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1.0 INTRODUCTION

This report is one volume of the Federal Highway Administration (FHWA)
Highway Construction Noise Handbook entitled Highway Construction Noise:

Environmental Assessment and Abatement. It documents the formulation and

use of HICNOM, the FHWA highway construction noise model and computer program.

The construction noise model is used to predict B-hour equivalent sound
levels, Leq(8h) at receiver locations near a highway construction site from
a variety of equipment and operations. The program may be used during planning
ané design of highway projects to identify potential problem areas and to
evaluate abatement strategies. It may also be used during construction to
design abatement methods or to analyze different mitigation strategies for
specific problem areas.

The model is designed for users with minimal background in acoustics and
contains acoustic data for a large variety of construction equipment. However,
it has options which permit the entry of user-supplied data bases and is therefore
useful to acoustic specialists as well. While acoustics expertise is not
required to operate this program, some knowledge of highway construction
procedures and equipment is needed. Those desiring more background information
on construction activities and noise, and on field measurements used in
development of this model, should read the other volumes that make up the
entire FHWA Highway Cbnstructicn Noise Handbook. They are cited as References
2-5 at the end of the main body of this report.

The computer program as presented here is installed on the FHWA Amdahl
computer system. It is an interactive program, where the user responds to
data requests from the computer, and may be run from a video display or printing
terminal. The program consists of two parts: HINPUT, which requests the
input data from the user and performs initial acoustical and geometric
calculations; and HICNOM, which performs the bulk of the acoustical calculations.
HINPUT prepares a file containihg the input data and initial calculations that
then serves as the input file to HICNOM, which prepares a report of the results.

While the program is fairly'simple to use for someone unfamiliar with

computer programming or acoustics, it offers a variety of options to the more



experienced user regarding the types and operations of construction equipment.
The user who desires to take advantage of these options is urged to carefully
read this manual to understand how they work.

Section 2.0 of this manual describes the capabilities and logical
structure of the HICNOM program. Section 3.0 gives complete instructions for
using the program, and presents coding worksheets for use in organizing input
data. Section 4.0 discusses the output reports and their interpretationm,
while several example problems illustrating program use are given in Section
5.0. Section 6.0 lists error statements and how to recover from errors.

Appendix A discusses the model formulation and structure. It describes
how construction activities and tasks are modeled and gives the acoustical
formulation for the Leq calculations. Appendix B is the programmer's manual,
containing hardware requirements, and descriptions of program subroutines and
data configurations. Appendix C is the maintenance manual, which describes
the main data blocks and procedures for updating them. Appendix D presents
a series of blank coding worksheets.

Presented in Appendix E are the field data sheets and photographs for
the construction sites that are modeled iﬁ Example Problems 3 and 4 in
Sections 5.3 and 5.4. Finally, Appendix F presents the results of additional

model validation work at three construction sites on Interstate 440 in

Nashville, Tennessee.



2.0 PROGRAM DESCRIPTION

2.1 Capabilities

The program has the following capabilities:

+ Calculation of an 8-hour equivalent sound level, Leq (8h) for construction
activities representing various point, line, and area sources.

+ Up to 10 receiver locations.

* Up to 10 point sources.

+ Up to 6 line sources, each described by up to 10 points.

+ Up to 5 area sources, each described by up to 10 centerline points and
widths.

* Up to 3 barriers, each defined by up to 5 top edge points.

Built-in data base for over 50 types and models of construction equipment.

Easy user specification of additional data.

Activity levels can be automatically balanced between equipment working

together.

* Excess attenuation specified by user for each receiver location.*

» Automatic generation of haul road turnaround loops and acceleration/

deceleration profiles.

» Diagnostic output identifying the contribution of each source to the
overall noise.
* Alphabetic descriptions supplied by the user for each receiver, source
and barrier for easy identification on the output.
The quantitative limits noted above are primarily due to the dimensioned
size of arrays. They can be increased by changing appropriate dimensions,
as discussed in Appendices B & C. The equipment data base can be increased
to about 300 types and models within existing dimensions by modifying only

the data statements described in Appendix C.

2.2 Logical Structure

The program is divided into two main sections: an input and task module,
called HINPUT, that accepts geometric inputs and task descriptions and generates
acoustic source quantities, and the acoustical part, called HICNOM, that computes

receiver noise levels. These two sections are run separately. HINPUT interactively

*Excess attenuation is specified in decibels per doubling of distance. It is
related to the ground cover parameter "alpha' in the FHWA Highway Traffic Noise
Prediction Model by being equal to three times alpha. For example, a "soft"
site alpha of % corresponds to an excess attenuation of 1.5 dB.

3



accepts user data from a terminal, prompting the user for each line of data.
HINPUT computes a reference emission level for each piece of equipment
factored by the hours worked by the equipment, and a "source density" for
line and area sources that is used by HICNOM in the Leq calculations.
HINPUT also generates the coordinates for the points representing turn-
around loops for haul roads, and average speeds on the segments defined by
these points., HINPUT then creates a data file that is to be read and used
by HICNOM. HICNOM then does the Leq calculations, basically as detailed
in Section A.Z and produces a results report.

The following subsections describe the logical structure of the two

programs.

2.2.1 HINPUT

Figure 1 is a flow chart of HINPUT. 1Indicated on the chart are the
names of key subroutines used in each section. The subroutines are described
in detail in Appendix B.

The user first enters the coordinates of receiver locations and a
value of excess attenuation. These values are passed directly through
to the data file. Construction activities are next specified by inputting the
name of a particular piece of equipment. The subroutine DECODE checks the
input name against a list of allowable names. An internal identification
index is returned, together with an indicator as to whether the source is
a point, line, or area. User-defined equipment may be specified. The input
equipment type name is appended with a sequential number, e.g., the third
backhoe input is called "BACKHOE 3", for identification in the data file.

Separate sections of code handle the remaining input and analysis for
the three geometry types. The source location is input, then control is
transferred to the appropriate task subroutine: PTTASK, LNTASK, or ARTASK.
Each of these routines looks up the emission level of the equipment and
adds its effective source height to the input location. If a user-defined
piece of equipment is specified, the program requests the appropriate data.
These data are stored so that this new equipment type may be referred to
later in the same run. The task routines compute the production rate for
appropriate equipment, and utilize this to obtain usage factors (fraction of
time operating) when equipment is coordinated. The line and area sections

divide the number of sources by total length or area to obtain source density.
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Figure 1. HINPUT Flow Chart




The line task section (via subroutine LNTASK) additionally contains
routines to generate turnaround loops and acceleration/deceleration profiles.
The available options are described in Section 3.0, and details of the computa-
tion are in Appendices A and B. Briefly, several options are available
that result in the addition of a number of points to the input line geometry
and that cause the calculation of average speed, source density, and
emission level on each segment. These modified and/or computed values are
returned to the main program for inclusion in the output data file.

Following input of source data, the geometries of any barriers are then
entered. These are passed through unaltered to the output data file.

Writing the data file is the final step of this program.

2.2.2 HICNOM

Figure 2 is a flow chart of HICNOM. The key subroutines parenthetically
noted are described in detail in Appendix B.

Program structure is essentially linear. The data file created by HINPUT
is read, then the noise at each receiver is computed for the point, line and
area sources. When barriers are present, the noise contribution from each
source element is first computed without barriers, then with barriers.

The smaller value is taken, as discussed in Section A.2.4.

The point source calculation is quite straightforward, based on Equation
A-1 in Section A.2.1, and the no-barrier case is handled entirely within the
main program. The line and area cases are somewhat more complex. In order
to standardize the line source calculation (Bquation A-4 or A-9) each
line segment is transformed to a local-coordinate system oriented as shown in
Figure 3. For a line between points i and i + 1, point i is placed at the
origin and i + 1 on the positive x-axis. Each receiver location is transformed
to these coordinates, with the y value taken as -ly]. The quantities d,¢;, and
¢, , are then directly obtained for use in subroutine LINSRC, which performs
the calculation of Equations A-4 and A-9. The coordinate transformation is
performed by subroutine GEOM. GEOM is a general-use transformation routine
which is used for a variety of purposes in both HICNOM and HINPUT.

The area calculation requires division of areas into segments, then division
of each segment into strips, as described in Section A.2.3. Figure 4
shows how areas are represented in the model. This task is performed by
subroutine AREA. Each strip is treated as a separate line element, as are the

segments of line sources.
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Running indices are created in parallel to the main calculation.
These keep the summation over subsources organized and permit identification
of subsource components. The indices and the key to subsources are described
in Section 4.2.

2.3 Validation

Validation was performed at two levels: computational validation, where
~ the computer code was checked out, and application validation, where predictions
were compared with field data. The latter includes effects due to non-ideal
data, and is discussed in Section 5.

Extensive validation of the computer code was carried out as the program
was developed by the original contractor, and as it was evaluated by this
author. The procedure for testing subroutines was to use special input
data through the actual main program, rather than dummy driver routines.

All options were exercised, and results checked against hand calculations
and/or exact solutions. Particular attention was paid to limiting cases of
the algorithms used; for example, coordinate transformation involving
rotation angles of exact multiples of /2, Tempo;ary output statements were
used to check key intermzdiate results.

The last volume of the FHWA highway construction noise handbook contains
a case study showing step-by-step how an actual construction site (I-440,

Nashville, Tennessee) was modelled during comstruction operations.

In addition, Appendix F of this volume contains the results of a small

qcale validation study performed at three construction sites on I-440.



3.0 DATA INPUT

This section describes in detail how to use the two parts of the
computer program, HINPUT and HICNOM. Section 3.1 briefly describes the data
requirements and presents the equipment source data contained in the program.
Section 3.2 gives complete detailed instructions for data input including use

of coding worksheets.

3.1 Data Requirements

The following data are required to run the program:

RECEIVERS - number of receiver locations, their Cartesian coordinates, the
excess attenuation rate from the sources to each receiver (decibels
per doubling distance), and a description of each receiver location:

EQUIPMENT ~ names and model numbers of the construction equipment at the site.
Table 1 is a list of the equipment types and models that are built
into the program, and will be discussed in more detail below;

SOURCE DATA - coordinates defining point, line, and area source geometries, and
a description of each source;

BARRIER DATA -~ the number of noise barriers, coordinates defining the barrier
top locations, and descriptions of each barrier.

Additional information which may be needed include speed and hourly volume
data for haul operations, the nature of turn-around loops for haul roads,
source activity data, and noise level and operational data for equipment defined
by the user. All of the required input data will be discussed in detail in
Section 3.2.

Source and receiver locations are specified by the user as sets of
cartesian coordinates x, y, and z, The x and y coordinates are in the horizontal
plane, and z is wvertical location. The origin and orientation of the coordinates
may be set by the user in any convenient way.

For the noise calculations described in Sections A.2.1 through A.2.3, only
the x and v coordinates are considered. The difference between true three-
dimensional distance and the horizontal component is generally negligible.

In the field program,s no elevation differences were found which would cause

a difference of more than a fraction of a dB due to increased distance.

The neglect of z in this analysis provided great simplification in the program.
Note that the user has control over the effect of elevation of a receiver

on excess ground attenuation through specification of an excess attenuation

rate for each receiver.

11



Table 1.

Source Type Definition Information

(page 1 of 2)
(See Table 2 for related information)

Is
Production Type
Allowable Rate of
Source Model Geometry Coordination Line
Type No.* Description Types 1 Possible? Source
BACKHOE 1 # Nominal** 123 Yes Non-Haul
2 Caterpillar, Koehring 123 Yes Non-Haul
3 P&H 123 Yes Non-Haul
0 Defined by user 123 Yes Non~Haul
LOADER 1 # Nominal 123 Yes Non-Haul
2 3-yard capacity 123 Yes Non~-Haul
3 5-~yard capacity 123 Yes Non~Haul
4 7-yard capacity 123 Yes Kon~Haul
3 10-yard capacity 123 Yes Non-Haul
0 Defined by user 123 Yes Non~Haul
COMPRESSOR 1 # Nominal 1 No N/A Tt
2 Standard 1 No N/A
3 Quiet, doors open 1 No N/A
4 Quiet, doors closed 1 No N/A
0 Defined by user 1 No N/A
PILE DRIVER 1 # Nominal 1 No N/A
2 Current data 1 No N/A
0 Defined by user 1 No N/A
PUMP 1 63 dB @ 50 feet 1 No /A
2 76 dB € 50 feet 1 No N/A
3 # Nominal 1 No N/A
0 Defined by user 1 No N/A
CRANE 1 # Nominal 1 Yes N/A
2 Low 1 Yes N/A
3 Medium 1 Yes N/A
4 High 1 Yes N/A
0 Defined by user 1 Yes N/A
BREAKER 1 # Rock Drill 123 No Kon-Haul
2 # std. Jackhammer (Nominal) 123 No Bon-Haul
3 Muffled Jackhammer 123 No Non~-Haul
0 Defined by user 123 No Non-Haul
CONCRETE 1 # Concrete Pour 1 Ko N/A
2 # Nominal Batch Plant 1 No N/A
3 Batch Plant 1 Ne N/A
4 # Pump 1 No N/A
5 # Concrete Mixer 1 No N/A
0 Defined by user 1 No N/A

* A model number of zero tells the program a new model number is being defined for this

computer run.

*% "Nominal" means that the data represents an averaging of data from previous literature,
t 1: Point, 2: Line, 3: Area

t+ N/A means "not applicable'",

## Use this model number if a generalized value is needed.
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Table 1. Source Type Definition Information (page 2 of 2)
(See Table 2 for related information)
Is
Production Type
Allowable Rate of
Source Model Geometry Coordination Line
Type No.* Description Types T Possible? Source
GENERATOR 1 Low Level 1 No N/A
2 # Nominal** 1 No N/A
0 Defined by user 1 No N/A
MISCELLAN 1 # Grinder 1 No N/A
2 # Concrete Saw 1 No N/A
3 # Fan 1 No N/A
4 # Welder (Nominal) 1 No N/A
0 Defined by user 1 No N/A
BULLDOZER 1 #f Nominal** 123 No Non-Haul
2 Caterpillar D6, D7, D8 123 No Non-Haul
3 Caterpillar D9 123 Neo Non~Haul
4 DY without muffler 123 No Non~-Haul
0 Defined by user 123 No Non-Haul
GRADER 1 # Nominal 123 No Non-Haul
0 Defined by user 23 No Non-Haul
TRUCKS 1 10-yard dump, quiet 2 Yes Haul
2 10-yard dump, poisy 2 Yes Haul
3 Dual 20-yard trailers 2 Yes Haul
4 # Nominal 2 Yes Haul
0 Defined by user 2 Yes Haul
SCRAPER 1 Caterpillar 631, muffled 2 Yes - Haul
2 # Cat. 631, no muff. (Nominal) 2 Yes Haul
3 Caterpillar 623 2 Yes Haul
4 Caterpillar 637 2 Yes Haul
0 Defined by user 2 Yes Haul
COMPACTOR 1 Low 3 No N/A
2 # Nominal 3 No R/A
3 High 3 No N/A
0 Defined by user 3 No N/A
PAVING 1 # Nominal 123 No Non~Haul
2 Concrete Paver 123 No Non-Haul
3 Asphalt Paver 123 No Non-Haul
0 Defined by user 123 No Non-Haul
USER DEFINED 0 Defined by user 123 Yes Fser-Defined

i

I3

* A model number -of zero- tells the program-a new model number is being defined for this
computer Tun. ;

*% “"Nominal' means that the data was acquired from previous literature.
t+ 1: Point, 2: Line, 3: Area
++ N/A means "not applicable’.
# Use this model number if a generalized value is needed.

13




Vertical distances are of critical importance when barriers are involved,
so that true three~dimensional distances are used when computing the path
length difference as described in Section A.2.4. Coordinates specified for
a barrier represent the spatial location of the top edge: the location
of the ground at the barrier plus the height of the barrier above the ground.
Similarly, receiver locations specified by the user must represent the actual
height of the receiver.

Source elevations are specified somewhat differently. The height of
the effective acoustic source location above the ground varies between various
pieces of equipment, and forms part of the data base in the model. Source
locations are therefore specified by the user as the ground-level location;
the model adds the appropriate height to obtain the acoustic source location.

A key part of the model is the inclusion of an extensive data base of
equipment noise levels and operating parameters. The bulk of the data
incorporated into the model was gathered as part of the program’s development,
and is presented in a raw form in Volume 5 of the FHWA highway construction
noise handbook..5 Some additional data was obtained from a review of the literature,
but this was generally limited to maximum emission levels and manufacturer
specifications of equipment capacity.

Table 1 lists in its first three columns the equipment types and model
numbers contained in the program, and a description of what each model
number represents. The fourth column of Table 1 indicates whether the user may
specify the equipment as operating at a point, along a line or over an area,
or if the program assigns a particular geometry type to that source type.

The fifth column indicates whether or not the production rate of the equipment
may be tied to the operations of another piece of equipment. Only those sources
with a '"yes" answer may be coordinated with each other. The last columm
indicates for those sources that may be specified as a line source whether

the program assumes them to be haul or non-haul line sources.

Each model number listed in Table 1 represents an average of a number
of similar pieces of equipment. Items marked "nominal" are from the literature;
The remainder are from Volume 5 of the FHWA construction noise handbook:.5 The
descriptions in Table 1 vary from quite specific to somewhat vague. They
are presented in the most descriptive manner that does not lead to overgenerali-
zation. In some cases it will be necessary to examine the noise levels in Table 2,

and make a judgement as to which model number is appropriate.
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Table 2. Source Type Acoustical and Operational Data (page 1 of 2)
(See Table 1 for related information)

St

Acoustlc Acoustic Reference Critical
Source Model Lmax | Delta } Cycle Time | Capacity Helght Frequency Speed Slopett Speed
Type No.* (dBA)| (dBA) {(hrs.) {cu. yds.) (fr.) (Hz.) (mph) (mph)
BACKHOE i 86.5 3 .00833 N/AT 6 500 — — —
2 88.0 3 .00833 N/A 6 500 - _— -
3 92.0 3 .00833 N/A 6 500 - — -
0 UD* i) un ub uD up — — —
LOADER 1 89.0 5 00833 5 6 500 - —-— —_—
2 81.0 5 .00833 3 6 500 - - —
3 82.0 5 .00833 5 6 500 - - —-—
4 B3.0 5 .00833 7 6 500 —m — —
5 85.0 5 .00833 10 6 500 - - -
1] uD uD uDn up up up o - .
COMPRESSOR 1 91.3 2 0 N/A 4 1000 — — _—
2 88.0 2 0 N/A 4 1000 — — _
3 77.0 2 0 N/A 4 1000 - . _
4 67.0 2 0 N/A 4 1000 — — —
1] uD uD up uUb un uD e — —
PILE DRIVER 1 97.3 6 0 (¢} 20 1500 - - -
2 103.0 6 0 0 20 1500 — - -—
0 uD up uD uD ub ubD —-— - -
PUMP 1 63.0 0 0 0 4 800 — - -
2 76.0 4] 0 0 4 800 — - —_—
3 71.0 4] Q 0 4 800 a—— —— —
] up up up up up ubD —— -— -
CRANE 1 89.0 7.5 0 0 15 500 - - -
2 73.0 ] 7.5 0 0 15 500 — -— -
3 81.5 7.5 0 0 15 500 - -- -
4 85.0 7.5 0 0 15 500 -~ —_— -
0 uD uD [1)3) [3}1] uDh up - — -
BREAKER 1 96.0 7 0 0 2 1500 - —— o
87.0 7 0 0 2 1500 - - -
3 76.0 7 0 0 2 1500 - —— e
CONCRETE 1 78.0 5 0 0 10 500
2 $0.0 0 0 0 10 500 — — -
3 8§2.0 0 0 0 10 500 — — ~—
4 85.0 0 0 ¢} 6 500 — - -
5 82.8 0 0 0 8 500 - - -
0 UD UuD uD up up uD —_— - -

* A Model Number of zero tells the program a new model number is being defined for the computer run.
*% Ud: User~-defined (supplied by user)
1+ N/A means "not applicable'.

1+ Slope is "B" in the emission level equation: Lo = Lmax + B log (speed/reference speed).



Table 2. Source Type Acoustical and Operational Data (page 2 of 2)
(See Table 1 for related information)

91

Acoustic Acoustic Reference Critical
Source Model Lmax Delta | Cycle Time | Capacity Height Frequency Speed Slopett Speed
Type No, * (dBA) {(dBA) (hrs.) (cu. yds.) (fr.) (Hz.) (mph) (mph)
GENERATOR i 73.5 0 0 0 4 1200 - - -
2 81.0 0 0 4 1200 - -— -—
0 UD ** uD up UD up up -— —_— -
MISCELLAN 1 71.0 1 0 0 2 1200 - — -—
2 88.0 ] 0 0 1 1200 - - -
3 83.0 0 0 0 4 1200 — -— -
4 71.0 0 0 0 4 1200 - -— -
0 up uD up up uD uD - - -
BULLDOZER 1 90.1 2 0 0 6 500 - -- -
2 80.0 2 0 0 6 500 — - -
3 85.0 2 0 0 6 500 - —-— -
4 96.0 2 0 0 6 500 - -- -
0 uD uD up up up uD _— - -
GRADER 1 83.0 0 0 0 8 500 - - -
0 uD uD UD uD up up — - -—
TRUCKS 1 76.0 N/at N/A 10 8 500 35 20 35
2 81.0 N/A N/A 10 8 500 35 20 35
3 86.0 N/A N/A 40 8 500 35 20 35
4 90.7 N/A N/A 10 8 500 35 20 35
0 UD N/A N/A up up up uD up
SCRAPER 1 84.0 N/A N/A 25 6 500 30 0 30
2 95,0 N/A N/A 25 6 500 30 0 30
3 80.0> N/A N/A 25 6 500 30 0 30
4 ﬂﬁkﬁ:a' N/A N/A 25 6 500 30 0 30
0 - UD_ N/A N/A UD Up Up up up up
7 ¢aqines
COMPACTOR 1 80.0 0 0 0 8 500 - - .
2 86.0 0 0 0 8 500 - - -
3 93.0 0 0 0 8 500 - - -
0 uD up uD Up Up UD - e -
PAVING 1 83.8 0 0 0 4 500 - - —
2 82.8 0 0 0 4 500 —-— - --
3 82.5 0 0 0 4 500 - - -
0 up [1)2} uD up up UD - - —
USER DEFINED 0 uD up uD up uD up - — -

* A Model Number of zero tells the program a new model number is being defined for the computer runm.
*% UD: User-defined (supplied by user)
1t N/A means '"not applicable".

T+ Slope is "B" in the emission level equation: Lo = Lmax + B log (speed/reference speed).



Table 2 presents the acoustical and operational data that are coded into
the program for the different model numbers. A wide variation of noise levels
is not uncommon. It was found in the field program that nominally identical
pieces of equipment could produce noise levels which differ by 10 dB or more.
Construction sites generally have small (in a statistical sense) numbers of
equipment present, so that caution must be exercised in any use of average
levels for a specific case. Data in the program does provide a good selection
of the range encountered, however, so that reasonable choices can be made

in the absence of specific data.

3.2 Preparation of Input Data

Data is interactively entered into the computer through requests by
the program. The program asks for data in the following order: problem
title, receiver data, source data, and barrier data. The same questions are
asked from run to run for all of the above except the source data. Source
data questions vary quite a bit depending on the type of source (point, line or
area) and the user's responses to certain of the questions.

Seven worksheets have been prepared to help the user organize the data
for input into the program. Each worksheet has appropriate information
printed on it to help guide the user as to which pieces of data are required

for a particular run. The seven worksheets are:

FORM 1: TITLE AND RECEIVER DATA
FORM 2: POINT SOURCE DATA

FORM 3: '"HAUL" LINE SOURCE DATA
FORM 4: 'NON-HAUL" LINE SOURCE DATA
FORM 5: AREA SOURCE DATA

FORM 6: BARRIER DATA

FORM 7: DATA INPUT GUIDE

All of the requests made by the program are discussed in this section,
grouped by worksheet. In many cases, the answer to one request will determine
the next request to be made; all such options and branching are explained
in detail.

Phrases printed by the computer are capitalized and underlined. User
responses for all data input are free format; that is, data items are
separated by a comma or one or more blank spaces, with a carriage return
at the end of an answer.

The discussion is set up for easy reference by the user if a question

arises during data input. To make discussion of each form complete, there
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is some repetition for those requests that are asked for all source types.
However, this repetition allows each section to stand on its own. At the
beginning each section is a form with sample data. Then, for each program
request, the request itself is presented, capitalized and underlined. The
portion of the form showing the request and a typical response is shown,
and then a discussion of the request is given.

Form 7 is set up as a guide to the user on allowable source types,
model numbers, geometry types and production rate coordination. No user

entries are made on Form 7. It is illustrated in Appendix D.
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FORM 1

3.2.1 FORM 1: TITLE AND RECEIVER DATA

Form 1, including sample data, is shown in Figure 5.

STEP 1. ENTER TITLE FOR THIS PROBLEM

PROBLEM TITLE (ENTER AS ONE LINE)

EXAr7PLE  DA7H

Up to 80 characters describing this computer run may be entered here.
This title is printed at the top of the data file created by HINPUT and at
the top of the results report prepared by HICNOM.

STEP 2. ENTER NUMBER OF RECEIVERS (MAXIMUM IS 10)

NUMBER OF RECEIVERS
(MAXTHMUM OF 10)

/

Enter the number of receivers in this run. Up to 10 receivers may be

defined per run.

STEP 3. ENTER A DESCRIPTION OF RECEIVER # X
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE)

ENTER X, Y, Z AND EXCESS ATTENUATION (DB/DD) FOR RECEIVER #X

16 CHRRACTERS)

/012 ~Tan/ % O o /&

EXCESS
DESCRIFTION (MAX .|y COORDINATE|Y-COORDINATE|Z-COORDINATE| S%0U%
(DB/00)

A set of answers, followed by a carriage return, has to be given for
each receiver. The DESCRIPTION is a title that may be given to each receiver.
It is printed on both the data input report and results report, and allows
easy identification of the receivers. If no description is desired, simply

press the carriage return key.

X, Y, and Z are the three-~dimensional coordinates of the receiver location.
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FORM 1

EXCESS ATTENUATION (dB/DD) indicates how fast the sound level will drop
off from the sources to this receiver in addition to the attenuation due to
geometric spreading of the sound waves. Geometric spreading for point and line
sources is 6 dB and 3 dB, respectively. Typical values for excess ground
attenuation are O dB and 1.5 dB. A value of 0 dB would be applicable to
elevated receivers (such as second story windows) or for propagation over
pavement or hard packed earth. A value of 1.5 dB would increase the attenuation
to 7.5 dB and 4.5 dB, respectively, for point and line sources, which is

typical for a "soft" site (e.g., freshly dug earth at a construction site).
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Figure 5. FORM 1: TITLE AND RECEIVER DATA

HICNOM NAME___ /A
FHNA HIOHWARY CONSTRUCTION NOISE PROE__' OF
PREDICTION PROORAM DATE___3/3/
PROJECT =97

FORM 1 - TITLE AND RECEIVER ODRTAR

PROBLEM TITLE (ENTER AS ONE LINE)
EXAmPLE  DATYH

NUMBER OF RECEIVERS
(MAXTMUM OF 10)

/
Do NoT [DESCRIFTION (MAX- X-COORDINATE|Y-COORDINATE|Z-COORDINATE| SRoca”
ENTER (D8/00)

V| ror2 Alan O O O /.S
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FORM 2

3.2.2 FORM 2: POINT SOURCE DATA

Form 2 is designed to organize data for point sources. The user may
choose from pre-programmed source types, or may create new source types.
Figure 6 shows an example of Form 2.

STEP 1. ENTER SOURCE TYPE - BLANK IF FINISHED

ENTER A DESCRIPTION OF THE SOURCE
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE) -

8O0URCE DESCRIPTION
TYPE(1) [(MAX. 18 CHRR.)

PurmpP  |\Meg 102 (Row)

These two requests are made for each source. The following source types

may be used as point sources:

COMPRESSOR CRANE GENERATOR USER-DEFINED
PILE DRIVER BACKHOE MISCELLAN BREAKER
PUMP CONCRETE LOADER BULLDOZER
GRADER PAVING

These source types have to be entered exactly as shown above. If they are
misspelled or some other word is entered, the program will respond INVALID

SOURCE TYPE - REENTER. Tables 1 and 2 give full descriptions of these sources

and the values associated with them in the program.
The DESCRIPTION is a l6-character identifier that may be given to the
source by the user. It will be printed on the output. If no description is

desired, simply press the carriage return key.

