past the end receivers
Roadway widths not assigned properly (gaps of default ground type between
modeled roadways because pavements widths do not overlap)

Traffic flow devices not modeled correctly or al all

Roadways on structure not modeled correctly or at all

Vertical geometry not modeled accurately, more points needed to define vertical
curves

Traffic

Incorrect truck percentages/volumes
Incorrect/missing speeds

Roadways missing traffic

Restricted use lanes shown as open to all traffic

Receivers

Incorrect elevations

Missing TNM receivers for noise-sensitive uses

TNM receivers represent land uses that are not noise-sensitive (i.e. offices and
restaurants with no exterior areas, Category F properties)

Number of dwelling units not assigned

Dwelling units assigned for non-Category B uses (except for extended stay hotels
which are Category C, but considered similarly to apartments)

Receiver represents multiple land uses that would not be expected to have
comparable sound levels and insertion losses

Receivers not consistently located (i.e. back yards, front yards, distance from
facade, etc.)

Barriers

Barriers not modeled at the most effective location
Fixed height barriers (i.e. buildings) not modeled or modeled incorrectly
Barriers on structure not modeled correctly or at all

Building Rows

Building rows missing/not modeled
Not enough points to accurately define the terrain

Terrain Lines

Significant terrain features not modeled or not accurately modeled

Ground Zones

Large ground zones missing/not modeled

Tree Zones

Tree zones modeled that do not meet FHWA'’s definition or are not likely to exist in
the design year
Not enough points to accurately define the terrain
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TNM 3.0 Noise Modeling Review Checklist

6.0 Appendix: TMN 3.0 Noise Modeling Review Checklist

Project Information

Project

Jurisdiction

Project Number

Project Plans and Date

Traffic Data Source and Date

TNM Model Information

TNM Project Name

Year

Alternative

Filename/Location

Review Information

Reviewer

Date Review Completed

Click here to enter a date.
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TNM 3.0 Noise Modeling Review Checklist

Input Question N/A Yes? Notes for Guide
Project Settings . : : -
Section 2.2 Is the basic setup information complete? ] ]
. Review plan view. Check receiver object details
2
Are receivers named L] L] pane or receiver report. Can also export report.
Are the numbers of dwelling units set correctly (] (] Check receiver object details pane or receiver
for each receiver? report. Can also export report.
Check 3D and section views. Check receiver
Are the receiver elevations correct? ] ] object details pane or receiver report. Can also
export report.
. Is the height above ground accurate for
SRei(t:ieolxeerS modeled upper-floor receivers? L] L] SEMIE 2B EIE
' Are enough receivers modeled to account for (] (] Review plan view, 3D view, and use
impacts and benefits? measurement tool.
Are the NAC correct for the modeled receivers? ] ] g;%ﬂ( TEEEIET @IEE CEHENS [BEME OF THEEIED
Is the Noise Reduction Design Goal set per the (] (] Same as above
noise policy?
Is the threshold for Substantial Increase set per (] (] Same as above

the noise policy?
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TNM 3.0 Noise Modeling Review Checklist

Input Question N/A Yes? Notes for Guide
. Check plan view, roadway object details pane,
2
Are roadway names assigned- L] L] or roadway report. Can also export report.
Are modeled roadway categories correct? (] (] Check roadway object details pane or roadway
report. Can also export report.
Check roadway object details pane or roadway
2
Are the modeled pavement types correct” ] ] report. Can also export report.
Check 3D and section views. Check roadway
Are the roadway elevations correct? ] ] object details pane or roadway report. Can also
Roadways export report.
Section 2.6 Are the widths of roadway segments correct? ] ] Same as above. Also Check 3D view and cut
section views.
Are traffic volumes and speeds assigned to all (] (] Check roadway object details pane or roadway
applicable roadway segments? report. Can also export report.
Check object details pane for flow control
Are traffic control devices modeled accurately [ [ (Note: not shown in any view, or roadway/traffic
(traffic lights, stop signs, on-ramps, toll booths)? reports); need to know how TNM handles this
to give better guidance
Are roadways on structure modeled accurately? ] ] Sele_c ( SETANEL I [o/ i e, e/ Sl e
details pane
Are building rows modeled? ] ] Review plan view.
Building R Check 3D and section views. Check building
g' 'tr.'g 20‘9’5 Are the building row elevations correct? ] ] row object details pane or building row report.
ection 2. Can also export report.
Do the building row heights and building [ [ Same as above.

percentages appear to be correct?
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TNM 3.0 Noise Modeling Review Checklist

Input Question N/A Yes? Notes for Guide
Does the model include significant terrain (] (] Review plan. 3D and sections views
Terrain Lines LIS o :
Section 2.8 Check 3D and section views. Check terrain line
' Are the terrain line elevations correct? ] ] object details pane or building row report. Can
also export report.
. Does the model include significant . .
Ground Zones ground zones? u u USRI Y2t
Section 2.9 Are the ground zone types assigned correctly? ] ] grgi%zgzrgﬁg?ezpooqf object details pane or
Does the model include tree zones? [] [] Review plan view.
Are modeled tree zones likely to exist in the (] (] Check with proiect planners
Tree Zones design year? o p
; . Check plan view, tree zone object details pane,
Section 2.10 . Are tree zone names assigned? [ N or tree gone report. Can also ejxport reporf.
Do the tree zone elevations appear to be Check 3D and section views. Check tree zone
correct? PP ] ] object details pane or tree zone report. Can
) also export report.
: . Check plan view, barrier object details pane, or
2
AITE [SREITIED MEMIES EREEnEel L] L] barrier report. Can also export report.
Are barrier reflection surfaces assigned as [ [ Check barrier object details pane or barrier
appropriate? report. Need to check NRCs and pairings.
Are barriers on structure modeled accurately (] (] Check barrier object details pane or barrier
and are the shielded lists correct? report.
Barriers Section Fixed Height Barriers (Buildings, Parapet Walls, Median Barriers)
211 Are large buildings modeled? [] [] Check plan and 3D views.
Are parapet walls, median barriers, etc. .
modeled per the noise policy? L] L] Check plan and 3D views,
Are the barrier heights correct? ] ] gggﬁg Elaar?eacr)]rdb?;lr)ri\elslre:\elz?o(r:th%k SIS (e

Proposed Barriers
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TNM 3.0 Noise Modeling Review Checklist

Input Question N/A Yes? Notes for Guide

Are the proposed barriers modeled at the most : . .

acoustically effective location? L] L] e MULTRE SRl V.

Are the barrier point names tied to stationing? ] ] Review plan view.
Check 3D and section views. Check barrier

Are the barrier elevations correct? ] ] object details pane or barrier report. Can also
export report.

Are the barrier heights, perturbation increment, . . . .

and number of perturbations assigned in ] ] Check barrier object details pane or barrier

accordance with the noise policy?

report. Can also export report.
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