STEP 2. ENTER MODEL NUMBER (ENTER O TO DEFINE NEW MODEL NUMBER)

NODEL
MUNBER(2)

0

Enter a model number from the choices in column 2 of Table 1. Any other

value will produce the message INVALID MODEL NUMBER - REENTER. Hote that

all of the non-zero model numbers have the data shown in Table 2 coded into

the program.
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HICNOM
FHWA HIGHWAY CONSTRUCTION NOISE
PREDICTION PROGRAM

FORM 2 - POINT SOURCE DRTA
POINT SOURCES (MRXINMUM OF 10)

NAHE__Ww-B.
PROE_X_OF__%
DATE__3/3/
PROJECT__ZL-%%

SBURCE DESCRIPTION OMETRY
PPED) |l (mAR 18 CHAR. ) |numacatss | PETHEE " Monktora)| X-COORDINATE | Y-COORDINATE | Z-COORDINATE
PompP  |wem o ffow)) 0 | 1 | § 2 F0 Z
1
1
1
1
1
1
1
1
1
NOTES:
(1) TO DEFINE SOURCE NOT LISTED ON FORM 7, ENTER: USER DEFINED
(2) 0 INDICATES NEW MODEL: NEGATIVE VALUE INDICATES NENW
MODEL PREVIOUSLY CRERTED IN THIS RUN
(3) IN 8 HOUR DAYs NEOATIVE VALUE MEANS MATCH PROGDUCTION RATE
WITH PRECEEDING SOURCE WITH PRODUCTION RATE
IF_SOURCE TYPE IS ‘USER DEFINED' OR MODEL NUMBER I8 0, ALSO ENTER:
HAX T DELTA CAPACITY GroLe ACOUSTIC FREQUENCY
75 o 0 o, 3 $00

‘9 aand1g

‘¢ W04

VIVA d0¥N0S INIOd



FORM 2

To create a new model for a particular source type, enter 0 in response
to this request. This will cause the program to later request noise level
and operational data for this model. More than one new model can be created
for each source type during a given run. However, the total number of
models of a given type (highest value in Table 1 plus user-created models) may
not exceed 10. This new data is not retained from one run to the next.
Permanently adding a new model to the program requires changing the BLOCK
DATA and SUBROUTINE DECODE sections of program as described in Appendix
C of this manual.

A newly created model (MODEL NUMBER of 0) may be referred to later in
the data input of a problem. This is done by entering the appropriate source
type and then a MODEL NUMBER of -1. If two new models have been created
for a particular source type during the same run, the second one may be referred
to later in data input by using a MODEL NUMBER of -1 while the first would
be referred to by a MODEL NUMBER of -2. In this case, the -1 indicates "last
new model of this type'" while the -2 indicates 'mext-to-last new model of
this type'. More than two newly created models may be referenced later during
data input in the same manner: the greater the negative value for MODEL NUMBER,
the earlier in data input that model was first specified. Example 1 in
Section 5.1 illustrates use of a USER DEFINED source type and model numbers of
0, -1 and -2.

For the source type USER DEFINED, a MODEL NUMBER of O is always used
the first time this source type is specified, and a negative value is used
thereafter if referring back to this same source type. Note that more than

one USER DEFINED source type can be created during the same run by using a
MODEL NUMBER of O the first time each is specified.

STEP 3. ENTER 1, 2 OR 3 FOR WORKING OVER A POINT, LINE OR AREA

OGEONETRY
TYPE

1

Certain source types may only be used as point sources: others may also
be used as line or area sources (the latter are: LOADER, BACKHOE, BREAKER,
BULLDOZER, GRADER, PAVING, and USER DEFINED). The above request will only
be made for the latter sources, where there is a choice of geometries.

In this case, a value of 1, indicating point source, would be the appropriate

response,
24



FORM 2

STEP 4. ENTER HOURS WORKED DURING 8-HR DAY (ENTER -1 TO COORDINATE THIS SOURCE'S
PRODUCTION WITH THAT OF THE LAST PREVIOQOUSLY-ENTERED SOURCE HAVING A
PRODUCTION RATE)

HOURS
WORKED(3)

g |

Enter the number of hours worked during the 8-~hour day for this particular
model. (The program is based on an 8-hour day and computes an 8-hour Leq.
This value can be changed in the program as described in Appendix C of this
manual.) If a piece of equipment was only working half of the day, for example,
the correct entry for HOURS WORKED would be 4. Note that this time is the
entire time when the equipment is in operation, not just the time when it
is at maximum sound level. For example, a rock drill produces a much higher
noise level when drilling than when the bit is being withdrawn and reset.
Nonetheless, the entire time when the drilling/resetting process takes place
is the proper value for HOURS WORKED.

As was discussed in Section 3.1, certain equipment types have production
rates associated with them based on their capacity and cycle time for an
operation. This is explained in more detail in Section A.l. Point sources
with production rates are BACKHOE, LOADER, CRANE, and USER DEFINED. To tie
the operation of such a piece of equipment to another piece of equipment
with a production rate (for example, a loader filling trucks), enter the first
source with the actual value for its HOURS WORKED and then enter the second
source with a value of -1 for its HOURS WORKED. The program will then compute
a value for HOURS WORKED for the second source for its Leq calculations based
on equation A~3 shown in Section A.2.1. Note that the order of input of the
sources is important: generally for é load~and~haul operation, the number
of haul trucks would depend on the ability of the loader to fill them. This
would mean that a positive value would be entered for HOURS WORKED for the
loader, and the HOURS WORKED for the trucks would be set to -1. An example

of production rate coordination is shown in Section 5.2.
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FORM 2

STEP 5, POINT SOURCE: ENTER X, Y, Z OF SOURCE LOCATION

X-COORDINARTE | Y-COORDINARTE | Z-COORDINRTE
4o A0 V7]

Enter the appropriate coordinates of this particular source. Note that
the z-coordinate should be the ground level coordinate. The program has an
acoustic height for the source built into it as shown in Table 2 (next-to-last

column).

STEP 6, If a MODEL NUMBER of 0 was specified for this source, the following

requests will be made by the program:

o DELTA CAPACITY cYeLE by A FREQUENCY
75 o) 0 4 5 S0

Substep 6a. ENTER LMAX (DBA)

Enter the reference maximum level in dBA of this piece of equipment.
IMAX is defined in Bquation A-2 in Section A.2.1.
Substep 6b. ENTER DELTA (LMAX-LEQ) IN DBA

DELTA is defined as the difference in dBA between the maximum level of
the equipment and its Leq over its operational cycle, which is referred to
as the energy-averaged emission level, (LQ)Ei in Section A.2.1.

Substep 6c. ENTER CAPACITY PER CYCLE (CUBIC YARDS)

If the piece of equipment has an earthwork capacity associated with it,
enter the capacity per operational cycle in cubic yards. This will be used
in calculations if this piece of equipment's production rate is tied to another
plece of equipment with a production rate.
Substep 6d. ENTER CYCLE TIME (HOURS)

CYCLE TIME is the amount of time in hours that it takes this piece of

equipment to cycle through one operation. This value is also used in calculations

26



FORM 2

when this piece of equipment is being coordinated with another piece of equipment
with a production rate. A typical value in the program is .00833 hours (30
seconds) .
Substep 6e. ENTER ACOUSTIC HEIGHT (FEET)
ACOUSTIC HEIGHT is the effective or equivalent height in feet of the source

for use in the barrier attenuation calculations. Lacking any detailed noise
emission tests on the piece of equipment in question, this height could be
the height of the major noise source on the piece of equipment. If there are
no barriers in this problem, any value may be entered for ACOUSTIC HEIGHT; it
will not be used in the calculations.
Substep 6f. ENTER FREQUENCY (HERTZ)
FREQUENCY is the equivalent or effective frequency of the source's

sound for use in barrier attenuation calculations. Lacking detailed noise
emission frequency data, the user could choose a frequency for this source
by comparing the pitch of this equipment’s noise to those of the sources
listed in Table 2, and choosing an appropriate frequency from that list.
If there are no barriers in this problem, any value for frequency may be

entered; it will not be used in the calculations.
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FORM 3

3.2.3 FORM 3: "HAUL"LINE SOURCE DATA

The program breaks line sources into two categories: '"haul" and
"nonhaul". While there are similarities in the data input re-
quirements between the two, there are also enough important
differences to warrant separate forms for each category. This
section discussed haul sources while the next section will discuss
nonhaul sources, Figure 7 shows the coding worksheet for haul line
sources with sample data filled in.

STEP 1. ENTER SOURCE TYPE - BLANK IF FINISHED

8OURCE
TYPE (1)

7R UCKS

The following are haul line sources that are coded in the program: TRUCKS
and SCRAPER. To designate a haul line source enter one of those source types
in response to this request. The only way to create a new haul line source
is by creating a new model number for either TRUCKS or SCRAPER, as described

in the next item.

STEP 2. ENTER DESCRIPTION OF THIS SOURCE (MAXIMUM OF 16 CHARACTERS - BLANK IF NONE):

DESCRIPTION
MAX. 18 CHAR.) |

(
HAUL Rp.

The DESCRIPTION is a l6-character title that may be given to each source.
It is printed on both the data input report and the results report, and
allows easy identification of the sources. If no description is desired,

press the carriage return key.
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Figure 7. FORM 3: "HAUL" LINE SOURCE DATA

HICNOM NRME__ Wb
FHWA HIOHWAY CONSTRUCTION NOISE PAGE_3_ OF &
PREDICTION PROGRAM DATE 3/3/9
FORM 3¢ 'HAUL' LINE SOURCEDATA PROJECT Z=77
SOURCE DESCRIPTION MODEL HOURS NO. OF PTS.
TYPE (1) {MRX. 18 CHAR.) NG.[2) WORKED(3) | IN LINE(4)
TRUCKS HaulL RD. 0 g 2

NOTESs (1).02).(3)3 SEE FORM 2 FOR EXPLANRTIONs (4) ENTER O TO REUBE POINTS
FRON LAST NRUL SOURCE

POINT COORDINATES (MAX. = 203 MAX. = 6 IF RETURN LOOP TYPE IS 0)

DO N7 I X-COORDINATE | Y-COORDINATE | Z-COORDINATE |[ CESMENT
1 —/000 /20 O &0
2 /000 yex O
3
4
5
8
7
8
o
10
11
12
13
14
16
16
17
18
19
20
VERIcLES| RETURN LOOP POINT NUMBERS
PER HOUR| TYPE(G) [RADIUS(E) STOPPINO(7) |DECELERATION(S)
25 (®) / 0 O
(63 SEE FORR 731 IF O, ENTER POINT €73 ENTER O IF NON-STOPF
NUMBERS (SEE TO THE RIOMT) (83 ENTER O TC NRVE PROORARN CONPUTE
{8) ENTER ANY YALUE IF TYPE 1S O OR 7. AVERROE BPEED (OMLY IF (7) IS NON-RERG):

ENTER RANY YRLUE IF (7) IS O.

IF SOURCE TYPE IS °USER DEFINED' OR MODEL NUMBER IS 0. ALSO ENTER:
HAXTEUM | RECERENCE| SLOPE |“Ropey'- |CAPACTTY| RCIUBTIC (enequency
§s | 3o /S | 3o /0 ¥ | $so
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FORM 3

STEP 3. ENTER MODEL NUMBER (ENTER O TO DEFINE NEW MODEL NUMBER)

Enter the appropriate model number for the SOURCE TYPE just entered into
the program from the second column of Table 1. Any other value not in Table 1
will produce the message INVALID MODEL NUMBER ~ REENTER. To define a new
model for TRUCKS or- SCRAPER for this computer run, enter a O for MODEL NUMBER.

Then, later in the data input, the program will request information on this
new model. To specify a previously created new model number later in the
same run, enter a value of ~1 for the "last previously specified new model of

this source", -2 for the ''mext-to-last", etc.

STEP 4. ENTER HOURS WORKED DURING 8-HOUR DAY (ENTER -1 TO COORDINATE THIS SOURCE'S
PRODUCTION WITH THAT OF THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A

PRODUCTION RATE)

| HOURS
HORKED(3)

¥

Enter either the hours worked during the 8-hour day or a -1 in résponse

to this request. The program computes the Leq from haul line sources

based on the hourly volume of the sources, which the program either requests

or computes. If a positive value is entered for HOURS WORKED, the program

will later request the hourly volume of this source. Note that in all but one
case, the size of the positive value is unimportant; the positive number is

just a code that tells the program to later request the hourly volume. The

one case where the actual value provided for HOURS WORKED is used in calculations
is where the next source's production is being tied to this source by a -1 for
its HOURS WORKED. 1In this case, the actual hours worked for the next source

is then computed from its capacity and cycle time and the .capacity and hours

worked of this source.
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On the other hand, a value of -1 for this source's HOURS WORKED tells
. the program that this source's production is being tied to the last previously
entered source with a production rate (BACKHOE, LOADER, or CRANE). Imn this
case, the program will compute the number of haul vehicles per hour based on
vehicle haul capacity, and the capacity and cycle time of the source with which

it is being coordinated.

One type of operation where production rate coordination might be desirable,
but is currently not possible is paving, where trucks supply the paver. A
suggested analysis technique is to manually compute the volume of trucks
based on their capacity and the capacity and paving rate of the paver. Then,
based on the distance the paver covers in the day, a series of "average" un-
loading points for the trucks could be approximated along the paver's line.
Each of these points would then serve as the endpoint for a separate haul

line source.

STEP 5. LINE SOURCE: ENTER NUMBER OF POINTS ON THE LINE, MAXIMUM IS 20 (ENTER 0
TO REUSE POINTS FROM THE LAST PREVIOUSLY ENTERED LINE SOURCE)

Enter the number of points defining the line. Coordinates for each point
will then be requested. Note that the maximum is 20 points, but that includes
both user-supplied and program-generated points. The program will generate
a series of return points if it is later told that the trucks turn around at
the end of the line and return to the starting point. For example, if 10 points
are entered and then the program is told that the trucks made a U-turn and
returned along the same line, the program would generate 9 return points to
get the trucks back to the starting point, for a total of 19 points, one below
the maximum allowable number. Specifying 11 points and a U-turn would cause

the program to try to generate 21 peints (11 out and 10 back), which would not
work.
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The program may also be told that the trucks turn around by means of
a loop road of a given radius. The program will then generate a series of
points to represent that loop. Eight points or more may be generated, which
means that the user should enter no more than 6 points to not exceed the

total limit of 20.

To re-use the points from the last previously-entered haul line source,
enter a 0 for the number of points. An example of this would be where two
different truck models are operating along the same haul road.

STEP 6. ENTER X, Y, Z OF THE POINTS

X~-COORDINRTE | Y-COORDINARTE | Z-COORDINATE
—/000 /L0 0
/000 2y 0

Enter the x, y, and z-coordinates of each point on the line, following
each z-coordinate by a carriage return. The z-coordinate should be the ground
level coordinate. Note that if a return loop is to be defined (as described
later in item 10), the iast entered point is the loading or unloading point,
and the next-to-last point must be at least 2.5 times the loop radius away
from it. For example, if a loop radius is 20 feet, the next-to-last point

must be at least 50 feet from the last point. As noted from the discussion

for item 5 (above) no more than 6 points should be specified if a loop is to

be created by the program.

STEP 7. 1f a MODEL NUMBER of 0 was specified for this source, the following requests

will be made by the program:

NAXTRUN |REFERENCE| SLOPE |CREEACHL [capactTy|REDUSTIC | Frequency
§s] 3o /S| 30 /0 539

Substep 7a. ENTER IMAX (DBA)

LMAX corresponds to Lo in the emission level equation:

(LO)E = Lo + (SLOPE) Log (V/Vief),
where: (LO)E is the reference emission level;

SLOPE is the coefficient of the log term;
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V is the speed of the source; and
Vref is the reference speed for the emission level equation.
This equation is discussed in more detail in Section A.2.2.2.

Substep 7b. ENTER REFERENCE SPEED, VREF (MPH)

VREF is the reference speed for the emission level equation for this

source (see item a. above).
Substep 7c. ENTER SLOPE: LO(E) EQUALS LMAX + (SLOPE) LOG (V/VREF)

Enter the slope of the emission level equation for this source, as

discussed in item (a) above.
Substep 7d. ENTER CRITICAL SPEED, VCRIT (MPH)

VCRIT represents the speed below which the emission level for the source

remains constant (during acceleration only). In other words, for acceleration
at or below the critical speed the emission level equals the level for a speed of
VCRIT. However, during deceleration, the emission level will decrease at
speeds below the critical speed based on the value for SLOPE and the
specified speed.
Substep 7e. ENTER ACOUSTIC HEIGHT (FEET)
ACOUSTIC HEIGHT is an equivalent single height of the source for the

barrier attenuation calculations., Lacking detailed noise emission information
on piece of equipment in question, the user could choose the height of the
major noise source on the piece of equipment. If there are no barriers in
this problem, any value may be entered for ACOUSTIC HEIGHT; it will not be
used in the calculations.

Substep 7f. ENTER FREQUENCY (HERTZ)

FREQUENCY is an equivalent single frequency used in barrier calculations

that permits good approximation of the overall spectrum's A-weighted
attenuation for this source. Lacking detailed noise emission frequency

data, the user could choose a frequency for this source by comparing its
pitch to those of the sources listed in Table 2, and selecting an appropriate
frequency from that list. If there are no barriers in this problem, any value

for FREQUENCY may be entered; it will not be used in the calculations.
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STEP 8. ENTER SPEED ON EACH SEGMENT (MPH)

SEOMENT
OPEED

70

Enter the average speed of the source on each segment of the line (enter
a comma or a blank space between each speed). There will be one less segment
than the number of line points previously specified.
Choosing a speed for the last segment requires care when a value of 0
is specified for LOOP TYPE (discussed in item 10). A zero LOOP TYPE, tells
the program that the source is not turning around, but preceding straight
through the site. In response to a value of O for LOOP TYPE, the programming re-
quests a STOPPING POINT and a DECELERATION POINT. A value of O for the DECELERATION
POINT tells the program to generate a deceleration profile for the source

using the speed given for this last segment as the approach cruise speed,

not the average speed. However, a positive value for the DECELERATION POINT
tells the program that the speeds given on the segments between the DECELERATION
POINT and STOPPING POINT are average speeds that the user has calculated.

To summarize then, specify the average speed for each segment unless
values of 0 are to be given for LOOP TYPE and DECELERATION POINT; for this

latter case, the speed for the last segment should be the approach cruise

speed.

STEP 9. ENTER VEHICLES PER HOUR (ONE WAY VOLUME)

|ventcLes
PER HOUR

XS

This request will only be made if the value for HOURS WORKED was positive.
The one way volume should be entered, even if a return loop is to be specified.
If a value of -1 had been given for HOURS WORKED, the program would not request
the number of vehicles per hour, but would calculate it based on the capacity
of the haul source and the capacity, cycle time and hours worked of the source

with which the haul source is being coordinated.
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STEP 10. ENTER TYPE AND RADIUS (FEET) OF RETURN LOOP

RETURN LOOP
TYPE(E) |RADIUSIS)

o /

Enter a value from O to 7 to specify the type of return loop to be
generated by the program {(a value of 0 indicates straight-through traffic
with no program-generated loop). The loops corresponding to values of 1
through 7 are shown in Figure 8. Note that loop type 7 actually does not
represent a '"loop", but signifies that the vehicles are turning around
via a "U-turn" or a three-point turn. The program will read a value
greater than 7 as 7.

The RADIUS of the loop should be entered in feet; any value may be given
for the RADIUS for loop types 0 and 7, as this value is not used in the
calculations for these types. In Figure 8, also note that the stopping point.
is the last point for which the user supplied coordinates. The point where

the loop branches off from the main line is generated by the program based

on the type and radius of the loop.

STEP 11, ENTER STOPPING POINT NUMBER

POINT NUMBERS
S8TOPPING(7) |DECELERATION(S)

0 0

This request will be made only if a value of zero was given for LOOP
TYPE (straight-through operation). If the haul operation has a stopping point
(usually for loading or unloading), specify the haul road point number
(counting from the first point) that corresponds to the stopping point.
This point does not have to be the last point for the line. Entering a
value of 0 for the STOPPING POINT indicates that there is no stopping point,

and a cruise is presumed at the previously entered average speed.
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STEP 12. ENTER DECELERATION POINT NUMBER

POINT NUMBERS
STGPPINO(7) |DECELERATION(S)

o O

This request is only made if a value of 0 was entered for LOOP TYPE.
If a value of zero was specified for STOPPING POINT, any value may be given
for the DECELERATION POINT; it will not be used in the calculations.

If a positive value was given for the STOPPING POINT, either a zero or
positive value may be given for the DECELERATION POINT. A value of 0
tells the program to generate deceleration (and acceleration) profiles and
compute an average speed for the line segment under consideration, where the
speed entered by the user for this line segment is assumed to be the approach
cruise speed.

A positive value for DECELERATION POINT tells the program that the
speeds entered for the segments between the deceleration and stopping
points are the actual average speeds computed by the user, and that no

deceleration or acceleration profile is to be generated by the program.
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3.2.4 FORM 4: "NONHAUL" LINE SOURCE DATA

All line sources other than TRUCKS and SCRAPER are considered '"nonhaul"
line sources. Form 4, shown in Figure 9 is designed to organize data
for these line sources. The user may choose from pre-programmed source
types or may create new source types.

STEP 1. ENTER SOURCE TYPE - BLANK IF FINISHED

8CURCE
TYPEC(1) |

G RADER

The following source types may be used as nonhaul line sources:
BACKHOE LOADER BREAKER BULLDOZER
GRADER PAVING USER DEFINED
The source type has to be entered exactly as spelled above. If misspelled

or some other word is entered, the program will respond INVALID SOURCE TYPE -

REENTER. Tables 1 and 2 gives a full description of these sources and values

associated with them in the program.

STEP 2, ENTER DESCRIPTION OF THIS SOURCE (MAXIMUM OF 16 CHARACTERS - BLANK
IF NONE)

1 DESCRIPTION
(MRX. 18 CHAR

*

?fv L RD.

The DESCRIPTION is a title that may be given to the source for easy
identification on the data input report and the results report. If no

description is desired, simply press the carriage return key.
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Figure 9. FORM 4: "NONHAUL" LINE SOURCE DATA
HICNON NAME__ L 8
FHKA MIOMWRY CONSTRUCTION NGISE PROE_Z. OF_6
PREDICTION PROGRAM DATE__3/3/
PROJECT L -%¢
FORM 4 - °NONHAUL® LINE SOURCE DATA
SOURCE DESCRIPTION | MODEL |OEGMETRY| HOURS |IEMBERS oF
TYPE(1) (NAX. 18 CHAR.) NUMBER(2) TYPE HORKED(S) LINEC4)
GRADER |on Have RP O 2 v <
POINT COORDINATES (MAX. = 20)
X-COGROINRTE | Y-COORDINARTE | 2-COORDINRTE gﬁ NOT  NOTES:
~ /00 /20 0 a0 115 T
© FOR EXPLANATION
/000 /0 o 2 t4) ENTER O TO
REUSE POINTS
3 FROM NONHAUL
. LINE SOURCE
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
IF SOURCE TYPE IS 'USER OEFINED®' OR MODEL NUMBER IS O, ALSO ENTER:
MAXINUM | DELTA |capaciTy| 8PEED [PS2YBTIC rmrouency
78 17 o 25 | & | Soo
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STEP 3. ENTER MODEL NUMBER (ENTER 0 TO DEFINE NEW MODEL NUMBER)

HOCEL
NUMBER(2)

0

Enter a model number from the choices in column 2 of Table 1. Note that
all of the non-zero model numbers have the data shown in Table 2 coded into
the program.

To create a new model of a particular source type, enter 0 in response to
this request. This will cause the program to later request noise level and
operational data for this model. More than one new model can be created
for each source type during a given run. However, the total number of models
of a given type (highest value in Table 1 plus user-created models) may not
exceed 10. This new data is not retained from one run to the next. Permanently
adding a new model to the program requires changing the BLOCK DATA and SUBROUTINE

DECODE sections of program as described in Appendix C of this manual.

A newly created model (MODEL NUMBER of 0) may be referred to later in
the data input of a problem by entering the appropriate source type and then
a MODEL NUMBER of -1. 1If two new models have been created for a particular
source type during the same run, the second one may be referred to by a MODEL
NIMBER of -1, while the first one would be referred to by a MODEL NUMBER of -2.
In this case, the -1 indicates "last new model of this type" while the -2
indicates "next-to-last new model of this type". More than two newly created
models may be referenced later during data input in the same manner: the
greater the negative value for MODEL NUMBER, the earlier in data input that
model was first specified.

For the source type USER DEFINED, a MODEL NUMBER of 0 is always used
the first time this source type is specified, and a negative value is used
thereafter if referring back to this same source type. Note that more than
one USER DEFINED source type can be created during the same run by using a
MODEL NUMBER of O the first time each is specified. Section 5.1 shows an
example with a USER DEFINED point source and model numbers of 0, -1 and -2.
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STEP 4. ENTER 1, 2 OR 3 FOR WORKING OVER A POINT, LINE OR AREA

OEONETRY|

TYPE
—
2 ]

All of the allowable nonhaul line sources may also be used as point
or area sources. Therefore, to indicate that this source is to be analyzed

as a line source, enter a value of 2 in response to this request.

STEP 5. ENTER HOURS WORKED DURING 8-~HOUR DAY (ENTER -1 TO COORDINATE SOURCE'S
PRODUCTION WITH THAT OF THE LAST PREVIOQUSLY-ENTERED SOURCE HAVING A
PRODUCTION RATE

HOURS
KORKED(3)

s

Enter the number of hours worked during the 8-hour day for this particular
ﬁodel. (The program computes an 8-hour Leq. This value can be changed in
the program code as described in Appendix C of this manual.) If a piece of
equipment was only working half the day, for example, the correct entry for
HOURS WORKED would be 4. Note that the value for HOURS WORKED should represent
the total time the source is operating along the line, not just the time when

it is in front of a receiver.

As mentioned in Section 2.0, and discussed in detail in Appendix A,
certain equipment types have production rates associated with them based on
their capacity and cycle time; nonhaul line source with production rates are
BACKHOE and LOADER. To coordinate either source's operation with another
piece of equipment with a production rate (for example, trucks coming onto a
site to be filled by a loader), enter the first source with the actual value
for its HOURS WORKED, and then enter the second source for the value of -1
for its HOURS WORKED. The program will then compute a value for HOURS

WORKED for the second source based on Equation A-8 in Section A.2.2.1.

41



FORM 4

STEP 6. LINE SOURCE: ENTER NUMBER OF POINTS ON THE LINE, MAXIMUM IS 20 (ENTER 0
TO.REUSE POINTS FROM THE LAST PREVIOQUSLY ENTERED LINE SOURCE)

NUNBERS OF
POINTS IN
LINEL4)

4

Enter the number of points defining the line. Coordinates for each point
will then be requested. The maximum number of user-supplied points for a
nonhaul line ssource is 20; the program does not generate its own points.
Return loops may not be specified for nonhaul line sources even in reality
if the piece of equipment turns around and returns to the starting point;
the Leq calculations will still be correctly done, however.

For nonhaul line sources, emission level is independent of speed. This
results in the Leq contribution from a nonhaul line source being dependent
on only the length of the line and not the vehicle speed nor number of passbys
during the analysis period. This is explained in more detail in Appendix A,
but briefly: the number of passbys by the vehicle equals the vehicle's speed
along the line divided by the length of the line. As speed increases, the
number of passbys increases. However, the Leq from a line source is a function
of the ratio of the number of passbys to speed. Hence, the increase in speed
and the corresponding increase in the number of passby cancel each other out,
which simplifies the calculations by making the Leq a function of only the

length of the line.

STEP 7. ENTER X, Y, Z OF THE POINTS

X-COORDINATE | Y-COGRDINATE | Z-COGROINATE
~/a00 /X0 %
/000 [0 0

Enter the x, y, and z-coordinates of each point on the line. The z-

coordinate should be the ground elevation. Follow each z-coordinate by
a carriage return.
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STEP 8. 1If a MODEL NUMBER of O was specified for this source, the following

requests will be made by the program:

NAXIHUM | DELTR [capaciTY| SPEED |PGRYRNLIC| Precuency

78 | O 0O | &g | 6 | S00

Substep 8a. ENTER IMAX (DBA)

Enter the reference maximum level in dBA of this piece of equipment.

LMAX is defined in Equation A-5 in Section A.2.2.
Substep 8b. ENTER DELTA (LMAX-LEQ) IN DBA

DELTA is defined as the difference between the maximum level of the

equipment and its Leq over its operational cycle, as shown in Section A.2.2.
Substep 8c. ENTER CAPACITY PER CYCLE (CUBIC YARDS)

If the piece of equipment has a capacity associated with it, enter the

capacity per operational cycle in cubic yards., This will be used if this
piece of equipment's production rate is tied to another piece of equipment
with a production rate.

Substep 8d. ENTER SPEED (MPH)

Enter any value for the speed for a newly created nonhaul line source;

the value is currently not used by the program in its calculatioms.
Substep 8e. ENTER ACOUSTIC HEIGHT (FEET)
ACOUSTIC HEIGHT is the effective or equivalent height of the source for

use in the barrier attenuation calculations. Lacking any detailed noise

emission tests on the piece of equipment in question, this height could be the

height of the major noise source on the piece of equipment. If there are no

barriers in this problem, any value can be entered for ACOUSTIC HEIGHT; it will

not be used in the calculations.

Substep 8f. ENTER FREQUENCY (HERTZ)
FREQUENCY is the equivalent or effective frequency of the source's

sound for use in barrier attenuation calculations. Lacking detailed noise
emission frequency data, the user could choose a frequency for this source

by comparing the pitch of this equipment noise to those of the sources listed
in Table 2, and choosing an appropriate frequency from that list. If there
are not barriers in this problem, any value for FREQUENCY may be entered;

it will not be used in the calculations.
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3.2.5 FORM 5: AREA SOURCE DATA

Form 5, shown in Figure 10, permits the user to organize data for
area sources. Data input for area sources is quite similar to that
for nonhaul line sources; two differences are: more than one piece
of equipment of a certain type may be specified as operating in the
area, and a width (of the area) is required for each point defining
the centerline.

STEP 1., ENTER SOURCE TYPE - BLANK IF FINISHED

SOURCE
TYPE(1)
Bvli Do 2€R

The following source types may be used as area sources:
BACKHOE BREAKER GRADER COMPACTOR
LOADER BULLDOZER PAVING USER DEFINED
These source types have to be entered exactly as shown above. If they are

misspelled or something else is entered, the program will respond INVALID SOURCE

TYPE - REENTER. Table 1 gives a full description of the sources and the

values associated with them in the program.

STEP 2. ENTER DESCRIPTION OF THIS SOURCE (MAXIMUM OF 16 CHARACTERS - BLANK

IF NONE)
DESCRIPTION
(RAX. 16 CHAR.)
SPREA DM F7

The DESCRIPTION is a title that may be given to each source for easy
identification on the data input report and the results report. If no

description is desired, press the carriage return key.
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Figure 10, FORM

5: AREA SOURCE DATA

FHHA HIGHWAY CONSTRUCTION NOISE

HICNOM

PREDICTION PROOGRAM

FORM 5t ARER SOURCE DATA

NAME___ W/

PROE_S_ OF _©

DATE__ 33/

PROJEC -

MAXIHUM T pE) 1q [capactTy| GTGLE [ACOUSTICT yrouevcy
F3| S| 0 [Lo0?] & | s%©

0 _NOT
NTER

SOURCE DESCRIPTION NODEL OEGHETRY
TYPE(1) {HRX. 18 CHAR.) NB.(2) TYPE
\BoLe Do 2R |Shherpme Frd 0 3
N NOTES: (1).(2).(3)¢ SEE FORM 2 FOR
NoRREDeS) |08 Srirey”| VErn c8 | EXPLANATION
4 2 / (4) ENTER O TO REUSE POINTS FROM LAST
ARER SOURCE
POINT COORDINATES
HIOTH AT
X-COORDINATE | Y-COGRDINATE | Z-COORDINATE B4R
0 5O 0 30
[00 So o 30

IF SOURCE TYPE I8 "USER DEFINEO' OR MODEL NUMBER IS O. AL8S80 ENTER:
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STEP 3. ENTER MODEL NUMBER (ENTER O TO DEFINE NEW MODEL NUMBER)

HOOEL
NG.(2)

J

Enter a model number from the choices in column 2 of Table 1. Any
value not in the table will produce the message INVALID MODEL NIMBER -

REENTER. Note that all of the non-zero model numbers have the data shown
in Table 2 coded into the program.

To create a new model of a particular source type, enter 0 in response to
this request. This will cause the program to later request noise level and
operational data for this model. More than one new model can be created for
each source type during a given run. However, the total number of models of
a given type (highest value in Table 1 plus user-created models) may not
exceed 10. This new data is not retained from ome run to the next. Permanently
adding 2 new model to the program requires changing the BLOCK DATA and SUBROUTINE
DECODE sections of program as described in Section 6.0 of this manual.

A newly created model (MODEL NUMBER of 0) may be referred to later in the
data input of a problem by entering the appropriate source type and then a
MODEL NUMBER of ~1. If two new models have been created for a particular
source type during the same run, the second one may be referred to later in
data input by using a MODEL NUMBER of -1 while the first would be referred
to by a MODEL NUMBER of -2. 1In this case, the -1 indicates "last new model of
this type" while the -2 indicates "next-to-last new model of this type'.

More than two newly created models may be referenced later during data input
in the same manner: the greater the negative value for MODEL NUMBER, the
earlier in data input that model was first specified.

For the source type USER DEFINED, a MODEL NUMBER of 0 is always used
the first time this source type is specified, and a negative value thereafter
if referring back to this same source type. Note that more than one USER
DEFINED source type can be created during the same run by using a MODEL NUMBER
of 0 the first time each new model is specified. Section 5.1 shows an example

with a USER DEFINED point source, and 0 and model numbers of 0, -1 and -2.
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STEP 4. ENTER 1, 2 or 3 FOR WORKING OVER A POINT, LINE OR AREA

OEOMETRY
TYPE

3

All of the sources listed in item 1 may be used as point, line or area
sources, except for COMPACTOR; the latter is only assigned as an area source
by the program. For the others, the above request will be made., The

appropriate response to indicate an area source is a value of 0.

STEP 5. ENTER HOURS WORKED DURING 8-HOUR DAY (ENTER -1 TO COORDINATE THIS SOURCE'S
PRODUCTION WITH THAT OF THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A
PRODUCTION RATE)

HOURS
WORKED(S)

6

| S

Enter the number of hours worked during the 8-hour day for this particular
model. (The program computes an 8~hour Leq.) If a piece of equipment
worked only half a day, for example, the correct entry for HOURS WORKED
would be 4. BACKHOE and LOADER are area sources that have production rates
based on their capacity and cycle time. Their operation may be tied to
another piece of equipment having a production rate by first entering the
other source with the actual value for its HOURS WORKED, and then entering
this area source with a value of -1 for its HOURS WORKED. The program will

then compute a value for HOURS WORKED for the area source based on Equation
A-14 in Section A.2.3.
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STEP 6. AREA SOURCE: ENTER NUMBER OF POINTS THAT DEFINE CENTERLINE, MAX.IS10

(ENTER O TO REUSE POINTS FROM LAST PREVIQUSLY-ENTERED AREA SOURCE)

As mentioned in Section 2.0 and discussed in Appendix A, area sources are
described by a centerline of straightline segments and a width of the area at
each segment's end points. The correct response to this request is the
number of points defining the centerline, noting that the maximum is 10
points. To reuse the points from the last previously-entered area source--
for example, to have two different bulldozers working in the same area-- enter

a value of 0 for the number of points for the second source.

STEP 7. ENTER X, Y, Z AND WIDTH OF AREA AT EACH POINT
X-COOROINATE | Y-COORDINATE | Z-COORDINATE o
0 £o 0 30
/00 §o o S0

Enter one line of data for each point consisting of the x, y and z-
coordinates of the point and the width of the area at that point, followed
by a carriage return. Be sure to remember to enter the width after the
z—-coordinate. When the program does its calculations, it approximates each
area segment by a series of parallel line segments. The number of line segments
used for each area segment depends on the distance from the nearest receiver
to the centerline and the average of the width at each end of the segment.

The maximum number of line segments that the program will generate on each side

of the centerline for each area segment is 5.
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STEP 8. 1If a MODEL NUMBER of O is specified for this source, the following requests

will be made by the program:

HAXIMUN CYCLE |ACOUSTIC

53 5 O (009 | & | Svo

Substep 8a. ENTER IMAX (DBA)

Enter the reference maximum level in dBA of this piece of equipment.

IMAX is defined in Segtion A.2.4.
Substep 8b. ENTER DELTA (IMAX-LEQ) IN DBA
DELTA is defined as the difference in dBA between the maximum level of

the equipment and its Leq over its operational cycle, which is referred to
as the energy-averaged emission level, (Lg)g, in section A.2.4.
Substep 8c. ENTER CAPACITY PER CYCLE (CUBIC YARDS)

If the piece of equipment has an earthwork capacity associated with it,

enter the capacity per operational cycle in cubic yards. This will be used in
calculations if this piece of equipment's production rate is tied to another
piece of equipment with a production rate.

Substep 8d. ENTER CYCLE TIME (HOURS)
CYCLE TIME is the amount of time in hours that it takes this piece of

equipment to cycle through one operation. This value is also used in the
calculations when this piece of equipment is being coordinated with another
piece of equipment with a production rate.

Substep 8e. ENTER ACOUSTIC HEIGHT (FEET)
ACOUSTIC HEIGHT is the effective or equivalent height in feet of the

source for use in the barrier attenuation calculations. Lacking any detailed
noise emission tests on the piece of equipment in question, this height

could be the height of the major noise source on the piece of equipment.

If there are no barriers in this problem, any value may be entered for
ACOUSTIC HEIGHT; it will not be used in the calculations.

Substep 8f. ENTER FREQUENCY (HERTZ)
FREQUENCY is the equivalent or effective frequemcy of the source's

sound for use in barrier attenuation calculations. Lacking detailed noise
emission frequency data, the user could choose a frequency for this source
by comparing the pitch of this equipment noise to those of the sources listed

in Table 2, and choosing an appropriate frequency from that list. If there
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FORM 5

are no barriers in this problem, any value for FREQUENCY may be entered;

it will not be used in the calculations.

STEP 9. ENTER NUMBER OF PIECES OF THIS TYPE AND MODEL OF EQUIPMENT IN THIS AREA

NUMBER OF
VEHICLES

/

Unlike nonhaul line sources, where only one piece of equipment may be
assigned to the line source, the program allows more than one piece of the
same type of equipment to be assigned to an area source. Enter that number
of pieces in response to the request.

Note that if there are different types or models of equipment operating
in the same area, separate area sources have tco be specified for each type
and model. However, a value of 0 for number of points defining the centerline
may be specified for the subsequent sources so that all of the point coordinates

do not have to be reentered.
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NUMBER OF BARRIERS

Figure 11. FORM 6: BARRIER DATA
HICNOM NANE__ WO
FHHR HIOHWAY CONSTRUCTION NOISE PROE. 6 OF.
PREDICTION PROGRAM DATE 3/3/
PROJEC _

FORM 6: BARRIER DATA

/ MAXINUM IS 3
DESCRIPTION NUMBER OF POINTS
(MAX. 18 CHAR.) {NAX. 6)
BY PurmP 2
X-COORDINARTE Y-COORDINATE Z-COORDINRTE
5%) A0 /0
%0 /0 /0
DESCRIPTION NUMBER OF POINTS
MAX. 18 CHAR. (NRX. §)
X~COORDINATE | Y-COORDINARTE | Z-COORDINATE
DESCRIPTION NUMBER OF POINTS
(MAX. 168 CHAR.) (MAX. &)

X-COORDINRTE

Y-COORDINARTE

Z-COORDINATE
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FORM 6

3.2.6 FORM 6: BARRIER DATA

Form 6, shown in Figure 11, allows the user to organize the data
for noise barriers. The maximum number of barriers is 3 and each

barrier may be defined by up to 5 points representing the top line
of the barrier.

STEP 1. ENTER NUMBER OF BARRIERS (MAXIMUM IS 3)

Enter the number of barriers for this run, up to 3. If there are nco

barriers, enter a value of 0.

STEP 2, ENTER A DESCRIPTION FOR BARRIER # X
(MAXIMUM OF 16 CHARACTERS -~ BLANK IF NONE):

DESCRIPTION f
(NRX. 18 CHAR.)

8V Poprp”

This request and the following two requests are made for each barrier.
Enter a description of the barrier in 16 or less characters. The description
is for easy identification of the barrier in the data input report and
the results report. If no description is desired, simply press the carriage

return key.
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FORM 6

STEP 3. ENTER NUMBER OF POINTS DEFINING BARRIER (MAXIMUM IS 5)

NUMBER OF POINTS
{MRX. §)

<

This request is made for each barrier after the request for the description
of each barrier. The barrier is defined by up to 5 points representing its

top edge. Enter a number from 1 to 5 in response to this request.

STEP 4. ENTER X, Y, Z OF POINTS (Z IS BARRIER TOP ELEVATION)

X-COORDINATE | Y-COORDINATE | Z-COORDINRTE
3o AO /0
V%) /0 /0

Enter the x, y, and z-coordinates of the points defining the top edge
of the barrier. The request will only be made once, so follow each point's
z-coordinate with a carriage return and then enter the next point's coordinates.
Note that barrier attenuation is computed only for the first barrier that
the program encounters in its calculations for each source receiver pair;
care should be taken when entering data for multiple barriers. Complex
barrier layouts that intercept a particular receiver/source line-of-sight

more than once may cause erroneous results.
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4.0 OUTPUT

Two different types of output reports are produced by the program:
input data file report and the results report. The results report is
automatically printed out by the HICNOM program. The input data file report
must be requested separately by the user, external to the program, through a

TYPE or PRINT command, or as required by the user's computer system.

4.1 HINPUT Output (Input Data File Report)

The data values that the user enters through the terminal in response
to program requests are either stored in memory without change {(coordinates
and descriptions), or are used in calculations to produce other values that
are then stored in memory (adjusted emission levels and vehicle densities).
HINPUT then prepares a formatted file of this data that is needed by HICNOM.
The user names this file according to the procedures required for the computer
running the program.
Figure 12 shows an example of the input data file report. The file
contains some of the original input items, the calculated values, and
the source frequency (from data already stored in the program).
Not all of the answers given by the user to the program regquests are
retained in the file. Therefore, if mistakes are made during data input,
it is very difficult to correct them by changing the file using the computer's
editing program. To have a complete record of these entries, use of a printing
terminal during data input is recommended.
The input data is presented in the following order:
* Receivers
+ Point Sources
+ Line Sources
+ Area Sources

» Barriers
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EXAMPLE DATA
1 RECEIVERS

X Y 2 EX. ATT.(DB/DD} DESCRIPTION
.0 .0 .0 1.50 1012 MAIN
1 POINT SOURCES
X ¥ Z2 LEQ(REF) FREQ. SOURCE DESCRIPTION
40.0 20.0 7.0 63.0 800 PUMP 1 NEAR 1012 (ROW)
2 LINE SOURCES
3 POQINTS FREQ.: 500 TRUCKS 1 HAUL RD.
X ¥ p A LEQ(REF) VEH. DENS.
~1000.0 120.0 14.0 76.0 .0001085
1000.0 120.0 14.0 76.0 .0001085
=1000.0 120.0 14.0 .0 .0000000
2 POINTS FREQ.: 500 GRADER 1 ON HAUL RD.
X Y 2 LEQ(REF) VEH. DENS.
-1000.0 . 120.0 14.0 83.0 .0005000
1000.0 120.0 14.0 .0 .0000000
1 AREA SOURCES
2 POINTS FREQ.: 500 BULLDOZER 1 SPREADING FILL
X b4 Z LEQ (REF) WIDTH
.0 80.0 11.0 88.1 30.0
100.0 80.90 11.0 .0 30.0
1 BARRIERS
2 POINTS DESCRIPTION: BY PUMP
X b4 Z
30.0 20.0 10.0
40.0 10.0 10.0

Figure 12. Example of HINPUT Input Data File Report

EXAMPLE DATA
RECEIVER NUMBER LEQ DESCRIPTION

1 81.5 1012 MAIN

COMPONENT CONTRIBUTIONS FOR RECEIVER NUMBER: 1

INDEX INTENSITY LEVEL SQURCE DESCRIPTION
1 «117423E+06 50.7 PUMP 1 NEAR 1012 (ROW}
101 +125161E+06 51.0 TRUCKS 1 HAUL RD.
201 .125161E+06 51.0 TRUCKS 1 HAUL RD.
102 .289074E+07 64.6 GRADER 1 ON HAUL RD.
10101 .137249E+09 81.4 BULLDOZER 1 SPREADING FILL

KEY TO INDEX:
X - POINT SOURCE, WHERE X OR XX IS INPUT SEQUENCE # OF POINT SOURCES.

XX
¥XX -~ LINE SOURCE, WHERE XX IS INPUT SEQUENCE # OF LINE SOURCES
YYXX AND Y OR YY IS SEQUENCE # OF POINTS FOR THE XXTH LINE.

1YYXX - AREA SOURCE, WHERE XX AND YY ARE ANALOGOUS TO LINE SOURCE VARIABLES.

Figure 13. HICNOM Results Report

55



quantities created and the FORTRAN formats for the data items are:
Title Line 20A4
Number of Receivers 13
Receiver Coordinates (X,Y,Z) 3F10,1
Excess Attenuation Rate F10,2
Description 4AL
Number of Point Sources 13
Source Location (X,Y,Z) 3F710.1
Adjusted Emission Level

(adjusted for hours worked) F10.1
Effective Frequency 15
Source Description 4AL

{Note that the Z value has the effective acoustic
height (either stored in the program or entered
by the user) added to the input Z.)

Number of Line Sources I3
For each line source
- Number of points I3
- Effective frequency I5
- Source Description 4A4
- Point Coordinates (¥X,Y,Z) 3F10.1
~ Vehicle Passby Level ((LO)E) Fl0.1
- Source Density (M) F10.7

(The coordinate points include loop points
created by the program for haul line sources,
The emission levels and source densities cor-
respond to the segment that starts at this
point; there is one fewer segment than there
are points.)

Number of Area Sources 13
* For each Area Source
- Number of points 13
- Effective Frequency 15
- Centerline Point Coordinates (X,Y,Z) 3F10.1
~ Effective Source Emission Level ((LO)E) F10.1
- Width F10.1

(The emission levels are for the levels are for
the area segment starting at this centerline
point.)

Number of Barriers 13
For Each Barrier
- Number of Points I3
- Description of Barrier 4A4
-~ Coordinates of Points (X,Y,Z) 3F10.1
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Various identifying information is also printed in the data files. These
labels are not read by HICNOM. Their formats may be seen in the program listings,
Appendix B, and are available for use if it is desired to modify HICNOM to
make use of them. Their main intent is to make the data file readable.
Experienced users of this model may want to edit this file to make minor data

changes, rather than reenter all the data through HINPUT.

4.2 HICNOM Output (Results Report)

To run HICNOM, the name of the input data file produced by HINPUT must
be given to it by the standard procedures required by the computer running the
program., HICNOM will then read that file and perform its calculations. At
the conclusion of execution, HICNOM generates a report that presents the
results of its calculation. Figure 13 shows an example of the results
report. The report is organized into 4 sections: problem title, summary of
total Leq(8h) at each receiver, contributions to each receiver's total Leq
from each source, and a key to the indexing used in identifying the component
contribution.

The component contribution for each receiver consists of the source
identifying index, an idintensity quantity, the Leq contribution, the source
type and a number indicating the sequence of data input of this source
type, and the description for the source given during data input in HINPUT,
The intensity quantity is 101‘/10 where L is the equivalent sound level, Leq.

As noted in the key printed on the results report, the index contains up
to 5 digits. A one or two digit number represents a point source, a three
or four digit number represents a line source, and a five digit number
represents an area source. The two right most digits represent the sequential
number of the source, counted separately for point, lines and areas, in the
order the sources appear in the HINPUT data file. The third and fourth digits
are the sequential number of the source segments, counted separately for line
and area sources, in the order they appear in the data file. (The '"level" in
the third column of the component contribution sections corresponds to that
particular segment only.) The fifth digit ("1") is used to identify an
area source, in contrast to a line source. Note that the order of the source
component levels corresponds exactly to the order in which the components

appear in the input data file created by HINPUT and read by HICNOM.



EXAMPLE 1

5.0 EXAMPLES

Presented here are 5 examples for using HICNOM. The last three
are taken from actual highway construction projects. Each section
contains text describing the problem and how it was modelled, and
presents figures showing a site sketch, the user responses to the
program requests, the HINPUT input data file report, and HICNOM
results report. The user responses during data input are under-
lined, and comments and notations are made on the output reports,
as appropriate, In addition, all of the problems illustrate

use of the coding worksheets to organize the data before sitting
down at the computer terminal.

5.1 EXAMPLE ONE:
USER DEFINED SQURCE TYPE AND ZERO AND NEGATIVE MODEL NUMBERS

This problem illustrates use of a "user defined" source type, a
MODEL NUMBER of O for an existing source type, and reuse of a newly created
model during a run by use of a negative wvalue for MODEL NUMBER. There are
one receiver, five point sources (a USER DEFINED hydraulic excavator, and
two each of two new PUMP models), no line or area sources and no barriers.
The data quantities are hypothetical. Figure l4a shows a site sketch.

Figure 14b shows filled-in coding worksheets for this problem.

Pump 2 &4 4 Pump 3

SCALE:
1 Pump 1 a & Pump 4
100 ft. y
100 ft. T
a— X 4 USER DEFINED
RECEIVER (Hydraulic Excavator)

Key

Point Source
Receiver

e e

>

Figure l4a., Site Sketch
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MICNON NAME__ WO

FHMA HIOHWAY CONSTRUCTION NOISE PROE_/ OF 4
PREDICTION PROGRAM DATE__4/2
PROJECT_EX/

FORM 1 - TITLE AND RECEIVER DRTA

PROBLEM TITLE (ENTER AS ONE LINE)
ExAmPLe FROBLErm A @ HNeEw SoURCES

NUMBER OF RECEIVERS
(MAXINMUNM OF 10)

1
DO NOT [PESCRIETION (MAX - |X-COORDINATE|Y-COORDINATE 2-COORDINATE #e
ENTER ) /) -
v /073 AMam ST 1] o 2 /e85
2 N
HICNON NAME____ O
FHHA HIOMMAY CONSTRUCTION NOISE PROE_Z OF ¢ _
PREDICTION PROORAN BRTE___¥/z

PROJECT_€XY/
FORNM 2 - POINT S8OURCE ORTA
POINT S8OURCES (MRXIMUM OF 10)

DOURCE | OESCRIPTION | hooet, |[OECHEIRY| woust .| X-COOROINATE | Y-COORDINATE | Z-COORDINRTE
USER DeFrued Wpear . Excav, (0] 1 o /00 o Q
= 1
1
1
N 1
1
N\ 1
\\ 1
N
1

NOTES:s
(1) TO DEFINE SOURCE NOT LISTED ON FORM 7. ENTER: UBER DEFINED
(2) O INDICARTES NEMW MODEL: NEORTIVE VALUE INDICATES NEW
HODEL PREVIOUSLY CREATED IN THI8 RUN
(3) IN 8 HOUR DAY: NEGATIVE VALUE MEANS MATCH PRODUCTION RATE
WITH PRECEEDING S8OURCE WITH PRODUCTION RATE

1F SOURCE TYPE 18 USER DEFINED' OR MODEL NUMBER I8 O, AL80 ENTER!
\E TN DELTA CAPACITY CYCLE AcouaTIC FREQUENCY
S 3 3 008373 g0

Figure 1l4b. Coding Worksheet (page 1 of 2)
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HICNON NANE_2
FHWNA HIOHWAY CONSTRUCTION NOISE raos_'i_a/r__ﬁf__
PRECICTION PROORAN DATE__Y/2 _
‘ PROJECT &X )
FORM 2 - POINT SOURCE DRTA
POINT SOURCES (MAXINUM OF 10)
R |(nCSCRIPIION | oost,, “"'*m;"[mm‘,, %X~COORDINATE | Y-COORDINATE | Z-COORDINATE
L Fump Quier Tesr pa| © 1 £ o 700 o
/ PurP o> Absy mael| O 1 ¥ o /30 o
PompP Mot a5 Quer 1| ~2 1 e 30 130 o
PompP  |Sumeas Abry 2 -/ 1 F s© /00 ©
~. 1
D 1
~ n
1
P
T
1
NOTES:
(1) TO DEFINE SOURCE NOT LISTED ON FORM 7. ENTERt USER DEFINED
{2) O INDICRTES NEW MODELs NEOATIVE VALUE INDICATES NEW
MODEL PREVIGUSLY CRERTED IN TMIS RUN
{3) IN 8 HOUR DRY: NEGATIVE VALUE MEANS MATCH PRODUCTION RATE
MITH PRECEEDING SOURCE WITH PRODUCTION RATE
IF SOURCE TYPE 18 'USER DEFINED' OR MODEL NUMBER IS8 0. AL8O ENTER:
X T DELTA CRPACITY CTLE LD FREQUENCY
\ 7 O o O < FoO
~ £3 0 0 1) 3 Foo

HICNON

FHHR MIOGMWAY CONSTRUCTION NOISE
PREDICTION PROOGRANM

nsaL__ﬁ_V__“
pROE_/ g
DRTE_ 9-¢

PROJECT &> !

FORM 8: BARRIER DATR

WUORER OF BARRIERS
o ‘ﬂxtﬂﬂh 18 3
(e 16 Conk.) | "haRe B
\

.
X-COORDINATE

Y-COORDINRTE

Z-COORDINRTE

N

Figure 14b.
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e e B snlE. ooae)

_—

EXAMPLE PROBLEM 1: NEW SOURCES .
ENTER NUMBER OF RECEIVERS (MAXIMUM IS 10)

1
ENTER A DESCRIPTION OF RECEIVER # 1
MAXIMUM OF 16 CHARACTERS -~ BLANK IF NONE)

1012 MAIN ST.
ENTER X, ¥, Z AND EXCESS ATTENUATION (DB/DD) FOR RECEIVER # 1

000 1.5
ENTER SOURCE TYPE ~ BLANK IF FINISHED

USER DEFINED
ENTER A DESCRIPTION OF THE SOURCE
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE):

HYDRAL. EXCAV.
ENTER MODEL NUMBER (ENTER 0 TO DEFINE NEW MODEL NUMBER)

0
ENTER 1, 2 OR 3 FPOR WORKING OVER A POINT, LINE OR AREA

1

ENTER HOURS WORKED DURING 8-HCUR DAY

(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF
THE LAST PREVIOUSLY-ENTERED SQURCE HAVING A PRODUCTION RATE)

4
POINT SOURCE: ENTER X, ¥, Z OF SOURCE LOCATION

100 0 O
ENTER LMAX (DBA)

85
ENTER DELTA (IMAX-LEQ) IN DBA

3
ENTER CAPACITY PER CYCLE (CUBIC YARDS)

3
ENTER CYCLE TIME (HOURS)

0.00833
ENTER ACOUSTIC HEIGHT (FEET)

8
ENTER FREQUENCY (HERTZ)

500
ENTER SQURCE TYPE - BLANK IF FINISHED

PUMP
ENTER A DESCRIPTION OF THE SOURCE
{MAXIMUM OF 16 CHARACTERS -~ BLANK IF NONE):

QUIET TEST MODEL
ENTER MODEL NUMBER (ENTER 0 TO DEFINE NEW MODEL NUMBER)

v

Figure l4c. User Responses to HINPUT (page 1 of 3)

61



PROGRAM HAS AUTOMATICALLY ASSIGNED A GECMETRY TYPE TO THIS SOURCE
ENTER HOURS WORKED DURING 8-HOUR DAY

(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SQURCE WITH THAT OF
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE)

8
POINT SOURCE: ENTER X, Y, Z OF SOURCE LOCATION

0 100 O
ENTER LMAX (DBA)

75
ENTER DELTA (IMAX~-LEQ)} IN DBA

0
ENTER CAPACITY PER CYCLE (CUBIC YARDS)

0
ENTER CYCLE TIME (HOURS)

0
ENTER ACOUSTIC HEIGHT (FEET)

3
ENTER FREQUENCY (HERTZ)

800
ENTER SOURCE TYPE ~ BLANK IF FINISHED

PUMP
ENTER A DESCRIPTION OF THE SOURCE
{(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE):

OLD NOISY MODEL
ENTER MODEL NUMBER (ENTER 0 TO DEFINE NEW MODEL NUMBER)

0

PROGRAM HAS AUTOMATICALLY ASSIGNED A GEOMETRY TYPE TO THIS SOURCE
ENTER HOURS WORKED DURING 8-HOUR DAY

(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE)

8
POINT SOURCE: ENTER X, Y, 2 OF SOURCE LOCATION

0 130 0
ENTER LMAX (DBA)

83
ENTER DELTA (LMAX-LEQ) IN DBA

0
ENTER CAPACITY PER CYCLE (CUBIC YARDS)

0
ENTER CYCLE TIME (HOURS)

Figure l4c. User Responses to HINPUT (page 2 of 3)
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0
ENTER ACCUSTIC HEIGHT (FEET)

3
ENTER FREQUENCY (HERTZ)

800
ENTER SOURCE TYPE - BLANK IF FINISHED

PUMP
ENTER A DESCRIPTION OF THE SOURCE
{MAXIMUM OF 16 CHARACTERS ~ BLANK IF NONE):

SAME AS QUIET 1
ENTER MODEL NUMBER (ENTER 0 TO DEFINE NEW MODEL NUMBER)

-2

PROGRAM HAS AUTOMATICALLY ASSIGNED A GEOMETRY TYPE TO THIS SOURCE
ENTER HOURS WORKED DURING 8-HOUR DAY

(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE)

8
POINT SOURCE: ENTER X, Y, Z OF SOURCE LOCATION

30 130 0
ENTER SOURCE TYPE -~ BLANK IF FINISHED

PUMP
ENTER A DESCRIPTION OF THE SOURCE
(MAXIMUM OF 16 CHARACTERS -~ BLANK IF NONE):

SAME AS NOISY 2
ENTER MODEL NUMBER (ENTER 0 TO DEFINE NEW MODEL NUMBER)

-1
PROGRAM HAS AUTOMATICALLY ASSIGNED A GEOMETRY TYPE TO THIS SOURCE

ENTER HOURS WORKED DURING &-HOUR DAY
(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF
THE LAST PREVIQUSLY~ENTERED SOURCE HAVING A PRODUCTION RATE)

8 .
POINT SOURCE: ENTER X, Y, Z OF SOURCE LOCATION

50 100 O
ENTER SOURCE TYPE ~ BLANK IF FINISHED

ENTER NUMBER OF BARRIERS (MAXIMUM IS 3)
o

ENTER THE NAME OF THE FILE FOR HICNOM USE;
AXIMUM OF 12 (8.3) CHARACTERS, DEFAULT = HINPUT.OUT :

Figure l4c. User Responses to HINPUT (page 3 of 3)
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EXAMPLE PROBLEM 1: NEW

1 RECEIVERS

X Y

.0 .0
5 POINT SOURCES

X Y
100.0 .0
.0 100.0
.0 130.0
30.0 130.0
50.0 100.0

LINE SOURCES
AREA SOURCES
BARRIERS

oo

EXAMPLE PROBLEM 1 :

RECEIVER NUMBER

2
.0

2 LEQ (REF)
5.0 79.0
3.0 75.0
3.0 83.0
3.0 75.0
3.0 82.0

Figure l4d.

SOURCES

LEQ

78.3

EX. ATT.(DB/DD)

NEW SOURCES

1.50

DESCRIPTION

1012 MAIN ST.
FREQ. SOURCE
500 USER DEFINED1
800 PUMP 1
8C0 PUMP 2
800 PUMP 3
800 PUMP 4

Input Data File Report

DESCRIPTION

1012 MAIN ST.

COMPONENT CONTRIBUTIONS FOR RECEIVER NUMBER:

INDEX INTENSITY
1 .140419E+08
2 .559017E+07
3 .18304%E+08
4 «271894E+07
5 «266862E+08

KEY TO INDEX:

X = POINT SOURCE,

XX

LEVEL

71.5
67.5
72.6
64.3
74.3

WHERE X

SOURCE

USER DEFINED1

PUMP
PUMP
PUMP
PUMP

1

2
3
4

DESCRIPTION

HYDRAL. EXCAV.
QUIET TEST MODEL
OLD NOISY MODEL
SAME AS QUIET 1
SAME AS NOISY 2

DESCRIPTION
HYDRAL. EXCAV.
QUIET TEST MODEL
OLD NOISY MODEL
SAME AS QUIET 1
SAME AS NOISY 2

OR XX IS INPUT SEQUENCE # OF POINT SOURCES.

YXX - LINE SOURCE, WHERE XX IS INPUT SEQUENCE # OF LINE SOURCES
AND Y OR YY IS SEQUENCE # OF POINTS FOR THE XXTH LINE.
1YYXX ~ AREA SOURCE, WHERE XX AND YY ARE ANALOGOUS TO LINE SOURCE VARIABLES.

YYXX

Figure lbe.
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EXAMPLES 1/2

Figure l4c presents the data requests by HINPUT and the user responses.
Note that for the first source type, USER DEFINED, a MODEL NUMBER of 0 was
entered and requests were made for Lmax’ delta, capacity, cycle time, height
and frequency. The second source type, PUMP, is contained in the program as
a point source. Through entry of a MODEL NUMBER of 0, new source data was
requested. The third source type is also a PUMP, also with a MODEL NUMBER of
0, which indicates that it is alsoc new, but different from the second source.
Source data was also requested for it. The fourth source is also a PUMP, but
of the same type and model as the first PUMP. A model number of -2 indicates
for HINPUT to use the data for "the next-to-last newly created" PUMP model.
The fifth source, also a PUMP, has a MODEL NUMBER of -1 to indicate use of the
data for '"the last newly created" PUMP model.

Figures 14d and l4e show the input data report and results report,
Notice in the input data report that the frequencies for PUMPS 1 and 3 are
equal, as are those for PUMPS 2 and 4, an indication that the negative model

numbers worked as intended.

5.2 EXAMPLE TWO:
PRODUCTION RATE COORDINATION AND USE OF NOISE BARRIERS

This section shows a simple example where the production rate of the
haul trucks is being coordinated with that of a front end loader, and where

noise barriers are present. A diagram of the site is shown in Figure 15a.

'y Rl
BARRIER 1
X
TRUCKS | l y aR
LOADER 1 3
BARRIER 2

SCALE: N R2 Key
100 ft. & - Receiver

® - Given Point
& - Point Source

100 ft.

Figure 15a. Site Sketch
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EXAMPLE 2

This is a hypothetical operation. There are two sources (a point source
LOADER, and a line source TRUCKS), three receivers, and two barriers. The
two barriers are symmetrical about the load/haul operation. They are
physically identical but are specified with different numbers of points
to illustrate program flexibility. Two of the three receivers are shielded
by barriers, the third is not.

Figure 15b shows the worksheets used in organizing the data, while
Figure 15c presents the user responses during execution of HINPUT. Again,
user responses are underlined. Note that the point source (LOADER) is
located at the origin of the coordinate system for ease of calculations, and
to illustrate barrier symmetry. A three-~yard capacity front end loader is
present, which corresponds to a LOADER model number of 2. The trucks are
assumed to be noisy 10-yard dump trucks, which correspond to a TRUCKS model
number of 2. Their route is a straight in~and-out run that originates 500 ft.
from the loader and ends at the loader (the origin of the coordinate system).
Because they turn around without making a major loop, the LOOP TYPE is given
as type "7". For a type "7" loop, any value for RADIUS may be given as it
is not used by the program; a value of 25 is shown in this example.

Note that wvalues of 8 and -1 are given for HOURS WORKED for the LOADER
and TRUCKS respectively. Also note that the value of -1 for HOURS WORKED for
TRUCKS results in the program not requesting the hourly volume of trucks.
Instead, the program computes the hourly volume based on the hours worked,
capacity and cycle time of the loader, and the capacity of the trucks, as
contained in the program.

The barriers are both 150 ft, long and 15 ft. high, located 50 ft. from
the truck path and loader, as illustrated in the site diagram and shown in
the barrier coordinates in Figure 15b. The fact that one barrier is defined
by 2 points and the other by 3 demonstrates that any convenient method of
specifying barrier coordinates may be used; as will be seen in the results
report, the levels for the two shielded receivers are identical.

Figure 15d shows the input data file produced by HINPUT. Note that
a vehicle density (VEH. DENS.) was computed for TRUCKS even though no hourly
volume was specified for the trucks. This illustrates that a volume was
computed in coordination with the LOADER production rate. Figure 15e shows
the results report produced by HICNOM. Note that the levels at receivers
1 and 2 are identical even though the barriers shielding them, while identical,
were specified differently. The results also show how the unshielded receiver
(receiver 3) did have a much higher noise level than the other receivers.
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HICNOM NAME__ -8

FHHA HIOHMAY CONSTRUCTION NOISE PROE__/ ofF Y
PREDICTION PROGRAM DRTE__ -7
PROJECT CX 2

FORM 1 - TITLE AND RECEIVER DRTA

PRGBLEH TITLE (ENTER RS ONE LINE)
EXAe  FRoBLEM R © BACRIERS + Aeod. Coord.

NUNBER OF RECEIVERS
(MAXTMUM OF 10)

3
DO NOT [PESCRIPTION (WAX.|_conRoINATE v-COORDINATE|2-COORDINATE| SERRD |
ENTER 16 CHARACTERS) (.;’,%)
1 R1 0 /00 Y /.0
2 R o ~/00 7] /.0
s R3 /00 o ¢/ /.0
‘ AN
c N

HICNON nanr:_'«/ﬂI
FHWA HIOHWAY CONSTRUCTION NOISE PAOE_2& _OF
PREDICTION PROORAM DATE___¢-&

PROJECT_& X &
FORM 2 - POINT SOURCE DATA
POINT SOURCES (MAXIMUM OF 10)

R | hOEBCRIPTION | nooe ) [OEOUEIRY | ouod8®,,| X-COORDINATE | Y-COORDINATE | Z-COORDINATE

LOADER |Fremwe TRucks| R
AN

AN

& 0 o O

1
1
1

Figure 15b. Coding Worksheet (page 1 of 2)
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HICNON usHE_J&d&_1?_.
FHHR HIOMMAY CONBTRUCTION NOISE PROE_2 OF
PREDICTION PRODRAN nﬂTE...%%?Z;__
FORN 3t *HAUL® LINE SOURCEDATA PROJECTEX 2
L) okt ) ml.‘(zx MORKED( 33 e
TRuCKS _ [losp d v | 2 -/ 2

MOTES: 11).ER3,05)8 SEE FORN £ FOR EXPLANRTIONI (4) ENTER O YO REUSE POINTS
FROM LAST NAUL SOURCE

(8} SEE FORN 71 IF 8. ENTER POINT

POINT COORDINRTES [WAX. = 203 MAX. = 8 IF RETURN LOOP TYPE 1S 0)
02,07 [ x-CODRDINRTE | Y-COORDINATE | Z-CODRDINATE || SGoNENT
1 —SVO o 0 30
2 [») 4] O
3
4 \
5 N
] N
7 N
)
8
10
11
12
18
14
16
16
17 N\
18 N\
18 N
20
VERICLES| RETURN LOOP “ROINT WUMBERS
PER HOUR TYPE(E) [mnoTus(s) STOPPINOLY) [seceLEmaTIONCS)
7 P25 N
173 ENTER O IF NOM-STOP

HICNOK unﬁ
FHHA HIOHWAY CONSTRUCTION MOISE PR OF
PREDICTION PROORAN ORT -2
PROJECT €¥ 2
FORN 81 BARRIER DATA
MYRER OF MARRIERS|
2 NAXINUN 18 9
N Sh ey | !mg il
BY R4 A
X~COORDINATE | Y-COORDINATE | Z-COORDINATE
/00 < /s
SO s s
et T ™ A i
BY R2 3
X~COORDINRTE | Y-COORDINATE | Z-COORDINATE
/00 — <O /s
(2] ~ 50 /5"
ST -5t s
Figure 15b. Coding Worksheet (page 2 of 2)
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ENTER TITLE FOR THIS PROBLEM:

EXAMPLE PROBLEM 2: BARRIERS + PROD. COORD.
ENTER NUMBER OF RECEIVERS (MAXIMUM IS 10)

3
ENTER A DESCRIPTION OF RECEIVER # 1
MAXIMUM OF 16 CHARACTERS - BLANK IF NONE)

R1
ENTER X, Y, Z AND EXCESS ATTENUATION (DB/DD) FOR RECEIVER # 1

0 100 4 1.0
ENTER A DESCRIPTION OF RECEIVER # 2
MAXIMUM OF 16 CHARACTERS ~ BLANK IF NONE)

R2
ENTER X, Y, Z AND EXCESS ATTENUATION (DB/DD) FOR RECEIVER # 2

0 -100 4 1.0
ENTER A DESCRIPTION OF RECEIVER # 3
MAXIMUM OF 16 CHARACTERS - BLANK IF NONE)

R3
ENTER X, Y, Z AND EXCESS ATTENUATION (DB/DD) FOR RECEIVER # 3
1060 0 4 1.0

ENTER SOQURCE TYPE ~ BLANK IF FINISHED
LOADER

ENTER A DESCRIPTION OF THE SOURCE

(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE):

FILLING TRUCKS
ENTER MODEL NUMBER (ENTER 0 TO DEFINE NEW MODEL NUMBER)

2
ENTER 1, 2 OR 3 FOR WORKING OVER A POINT, LINE OR AREA

1

ENTER HOURS WORKED DURING 8-HOUR DAY

(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF
THE LAST PREVIOUSLY-ENTERED SOQURCE HAVING A PRODUCTION RATE)

8
POINT SOURCE: ENTER X, ¥, Z OF SQURCE LOCATION

000
ENTER SOURCE TYPE - BLANK IF FINISHED

TRUCKS

Figure 15¢. User Responses to HINPUT (page 1 of 2)
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ENTER A DESCRIPTION OF THE SOURCE
(MAXIMUM OF 16 CHARACTERS -~ BLANK IF NONE):

LOAD & HAUL
ENTER MODEL NUMBER (ENTER 0 TO DEFINE NEW MODEL NUMBER)

2
PROGRAM HAS AUTOMATICALLY ASSIGNED A GECMETRY TYPE TO THIS SOURCE

ENTER HOURS WORKED DURING 8-HOUR DAY
{ENTER ~1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF
THE LAST PREVIOQUSLY~ENTERED SOURCE HAVING A PRODUCTION RATE)

-1
LINE SQURCE: ENTER NUMBER OF POINTS ON THE LINE, MAXIMUM IS 20
(ENTER 0 TO REUSE POINTS FROM LAST PREVIOUSLY ENTERED LINE SOURCE}

2
ENTER X, ¥, Z OF THE POINTS

-500 0 0
000
ENTER SPEED ON EACH SEGMENT (MPH)

30
ENTER TYPE AND RADIUS (FEET) OF RETURN LOOP

7 25

ENTER SOURCE TYPE - BLANK IF FINISHED
ENTER NUMBER OF BARRIERS (MAXIMUM IS 3)

2

ENTER A DESCRIPTION FOR BARRIER # 1
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE):

BY R1
ENTER NUMBER OF POINTS DEFINING BARRIER (MAXIMUM IS 5)

2
ENTER X, Y, Z OF THE POINTS (Z IS BARRIER ELEVATION)

-100 50 15

50 50 15

ENTER A DESCRIPTION FOR BARRIER # 2
(MAXIMUM OF 16 CHARACTERS -~ BLANK IF NONE):

BY R2
ENTER NUMBER OF POINTS DEFINING BARRIER (MAXIMUM IS 5)

3
ENTER X, ¥, Z OF THE POINTS (2 IS BARRIER ELEVATION)
-100 -50 15 0 =50 15 50 -50 15

Figure 15¢. User Responses to HINPUT ( page 2 of 2)
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EXAMPLE PROBLEM 2: BARRIERS + PROD. COORD.

3

W

[ S

RECEIVERS
X b4 2 EX. ATT.(DB/DD) DESCRIPTION
.0 100.0 4.0 1.00 R1
.0 -100.0 4.0 1.00 R2
100.0 .0 4.0 1.00 R3
POINT SOURCES ‘
X Y 2 LEQ(REF) FREQ. SOURCE DESCRIPTION
.0 .0 6.0 76.0 500 LOADER 1 FILLING TRUCKS
LINE SOURCES
POINTS FREQ.: 500 TRUCKS 1 LOAD & HAUL
X ¥ 2 LEQ(REF) VEH. DENS.
-500.0 .0 6.0 75.4 .0003710
.0 .0 6.0 81.0 .0003710
-500.0 .0 6.0 .0 .0000000
AREA SOQURCES
BARRIERS
POINTS DESCRIPTION: BY R1
X b4 Z
-100.0 50.0 15.0
50.0 50.0 15.0
POINTS DESCRIPTION: BY R2
X b4 2
-100.0 -50.0 i5.0
.0 ~50.0 15.0
50.0 -50.0 15.0

Figure 15d. Input Data File Report
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e T TR T T Ty T Wy Ay Ay oy Ay ay o ayy ey

EXAMPLE PROBLEM 2 : BARRIERS + PROD. COORD.

RECEIVER NUMBER LEQ DESCRIPTION
1 60.1 R1
2 60.1 R2
3 69.4 R3

COMPONENT CONTRIBUTIONS FOR RECEIVER NUMBER: 1

INDEX INTENSITY LEVEL SOURCE DESCRIPTION
1 .472863E+06 56.7 LOADER 1 FILLING TRUCKS
101 .308200E+06 54.9 TRUCKS 1 LOAD & HAUL
201 .232206E+06 53.7 TRUCKS 1 LOAD & HAUL

COMPONENT CONTRIBUTIONS FOR RECEIVER NUMBER: 2

INDEX INTENSITY LEVEL SQURCE DESCRIPTION
1 .472863E+06 56,7 LOADER 1 FILLING TRUCKS
101 .308200E+06 54.9 TRUCKS 1 LOAD & HAUL
201 .232206E+06 53.7 TRUCKS 1 LOAD & HAUL

COMPONENT CONTRIBUTIONS FOR RECEIVER NUMBER: 3

INDEX INTENSITY LEVEL SOURCE DESCRIPTION
1 .789945E+07 69.0 LOADER 1 FILLING TRUCKS
101 .173881E+06 52.4 TRUCKS 1 LOAD & HAUL
201 .631323E+06 58.0 TRUCKS 1 LOAD & HAUL

KEY TO INDEX:
X - POINT SOURCE, WHERE X OR XX IS INPUT SEQUENCE # OF POINT SOURCES.

XX
YXX -~ LINE SOURCE, WHERE XX IS INPUT SEQUENCE # OF LINE SOURCES
YYXX AND Y OR YY IS SEQUENCE # OF POINTS FOR THE XXTH LINE.

1YYXX -~ AREA SOURCE, WHERE XX AND YY ARE ANALOGOUS TO LINE SOURCE VARIABLES.

Figure 15e. Results Report
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EXAMPLE 3

5.3 EXAMPLE THREE:
I~-210 FILL SECTION

This example illustrates the modeling of a fill area on I-210 in Los
Angeles, California, where the noise level was desired at three receiver
locations. Figure l6a shows a sketch of the site while Figure 16b presents
the worksheets used in organizing the data and Figure 16c shows data input

through HINPUT.

A Ry (¥8)

TRUCKS 1

BULLDOZER 1

PP R

. - - L

AR (F7)
y
SCALE:
R A X
KEY

100 ft. ({Fé)

8 - Receiver

e — Given Point

/7/“/‘/- Area Source
100 ft.

Figure 16a. Site Sketch

There was one haul line source consisting of Peterbilt tractors with
tandem belly-dump 10-yard semi-trailers, which corresponded to a TRUCKS
model number of "3"., There was also one area source, a Caterpillar 834
wheeled tfactor, which corresponded to a BULLDOZER model number of 3. 1In
this area the bulldozer was working spreading the fill throughout the area.

The truck route was such that no loop type described its motions and
therefore the LOOP TYPE was defined as type "0", where the route started
above the fill area and then looped down and back through the fill area where
the material was unloaded.

See Appendix E for field data sheets and photographs from this site.
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DO NOT
ENTER

HICNOM
FHHR HIOMWAY CONSTRUCTION NOISE
PREDICTION PROORANM

FORM 1 - TITLE AND RECEIVER DARTAR

NRME__ YR
rPROE__ OF_3
DATE /-2
PROJECT &X 3>

PROBLEM TITLE (ENTER A8 ONE LINE)
EXAMRE 3 T-2/0 FreL ARcA, Recsvars Fé,F7,FE
NUMBER OF RECEIVERS
(MRXTHUN OF 10)

DESCRIPTION {MAX. e
V|G AT ofsére 0 2 4 /.0
2 | ro NEAR FiLL 0 70 4 L0
S |FE:pEmTRUeks|  —SD 3% 4 /.0
4
5
6
7
8
8
10

NOTES:

Figure 16b.

Coding Worksheets (page 1 of 2)
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MICNON nans__%_
FHNR HIDHWAY CONSTRUCTION NOIBE PROE_ A oF 473
PREDICTION PROGRAM DRTE  &#-Z-

Ex 3
FORM 3: *MAUL® LINE SDURCEDATA PROJECT &~ =

SOURCE DESCRIPTION WOOEL WOURS  |wC. OF PT8.
TYPE (1) tMAX. 18 CHAR.) | MB.(2) | MORKED(S) | IN LIME(4)

TRUCKS |Hauwme Frie 3 5 Y

NOTES: 3),12).(9)1 SEE FORN 2 FOR EXPLANRTION: (4) ENTER O TO REUSE POINTS
FRON LRET MALUL SOURCE

POINT CODRDINATES {MRX. = 204 MAX. = 8 IF RETURN LOOP TYPE 15 0)
B2 [ x-COORDINRTE | Y-COORDINATE | Z-COORDINATE || OEBNENT

1 350 270 0 30
2 -390 260 o 20
3 -340 /20 (% /0
4 30 /30 %
3
6 N
7 N
8 N
)
10 N\
11 N\
12 S\
13 N
14 N\
16 L
16 N\
17 N
18 N
15 N
20 )

veExicLES| RETURN LOOP POINT NUMBERS

PER HOUR| TYPE(E) [RaD1usis) STOPPIND(7) |DECELERATION(S)
55 0 0 O

18] EE !;‘_ﬂ"!i!!_ﬂ:-m.glw €7) ENTER O [F NOM-STOP

A B S Shm areiem s Sl PP

HICNOM NAME__ w8

FHHA NIOHNAY CONSTRUCTION NOISE PROE_3 OF_3
PREGICTION PROGRAN DATE___¥-2
PROJECT €X 3

FORM 6t ARER SOURCE DRTA

SOURCE DESCRIPTION NODEL QEORETRY
TYPE(1) (ARX. 18 CHAR.)| NO.(2) TYPE
vLL Do 2€R e | 3 3
AoURS— oo FTa - WBER 5] NOTESt (1),(2).(3)+ SEE FORM 2 FOR
NORRED(S) | 68 Crtey | 'VEMTCLES | EXPLANATION
o = 7 | (4 ENTER O TO REUSE POINTS FROM LAST
AREA SOURCE
POINT COORDINATES
X-COORDINATE | Y-COORDINATE | Z-COORDINATE |  MIohar | DR NOT
- 350 /40 [5) 30 1
LAY /40 0 &0 2

Figure 16b. Coding Worksheets (page 2 of 2)
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ENTER TITLE FOR THIS PROBLEM:

EXAMPLE 3: I~210 FILL AREA, RECEIVERS F6, F7, F8
ENTER NUMBER OF RECEIVERS (MAXIMUM IS 10)

3
ENTER A DESCRIPTION OF RECEIVER # 1
MAXIMUM OF 16 CHARACTERS ~ BLANK IF NONE)

F6: AT ORIGIN
ENTER X, Y, 2 AND EXCESS ATTENUATION (DB/DD) FOR RECEIVER #

0041.0
ENTER A DESCRIPTION.OF RECEIVER # 2
MAXIMUM OF 16 CHARACTERS - BLANK IF NONE)

F7: NEAR FILL
ENTER X, Y, Z AND EXCESS ATTENUATION (DB/DD) FOR RECEIVER #

070 4 1.0
ENTER A DESCRIPTION OF RECEIVER # 3
MAXIMUM OF 16 CHARACTERS - BLANK IF NONE)

F8: NEAR TRUCKS
ENTER X, ¥, Z AND EXCESS ATTENUATION (DB/DD} FOR RECEIVER #

~-50 340 4 1.0
ENTER SOURCE TYPE - BLANK IF FINISHED

TRUCKS
ENTER A DESCRIPTION OF THE SOURCE
(MAXIMUM OF 16 CHARACTERS ~ BLANK IF NONE}:

HAULING FILL
ENTER MODEL NUMBER (ENTER 0 TO DEFINE NEW MCDEL NUMBER)

3

PROGRAM HAS AUTOMATICALLY ASSIGNED A GEOMETRY TYPE TO THIS SOURCE

ENTER HOURS WORKED DURING 8—~HOUR DAY

(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF

THE LAST PREVIOQUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE)

8

LINE SOURCE: ENTER NUMBER OF POINTS ON THE LINE, MAXIMUM IS 20
(ENTER 0 TO REUSE POINTS FROM LAST PREVIOUSLY ENTERED LINE SOURCE)

4

Figure 16c. User Responses to HINPUT (page 1 of 2)
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ENTER X, Y, Z OF THE POINTS

350 270 0
-340 260 O
~340 120 ©
350 120 O
ENTER SPEED ON EACH SEGMENT (MPH)

30 20 10
ENTER VEHICLES PER HOUR (ONE WAY VOLUME)

55
ENTER TYPE AND RADIUS (FEET) OF RETURN LOOP

00
ENTER STOPPING POINT NUMBER

0
ENTER DECELERATION POINT NUMBER

0
ENTER SOURCE TYPE -~ BLANK IF FINISHED

BULLDOZER
ENTER A DESCRIPTION OF THE SOURCE
(MAXTMUM OF 16 CHARACTERS - BLANK IF NONE):

SPREADING FILL
ENTER MODEL NUMBER (ENTER 0 TO DEFINE NEW MODEL NUMBER)

3
ENTER 1, 2 OR 3 FOR WORKING OVER A POINT, LINE OR AREA

3

ENTER HOURS WORKED DURING 8~HOUR DAY

{(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF

THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE)

8

AREA SOURCE: ENTER NUMBER OF POINTS THAT DEFINE CENTERLINE, MAX. IS 10
(ENTER 0 TO REUSE POINTS FROM THE LAST PREVIOUSLY~-ENTERED AREA SOURCE)

2
ENTER X, Y, 2, AND WIDTH OF AREA AT EACH POINT

~290 140 O 80 450 140 0 80
ENTER NUMBER OF PIECES OF THIS TYPE AND MODEL OF EQUIPMENT IN THIS AREA

1
ENTER SOURCE TYPE - BLANK IF FINISHED

ENTER NUMBER OF BARRIERS (MAXIMUM IS 3)

0

Figure l6c. User Responses to HINPUT (page 2 of 2)
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EXAMPLE 3

The value for 0 for the STOPPING POINT indicates the trucks did not
stop (they dropped their loads while moving forward) and that the speeds
on the line segments were average speeds determined by the user.

The results shown in Figures 16d and l6e indicate that at all three of
the receiver locations the trucks were the most significant noise contributor.
Receiver 2, being closest to the fill area, was most affected by the bulldozer,
and had the higher overzll noise level. The two receivers more distant from

the fill area had significantly lower noise levels.

EXAMPLE 3: I-210 FILIL AREA, RECEIVERS F6, F7, F8
3 RECEIVERS

X Y Z EX. ATT.(DB/DD) DESCRIPTION
.0 .0 4.0 1.00 F6: AT ORIGIN
.0 70.0 4.0 1.00 F7: NEAR FILL

-50.0 340.0 4.0 1.00 F8: NEAR TRUCKS

0 POINT SOURCES
1 LINE SOURCES

4 POINTS FREQ.: 500 TRUCKS 1 HAULING FILL
X Y z LEQ(REF) VEH. DENS.
350.0 270.0 6.0 86.0 .0003464
-340.0 260.0 6.0 86.0 .0005197
-340.0 120.0 6.0 86.0 .0010393
350.0 120.0 6.0 .0 .0000000
1 AREA SOURCES
2 POINTS FREQ.: 500 BULLDOZER 1  SPREADING FILL
X Y z LEQ(REF)  WIDTH
-290.0 140.0 6.0 83.0 80.0
450.0 140.0 6.0 .0 80.0
0 BARRIERS

Figure 16d. Input Data File Report
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EXAMPLE 3: I-210 FILL AREA, RECEIVERS F6é, F7, F8

RECEIVER NUMBER LEQ DESCRIPTION
1 73.8 F6: AT ORIGIN
2 79.0 F7: NEAR FILL
3 72.9 F8: NEAR TRUCKS

COMPONENT CONTRIBUTIONS FOR RECEIVER NUMBER: 1

INDEX INTENSITY LEVEL SOURCE DESCRIPTION
101 .130053E+07 61.1 TRUCKS 1 HAULING FILL
201 +240830E+06 53.8 TRUCKS 1 HAULING FILL
301 .144167E+08 71.6 TRUCKS 1 HAULING FILL

10101 .783707E+07 68.9 BULLDOZER i SPREADING FILL

COMPONENT CONTRIBUTIONS FOR RECEIVER NUMBER: 2

INDEX INTENSITY LEVEL SOURCE DESCRIPTION
101 .221696E+07 63.5 TRUCKS 1 HAULING FILL
201 .286108E+06 54.6 TRUCKS 1 HAULING FILL
301 .511810E+08 77.1 TRUCKS 1 HAULING FILL

10101 .256986E+08 74.1 BULLDOZER 1 SPREADING FILL

COMPONENT CONTRIBUTIONS FOR RECEIVER NUMBER: 3

INDEX INTENSITY LEVEL SOURCE DESCRIPTION
101 .8944725E+07 69.8 TRUCKS 1 HAULING FILL
201 +.362711E+06 55.6 TRUCKS 1 HAULING FILL
301 «536969E+07 67.3 TRUCKS 1 HAULING FILL

10101 .420221E+07 66.2 BULLDOZER 1 SPREADING FILL

KEY TO INDEX:
X - POINT SCURCE, WHERE X OR XX IS INPUT SEQUENCE # OF POINT SQURCES.

XX

¥XX -~ LINE SOURCE, WHERE XX IS INPUT SEQUENCE # OF LINE SOURCES
YYXX AND Y OR YY IS SEQUENCE # OF POINTS FOR THE XXTH LINE.
1YYXX - AREA SOURCE, WHERE XX AND YY ARE ANALOGOUS TO LINE SOURCE VARIABLES.

Figure 16e. Results Report
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EXAMPLE 4

5.4 EXAMPLE FOUR:
I-210 CUT SECTION

This example represents a cut area on I-210 in Los Angeles, California,
where noise levels were desired at four receiver locations, as shown in
Figure 17a. Figure 17b presents the coding worksheets and Figure l7c
shows the user responses to HINPUT's requests,

The area had two point sources, both Caterpillar 992 wheeled front
end loaders with 10 yard buckets (which corresponded to LOADER model numbers
of 5); four nonhaul line sources: one Fiat Allis 31 tractor dozer, one Fiat
Allis 41 tractor dozer, and two Caterpillar D9C tractor dozers (all of which,
based on the user's experience and judgement, corresponded to a BULLDOZER
model number of 3); and two haul line sources that consisted of Peterbilt
tractors with double belly-~dump 20-yard semi~trailers, which corresponded

to TRUCKS model 3.

The four bulldozers worked in two tandem groups that pushed the cut material
to the loaders that, in turn, loaded the trucks. The first truck route worked
in a type "1" loop where the trucks wveered off to the left then circled
around to the load point from which they continued straight out. The second
truck route was modeled as type "5", in which the trucks made a clockwise
teardrop shaped loop where the trucks were loaded at the midpoint of the
loop. The site diagram illustrates the program-generated points along each
route by open circles and the user-specified points by closed circles.

The coordinate system was set up so that the fourth receiver is at the
origin. From field observations, data was gathered and all activity factored
for working for the entire 8-hour period.

The data input report and results report are shown in Figures 17d and
17e. The results of the modeling program showed that the noise levels of
the four receivers varied from 67.7 at Receiver 3 to 77.7 at Receiver 2.

The greatest contributor of noise to the first receiver were BULLDOZERS 3
and 4 which are located closest to it. The LOADER 2 and TRUCKS 2 contributed
the most to Receiver 2 while Receivers 3 and 4 were most greatly affected
by BULLDOZERS 1 and 2.
See Appendix E for field data sheets and photographs from this site.
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& R3
(cé)

TRUCKS |1
TRUCKS 2
y
LOADER 1
X
B R, 4~
(C7)
BULLDOZER 2
’BULLDOZER 1
SCALE:
100 ft. o LOADER 2
BULLDOZER 4 BULLDOZER 3
100 ft. —_KEY_

8- Receiver

» - Given Point

o - Computed Point
o -~ Ppint Source

aRy (C3)

Figure 17a. Site Sketch



HICNONM
FHNA HIOHWRY CONSTRUCTION NOISE
PREDICTION PROORAMN

FORM 1 - TITLE AND RECEIVER DRTAR

lﬂhE_____li____

PROE_!_OF_ 7 _

PROJEC

PROBLEM TITLE (ENTER A8 ONE LINE)

EXAMPLE 4. I-2/0 Cor AREA

Kecevens C3,C4,66,C7

NUMBER OF RECEIVERS
(HRAXIMUM OF 10}

A

FORN 2 - POINT S8GURCE DATAR

1§
00 NOT |BESCRIPTION [MAX.|y co0RDINRTE|Y-COORDINRTE|Z-COORDINATE S0 i
SxIer |16 CHARACTERS ) A
1 1C3; BY Dozassd] - S00 ~-&/0 1) /.0
2 |0d. By Loapep 2 -460 - 300 0 /.0
8 ¢ gy TRveks 4| =00 200 0 /.0 |
4 o7 4r oricm CD CD KD /-(D
HICNOM nnnf___._é._
FHWA HIDHWARY CONSTRUCTION NOISE PAOE_Z_OF
PREDICTION PROORAM DATE '4‘-
PROJECT o

POINT S8OURCES (MRXIMUM OF 10)

82

R | (HOEOCRIPTION | wlS0Ety, |PEOVEINY|uokabtts)| X~CODRDINATE | Y-COORDINATE | Z-COOBRDINRTE
LOADER Wodimem €7 | C | 1 g | —#0 %S _ &)
1
1
Figure 17b. Coding Worksheets (page 1 of 4)




HICNON NRNE__WD
FHWA HIOMWRY CONSTRUCTION NOISE PROE_2 OF 7
PREDICTION PROORRM nm:.;:ﬁ:
FORM St "HAUL® LINE SOURCEDATA PROJECT £
SOURCE DEBCRIPTION NOOEL HOURS lnc. oF PTS.
TYPE (}) (PRX. 18 CHRR.) .(2) NORKED(D) [ IM LIME(4)
TRUCK S RlomeR 1| 3 -/ 1 3
WOTES: (1).12),(8)3 SEE FORN & FOR EXPLANRTION: (4] ENTER © YO REUSE POINTS
FRONM LAST MAUL BSOURCE
POINT COORDINATES (MAX. = 203 MAX. = 8 IF RETURN LOOP TYPE IS 0)
DQ NOT [ x_CODRDINATE | Y-COORDINATE | Z-COORDINATE || SESNENT
1 ~200 -/05 [2] 35
2 o Y% -/0S 0 23S
) -/20 A o
4
5
)
')
8
)
10
1
12
13
14
15
16
17
18
18
20
~
venicLes| RETURN LoOOP PDINT MUMBERS
PER HOUR TYpE(6) [meoIustS) STOPPING(Y) [peCELERRTIONIS)
— | / 1/00 ™~
[{ §] kI N} INT €7) ENTER O tP
HICNOM nane__b\iq_
FHWA HIGHWAY CONSTRUCTION NOISE ;:«T:g_q_gr .
AN -
PREDICTION PROOR DATE__¢ L

FORM 2 - POINT SOURCE DRTA
POINT S8OURCES (MRXIMUN OF 10)

SOURCE | |DESCRIPTION ||o035t,, OEUETRY| pMoUst.,| X-COORDINATE | Y-COOROINATE | Z-COORDINATE
LOoADR Wogper cd | S | 1 g ~3% -35S 0
N 1 .
[P .-/——‘-—-“‘

Figure 17b. Coding Worksheets (page 2 of 4)
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HICNONM

FHWA HIOHWAY CONSTRUCTION NOISE

PREDICTION PROORAM

FORM 3: °*HRUL® LINE SOURCEDATR

nane__ 3
PROE_S_ OF 7

iy
PROJECT.EXC

SOURCE DESCRIPTION NOOEL HOURS Ne. OF PTS.
IYPE 11) (MRY. 18 CHAR.) mw.{2) WORKED(3) | IN LINE(S)
TRUCKS woperd | 3 - =

NOTES: [1).12).08): SEE FORN T FOR EXPLANATION: (4] ENTER O TO REUSE POINTS

FROM LAST MRUL SOURCE

84

PDINT COORDINATES [MAX. = 203 MAX. = & IF RETURN LOOP TYPE IS 0)
D2,hET [ x-cooroINRTE | Y-COORDINATE | Z-coORGINATE || 9ESRENT
1 -~ 000 ~ /0§ O <Xy
2 - §s° -/0S (% 35
3 —4/0 - 3% 0
4
s
6
7
8
g
10
11
12
18
14
16
16
17
18
19
20
N
VERICLES| RETURN LOOP POINT NUMBERS
PER HOUR| TYPE(G) [mDIus(e) STEPPINDGI 7 )\ DECELERRT ION(S)
~.| & |/S50¢
181 oK 73 I8 B. A £ SUTER o ]
HICNOR uauLz_W.__ﬂ _
FHHA HIOHWAY CONSTRUCTION NOISE PROE &_OF F
PRECICTION PROGRAM DAT -2
PROJECTCX 4
FORM 4 - *NONHAUL® LINE S8OURCE ORTR
SOURCE DESCRIPTION | WODEL (DEOMETRY| nouxs |'R¥WERS oF
TYPE(1) |(WRX. 16 CHAR.)NUNBER{23| TYPE |WoRKED(3)| "PiAI® !
BuiL Dozerjwmv Loaver 1| 3 2 F | 2
POINT COORDINATES (MAX. = 20)
X-COORDINATE | Y-COORDINATE | 2-COORDINATE | DO_NOT  woTES:
ENTER  (1),(2).(8)¢
-30 ~ 0 (o] 1 SEE FORM 2
FOR EXPLANATION
/'S ~R00 O 2 {4) ENTER O TO
s REUSE POINTS
FROM NONHAUL
. LINE SOURCE
5
- e ——— ol —\_______/
Figure 17b. Coding Worksheets (page 3 of 4)




, HICNON ungﬁwé__
FHRA HIOMNAY CONSTRUCTION NOISE PR oF_92

PREDICTION PROGRAM DAT -2
PROJECT_Cr
FORM 4 - "NONMAUL' LINE SOURCE DRTA

SOURCE pESCRIPTION | NODEL |OEOMETRY| wours |M3WERS oF
TYPE(}) (MRX. 18 CHAR.)|NUMBER(2)| TYPE |MORKED(3)| "L1mg(4)
BuLtbozer |wmi Lo 3 2 J A

POINT COORDINATES (MAX. = 20)

X-COORDINATE | Y-COORDINATE | 2-COORDINRTE °°TN°T NOTES:
ENTER (1),12).(3)¢
—SD —J0 (@) 1 8EE FORM 2
— FOR EXPLANATION
25 ALO O 2 (4) ENTER 0 T0
REUSE POINTS
s FROM NONHARUL
LINE 8OURCE

PREDICTION PROGRAM ORT
PRO

HICNOM NR:%Q__TL
FHNA HIOMNAY CONSTRUCTION NDISE PR F.
JECl{,ﬁ“X

FORM 4 ~ °NONMAUL® LINE 8OURCE ORTA

SOURCE DESCRIPTION | MODEL HOURS | 'RARERS oF
TYPE(1) [CMRX. 16 CHAR.}|NUNBER(2) woRKED(S) | POINELs)

BuLLDo2€R |wmk Lomer 2| 3 2 §F [ &
POINT COORDINARTES (MAX. = 20)

OEONETRY
TYPE

X-COORDINATE | Y-COORDINATE | Z-COORCINATE gnggT ?ggz?é) ()
. . 1
- - 1 SEE FORM 2
35S e /4% O FOR EXPLANATION
-2%5 ~SS0 0 2 (4) ENTER O TO
REUSE POINTS
3 FROM NONHAUL
LINE_SOURCE
—-\\/ s

HICNOM unn%_
FHWA MIOHWAY CONSTRUCTION NOISE PROE_Z_ OF_ 7 _

PRECICTION PROGRAN DATE (L -2
PROJECT_CX &
FORM 4 - °NONMAUL' LINE S8OURCE DATR

SOURCE OESCRIPTION | WODEL [OEOMETRY| wous |['ANSERS of
TYPE(L) (MRX. 18 CHAR.)|NUNBER(2) TYPE |WORKED(S)| "{1wgts)
Bt Do2ER bum Loaner 2 2 g o3

POINT COCRDINATES (MRX. = 20)

X-COORDINATE | Y-COORDINATE | Z-COGROINATE gnggT NOTES:
-2SS | —400 0 1 (1328  Eorm 2
FOR EXPLANRTION
-200 ~490 o) 2 (4) ENTER 0 T0
REUSE POINTS
3 FROM NONHAUL
. LINE SOURCE

_L___/\/
Figure 17b. Coding Worksheets (page 4 of 4)
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ENTER TITLE FOR THIS PROBLEM:

EXAMPLE 4: I~210 CUT AREA, RECEIVERS C3, C4, C6, C7
ENTER NUMBER OF RECEIVERS (MAXIMUM IS 10)

4
ENTER A DESCRIPTION OF RECEIVER # 1
MAXIMUM OF 16 CHARACTERS - BLANK IF NONE)

C3: BY DOZERS 3,4 .
ENTER X, ¥, 2 AND EXCESS ATTENUATION (DB/DD) FOR RECEIVER # 1

-500 -610 0 1.0
ENTER A DESCRIPTION OF RECEIVER # 2
MAXIMUM OF 16 CHARACTERS - BLANK IF NONE)

C4: BY LOADER 2
ENTER X, Y, 2 AND EXCESS ATTENUATION (DB/DD) FOR RECEIVER # 2

-460 ~300 0 1.0
ENTER A DESCRIPTION OF RECEIVER # 3
MAXIMUM OF 16 CHARACTERS ~ BLANK IF NONE)

C6: BY TRUCKS1
ENTER X, ¥, 2 AND EXCESS ATTENUATION (DB/DD) FOR RECEIVER # 3

-200 300 0 1.0
ENTER A DESCRIPTION OF RECEIVER # 4
MAXIMUM OF 16 CHARACTERS - BLANK IF NONE)

C7: AT ORIGIN
ENTER X, Y, %2 AND EXCESS ATTENUATION (DB/DD} FOR RECEIVER # 4

000 1.0
ENTER SOURCE TYPE - BLANK IF FINISHED

LOADER
ENTER A DESCRIPTION OF THE SOURCE
{MAXIMUM OF 16 CHARACTERS - BLANK IF NONE):

NO. 1 NEAR C7
ENTER MODEL NUMBER (ENTER O TO DEFINE NEW MODEL NUMBER)

5
ENTER 1, 2 OR 3 FOR WORKING OVER A POINT, LINE OR AREA

1

ENTER HOURS WORKED DURING 8-HOUR DAY

(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF
THE LAST PREVIQUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE)

8
POINT SOURCE: ENTER X, Y, Z OF SOURCE LOCATION

~-110 =65 0
ENTER SOURCE TYPE - BLANK IF FINISHED

TRUCKS
ENTER A DESCRIPTION OF THE SOURCE

{MAXIMUM OF 16 CHARACTERS - BLANK IF NONE):

FOR LOADER 1
ENTER MODEL NUMBER (ENTER 0 TO DEFINE NEW MODEL NUMBER)

3
Figure 17c. User Responses to HINPUT (page 1 of 4)
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PROGRAM HAS AUTOMATICALLY ASSIGNED A GEOMETRY TYPE TC THIS SOURCE

ENTER HOURS WORKED DURING 8-HOUR DAY
(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE)

-1
LINE SQURCE: ENTER NUMBER OF POINTS ON THE LINE, MAXIMUM IS 20
(ENTER 0 TO REUSE POINTS FROM LAST PREVIOUSLY ENTERED LINE SOURCE}

3
ENTER X, ¥, 2 OF THE POINTS

-900 ~105 0 =450 -105 0 -120 -25 0
ENTER SPEED ON EACH SEGMENT (MPH)

35 35
ENTER TYPE AND RADIUS (FEET)} OF RETURN LOOP

1 100
ENTER SOURCE TYPE - BLANK IF FINISHED

LOADER
ENTER A DESCRIPTION OF THE SOURCE
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE):

NO. 2 NEAR C4
ENTER MODEL NUMBER (ENTER O TO DEFINE NEW MODEL NUMBER)

5
ENTER 1, 2 OR 3 FOR WORKING OVER A POINT, LINE OR AREA

1

ENTER HOURS WORKED DURING 8-HOUR DAY

(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF
THE LAST PREVIOUSLY~ENTERED SOURCE HAVING A PRODUCTION RATE)

8
POINT SOURCE: ENTER X, Y, Z OF SOURCE LOCATION

-390 ~355 0
ENTER SOURCE TYPE ~ BLANK IF FINISHED

TRUCKS
ENTER A DESCRIPTION OF THE SOURCE
(MAXTMUM OF 16 CHARACTERS - BLANK IF NONE):

FOR LOADER 2
ENTER MODEL NUMBER (ENTER O TO DEFINE NEW MODEL NUMBER)

3
PROGRAM HAS AUTOMATICALLY ASSIGNED A GEOMETRY TYPE TO THIS SOURCE

ENTER HOURS WORKED DURING 8-~HOUR DAY

(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF
THE LAST PREVIOQUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE)

-1

LINE SOURCE: ENTER NUMBER OF POINTS ON THE LINE, MAXIMUM IS 20
(ENTER 0 TO REUSE POINTS FROM LAST PREVIOQUSLY ENTERED LINE SOURCE)

3

Figure 17c. User Responses to HINPUT (page 2 of 4)
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ENTER X, Y, 2 OF THE POINTS

-1000 ~105 0 -850 -105 0 ~410 ~340 O
ENTER SPEED ON EACH SEGMENT (MPH)

35 35
ENTER TYPE AND RADIUS (FEET) OF RETURN LOOP

5 150
ENTER SOURCE TYPE -~ BLANK IF FINISHED

BULLDOZER
ENTER A DESCRIPTION OF THE SOURCE
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE):

WITH LOADER 1
ENTER MODEL NUMBER (ENTER 0 TO DEFINE NEW MODEL NUMBER}

3
ENTER 1, 2 OR 3 FOR WORKING OVER A POINT, LINE OR AREA

2

ENTER HOURS WORKED DURING 8-~HOUR DAY

(ENTER ~1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF
THE LAST PREVIOUSLY—-ENTERED SOURCE HAVING A PRODUCTION RATE)

8
LINE SOURCE: ENTER NUMBER OF POINTS ON THE LINE, MAXIMUM IS 20
(ENTER 0 TO REUSE POINTS FROM LAST PREVIOUSLY ENTERED LINE SOURCE)

2
ENTER X, Y, Z2 OF THE POINTS

-30 -80 0 15 -200 O
ENTER SOURCE TYPE - BLANK IF FINISHED

BULLDOZER
ENTER A DESCRIPTION OF THE SOURCE
(MAXIMUM OF 16 CHARACTERS -~ BLANK IF NONE):

WITH LOADER 1
ENTER MODEL NUMBER (ENTER 0 TO DEFINE NEW MODEL NUMBER)

3
ENTER 1, 2 OR 3 FOR WORKING OVER A POINT, LINE OR AREA

2

ENTER HOURS WORKED DURING 8-HOUR DAY

(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE)

8

LINE SOURCE: ENTER NUMBER OF POINTS ON THE LINE, MAXIMUM IS 20
{ENTER 0 TO REUSE POINTS FROM LAST PREVIOUSLY ENTERED LINE SOURCE)

2
ENTER X, Y, Z OF THE POINTS

-50 -80 0 -25 -220 O
ENTER SOURCE TYPE - BLANK IF FINISHED

BULLDOZER
ENTER A DESCRIPTION OF THE SOURCE
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE):

WITH LOADER 2

Figure 17c. User Responses to HINPUT (page 3 of 4)
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ENTER MODEL NUMBER (ENTER 0 T0 DEFINE NEW MODEL NUMBER)

3
ENTER 1, 2 OR 3 FOR WORKING OVER A POINT, LINE OR AREA

2

ENTER HOURS WORKED DURING 8-HOUR DAY

(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF
THE LAST PREVIOUSLY~-ENTERED SOURCE HAVING A PRODUCTION RATE)

8
LINE SOURCE: ENTER NUMBER OF POINTS ON THE LINE, MAXIMUM IS 20
(ENTER 0 TO REUSE POINTS FROM LAST PREVIOUSLY ENTERED LINE SOURCE)

2
ENTER X, ¥, 2 OF THE POINTS

-355 ~-410 0 -285 -550 0
ENTER SOURCE TYPE -~ BLANK IF FINISHED

BULLDOZER
ENTER A DESCRIPTION OF THE SOURCE
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE):

WITH LOADER 2
ENTER MODEL NUMBER (ENTER O TQO DEFINE NEW MODEL NUMBER)

3
ENTER 1, 2 OR 3 FOR WORKING OVER A POINT, LINE OR AREA

2

ENTER HOURS WORKED DURING 8~HOUR DAY

(ENTER ~1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF

THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE)

8

WARNING. YOU HAVE REACHED LIMIT OF 6 LINE SOURCES. ENTERING MORE SOURCES
OF THIS TYPE WILL CAUSE ERROR IN EXECUTION

LINE SOURCE: ENTER NUMBER OF POINTS ON THE LINE, MAXIMUM 1S 20
(ENTER 0 TO REUSE POINTS FROM LAST PREVIOUSLY ENTERED LINE SOURCE)

2
ENTER X, ¥, Z OF THE POINTS

-355 =400 0 -200 ~490 C
ENTER SOURCE TYPE ~ BLANK IF FINISHED

ENTER NUMBER OF BARRIERS (MAXIMUM IS 3)

0

Figure 17c. User Responses to HINPUT (page 4 of &)
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EXAMPLE 4: I-210 CUT AREA, RECEIVERS C3, C4, C6, C7
4 RECEIVERS

X Y z EX. ATT.(DB/DD) DESCRIPTION
~500.0 ~610.0 .0 1.00 C3: BY DOZERS 3,
-460.0 ~300.0 .0 1.00 C4: BY LOADER 2
-200.0 300.0 .0 1.00 C6: BY TRUCKS1
.0 .0 .0 1.00 C7: AT ORIGIN
2 POINT SOURCES
X Y z LEQ(REF)  FREQ. SOURCE DESCRIPTION
-110.0 ~65.0 6.0 80.0 500 LOADER 1 NO. 1 NEAR C7
-390.0 ~355.0 6.0 80.0 500 LOADER 2 NO. 2 NEAR C4
6 LINE SOURCES
10 POINTS FREQ.: 500 TRUCKS 1 FOR LOADER 1
X Y z LEQ(REF) VEH. DENS.
-900.0 ~105.0 6.0 86.0 .0003241
-450.0 -105.0 6.0 86.0 .0003241
-354.2 -81.8 6.0 86.0 .0001624
-229.3 124.5 6.0 85.2 .0001771
-167.1 169.4 6.0 84.1 .0002010
-91.3 157.9 6.0 82.6 .0002385
-46.4 95.7 6.0 80.3 .0003108
-57.8 19.9 6.0 72.7 .0007502
-120.0 -25.0 6.0 86.0 .0004232
-354,2 -81.8 6.0 .0 .0000000
11 POINTS FREQ.: 500 TRUCKS 2 FOR LOADER 2
X ' Z LEQ(REF) VEH. DENS.
-1000.0 ~105.0 6.0 86.0 .0003241
-850.0 ~105.0 6.0 86.0 .0003241
-728.9 ~169.7 6.0 86.0 .0001652
-586.1 -125.2 6.0 84.4 .0001947
-471.6 -137.0 6.0 82.1 .0002537
-398.2 -225.6 6.0 74.4 .0006126
-410.0 -340.0 6.0 86.0 .0006126
-498.5 -413.4 6.0 86.0 .0002537
-613.0 -401.6 6.0 86.0 .0001947
~686.4 -313.1 6.0 86.0 .0001652
-728.9 -169.7 6.0 .0 .0000000
2 POINTS FREQ.: 500 BULLDOZER 1  WITH LOADER 1
X Y z LEQ(REF) VEH. DENS.
-30.0 -80.0 6.0 83.0 .0078027
15.0 -200.0 6.0 .0 .0000000
2 POINTS FREQ.: 500 BULLDOZER 2  WITH LOADER 1
X Y z LEQ(REF) VEH. DENS.
~50.0 -80.0 6.0 83.0 .0070316
-25.0 -220.0 6.0 .0 .0000000
2 POINTS FREQ.: 500 BULLDOZER 3  WITH LOADER 2
X Y z LEQ(REF) VEH. DENS.
-355.0 -410.0 6.0 83.0 .0063888
-285.0 -550.0 6.0 .0 .0000000
2 POINTS FREQ.: 500 BULLDOZER 4  WITH LOADER 2
X Y z LEQ(REF) VEH. DENS.
-355,0 -400.0 6.0 83.0 .0055793
-200.0 ~490.0 6.0 .0 .0000000
0 AREA SOURCES
0 BARRIERS

Figure 17d. Input Da;a File Report
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EXAMPLE 4:

RECEIVER NUMBER

FRY ™

L

EQ

71.7
77.7
67.7
77.6

I-210 CUT AREA, RECEIVERS C3,

C4, Lo, w.

DESCRIPTION

C3:
C4:
C6:

BY DOZERS 3,4
BY LOADER 2
BY TRUCKS1

C7: AT ORIGIN

COMPONENT CONTRIBUTIONS FOR RECEIVER NUMBER: 1

INDEX
1

2
101
201
301
401
501
601
701
801
201
102
202
302
402
502
602
702
802
902
1002
103
104
105
106

INTENSITY LEVEL

.234334E+06
+.183036E+07
+222040E+06
. 524457E+05
.387628E+05
.669158E+04
.521370E+04
.443438E+04
+.391919E+04
.204033E+04
.117190E+06
.471750E+05
.655252E+05
.477461E+05
.313939E+05
.308294E+05
.228052E+05
. 764206E+06
.403022E+06
.150369E+06
.700622E+05
.450207E+06
.498873E+06
.590725E+07
+362091E+07

53.7
62.6
53.5
47.2
45.9
38.3
37.2
36.5
35.9
33.1
50.7
46.7
48.2
46.8
45.0
44.9
43.6
58.8
56.1
51.8
48.5
56.5
57.0
67.7
65.6

SOURCE

LOADER
LOADER
TRUCKS
TRUCKS
TRUCKS
TRUCKS
TRUCKS
TRUCKS
TRUCKS
TRUCKS
TRUCKS
TRUCKS
TRUCKS
TRUCKS
TRUCKS
TRUCKS
TRUCKS
TRUCKS
TRUCKS
TRUCKS
TRUCKS
BULLDOZER
BULLDOZER
BULLDOZER
BULLDOZER

[SESESESESESESENE SN S R Ay S S W W N g

DESCRIPTION

NO. 1 NEAR C7
NO. 2 NEAR C4
FOR LOADER
FOR LOADER
FOR LOADER
FOR LOADER
FOR LOADER
FOR LOADER
FOR LOADER
FOR LOADER
FOR LOADER
FOR LOADER
FOR LOADER
FOR LOADER
FOR LOADER
FOR LOADER
FOR LOADER
FOR LOADER
FOR LOADER
FOR LOADER
FOR LOADER
WITH LOADER 1
WITH LOADER 1
WITH LOADER 2
WITH LOADER 2

BN IN N A N BN DI b b pd o b ok ot fod

N B

COMPONENT CONTRIBUTIONS FOR RECEIVER NUMBER: 2

INDEX

1

2
101
201
301
401
501
601
701
801
901
102
202
302
402
502
602
702
802
302
1002
103
104
105
106

INTENSITY LEVEL

.691125E+06
.260274E+08
»116851E+07
.425026E+06
.1779288E+06
+183368BE+05
«135639E+05
.109619E+05
+981969E+04
.563726E+04
.538316E+06
.9201512E+05
-176712E+06
«233932E+06
.300187E+06
.624004E+06
.113613E+07
.104599E+08
-100765E+07
.354100E+06
.220852E+C6
+101192E+07
+118429E+07
«673942E+07
+671519E+07

Figure l7e.

58.4
74.2
60.7
56.3
52.5
42.9
41.3
40.4
39.9
37.5
57.3
49.5
52.5
53.7
54.8
58.0
60.6
70.2
60.0
55.5
53.4
60.1
60.7
68.3
68.3

SOURCE

LOADER
LOADER
TRUCKS
TRUCKS
TRUCKS
TRUCKS
TRUCKS
TRUCKS
TRUCKS
TRUCKS
TRUCKS
TRUCKS
TRUCKS
TRUCKS
TRUCKS
TRUCKS
TRUCKS
TRUCKS
TRUCKS
TRUCKS
TRUCKS
BULLDOZER
BULLDOZER
BULLDCZER
BULLDCZER

N N N N N e e N s e

Results Report

DESCRIPTION

NO. 1 NEAR C7
NO. 2 NEAR C4
FOR LOADER
FOR LOADER
FOR LOADER
FOR LOADER
FOR LOADER
FOR LOADER
FOR LOADER
FOR LOADER
FOR LOADER
FOR LOADER
FOR LOADER
FOR LOADER
FOR LOADER
FOR LOADER
FOR LOADER
FOR LOCADER
FOR LOADER
FOR LCADER
FOR LOADER
WITH LOADER 1
WITH LOADER 1
WITH LOADER 2
WITH LOADER 2

DA NN BN N N N b b b b b o b s

PN

(page ! of 2)
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COMPONENT CONTRIBUTIONS FOR RECEIVER NUMBER: 3

INDEX INTENSITY LEVEL SOURCE DESCRIPTION
1 .902973E+06 ©59.6 LOADER 1 NO. 1 NEAR C7
2 .224957E+06 53.5 LOADER 2 NO. 2 NEAR C4
101 .172422E+06 52.4 TRUCKE 1 FOR LOADER 1
201 ,789274E+05 49.0 TRUCKS 1 FOR LOADER 1
301 .312786E+06 55.0 TRUCKS 1 FOR LOADER 1
401 .333754E+06 55.2 TRUCKS 1 FOR LOADER 1
501 .291733E+06 54.6 TRUCKS 1 FOR LOADER 1
601 .112620E+06 50.5 TRUCKS 1 FOR LOADER 1
701 Z449157E+05 46.5 TRUCKS 1 FOR LOADER 1
801 .138055E+05 41.4 TRUCKS 1 FOR LOADER 1
901 ,408359E+06 56.1 TRUCKS 1 FOR LOADER 1
102 .276991E+05 44.4 TRUCKS 2 FOR LOADER 2
202 .335307E+05 45.3 TRUCKS 2 FOR LOADER 2
302 .260076E+05 44.2 TRUCKS 2 FOR LOADER 2
402 .237309E+05 43.8 TRUCKS 2 FOR LOADER 2
502 .186955E+05 42.7 TRUCKS 2 FOR LOADER 2
602 .556194E+04 37.5 TRUCKS 2 FOR LOADER 2
702 .553737E+05 47.4 TRUCKS 2 FOR LOADER 2
802 .184376E+05 42.7 TRUCKS 2 FOR LOCADER 2
202 .139404E+05 41.4 TRUCKS 2 FOR LOADER 2
14002 .181725E+05 42.6 TRUCKS 2 FOR LOADER 2
103 .104120E+07 60.2 BULLDOZER WITH LOADER 1
104 .105541E+07 60.2 BULLDOZER WITH LOADER 1

WITH LOADER 2
WITH LOADER 2

105 .321589E+06 S55.1 BULLDOZER
106 .360114E+06 55.6 BULLDOZER

BN

COMPONENT CONTRIBUTIONS FOR RECEIVER NUMBER: 4

INDEX INTENSITY LEVEL SQURCE DESCRIPTION
1 .112013E+08 70.5 LOADER 1 NO. 1 NEAR C7
2 .409874E+06 56.1 LOADER 2 NO. 2 NEAR C4
101 .150199E+06 51.8 TRUCKS 1 FOR LOADER 1
201 .939254E+05 49.7 TRUCKS 1 FOR LOADER 1
301 .249661E+06 54.0 TRUCKS 1 FOR LOADER 1
401 .107898E+06 50.3 TRUCKS 1 FOR LOADER 1
501 .143933E+06 51.6 TRUCKS 1 FOR LOADER 1
601 .308129E+06 54.9 TRUCKS 1 FOR LOADER 1
701 .956605E+06 59.8 TRUCKS 1 FOR LOADER 1
801 .320084E+06 55.1 TRUCKS 1 FOR LOADER 1
901 «146329E+07 61.7 TRUCKS 1 FOR LOADER 1
102 .212386E+05 43.3 TRUCKS 2 FOR LOADER 2
202 .274883E+05 44.4 TRUCKS 2 FOR LOADER 2
3oz .231249E+05 43.6 TRUCKS 2 FOR LOADER 2
402 .237372E+05 43.8 TRUCKS 2 FOR LOADER 2
502 .251461E+05 44.0 TRUCKS 2 FOR LOADER 2
602 .934080E+04 39.7 TRUCKS 2 FOR LOADER 2
702 .B35133E+05 49.5 TRUCKS 2 FOR LOADER 2
802 «256264E+05 44.1 TRUCKS 2 FOR LOADER 2
302 .164615E+05 42.2 TRUCKS 2 FOR LOADER 2
1002 .177862E+05 42.5 TRUCKS 2 FOR LOADER 2
103 .224285E+08 73.5 BULLDOZER i WITH LOADER 1
104 .178384E+08 72.5 BULLDOZER 2 WITH LOADER 1
105 .663550E+06 58.2 BULLDOZER 3 WITH LOADER 2
106 .819354E+06 69.1 BULLDOZER 4 WITH LOADER 2

KEY TO INDEX:
X - POINT SOURCE, WHERE X OR XX IS INPUT SEQUENCE # OF POINT SOURCES.

XX
¥YXX - LINE SOURCE, WHERE XX IS INPUT SEQUENCE # OF LINE SOURCES
YYXX AND Y OR YY IS SEQUENCE # OF POINTS FOR THE XXTH LINE.

1¥YYXX - AREA SOURCE, WHERE XX AND YY ARE ANALOGOUS TO LINE SOURCE VARIABLES.
{

Figure 17e. Results Report (page 2 of 2)
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EXAMPLE 5

5.5 EXAMPLE FIVE:
I-440 ROCK CUT SECTION

This example illustrates the modeling of a rock cut site on I~440
in Nashville, Tennessee, based on field observations of the operation.
Modeling an existing site :is a good technique for evaluating abatement
strategies. The site, shown in Figure 18a, had two rock drills each with
their own compressor, and a bulldozer and grader working in a nearby area.

The barrier in this example was actually the top edge of a 17-foot deep cut
section that defines the edge of work area.

The example has one receiver, designated Receiver 1, located away from
the work site 20 feet higher than the working plane. There is a 17-foot rock
ledge located 60 feet from the receiver. On the work site, there is an area
375 feet long énd 50 feet wide where a Caterpillar D8H bulldozer and a
Caterpillar 12E grader are operating. Beyond this area there are 4 point
sources. There are two rock drills and two compressors, one a new quiet
model with closed doors and the other a much louder older model. By observing
the working condition of the site for half an hour it was possible to determine
the "hours worked" and the motion of the equipment. The coordinate system
was set up with the receiver at the origin and from this the data for the
program was able to be determined.

Figure 18b shows the coding worksheets for the problem and Figure 18c shows
the user responses to HINPUT. The two rock drills were modeled as BREAKER,
model 1. The compressor located in the negative x-direction corresponded to
model number 3 (quiet, with closed doors}, while the other compressor, being
a standard type, corresponded to a model number of 2. For the area sources,
the bulldozer was considered as model number 2 and the grader as model number 1.

For the 30-minute observation period the compressors worked the entire
30 minutes, and the bulldozer and grader both worked 18 3/4 minutes. These
durations were then factored to "hours worked" based on an 8-hour day.

However, it was also observed that while the two rock drills were in
operation the entire measurement period, they were only at maximum noise level
60% and 727 of the time, respectively. Examining the data in the program for
rock drills, as shown in Table 2 for BREAKER model 1, the value for DELTA, the
difference between the maximum level and the Leq of the drill over its work
cycle was 7 dBA. A seven dBA value translates to the equipment working at
maximum level for only 20 percent of the time (7 dBA = 10Log(l00%/20%).
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EXAMPLE 5

Because the drills on the site worked at maximum level for much higher
percentages of time, it was decided to model these as new BREAKER models,
with values of DELTA computed based on the field operation percentages.
DELTA for the first drill was computed as 10 Log(100%/60%) or 2.2 dBA.

DELTA for the second drill was 1.4 dBA (10 Log(l00%/72%)). The other data
required for a new BREAKER model was taken from Table 2 for BREAKER Model
1. Because the drills were in operation for the entire measurement period,
even though not at maximum level for the entire period, the value for hours
worked was 8, corresponding to operation during the entire time period.

The input data file report and the HICNOM results report are shown in
Figures 18d and 18e. As expected, the major noise sources were the rock
drills. Note that the bulldozer and motor grader contributed little to the
total Leq and that the contribution from the quiet compressor was much lower
than the standard comptressor. To determine the amount of shielding provided
by the edge of the cut acting as a barrier, the reader is invited to run the

problem with no barrier (the answer is 81.8 dBA).

ROCK DRILL 1
n
ROCK DRILL 2
o

COMPRES';OR 1
COMPRESSOR 2

: 77 TT77 T -
y

LI/ / T/

BARRIER

IY
Aty X
SCALE: RECEIVER 1 (SCHOOL YARD)

50 ft. KEY

& ~ Recelver
¢ ~ Given Polnt
D ~ Point Source

50 fr. ~ Area Source

Figure 18a. Site Sketch
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HICNONM
FHWNA HIOHWAY CONSTRUCTION NOISE
PREDICTION PROORAM

FORM 1 -~ TITLE AND RECEIVER ORTR

unnL_iJ%
Pa0E_L_ OF

DAT
PROJEC

PRdBLEH TITLE (ENTER RS ONE LINE)

ExamlLe S I-44o Rock DR CuT AreA

NURBER OF RECEIVERS
(MRXTMUM OF 10)

1
DCres
NOT |DESCRIPTION (MAX. |y onomnINATE|Y-COORDINATE|Z-COORDINATE| Sroone
ng.m 16 CHARACTERS) Aer.
1| ScHor YARD 0 (2] ” Ay

\\\___f::

L T ———— _{"—"—""‘%vf’—\

POINT SOURCES (MAXIMUM OF 10)

HICNON

FHNA HIOGHKAY CONSTRUCTION NOISE
PRECICTION PROORAM

FORN 2 - POINT SOURCE DARTA

NANE___ W&
PROE_Z OF S
DRTE -2
PROJECT.EX S

95

BOURCE | WDEBCRIPTION | ono0ci,,|OEQUETRY| wouss | X-CODRDINATE | Y-COORDINATE | 2-COORDINATE
BRerxer |Rock DAL 1 % 1 ¥ ’s 195 -20
/  BReaxe  |Rock DRiLL Q| O 1 g Lo (75 A9
CQomPRessor | i Deie 1| 3 1 '3 -5s /1SS -0
(GMPRESSUR [Witd Driee L o} 1 11 70 /SO 20
1
1
1
1
1
1
NOTES:
(1) TO DEFINE S8OURCE NOT LISTED ON FORM 7. ENTER: USER DEFINED
/ (2) O INDICATES NEW MODEL: NEGATIVE VALUE INDICRTES NEN
NODEL PREVIGUSBLY CREATED IN THIS RUN
(3) IN 8 HOUR DAY: NEOATIVE VALUE MEANS MATCH PRODUCTION RATE
WITH PRECEEDING SOURCE WITH PRODUCTION RATE
\'rr SOURCE TYPE 18 'USER DEFINED® GR MODEL NUMBER I8 0. ALS8O ENTER:
h "B DELTA CAPACITY o L g FREQUENCY
3 96 2.3 0 0 2 /500
> 96 /.4 0 o 2 /s oo
Figure 18b. Coding Worksheets (page 1 of 2)




HICNOM NAmE___ LB

FHNA HIOGHMAY CONSTRUCTION NOISE PAOE_D OF S~
PREDICTION PROORAN DATE_¥Y~- 2
PROJECTCX S

FORM 5t ARER SOURCE DRTR

SOURCE DESCRIPTION BODEL QEOMETRY
TYPE(]) (MRX. 18 CNAK.) NB.(2) TYPE
BuLLDOZER | CAT DEH = 3
HNOURE  M8. OF PT8.] MUMDER OF NGTES! (1) (2),(8)¢ S8EE FORM 2 FOR
MORKED(S; | OF C/L(4) | VEMICLES | EXPLANRTION
< o} / (4) ENTER n T0 REUSE POINTS FROM LAST
AREA SOURC
POINT COOROINATES
X-COORDINATE | Y-COORDINATE | Z-COORDINATE | Hiohr | 28.b8'
- 335 /30 -0 go 1
/S0 20 i \Y2) 2
/._—-—-—ﬂ__\ e 'j—-\-——-
HICNOM uanr_q“%
FHWA HIOMWAY CONSTRUCTION NOISE PROE_Y_ OF
PRECICTION PROGRAM DATE__¢/~2
PROJECTIEX S
FORM 5t AREA SOURCE DRTA
SOURCE DESCRIPTION MODEL QEONETRY
TYPE(L) (RAX. 18 CHAR.) NO.(2) TYPE
GraDER frne:mrmed| 4 3

HOURB | m0. OF PTs.| NUMBER OF | NOTES8: (1).{2).,(3)¢ 8EE FORM 2 FOR
WORKED(S; | O C/L(43 | VEMICLES | EXPLANRTION
5 O 1 (4) ENTER O TO REUBE POINTS FROM LAST
ARER SOURCE

POINT COORDINATES

X-COORDINATE | Y-COORDINATE | Z-COORDINATE | (MI0TRolkr | ENTER'
1
-ﬂ‘-—w“‘"—___"""“- i -
HICNON uak‘i’é_
FHNA MIOWWRY CONSTRUCTION NOISE PR OFS
PREDICTION PROGRAN ORTE__ ¥ -t
PROJECTEX S
FORM 81 BARRIER DATA
{memen oF anmaiens
j NAXINUM I8 8
DESCRIPT 10N WMBER OF xm
{NAX. 18 CHAR.) [{.
[Br oF cur AT RW 2
X-COORDINATE | Y-COORDINATE | Z-COORDINATE
~A5? 60 -3
Ay 60 -3

Figure 18b. Coding Worksheets (page 2 of 2)
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ENTER TITLE FOR THIS PROBLEM:

EXAMPLE 5: I-440 ROCK DRILL CUT AREA
ENTER NUMBER OF RECEIVERS (MAXIMUM IS 10)

1
ENTER A DESCRIPTION OF RECEIVER # 1
MAXIMUM OF 16 CHARACTERS - BLANK IF NONE)

SCHOOL YARD -
ENTER X, Y, Z AND EXCESS ATTENUATION (DB/DD) FOR RECEIVER # 1

000 1.5
ENTER SOURCE TYPE - BLANK IF FINISHED

BREAKER
ENTER A DESCRIPTION OF THE SOURCE
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE):

ROCK DRILL 1
ENTER MODEL NUMBER (ENTER 0 TC DEFINE NEW MODEL NUMBER)

0
ENTER 1, 2 OR 3 FOR WORKING OVER A POINT, LINE OR AREA

1

ENTER HOURS WORKED DURING 8-HOUR DAY

(ENTER ~1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE)

8
POINT SOURCE: ENTER X, ¥, 2 OF SOURCE LOCATION

15 195 =20
ENTER LMAX (DBA)

96
ENTER DELTA (LMAX~LEQ) IN DBA

2.2
ENTER CAPACITY PER CYCLE (CUBIC YARDS)

0
ENTER CYCLE TIME (HOURS)

0

ENTER ACQUSTIC HEIGHT (FEET)
2

ENTER FREQUENCY (HERTZ)

1500
ENTER SQURCE TYPE ~ BLANK IF FINISHED

BREAKER
ENTER A DESCRIPTION OF THE SOURCE
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE):

ROCK DRILL 2
ENTER MODEL NUMBER (ENTER 0 TO DEFINE NEW MODEL NUMBER)

0
ENTER 1, 2 OR 3 FOR WORKING OVER A POINT, LINE OR AREA

1

Figure 18c. User Responses to HINPUT (page l of 3)
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ENTER HOURS WORKED DURING 8-~HOUR DAY
(ENTER ~1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF
THE LAST PREVIOUSLY-ENTERED SQURCE HAVING A PRODUCTION RATE)

8
POINT SOURCE: ENTER X, Y, Z OF SOURCE LOCATION

60 175 =20
ENTER LMAX (DBA)

926
ENTER DELTA (LMAX-LEQ) IN DBA

1.4
ENTER CAPACITY PER CYCLE (CUBIC YARDS)

0
ENTER CYCLE TIME (HOURS)

Y
ENTER ACOUSTIC HEIGHT (FEET)

2
ENTER FREQUENCY (HERTZ)

1500
ENTER SOURCE. TYPE ~ BLANK IF FINISHED

COMPRESSOR
ENTER A DESCRIPTION OF THE SOURCE
{(MAXIMUM OF 16 CHBARACTERS - BLANK IF NONE):

WITH DRILL 1
ENTER MODEL NUMBER (ENTER 0 TO DEFINE NEW MODEL NUMBER)

3

PROGRAM HAS AUTOMATICALLY ASSIGNED A GEOMETRY TYPE TC THIS SOURCE
ENTER HOURS WORKED DURING 8~HOUR DAY

(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE)

8
POINT SOURCE: ENTER X, Y, Z OF SOURCE LOCATION

-85 155 =20
ENTER SOURCE TYPE - BLANK IF FINISHED

COMPRESSOR
ENTER A DESCRIPTION OF THE SOURCE
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE):

WITH DRILL 2
ENTER MODEL NUMBER (ENTER 0 TO DEFINE NEW MODEL NUMBER)

2

PROGRAM HAS AUTOMATICALLY ASSIGNED A GEOMETRY TYPE TO THIS SOURCE
ENTER HOURS WORKED DURING 8-HOUR DAY

(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF
THE LAST PREVIOQUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE)

8
POINT SOURCE: ENTER X, ¥, Z OF SOURCE LOCATION

90 150 -20

Figure 18c. User Responses to HINPUT (page 2 of 3)
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ENTER SOURCE TYPE - BLANK 1F FINISheb

BULLDOZER
ENTER A DESCRIPTION OF THE SOURCE
(MAXIMUM QF 16 CHARACTERS -~ BLANK IF NONE):

CAT DBH
ENTER MODEL NUMBER (ENTER 0 TO DEFINE NEW MODEL NUMBER)

2
ENTER 1, 2 OR 3 FOR WORKING OVER A POINT, LINE OR AREA

3

ENTER HOURS WORKED DURING 8-HOUR DAY

(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE)

5 .
AREA SOURCE: ENTER NUMBER OF POINTS THAT DEFINE CENTERLINE, MAX. IS 10
(ENTER 0 TO REUSE POINTS FROM THE LAST PREVIOUSLY-ENTERED AREA SOURCE)

2
ENTER X, ¥, 2, AND WIDTH OF AREA AT EACH POINT

-225 120 ~20 S0 150 120 =-20 50
ENTER NUMBER OF PIECES OF THIS TYPE AND MODEL OF EQUIPMENT IN THIS AREA

1
ENTER SOURCE TYPE - BLANK IF FINISHED

GRADER
ENTER A DESCRIPTION OF THE SOURCE
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE):

CAT 12E: BY D8H
ENTER MODEL NUMBER (ENTER 0 TO DEFINE NEW MODEL NUMBER)

1
ENTER 1, 2 OR 3 FOR WORKING OVER A POINT, LINE OR AREA

3

ENTER HOURS WORKED DURING 8-HOUR DAY

(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE)

5.

AREA SOURCE: ENTER NUMBER OF POINTS THAT DEFINE CENTERLINE, MAX. IS 10
(ENTER 0 TO REUSE POINTS FROM THE LAST PREVIOUSLY-ENTERED AREA SOURCE)

0
ENTER NUMBER OF PIECES OF THIS TYPE AND MODEL OF EQUIPMENT IN THIS AREA

1

ENTER SOURCE TYPE - BLANK IF FINISHED
ENTER NUMBER OF BARRIERS (MAXIMUM IS 3)

1

ENTER A DESCRIPTION FOR BARRIER # 1
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE}:

TOPOF CUT AT RW
ENTER NUMBER OF POINTS DEFINING BARRIER - (MAXIMUM IS 5)

2
ENTER X, Y, Z OF THE POINTS (2 IS BARRIER ELEVATION)

-250 60 -3 250 60 -3
Figure 18¢. User Responses to HINPUT (page 3 of 3)

99



EXAMPLE 5: I-440 ROCK DRILL CUT AREA

1 RECEIVERS

X ' z EX. ATT.(DB/DD) DESCRIPTION
.0 .0 .0 1.50 SCHOOL YARD
4 POINT SOURCES
X Y b/ LEQ(REF)  FREQ. SOURCE DESCRIPTION
15.0 195.0 -18.0 93.8 1500 BREAKER 1 ROCK DRILL 1
60.0 175.0 ~18.0 94.6 1500 BREAKER 2 ROCK DRILL 2
-85,0 155.0 -16.0 75.0 1000 COMPRESSOR 1  WITH DRILL 1
90.0 150.0 -16.0 86.0 1000 COMPRESSOR 2  WITH DRILL 2
0 LINE SOURCES
2 AREA SOURCES
2 POINTS FREQ.: 500 BULLDOZER 1  CAT D8H
X ' z LEQ(REF)  WIDTH
-225.0 120.0 ~14.0 76.0 50.0
150.0 120.0 ~14.0 .0 50.0
2 POINTS FREQ.: 500 GRADER 1 CAT 12E: BY D8H
X Y Z LEQ(REF) WIDTH
-225.0 120.0 -12.0 81.0 50.0
150.0 120.0 -12.0 .0 50.0
1 BARRIERS
2 POINTS DESCRIPTION: TOPOF CUT AT RW
X ¥ z
-250.0 60.0 -3.0
250.0 60.0 -3.0

Figure 18d. Input Data File Report

EXAMPLE 5: I-440 ROCK DRILL CUT AREA

RECEIVER NUMBER

LEQ DESCRIPTION

77.0 SCHOOL YARD

COMPONENT CONTRIBUTIONS FOR RECEIVER NUMBER: 1

INDEX INTENSITY
1 «198369E+08
2 .220000E+08
3 .314491E+06
4 .385679E+07
10101 «226811E+07
10102 «.229308E+07

KEY TO INDEX:

X - POINT SOURCE,

XX

LEVEL SOURCE DESCRIPTION
73.0 BREAKER 1 ROCK DRILL 1
73.4 BREAKER 2 ROCK DRILL 2

55.0 COMPRESSOR 1 WITH DRILL 1
65.9 COMPRESSOR 2 WITH DRILL 2
63.6 BULLDOZER 1 CAT D8H

63.6 GRADER 1 CAT 12E: BY D8H

WHERE X OR XX IS INPUT SEQUENCE # OF POINT SOURCES.

YXX - LINE SOURCE, WHERE XX IS INPUT SEQUENCE # OF LINE SOURCES

YYXX

AND Y OR YY IS SEQUENCE # OF POINTS FOR THE XXTH LINE.

1YYXX - AREA SOURCE, WHERE XX AND YY ARE ANALOGOUS TO LINE SOURCE VARIABLES.

Figure 18e. Results Report
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6.0 ERROR MESSAGES AND RECOVERY

This section lists in alphabetical order all of the error messages

that may be printed by HINPUT or HICNOM.

1. ERROR - D IS LESS THAN OR EQUAL TO O

Corrective Action: This message is generated by subroutine LINSRC of

HICNOM if the calculations yield a negative or zero value for the perpendicular
distance from the receiver to the line source. Check the receiver and line

segment coordinates for errors.

2. ERROR - PHI2 IS GREATER THAN PI/2

Corrective Action: This message is generated by subroutine LINSRC of
HICNOM if during calculations the angle from the normal line between the
receiver and the line source to either the left or right endpoint of the

line is less than -90 degrees. Check the receiver and line segment coordinates.

3. ERROR - PHIl or PHI2 IS GREATER THAN PI/2

Corrective Action: This message is generated by subroutine LINSRC of
HICNOM if during calculations, the angle from the normal line between the
receiver and line source to either the left or right endpoint of the line

segment is greater than 90 degrees. Check receiver and line segment coordinates.

4. ERROR - PHIZ IS LESS THAN PHII

Corrective Action: This message is generated by subroutine LINSRC of
HICNOM if during calculations, the angle from the normal line to the second
endpoint of the road segment is less than the angle from normal line to the

first endpoint of the segment. Check receiver and line segment coordinates.

5. ERROR - RECEIVER WILL GET RUN OVER

Corrective Action: This message is generated by subroutine LINSRC of

HICNOM if the receiver was located on the line defining the line source.

Check receiver and line segment coordinates, and adjust as needed.

6. ERROR - SERIES DID NOT CONVERGE

Corrective Action: This message is generated by function BX of
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HICNOM (Section B.5.5) during calculations of the finite line segment adjustment
for line sources. Check the receiver and line segment coordinates and adjust

as needed.

7. ERROR IN GAMMA FUNCTION

Corrective Action: This message is genmerated by function BX of HICNOM

during calculations of the finite line segment adjustment. Check receiver and

line segment coordinates and adjust as necessary.

8. INVALID MODEL NUMBER - REENTER

Corrective Action: This message is generated by HINPUT when the MODEL
NUMBER entered by the user is greater than the highest model number in Table 1
for the SOURCE TYPE under consideration. Check Table 1, choose a valid model
number and enter the correct value. Note that negative model numbers may be

used to refer to previously-entered new models, as was illustrated in Section 5.1.

9. INVALID SOURCE TYPE - REENTER
Corrective Action: This message is generated by HINPUT when the SOURCE

TYPE entered by the user did not exactly match any of the source types listed
in the first columm of Table 1. Check Table 1 and enter the correct SOURCE
TYPE.

10. PROGRAM AUTOMATICALLY ASSIGNED A GEOMETRY TYPE TO THIS SOURCE

Corrective Action: This message, generated by HINPUT, does not signify
an error, but serves to inform the user that the program has decided if the
source type under consideration is to be treated as a point, line or area
source based on the data coded in the program's data block. After printing
this message, the program will not ask for a geometry type, but will proceed

directly to the appropriate data requests for this geometry type.

11, YOU HAVE REACHED LIMIT OF 5 AREA SQURCES. ENTERING MORE SOURCES OF THIS
TYPE WILL CAUSE ERROR IN EXECUTION

Corrective Action: HINPUT is set to accept up to 5 area sources. It

counts the number of area sources entered by the user during a run and generates
this message during entry of the fifth area source. Complete the data entries
for this source, but do not try to enter more area sources during the run or

the program will not execute.
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12. YOO HAVEVREACHEDVLIMIT“QFfﬁ LINE SOURCES. ENTERING MORE SOURCES OF THIS
TYPE WILL CAUSE ERROR IN EXECUTION

Corrective Action: HINPUT is set to accept up to six line sources. It

counts the number of line sources entered by the user during a run and generates
this message during entry of the sixth line source., Complete the data entries
for this source, but do not try to enter more line sources during the run

or the program will not execute.

13. YOU HAVE REACHED LIMIT OF 10 POINT SOURCES. ENTERING MORE SOURCES OF
THIS TYPE WILL CAUSE ERROR IN EXECUTION.

Corrective Action: HINPUT is set to accept up to 10 point sources. It

counts the number of point sources entered by the user during a run and generates
this message during entry of the tenth point source. Complete the data entries
for this source, but do not try to enter more point sources during the run

or the program will not execute.
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APPENDIX A: MODEL FORMULATION AND STRUCTURE

This Appendix describes in detail the acoustical formulation of the
highway construction noise model, HICNOM. Section A.l describes some
of the geometrical considerations by the program, and Section A.2
develops the equations for predicting the equivalent sound level at a
receiver location from a variety of construction equipment and operationms.
The second section also describes the barrier shielding routine used in the

model.

A.1 Construction Activities

The highway construction noise model, HICNOM, was developed to permit
computation of the 8~hour equivalent sound level at various receiver locations
from various noise sources working at the construction site. The sources may
be geometrically considered as working at a point, along a line (series of
straight line segments), or over an area. The model generates the contributions
from each source to the 8-hour Leq at each receiver, as well as the total
8~hour Leq at each receiver.

In the following discussion, the phrase ''geometry type' will be used
to refer to the categories "point', "line" or "area". Examples of point sources
include stationary equipment such as a compressor or mobile equipment that move
over a very small area (a front end loader loading trucks). Examples of line
sources include scrapers on a haul road and a motor grader moving back and
forth over a road on the site. An example of an area source is a bulldozer
spreading dirt at a fill section of a project.

The program has a data base built into it for 53 different types of
equipment grouped into 16 different '"source types". A source type and a
model number are used to uniquely designate a particular piece of equipment.
Some model numbers represent different models of the same type of equipment
(such as a Caterpillar D6 bulldozer or a Caterpillar D9 bulldozer) while others
represent different types of equipment (BREAKER Model No. 1 is a rock drill,
while Model No. 2 is a jackhammer).

Table A~1 shows the 16 different "source types', and their corresponding
model numbers and descriptions in the first three columns. If data is available
to the user on the operating characteristics of a particular piece of equipment

not already included in the program, a "mew'" source or model may be created
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Table A-1.

Source Type Definition Information

(page 1 of 2)
(See Table A-2 for related information)

Is
Production Type
Allowable Rate of
Source Model Geometry Coordination Line
Type No.* Description Types T Possible? Source
BACKHOE 1 # Nominal** 123 Yes Non~Haul
2 Caterpillar, Koehring 123 Yes Non~Haul
3 P&H 123 Yes Non-Haul
0 Defined by user 123 Yes Non-Haul
LOADER 1 # Nominal 123 Yes Non~Haul
2 3~yard capacity 123 Yes Ron-Haul
3 5~yard capacity 123 Yes Non-Haul
4 7~yard capacity 123 Yes Non-Haul
5 10-yard capacity 123 Yes Non-Haul
0 Defined by user 123 Yes Non~Haul
COMPRESSOR 1 # Nominal 1 No N/A 4t
2 Standard 1 No N/A
3 Quiet, doors open 1 No N/A
4 Quiet, doors closed H No K/A
0 Defined by user 1 No N/A
PILE DRIVER 1 # Nominal 1 No N/A
2 Current data 1 No N/A
0 Defined by user 1 No N/A
PUMP 1 63 dB @ 50 feet 1 No N/A
2 76 4B @ 50 feet 1 Ko N/A
3 # Nominal 1 No N/A
0 Defined by user 1 No N/A
CRANE 1 # Nominal 1 Yes N/A
2 Low 1 Yes N/A
3 Medium 1 Yes N/A
4 High 1 Yes K/A
0 Defined by user 1 Yes N/A
BREAKER 1 # Rock Drill 123 No Non-Haul
2 # std. Jackhammer (Nominal) 123 No Non-Haul
3 Muffled Jackhammer 123 No Non-Haul
0 Defined by user 123 No Non—~Haul
CONCRETE 1 # Concrete Pour 1 No N/A
2 #f Nominal Batch Plant 1 No N/A
3 Batch Plant 1 No N/A
&4 # Pump 1 No N/A
5 # Concrete Mixer 1 No N/A
Q Defined by user 1 No N/A

* ‘A model number of zero tells the program a new model number is being defined for this

computer rum.

*% “"Nominal" means that the data represents an averaging of data from previous literature.
t 1: Point, 2: Line, 3: Area
tt N/A means "not applicable".
# Use this model number if a generalized value is needed.




Table A-1.

Source Type Definition Information

(page 2 of 2)
(See Table A-2 for related information)

Is
Production Type
Allowable Rate of
Sgurce Model Geonmetry Coordinatior Line
Type No.* Description Types T Possible? Source
GENERATOR 1 Low Level 1 No K/A
2 {#f Nominal** 1 No N/A
0 Defined by user 1 No N/A
MISCELLAN 1 # Grinder 1 No N/A
2 #f Concrete Saw 1 No N/A
3 ## Fan 1 No N/A
4 # Welder (Nominal) 1 No N/A
0 Defined by user 1 No N/A
BULLDOZER 1 # Nominal*#* 123 No Non-Haul
2 Caterpillar D6, D7, D8 123 No Non-Haul
3 Caterpillar D9 123 No Non-Haul
4 D9 without muffler 123 No Non-Haul
0 Defined by user 123 No Non-Haul
GRADER 1 # Nominal 123 No Non-Haul
0 Defined by user 123 No Non-Haul
TRUCKS 1 10-yard dump, quiet 2 Yes Haul
2 10-yard dump, noisy 2 Yes Haul
3 Dual 20-yard trailers 2 Yes Haul
4 # Nominal 2 Yes Haul
0 Defined by user 2 Yes Haul
SCRAPER 1 Caterpillar 631, muffled 2 Yes Haul
2 # Cat. 631, no muff, (Nominal) 2 Yes Haul
3 Caterpillar 623 2 Yes Haul
4 Caterpillar 637 2 Yes Haul
0 Defined by user 2 Yes Haul
COMPACTOR 1 Low 3 No N/A
2 # Nominal 3 No N/A
3 High 3 No N/A
0 Defined by user 3 No N/A
PAVING 1 #f Nominal 123 No Non-Haul
2 Concrete Paver 123 No Non-Haul
3 Asphalt Paver 123 No Non-Haul
0 Defined by user 123 No Non-Haul
USER DEFINED v} Defined by user 123 Yes Jser-Defined

* A model number of zero tells the program a new model number is being defined for this
computer Tun.
** "Nominal" means that the data was acquired from previous literature.

+ L

: Point, 2: Line, 3: Area

11 N/A means "not applicable'.
# Use this model number if a generalized value is needed.




by the user during a computer run, or it can be permanently built into
the data base in the program. Section 3.2 of the main body of this
report discusses how to create new sources during a computer run, while
Appendix C describes how to permanently add a source to the program.

The program automatically assigns a geometry type for certain equipment
types as shown in the fourth columm of Table A~1 (e.g., a PUMP can only
operate at a point, TRUCKS can only operate along a line, and a COMPACTOR
can only operate in an area).

Certain types of equipment in the model have production rates; that is,
they are constrained in their operation by their capacity (an example is the
size of a dump truck) or by how long it takes them to perform one cycle of
operation (an example is the time it takes a front end loader to dig into a
pile of dirt, 1ift it, turn, dump it into a truck, and return to the pile).

If two such pieces are working together on an actual construction site, their
activities will be coordinated; for example, the number of trucks on a haul
road in a specified period of time depends on the ability of the loader to

f111 them. The program is set up to compute this working relationship based
on the production capability of each piece of equipment. The fifth column of
Table A-1 indicates which pieces may be coordinated to each other. Section A.2
discusses how the model considers coordinations, while Section 3.0 of the main
report describes how to tell the program to coordinate activities.

The model divides line sources into two sub-categories: Haul and Nonhaul.
A nonhaul line source could be one piece of equipment that moves slowly along
a line (paving operations) or could be one piece of equipment that moves back
and forth over a line (motor grader).

A haul line source would be a series of trucks or scrapers moving on a
haul road. Their operations are discussed in terms of vehicles per hour and
travel speed. Haul vehicles typically turn around either before or after
loading or unloading to return to the other end of the haul road. The
prediction model includes routines to generate a series of straight line
segments that approximate different types of turn~around loops. The model
also computes average speeds on each segment based on the type of loop, the
approach and departure speeds, and the size of the loop. Seven loop types are
built into the model, which includes one type that represents a straight turn-

around with no loop. Figure A-1 illustrates the loop types in the model.
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Table A~2. Source Type Acoustical and Operational Data (page 1 of 2)
(See Table A.1 for related information)

Acoustic Acoustic Reference Critical
Source Model Lmax [ Delta | Cycle Time | Capacity Helght Frequency Speed Slopett Speed
Type No.* (dBA)| (dBA) (hrs.) (cu. yds.) (Ft.) (Hz.) (mph) (mph)
BACKHOE 1 86.5 3 .00833 N/AT 6 500 -- - —
2 88.0 3 .00833 N/A 6 500 - - —
3 92.0 3 .00833 N/A 6 500 — —_— _—
0 UD#k* uD un up up [8])] - _ —
LOADER 1 89.0 5 .00833 5 6 500 - . —
2 81.0 5 .00833 3 6 500 - - —
3 82.0 5 .00833 5 6 500 — —— -
4 83.0 5 .00833 7 6 500 —_ -— _—
5 85.0 5 .00833 10 6 500 — - —-—
] up uD uD up [Hi] uD —— — ——
COMPRESSOR 1 91.3 2 0 N/A 4 1000 — . —
2 88.0 2 0 N/A 4 1000 - _— —
3 77.0 2 0 N/A 4 1000 - _ —
4 67.0 2 0 N/A 4 1000 — — —
0 up uD ub uD un up - — —
PILE DRIVER 1 97.3 6 0 0 20 1500 - - -
2 103.0 6 4] g 20 1500 — - —
0 uD uD up UD [HY up —— — —
PUMP 1 63.0 0 0 0 4 800 —-— — —
2 76.0 0 0 0 & 800 -— — _—
3 71.0 0 0 o] 4 800 - - —
0 up Ub uD ub uD up —— - i
CRANE 1 89.0 | 7.5 0 0 15 500 - - —
2 73.0 7.5 0 4] 15 500 - — ——
3 81.5 7.5 0 0 15 500 - - -
4 85.0 | 7.5 0 0 15 500 - - -
0 up uDp up up up uD e - -
BREAKER 1 96.0 7 0 0 2 1500 - — -
2 87.0 0 0 2 1500 - - -
3 76.0 7 0 0 2 1500 - - -
CONCRETE 1 78.0 5 0 0 10 500
2 90.0 0 0 0 10 500 - - -
3 82.0 0 0 0 10 500 - —— —
4 85.0 1] 4] Q0 6 500 - - —
5 82.8 0 0 0 8 500 - - —
] up upD up un un up - - -

* A Model Number of zero tells the program a new model number is being defined for the computer run.

*% UD: User-defined (supplied by user)
t N/A means "not applicable".

tt Slope 1s "B" in the emission level equation: Lo = Lmax + B log (speed/reference speed).




Table A-2. Source Type Definition Information (page 2 of 2)
(See Table A-1 for related information)

Acoustic Acoustic Reference Critical
Source Model Lmax Delta | Cycle Time | Capacity Height Frequency Speed Slopett Speed
Type No.* (dBA) (dBA) {hrs.) (cu. yds.) (fr.) (Hz.) {mph) (mph)
GENERATOR 1 73.5 0 0 0 4 1200 - — _—
2 81.0 0 0 0 4 1200 — - —
0 UD ** UD up UuD up uD - —— _—
MiSCELLAN 1 71.0 1 4] 4] 2 1200 —— - -
2 88.0 0 1] 0 1 1200 - — -
3 83.0 0 0 4] 4 1200 - - _—
4 71.0 0 1] 0 4 1200 — - -
0 uD uD UuD ub up up - - —
BULLDOZER 1 90.1 2 0 0 6 500 - —_— -
2 80.0 2 0 0 6 500 - - -—
3 85.0 2 0 0 6 500 - - -
4 96.0 2 0 0 6 500 - - -
0 [11)] uD Up uD up uD —— - —
GRADER 1 83.0 0 0 4] 8 500 - - —
0 uD up up UuD up UD — - —
TRUCKS 1 76.0 N/AT N/A 10 8 500 35 20 35
2 81.0 N/A N/A 10 8 500 35 20 35
3 86.0 N/A N/A 40 8 500 35 20 35
4 90.7 N/A N/A 10 8 500 35 20 35
0 up N/A N/A uD i) up uD uD
SCRAPER 1 84.0 N/A N/A 25 6 500 30 0 30
2 95.0 N/A N/A 25 6 500 30 0 30
3 90.0 N/A N/A 25 6 500 30 0 30
4 81.0 N/A N/A 25 6 500 30 0 30
0 uD N/A N/A up up ub up UD uD
COMPACTOR 1 80.0 0 0 0 8 500 - - —_
2 86.0 0 0 0 8 500 —— — -
3 93.0 0 0 0 8 500 - _— —
0 Ub up up uD uD uD - - —
PAVING 1 83.8 0 0 0 4 500 - - —
2 B2.8 0 0 0 4 500 —-— - —_—
3 82.5 0 0 0 4 500 - - —-—
0 Up uD uD uD [1))) up - -— -
USER DEFINED 0 ub ub ub ub uD uD - - -

* A Model Number of zero tells the program a new model number is being defined for the computer run.
*% UD: User-defined (supplied by user)

T HN/A means "not applicable",

1t Slope is "B" in the emission level equation: Lo = Lmax + B log (speed/reference speed).



~A.2 Acoustical Formulation

The model considers noise from point, line and area sources. Attenuation
with distance consists of geometrical spreading plus excess ground attenuation
function. Attenuation by noise barriers is also considered. The mathematical

representations are described in the following sub-sections.

A.2.1 Point Sources

For a source and receiver separated by a distance d, the 8-hour equivalent

sound level (Leq(8h)) is:

1 + (n/6)

Leq(8h) = (L) + 10 Log(T/8) + 20 Log(d,/d) (A-1)

where: (LO)E is the energy-averaged emission level over some time period {(such
as the equipment operation cycle) measured at a reference distance do;
T is the number of hours that the equipment is working in its operational
cycle during the 8-hour day; and
n is the excess attenuation rate in decibels per doubling of distance
(dB/DD).
A value of 0 for n would correspond to an overall attenuation rate of
6 dB/DD, or normal geometrical spreading for a point source. A value of
1.5 dB/DD for n would result in an overall attenuation rate of 7.5 dB/DD, a
typical rate for propogation of a point source's sound over "soft" ground.
The energy-averaged emission level, (Lg)g, may be represented by:

L - A (A-2)

(LO)E " “max
where: Lp,y is the maximum level during the operating cycle of the equipment,
and A is the difference between Lpax and the Lgq over the duty cycle. The
emission level is presented in this manner because Lpax is much more widely
reported than the literature (virtually all standard equipment noise measurement
procedures obtain Lmax)’ and A varies much less than Lpgy for a given type
of equipment. Both Lysx and A , as used in the construction noise model, are
derived from the field data presented in Volume 5 of the construction noise
handbook.5

If this piece of equipment has a production rate associated with it (an
entry of "yes" in columm 5 of Table A-1), and its production is being

coordinated with that of another piece of equipment with a production rate,



the value for the hours worked during the day for the piece of equipment

being coordinated, Tz, ig computed by:
T, = T,(C,/C)) (t,/t)) (8-3)

where: Cl and C2 are the capacities of the two pieces of equipment;

tl and t2 are the cycle times for one operation for each source, and

Tl represents the hours worked during the 8-hour day for the first source.

A.2.2 Line Sources

The program divides line sources into two categories: nonhaul and haul.
Because it treats them separately, they will be described separately here
even though their conceptual treatment is fairly similar. Two main differences
deal with production rate coordination, and the allowable number of vehicles,
on the line (only one vehicle for nonhaul lines, while more than one for haul
lines).

The Leq computation for both types of line sources is analogous to that
for the FHWA Highway Traffic Noise Prediction Model.6 The Leq of a point

source (or series of point sources) moving along a line is determined by

computing the Leq contributions from the source at a series of points along
the line and then integrating those values over the time period under considera-

tion. Figure A-2 shows the geometric considerations.

A.2.2.1 Nonhaul Line Sources

Following the general formulation in the FHWA Highway Traffic Noise Model,
Leq(8h) for an unshielded nonhaul line source is given by:

1+ (m/3)

Leq(8h) = (L + 10 Log(T/8) + 10 Log(doﬂfﬁ) + 10 Log(do/d)

)
0'E (A-4)

+ 10 Log G(n,¢l¢2)

where: (LO)E is the energy averaged emission level at a reference distance do;

T is the hours that the piece of equipment is in operation in the 8-hour
day;

% is the length of the line;

d is the perpendicular (normal) distance from the receiver to the line
(or extension of the line);

n is the excess attenuation due to ground cover in dB/DD; and

G(n,¢l,¢2) is a function representing the finite line segment adjustment,
which is a function of the excess ground attenuation rate and the angles
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LINE SOURCE SEGMENT
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d = perpendicular distance from the receiver to the line source
segment.
¢1 = angle at the receiver from the perpendicular to the line to
point 1i.

¢2 = angle at the receiver from the perpendicular to the line to
point i+l.

(This is a view of the x-y plane)

Figure A-2. Geometry and Coordinates of Line Source Segment
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from the normal line between the receiver and the line segment to the left

and right endpoints of the line segment, ¢;, and ¢, respectively.*

The energy-averaged emission level, (Lg)g, is given by:

ILydg = Lpax ~ 2 (a-5)
where Lpgx is the maximum level during the operating cycle of the equipment,
and A is the difference between Lpax and Leq over the duty cycle of the
equipment.

Note that the fourth term in the equation, 10 Log (dgm/%), is analogous
to the traffic flow adjustment in the FHWA traffic noise model, 10 Log (NdOW/ST).
In the construction noise model, only one vehicle is assumed to be operating
along the line, However, it may make more than one pass-by on the line
during the time period, T. The number of pass-bys, N, is a function of the
speed of the vehicle (S), the length of the line (&), and the time period (T).
The exact relation is:

= T(S/%) (4-6)
Rearranging terms:

N/ST = 1/% ‘ (A-7)
which may be substituted directly into the traffic flow adjustment for the
FHWA traffic noise model to give the fourth term of the Leq equation for
nonhaul construction line sources. Conceptually, Leq becomes a function of
only the length of the line because, as the speed of the vehicle increases,
the number of pass-bys proportionately increases, withthe two increases
cancelling out each other.

A curved line section may be analyzed by approximating it as a series
of comnecting straight line segments, In that case, Equation A-4 is applied
to each section where % is the length of each section. The resulting Leq(8h)'s
for each section are then combined at the end of the calculation to yield the

total Leq(8h) for the line source.

* G(n,¢1,¢2) is analogous to wu(¢1,¢2) in the FHWA Highway Traffic Noise
Prediction Model.® It is defined as:

tan ¢
2 de (1)

fan ¢, (|+ : )l +n

where ¢ and ¢ are the angles to the end points of the line segment, as shown

G(n, ® 92) = |/

in Flgure A-2. Equation (1) was first derived in Referenmce 6 for an infinite
length road, and closed-form solutions presented for arbitrary n. The generali-
zation to a finite road was presented in the FHWA Highway Traffic Noise
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(Footnote continued from previous page): Prediction Model, together with
two tables of numerical values for one value of n and a range of road
lengths, in terms of the angles ¢1,¢2. For n = 0, Equation (1) reduces

to the factor (¢2 - ¢1) /T appearing in the commonly used finite road
adjustment 10 loglo (Apym), 8 where Ad = ¢2 - ¢1’

A closed-form representation of Equation (1) can be derived. The
integral may be written in two parts:

tan ¢2 tan ¢|
G = lhr [ d§I+n— ,[ d£i+n (2)
(1 + £2) (1+8%)

0 0
Each integral has form similar to the incomplete beta function:
o - X
B, (a,b) = [ L (Ll P (3)
. 0
Letting t = €2 /[ + gz), %)
Vx/(1 = x)
B (g b) = 2 [ ga-l __df
X 2 a+b
0 (1+¢2)
The integral in Equation (4) matches those in Equation (2) providing that
X = Sin2¢
= 1/2 (5)
b=n4+ |/2

Thus,

G (n, ¢|, ¢2) = ({/27) |B 2 /2, n+1/2) —= B 2 (1/2, n+1/2) (6)
sin ¢2 sin ¢|

The incomplete beta function may be evaluated from the following series:

j .
<2 (] - )b & by .
R e N L A
i=0 | i=0

Equation (7) converges for x <1, and poses no computational difficulties.
To include the point x = 1, the following inversion relation may be used:

By(a,b) = Bla,b) - B|_, (b0 (8)

where B(a, b) is the beta function, and may be written in terms of the gamma
function:9

B (q, b) = l(li’—gc—rgbr) 9)

To minimize computation time, Equation (7) is used only for x<0.5 (the
series converges slowly near 1) and Equation (8) is used to obtain values
in the range 0.5<x<1.0. (End of footnote)
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If this nonhaul line source has a production rate associated with it
(an answer of "yes" in column 5 of Table A-1), and its production is being
coordinated with that of another ' piece of equipment with a production rate,
the value for the hours worked during the day for the nonhaul line source,
T2, is computed by:

T, = TI(Cl/CZ) (tzltl) (A-8)

where: :C; and C2 are the capacities of the two pieces of equipment;

t] and t2 are the operation cycle times for each source; and

T] represents the hours worked during the 8-hour day for the first

source.

A.2.2.2 Haul Line Sources

The expression for the 8~hour Leq for a haul line source is identical to

that for the FHWA Highway Traffic Noise Prediction Model, and is given by:

Nd 7
Leq(8h) = (LO)E + 10 Log st )t 10 Log(do/d)

where: (LO)E is the enmergy-average emission level at a reference distance d;;
N is the number of vehicles per hour operating along the line, averaged

1+(n/3)

+ 10 Log G(n:d’ls(bz) (A-9)

over the 8-hour day;
S is the average speed of the vehicles along the line under consideration;

d is the normal distance from the receiver to the line (or extension

of the line);
n is the excess ground attenuation due to ground cover in dB/DD; and
G(n, ¢1, ¢) is a function representing the finite line segment adjustment,
which is a function of the excess ground attenuation rate and the angles from
the normal line between the receiver and the line segments to the left and
right endpoints of the line segments.**
The energy-averaged emission level, (LO)E’ is a function of the speed of

the equipment, and is computed separately for deceleration and acceleration/

cruise: 10
Deceleration: (LO)E = L0 + B-Log(S/Sref) (A-10a)
max(S,S .. )]
Acceleration/cruise: (L.)_ = L. + B-Log —crit, (A-10b)
0'E 0 Sref

**% See footnote in Section A.2,2.1
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where: L0 is the emission level of the vehicle at some reference speed, Sref-
s

8 is the average speed of the equipment;

S is the "critical" speed, below which the emission level remains

crit
constant during acceleration.

In the program, the critical speed (S ) is equal to the reference speed

for the haul line sources. Thus, forC;;zeds below the critical speed, the
energy—averaged emission level will be equal to the reference emission level, LG'
Note that in Equation A-Y, there is no term for the hours worked, T, during
the 8-hour day. Hours worked is implicitly considered in the value given for
N, in that the number of vehicles per hour is averaged over the 8-hour day.
For example, if 100 vehicles per hour operated on the haul road for four
hours, the correct value for N would be 50 vehicles per hour (100 vehicles
per hour times 4 hours, averaged over the 8-hour day).
If the haul equipment has a production rate associated with it (an entry
of "yes" in column 5 of Table A-1), and its production is being coordinated
with that of a previously specified piece of equipment with a production rate,

the value for the number of vehicles per hour, N, will be computed by:

N = (T1f8)(Cl/C2) (/e (A-11)

where: Cl and 02 are the capacities of the two pieces of equipment;

t, is the operation cycle time of the source that is being coordinated;

1
with the haul source; and

T1 represents the hours worked during the 8-hour day for the first source.
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A.2.3 Area Sources

Areas are described to the model in terms of a series of points defining
a centerline of the area, plus the width of the area at each point, as illustrated
in Figure A-3. The points and widths thus define a series of interconnected
segments. Each area segment is separated analyzed and the results combined to
get the total Leq from the area source. In practice, areas tend to be quite
regularly shaped, following the geometry of lanes under construction, so that
this representation is very good for highway construction.

No simple closed relationship exists for noise from an arbitrary area
source with excess attenuation; some numerical integration is required. The
approach taken here is to divide an area into strips, each strip sufficiently
narrow relative to receiver distance that it may be modeled as a line. Each
area segment is divided into strips parallel to the centerline of that segment.
One strip is centered on the centerline, and the others are symmetrically defined
on either side.

The number of strips taken is based on the ratio between the strip width
and the distance to the receiver, with an upper limit of 5 strips on either side

of the centerline. Nst’ the number of strips,is given by:

N =10 [—%/2

st d . -w/2
min

(A-12)

where: w is the width of the area, and dpin is the shortest of the normal
distances from all receivers to the centerline.
Ngt is truncated (rounded down) to a whole number, and that value
or 5, whichever is less, is used for the number of strips on each side of the
centerline.
The ratioc is adjusted so that each strip can be approximated by a line
with a worst-case error of less than 0.2 dB; this is essentially negligible.

The 8~hour Leq for each strip is then computed by:

NTd
Leq(8h); = (L)), + 10 Log(T/8) + 10 Log( z é)(%i) + IOLog(dO/di)l+(n/3) (A-13)

s J\¢r

+ 10 Log G(n,¢;,4,)

where: (LG) is the energy-averaged emission level for the operational

E
cycle of the equipment, measured at a reference distance dp;
T is the number of hours that the equipment is working in its

operational cycle during the 8-hour day;
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N is the number of pieces of equipment of this type operating in the
area;
ﬁsis the sum of the length of all strips in the jth area segment;
dj is the normal distance from the receiver to the ith strip;
n is the excess attenuation rate in dB/DD; and
G(n,$1,¢2) is a function representing the finite line segment adjustment,
which is a function of the excess ground attenuation rate and the angles from
the normal line from the receiver to the line segment to the left and right
endpoints of the line segment;
Aj is the area of the jth area segment; and
At is the total area of all area segments.

The energy-averaged emission level, (LO)E’ is defined as the maximum level,
Lmax, minus A, an adjustment to the maximum level to get the Leq over one cycle
of the equipment's operation. The Leq(8h) for the entire area segment is
computed by combining the results for all strips, each computed by Equation A-13.

If this equipment has a production rate associated with it (an entry of
"yes" in column 5 of Table A-1), and its production is being coordinated with
that of a previously given piece of equipment with a production rate, the

value for hours worked during the day for the area source, T2, is computed by:
= A-14
T, Tl(Cl/CZ)(tz/tl) ( )
where: Cj1 and Cy are the capacities for the two equipment types;
t] and t)p are operation cycle times for each equipment type; and

T; represents the hours worked during the 8-hour day for the first source.

A.2.4 Noise Barrier Attenuation

Shielding by barriers is handled by Maekawa's formulation for screens.lO

Barriers are specified by providing a series of coordinates defining the top
edge as a series of straight lines. Several barriers may be specified. The
model checks each source/receiver pair for shielding by each barrier. Double
shielding is not considered; once a barrier is found to shield a given path,
subsequent barriers are neglected for that path. When there is barrier
shielding, ground attenuation is initially set equal to zero., However, in
the event that this results in an amplification (as might happen for a low
barrier), the barrier section is neglected and ground attenuation restored

(which avoids a physically unrealistic case).
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For point sources, Maekawa's methodology is applied directly. Each source
type has a nominal or effective frequency assigned to it which is used for
computing the Fresnel number. This procedure is a generalization of the use
of 500 Hz to represent highway noise.8 The nominal frequency for each type
of equipment is the peak of the A-weighted spectrum. This reasonably
approximates the shielding which would be obtained if an exact calculation
were performed over the complete A-weighted spectrum.

Barrier shielding for line sources is computed by the method of Kurze
and Anderson,12 wherein point source shielding is integrated along the line.

A numerical integration scheme is used in the program. An initial mesh
consisting of the line end and center points is used. The mesh is successively
doubled until the calculated shielding converges within about 0.4 dB, This
shielding calculation is carried out for each section.

Barrier shielding for area sources is carried out by applying the line

source methodology to each strip.
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APPENDIX B: PROGRAMMER'S MANUAL AND PROGRAM LISTING

B.1 Conventions and Annotation

The programs are written in FORTRAN IV, Standard default conventions
apply to variable types. All real variables are single precision, R*4. All
fixed-point variables are 1%2. Two arrays in subroutine DECODE are declared
LOGICAL*1 to simplify string manipulations. MNo proprietary routines,
machine~dependent instructions, etc., are utilized. The program is fully
transportable to other machines provided the data file specification in
HINPUT and HICNOM is changed to conform with available hardware.

Extensive use is made of subroutines in order to provide reasonably
well-structured code. Variable names are reasonably consistent between
subroutines, although in many cases the mnemonics are similar but not identical.
Executable statement labels begin with 1 in each program; format labels begin
at 100, Variable names and formats are identical in HINPUT and HICNOM.

This was done so as to facilitate possible merging of the two programs.
Executable statement labels were not made non-conflicting between the two;
this is to discourage casual merging without a thorough review of the combined
program. COMMON blocks are consistent throughout both programs.

‘ All routines are heavily commented so as to facilitate review of code. A

complete variable dictionary is included in each program.

B.2 HINPUT

Figure B-1 is A SUBROUTINE HIERARCHY CHART FOR HINPUT, which is described

in Section 2.2. The description in Section 2.2 should be read together with

the source listing if a detailed understanding of the code is desired.

B.3. SUBROUTINES TO HINPUT

The following subsections describe each subroutine to HINPUT, presented

in the order they appear in the hierarchy charts.

B.3.1 DECODE

This subroutine CHECKS AN INPUT NAME SRCNAM AGAINST A DATA LIST OF ALLOWABLE

NAMES. The corresponding type identification number is placed in INFO(2). The

model number is requested and placed in INFO(1l). IGEOM is set to indicate
whether it is a point, line, or area source. The input name SRCNAM is appended

with a sequential number.



HINPUT DECODE
PTTASK
LNTASK HAULRD LOOP GEOM
DECACC
ELVEH
PASSBY ELVEH
ARTASK
DATAI
DATA2
Figure B-1. Subroutine Hierarchy Chart, HINPUT
HICNOM CROSS
PTBAR DIFRAC
GEOM
LINSRC BX GX
LNWALL LNBLOK
CROSS
LINSRC BX GX
LNBAR CROSS
PTBAR DIFRAC
AREA EDGES
GEOM
SMALL
Figure B-2. Subroutine Hierarchy Chart, HICNOM
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B.3.2 PTTASK

This routine RETURNS THE ADJUSTED LEQ EMISSTON LEVEL AND EFFECTIVE
SOURCE HEIGHT (INPUT HEIGHT PLUS ACOUSTIC HEIGHT) FOR POINT SOURCES. These

data are obtained from data files or input for newly created sources. The
production rate per full workday is computed for appropriate pieces of
equipment. Hours worked per day is then used to compute daily production.

This is saved as PROD. If a "production cecordination' case has been specified,
equivalent hours worked per day are computed by matching production to

the value of PROD left from the last piece of equipment. The matching
procedure and value of PROD here are shared in common with LNTASK and ARTASK.

B.3.3 LNTASK

This routine HANDLES LINE SOURCES. It is divided into two parts.
THE FIRST PART HANDLES NONHAUL EQUTPMENT, and is logically similar to PTTASK.

One piece of equipment is considered, moving at a constant speed, and
production is based on the number of hours worked.
THE SECOND PART OF LNTASK HANDLES HAUL OPERATIONS. Production is

related to number of vehicles per hour. Speeds can vary from segment to
segment. If a loop is to be generated by the program, this is done by
a call to HAULRD which returns an increased value of NLNPTS and an expanded
array XLNPTS. Adding a loop can add 8 or more points to the array. To
ensure that the limit of 20 points is not exceeded, the input line array should
not exceed 6 points if a loop is to be generated.

If a loop is not to be created, the acceleration/deceleration profiles

are handled by a call to PASSBY.

B.3.4 HAULRD

This routine is CALLED WHFN A TURN-AROUND LOOP IS TO BE GENERATED. The
loop points are added to RDPTS by subroutine LOOP, making the last input point
the loading/unloading point. Speed profiles are generated by DECACC, which may
add additional points so as to complete the acceleration/deceleration profiles
if they extend beyond the loop points. Emission levels are obtained from the

function ELVEH, which accounts for operating mode and speed.



B.3.5 LOOP

This routine GENERATES TURN-AROUND LOOPS AS SHOWN IN FIGURE 8. Two basic

geometries are stored: a half loop (types 1 through 4) and a full circle

(types 5 and 6). The loop data are stored in the orientation shown in Figure

8. Subroutine GEOM is called to determine the angle of the last input road
segment. The loop data are transformed through this angle, so as to be aligned
with the last segment. They are multiplied by the input radius and then combined
with RDPTS. Various details of adding the points, setting direction, etc., are

described by comments in the listing.

B.3.6 GEOM

This routine, used by both HINPUT and HICNOM, PERFORMS A COORDINATE
TRANSFORMATION OF A LINE SEGMENT DEFINED BY X1, X2. Quantities returned

are the cosine and sine of the transformation rotation angle, the transformed
coordinates of one receiver position, d, ¢1, and @Zas defined in Figure 3,
and the length of the line segment. A switch variable ISKIP permits the use of

only parts of this routine.

B.3.7 DECACC

This routine COMPUTES AVERAGE SPEEDS ON A TURN-AROUND LOOP. Kinematics

are based on constant deceleration and acceleration rates stored in the two-
element array ACCRAT, Values of 0.1 g are in data statements. The kinematic
calculations begin at the stopping point and continues until the speed on a
segment matches the input speed on that segment. If necessary, the segments
outside the loop are split into separate acceleration and deceleration segments.
The expanded point array defining the lines and the computed average speeds

are returned.

B.3.8 ELVEH

This function subroutine COMPUTES THE EMISSTON LEVEL OF HAUL EQUIPMENT

FROM EQUATION (A-10) in Section A.2.2.2,

B.3.9 PASSBY

This routine 'PREPARES HAUL EQUIPMENT SPEEDS AND EMISSTON LEVELS WHEN THE
HAUL ROAD HAS BEEN DIRECTLY DEFINED BY THE USER. i.e., a loop is not generated

by the program. Where kinematics are to be computed, the calculation is essentially

the same as in DECACC.
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B.3.10 ARTASK

This routine COMPUTES THE ADJUSTED EMISSION INTENSITY IN EACH SECTION
OF AN AREA. The logic is essentially the same as in PTTASK and the nonhaul

section of LNTASK. More than one piece of equipment can be specified.

B.3.11 DATA}

This block data routine QONTAINS VARIOUS DATA ITEMS DESCRIBED IN SECTION

C.1 including unit declarations and reference distance.

B.3.12 DATA2

This block data routine CONTAINS ALL EQUIPMENT DATA. The program is

commented and tabulated so as to provide an easily read table of values.

See Section C.3 for a detailed description.

B.4 HICNOM

Figure B-2 is a subroutine hierarchy chart for HICNOM, which is described
in Section 2.2. The description in Section 2.2 should be read together with

the source listing if a complete understanding of the code is desired.

B.5 SUBROUTINES TO HICNOM

B.5.1 CROSS

This subroutine DETERMINES IF A LINE BETWEEN A SOURCE AND RECEIVER
INTERSECTS WITH A BARRIER SEGMENT. If so, the crossing point and the barrier

height at that point are computed.

B.5.2 PTBAR

Given the source and receiver locations and the barrier height at the

shielding point, this routine COMPUTES PATH LENGTH DIFFERENCE, then OBTAINS

BARRIER SHIELDING from subroutine function DIFRAC.

B.5.3 DIFRAC

This function routine COMPUTES FRESNEL NUMBER from path length difference
and frequency, then OBTAINS BARRIER SHIELDING from Maekawa's curve. For Fresnel
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number between -0.3 and 1.0, a table look-up/interpolation scheme ig used.

Above 1.0, a logarithmic approximation is used.

B.5.4 LINSRC

This routine COMPUTES LEQ from a single straight line segment, using

Equation A-4 or A-9. The program contains an alternate expression for the
case of a receiver directly in line with the line source, and contains some

error checking of input geometry.

B.5.5 BX

This function routine COMPUTES THE INCOMPLETE BETA FUNCTION from a

power series using the methodology described in Equation (7) in the footnote
in Section A.2.2.1. A convergence criterion of one part in 10% is specified

as a data item.

B.5.6 GX

This function subroutine COMPUTES THE GAMMA FUNCTION for real arguments,

using a polynomial approximation and a recursion, as described in the footnote

in Section A.2.2.1.

B.5.7 LNWALL

This subroutine COMPUTES THE CONTRIBUTION UF A LINE SOURCE IN THE PRESENCE

OF BARRIERS. The input parameters are one line source section, one receiver
location, and the set of barrier coordinates. Subroutine LNBLOK is called to
test whether a barrier shields the source/receiver combination. If so, the
line segment is divided into three parts: a center shielded section and two
unshielded ends., Any of these may have zero length. LINSRC is used to compute
noise from the unshielded sections and LNBAR is used to compute noise from

the shielded part. Logic is included to properly handle multiple-segment
barriers. If no shielding is found, a very large number is returned to HICNOM.
The HICNOM logic which takes the smaller of the shielded versus unshielded

calculation then selects the unshielded result from LINSRC,
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B.5.8 LNBLOK

This subroutine TESTS WHETHER ANY OF THE INPUT BARRIERS SHIELD A GIVEN
LINE SOURCE SEGMENT AND RECEIVER. If so, the line segment is divided into
three segments as described in Section B.4.7. Each segment is defined by a
pair of angles ¢ 3, ¢ as shown in Figure 3. Setting the angles equal to each

other indicates no segment. The program contains logic to ensure that the

sense of the angles corresponds to the convention following the order of line

points.

B.5.9 LNBAR

This routine COMPUTES THE BARRIER SHIELDING OF A SHIELDED LINE SEGMENT.

A numerical integrating process is used, utilizing point source shielding
computed by PTBAR and DIFRAC. This method is described in detail in Section
A-2.4.

B.5.10 AREA

This subroutine DIVIDES AN AREA INTO STRIPS, as described in Section
A.2.3. The widths are positions such that they bisect the normals to the

centerline segments on either side. Subroutine EDGES is used to determine the
coordinates of the resultant corners. Each area segment and all receivers

are transformed into coordinates relative. to the segment centerline. Each
segment is then divided into strips consisting of the centerline plus 0 to

5 strips each to the right and left of the centerline. The average source
density on the strips is cbtained by dividing total strength in the segment by
the length of all strips in the segment.

B.5.11 EDGES

POINTS defined by the width lines, as described in Section B.5.10.

B.5.12 SMALL

This routine FINDS THE SMALLEST VALUE IN AN ARRAY.
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B.6 COMMON Blocks

The following COMMON blocks and their contents are used in the programs:
* /CONSTS/ P1, TWOPI,PIOV2

+ /EDGE/ EDGEL (3, 10), EDGER (3, 10)

- /EQUIPT/ EQUIP (5, 10, 30), IFREQ (10,10)

- /KINEM/ ACCRAT (2)

+ /NMODLS/ NMODS (30), NVIYP

- /TSKARG/ INFO (2), HOURS, PRODUC

- /TYPES/ IPROD (30), IHAUL (10), IVEH (5, .5)

* /UNITS/ DO, DO2

- /VEHLEV/ HAULEQ (6, 10)

« /WKDAY/ DAYHRS

The variable names vary somewhat between subroutines. In particular, EQUIP in
block data routine DATA2 appears as a large number of smaller arrays, each
named for the corresponding equipment.

Figure B-3 is a chart showing the location of the COMMON blocks in the
programs. An open circle indicates the COMMON is in the program. A solid
circle indicates that some or all of the contents of the block are defined by
data statements within that routine. Note that data statements for /UNITS/ are
in both HINPUT and DATAl. 1If the programs are merged, one set of these data

statements would have to be deleted.
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COMMON Block

Program

CONSTS
EDGE
EQUIPT
KINEM
NMODLS
TSKARG
TYPES

UNITS

VEHLEV

WKDAY

HINPUT

O

HICNOM

DECODE

o

PTTASK

O
O
O
O

LNTASK

O
O
@)
O

O

HAULRD

LOOP

GEOM

DECACC

@]

ELVEH

PASSBY

ARTASK

O

DATAI

DATA2

CROSS

PTBAR

DIFRAC

LINSRC

BX

GX

LNWALL

LNBLOK

LNBAR

AREA

O

EDGES

SMALL

Figure B-3. COMMON Block Location
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APPENDIX C: MAINTENANCE MANUAL

Program maintenance consists of modifications to the data statements as
additional data become available and/or to change units and constants. Data
are contained in two block data programs, DATAl and DATA2. Distance units for
barrier calculations are set by a data item in DIFRAC. Additional equipment

types may be defined, with names incorporated in DECODE.

C.1 BLOCK DATA DATAl

This routine contains several constants which implicitly set units. They

are:

* DO and D02, the sound level reference distance and distance squared.
Current values are 50 and 2500, representing a 50-foot reference
distance. Setting these to a reference distance, inputting coordinates
in the same units, and providing appropriate levels in DATA2 (described

in Section C.3) automatically set the units for all non-barrier calculations.

* GRAV is the value of the acceleration of gravity in the units being used.
A value of 32.2 has been used, for ft/secz. GRAV converts the values
of ACCRAT from fractions of a g to physical units. If ACCRAT is left
as fraction of a g(0.1 in the program presented here), GRAV should be
changed to the appropriate value for other units. Alternatively, GRAV

may be set equal to 1.0 and ACCRAT expressed in physical units.

« VELCON is a conversion factor from speed in units convenient for input
to consistent physical units. A wvalue of 1.47 has been used, converting
speed in mph to feet per second. If metric units are adopted, km/hr for

input speed and meters for distance, VELCON should be changed to 0.278.

¢« DAYHRS is the number of hours in a full work day. The program computes

Leq based on this time. A value of 8 hours is in the program.

€.2 SUBROUTINE DIFRAC

The Fresnel number is given by 28f/c, where c is the speed of sound. The
program has a data item VOV2, representing c¢/2, which sets the units. A value
of 580 has been used, setting the units as feet when frequency IFREQ is in Hz.
To change units, replace VOV2 with ¢/2 in the appropriate units. For meters, this
is 176.8.



C.3 BLOCK DATA DATA2

This data routine contains the equipment data base. Definitions may
be found in the variable dictionaries in PTTASK, LNTASK, and ARTASK. The
data statements are arranged and commented so as to form tables, with:the
main data table corresponding to the values in Table 2. The annotation in
columns 73 to 80 identifies the equipment. A * next tothe annotation indicates
the level was cbtained from a review of the literature, Reference 13.

Modification of the basic data bases, HAULEQ and EQUIP (split into smaller
individually named arrays in this program) is straightforward. Additional lines
for new models may be added, up to a total of 10 for each type. The tabular
format should be retained for ease in reading. When adding new lines, the zeros
and the value of NMODS on the last continuation line of each set should be
appropriately adjusted. New types may be defined, making room by reducing the
size of the dummy arrays EMPTY1l, EMPTYZ2, and EMPTY3. Corresponding new names
must be added to DECODE, described below. Default geometries are point
sources for the first 15 data blodks, line for the next 10, and area for the
last 5, where the block number corresponds to the third index of EQUIPT.
Alternate geometries may be specified in DECODE.

Haul equipment has its type numbers in sequence with nonhaul, but the data
are contained in the array HAULEQ. The array IVEH provides a mapping from EQUIP
type and model numbers to HAULEQ; see the listing of LNTASK for the specific
relationship. Up to 5 models are permitted for each type. Equipment types
which are haul are listed in array IHAUL, This is a grocery list arrangement,
with type numbers listed in any order. Array IPROD is a similar 1list which
specifies which equipment have production rates associated with them.

The spectrum frequency data required by the barrier calculation is contained
in array IFRE(Q, a two-dimensional array which serves as an additional column to
EQUIP, Haul and nonhaul data are in the array. The separate array--rather
than another column on EQUIP--is used to permit these data to be in integer
form. This will facilitate any future replacement of DIFRAC with a routine
using calculations for particular spectra. IFREQ may then be treated as an

index with no other recoding.
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C.4 SUBROUTINE DECODE

This routine contains the list of equipment type names. Adding additional
names is simply a matter of replacing the 'XXXX' blocks in the data statement
for array ALNAMS. Three 4-character blocks are premitted. In addition to
checking the name, an ordinal index from array NTH is appended. Its position
is determined by data in arrays IPOS and NPOS. They are set us so as to
place the index in the first position of the third or fourth 4-character
block, as indicated in array IPOS. If it is desired to adjust the number of
blanks (as has been done for the existing names), values of TPOS and NPOS
should be changed. NPOS indicates in which four character block that the
index is placed, and IPOS is the position.

As noted above, model types 1 to 15 are nominally point sources, 16 to
25 are line, and 26 to 30 are area. The array NGEOM is a grocery-list of
models which may have alternate geometries. By adding a model number to

the NGEOM datea statement, the program will request the geometry from the user.
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BLANK WORKSHEETS



HICNOM NAME_

FHHA HIOHWAY CONSTRUCTION NOISE PROE- OF.
PREDICTION PROGRAM DATE_
PROJECT

FORM 1 - TITLE AND RECEIVER DRTA

PROBLEM TITLE (ENTER AS ONE LINE)

NUMBER OF RECEIVERS
(MAXTMUM OF 10)

Do NoT DR EAS . * | X~COORDINATE|Y-COORDINATE Z-COORDINATE (ﬁ)
1
2
3
4
5
6
7
8
9
10

NOTES




HICNONM
FHRA HIGHWRY CONSTRUCTION NOISE
PREDICTION PROGRAM

FORM 2 - POINT SOURCE DARTA
POINT SOURCES (MAXIMUM OF 10)

. NRME

PAGE OF

DATE

PROJECT

R | MAESCRIPTION | naget,,|OFOUEIRY| oiause .| X-COORDINATE | Y-COORDINATE | Z-COORDINATE
1
1
1
1
1
1
1
1
1
1
NOTES

(1) TO DEFINE 8S8OURCE NOT LISTED ON FORM 7. ENTERs USER DEFINED
(2) O INDICATES NEW MODEL: NEOATIVE VALUE INDICATES NEW
HODEL PREVIOUSLY CRERTED IN THIS RUN
(3) IN 8 HOUR DAY: NEOGATIVE VALUE MERANS MATCH PRODUCTION RATE
WITH PRECEEDING 8OURCE WITH PRODUCTION RATE

IF SOURCE TYPE IS ‘USER DEFINED' OR MODEL NUMBER I8 O, ALSO ENTER:

Ve DELTA CAPACITY P RCOuaTIC

FREQUENCY




HICNON NANE
FHWA HIOHWAY CONSTRUCTION NOISE PAGE___ OF
PREDICTION PROORAM DATE.
FORM 3t *MAUL® LINE SOURCEDATA PROJECT
SOURCE DESCRIPTION MODEL HOURS NC. OF PTS.
TYPE (1) (MRX. 18 CHAR.) NG.(2) NORKED{(3) | IN LINE(4)

NOTES: (1).12).(8)7 SEE FORM 2 FOR EXPLANRTION: (4) ENTER C TO REUSE POINTS
FROM LAST HAUL SOURCE

POINT COORDINARTES (MAX. = 203 MAX. = 6 IF RETURN LOOP TYPE IS5 0)

DO NOT
CODE

X-COORDINATE

Y-COORDINRTE

Z-COORDINRTE

SEONENT
SPEED

0O IO WN -

[
o

[y
(%3

Pt
N

[
w

[
-~

-
om

[
(-2 ]

(%
~J

-
o0

Py
(7]

~N
Q

VEHICLES

RETURN LOOP

PER HOUR

TYPE(B)

RADIUSIE)

() SEE FORM 71 IF O, ENTER POINT
NUMBERS (SEE TO THE RIOHT)
{8) ENTER ANY YALUE IF TYPE IS O OR 7.

IF SOURCE TYPE I8

POINT NUMBERS

S8TOPPINO(7)

DECELERRTION(S)

€7) ENTER O IF NOMW-STOP

(83 ENTER O TO HAVE PROORAN COMPUTE
AVERADE OPEED (ONLY IF {7) I8 NON-RERDI¢
ENTER RNY VRLUE IF (7] IS C.

BRXINUM
LEVEL

REFERENCE
SFEED

SLOPE

CRITICAL
SPEED

CAPRCITY

RCOUBTIC
HEIOHT

FREQUENCY

*USER DEFINED' OR MODEL NUMBER IS 0. RLSO ENTER:




HICNOM NAME

FHWA HIGHWAY CONSTRUCTION NOISE PAGE___ OF
PREDICTION PROORRM DATE_
PROJECT
FORM 4 - NONHAUL® LINE SOURCE DATR
SOURCE DESCRIPTION | NODEL |OEOMETRY| HOURS |'RAAERS OF
TYPE(1) (NAX. 16 CHAR.)|NUNBER(2) TYPE WORKED(3) LINEC4)
2
POINT COORDINATES (MAX. = 20)
X-COORDINATE | Y-COORDINATE | 2-COOROINARTE | DO_NOT  NOTES:
ENTER (1),02).(8)¢
1 SEE FORM 2
FOR EXPLANATION
2 {4) ENTER O TO
3 REUSE POINTS
FROM NONHAUL
. LINE SOURCE
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
IF SOURCE TYPE IS ‘USER DEFINED' OR MODEL NUMBER IS O, ALSO ENTER:
HAXINUM | DELTA [capactTy| SPEED |PGRYBTIC rrequewcy




FHNA HIOHWAY CONSTRUCTION NOISE

HICNOM

PREDICTION PROGRRM

FORM B: AREA SOURCE DATA

SOURCE DESCRIPTION NODEL GECMETRY
TYPE(1) (MAX. 18 CHAR.J| NO.(2) TYPE
3
HOURS NO. OF PTS8.| NUMBER OF
WORKED(S) | OM C/L(4) | VEHICLES | EXPLANATION

AREA

POINT COORDINARTES

SOURCE

NANE

PROE__ OF
DATE
PROJECT

NOTES: (1),(2).(3)¢s 8EE FORM 2 FOR
(4) ENTER O TO REUSE POINTS FROM LAST

X-COORDINATE

Y-COORDINARTE

Z-COORDINARTE

WIDTH AT
THIS POINT

D0 _NOT
ENTER

Py

Lo 30N 0N

Py
o

-
Yo

-
N

[
w

—
-

Py
(41

-
(+]

[
-~

[y
(-]

[
w

N
(=]

IF SOURCE TYPE

I8 ‘USER DEFINED® OR MODEL NUMBER IS 0. ALSO ENTER:

RAX I HUN
LEVEL

DELTA

CAPACITY

CYCLE
TINE

ACOUSTIC
HETOHT

FREQUENCY




HICNOH

FHNA HIGHWAY CONSTRUCTION NOISE

PREDICTION PROGRAM

FORM 8: BRARRIER DATA

MAXIMUM I8 3

NAME.
PROE___ OF.
DATE
PROJECT.

Y-COORDINATE

Z-COORDINATE

Y-COORDINRTE

Z-COORDINATE

DESCRIPTION NUNBER OF POINTS
(MAX. 18 CHAR.) (NAX. 6)
X~COORDINATE
DESCRIPTION NUNBER OF POINTS |
MAX. 16 CHAR.) (MRX. §)
X-COORDINATE
DESCRIPTION NUMBER OF POINTS
(NAX. 18 CHAR.) {MAX. 6)

X-COORDINRTE

Y-COORDINARTE

Z-COORDINATE




HICNOM NAME-

FHWA HIGHWAY CONSTRUCTION NOISE PROE OF
PREDICTION PROORARM DATE
PROJECT

FORM 7: DATA INPUT GUIDE

53 ALLOKRBLE OEOMETRY TYPES 18 PROD.
8OURCE TYPE| .28 RATE COORD.
22 | POINT HAUL NONHAUL AREA ALLOKWED?
BRCKHOE 3 X X X YES
BREAKER 3 X X X NO
BULLDOZER 4 X X X NO
COMPRCTOR 3 X
COMPRESSOR 4 X
CONCRETE S X |
CRANE 4 X YES
OENERATOR 2 X
ORADER 1 X X X
LGRDER X X YES
MISCELLAN 4 X
PRAVING 3 X X X
PILE DRIVER 2 X
PUNP 2
SCRAPER 4 X YES |
TRUCKS 4 X YES
USER DEFINED 0 X X X YES

RETURN LOOP TYPES FOR HAUL LINE S8OURCES:

GESRY

STOPPING POINT

L0 -0

———— *
®




APPENDIX E

Field Data Sheets for Example Problems 3 and 4

Example problems 3 and 4 in Section 5 were based on actual field sites
during the construction of Interstate 210 in Los Angeles, California. To
give the reader a better appreciation of how the sites were modelled, the
field data sheets and photographs from the noise measurements made at the
sites are presented in this Appendix.

First presented are an overall map of the I-210 project, a more detailed
map of the measurement areas and a copy of the photograph log. 1In the
subsequent two sections, the numbers to the right of the photographs indicate
the roll number and frame number, for referencing to the photograph log.

The first site, "Cut area, north end of the project", was modelled in
example problem 4 in Section 5.3. Site diagram 8-7D shows the modelled area,
while the receiver locations are indicated on site diagram 7-30A.

The second site, "Fill area in the vicinity of Terra Bella Avenue",
was modelled in example problem 3 in Section 5.3. Site diagram 8-7A shows

the specific scenario.
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Measurement Site Data

Highway: 1I-210 Date: July/August, 1979

Site Location: Cut area; north end of project

Type of Measurements:

Site Boundary
Activity
Movies

Soil/Terrain Conditions: Area where haul trucks operate: hard, bank earth;
area around Cl, C5, C6; hard, bank earth C4 located on top of pile of
boulders. Area around C2, C3; loose soil, uneven terrain.

Machinery Description:

Fiat-Allis 31 track dozer (#2506)

Fiat-Allis 41 track dozer (#2508)

Cat D9G track dozer (#2246)

Cat. D9G track dozer (#2231)

2 Cat. 992 wheeled front end loader; 10 yd. scoop

Peterbilt tractor w/dual exhaut; double belly dump 20 vd.
semitrailers.

Miscellaneous Information: Several sketches of area made; cut area terrain
changed significantly from day to day.
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HIGHWAY: L - 210

st ocanon: Cor Agra

DATA LOG SUMMARY

DATE: Jow '//Aq{, . 979

Somple Location Date Time | Dur. §gL Comments Reduced
45 | -1 A A ’u{/ﬂ'!awé's,;CH, 132 sqoewacp @t lep! |
Fl c-5 | 7-30 | 1dsC (1857|7500 - -
3 c-2 7-31 | oado |5 [7*4 - -
4 |c st 7-31 | H2e 1€ [T B8 (Co 142 scocamep 87 sov’ et
S <-4 7-31 - 20 ’;ﬁsg_c, w/Movie s -
1S | e-7 | 8-1 [ 1207 | & &3 lu/mevies - 58508 G Fiimnn tameg | —
o C-8 B-7 | 1329 | © |B-T0 |/ movice. o ey mmt i LRI —
2io-1-1 C-1 7-3%0 zwziﬁgggggﬁgmgy -
~i-2 c-2 7- 31 2:4¢|" ™ |1 Bounpary _
-1-3 C-2 7-32 — | T* | Samece NoT Goop
210 -2-| -1 T-3 14 ’gﬁ‘gmxnv -
210-5-2 C- | 8- e S Te TBounbACY -
| Z\0-7-2 (o5l g-ic 12:co [Een Ste Toonpaiy _
ACTIVITY NOISE MEASUREMENTS
HGHWAY: L -2/0 . DATE: Juwv @gﬁ? 579
site tocanon:_Cour  Aleca
Sample | Location | Date | Dure | Yeq | o | o | %o | Yo | 4L
dsiCuil C-f 1730|377 | et | 72 | 78 |8 |84
i5-1.Cu 2| C-1 7-30 | (4 4 |4/ Nzl 76 | 86 | £7
45-2 a-s 2-301 14 | 79\| 70 Nz | 17 184 |8
45-3 ¢-3 7-31 1 /5 178173 74 |77 | 79 |80
4o doufy €35 1 7-3/ 20 70.11 7! 74 79 £/ a4
454y C- & 7-31 | 20 &92 | ¢S5 &7 &9 7/ 73
4s-= -4 2-31 ‘6 752 | 7/ 73 75 772 180
4515 | ¢-7 8-7 & 17542 |72 |75 |77 |78
45-/1¢ | C-8 8-7 5 75.6] 71 72 75 178 &2

SITE BOUNDARY/COMMUNITY NOISE MEASUREMENTS

HIGHWAY: _T-2/Q

DATE: _Tooy Mus 79

SITE LOCATION: _ Cur Aren
Sample | Location | Date | Dw. | ‘eq
210-1-1 | @-\ /32| £2:53 | o5
-1-2 1e-2 7/a1 lcz:as | 4¢3
-;-3 | ¢-3 2/3 N
210-2-1 | ¢-y 7/31 | 01:245| c6.67
210-5-2 | ¢-} 8/9 | osi00 |04
2107-2 | ¢~/ 8/is |1200 | 5505
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Measurement Site Data

Highway: 1I-210 ' Date: July/August, 1979

Site Location: Fill area; in the vicinity of Terra Bella Avenue, 2
seperate locations.

Type of Measurements:

Site Boundary
Activity
Movies

Soil/Terrain Conditions: Area where truck dump soil is loosely compacted
earth; small windrows are seperated by approximately 12' run parallel
along dumping area.

Machinery Description:
Cat. 834 wheeled tractor
Peterbilt tractor truck with dual exhaust; double belly dump
20 yd. trailers

Cat. Water truck (occasional passbys)
Cat. 16 grader

Miscellaneous Information: None
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DATA LOG SUMMARY

HGHwAY: L~ 2710 DATE: Jm_y/fiuc,usv 979
SITE LOCATION: __Fiee Awca

Sample Location Date Time | Dur. §{;. Comments Reduced
4S - (o F-2 B I N -~
7 /-2 8-y tods s |84 il
8 F-d 8- nog |1 |® A -
9 o 8-1 isto | /57 |EW -
/o F-t g-7 | 06923 jra. |87 |a/movics —
210-1-4 E-5 8-1 215 Compmunuty Measorescar -
210-2-2| r-1 g-! - Ne Goop
-2 -4 -5 8-3 0:3¢ oo T MescupemenrT -
200 - 2 | F -1 B-3 108 Sore Voynpapy ol
210-5-1 E-b 8-7 100 S Pouupaey -
210-1lo -} F—8 B-14 20:00 ARca ADTACEST =10 Fine OCCRATIGN “
20- -1 F-2 B-14 _l24:00 o - v i —

ACTIVITY NOISE MEASUREMENTS

HIGHWAY: L - 2/0 ‘ DATe: Jury/Avsust K979

SITE LOCATION: Free Akes

Sample | Location | Date | Dur. | Yeq | Y9 | Yo | Yo | Yo [ L

45 ~7 8- 9 Tee |70 | 72 | Te | 80 | &2
-7 3 8- /2 2o | &7 | 75 |8 |So |8

- & -4 =y s BO.E | &7 7/ 77 84 31
) -4 8-/ o/SMELE N
-0 & g7 1 &8 724 | 58 | 6o 20 77 | &°

SITE BOUNDARY/COMMUNITY NOISE MEASUREMENTS

HGHWAY: 22/ DATE: _Touy Hus 79

SITE LOCATION:  Fus Areo

Sample | Location | Date | Dur. | leq
21O-/ -4 E-5 8-/ |lozus |C39
210g-2 | f-1 8-/ |~ Nfe| ——

2-41 5 £-3 lcos 1449
2/0.3-1 £/ 8-3 | gnoB8l772.4
208-4 )| F-& 8-7 1 00 |cog

2¢-/ | F-2 8- 14|00 154.9

200-7-7 | £-8 8-/412900 |5%.9
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1.0 INTRODUCTION

This report presents the results of model validation work at three sites
for HICNOM, a highway construction noise prediction computer program prepared
under contract for the Federal Highway Administration (1,2). The purpose
of this work was to add to ﬁhe data base on model validation previously
done on the program (1,2,3). It was beyond the scope of this study to perform
a full validation of the program.

The procedure used in this study included several steps. First, three
actual highway construction sites were selected that exhibited activities
testing the range of program options. Then, field measurements of the noise
levels at each site were taken, along with detailed notes on the consruction
operations. The measurements were each one half-hour in duration and were
made with a Metrosonics dB~306 Metrologger, which samples four times per record
and computes the equivalent sound level (Leq)'

The sites were then modelled using the computer program and the resulting
predicted noise levels were compared to the measured levels,

The three sites were all on Interstate 440, currently under construction
in Nashville, Tennessee. Figure 1 locates the sites on the project. Site
A is discussed in Section 2.0. It consisted of a bulldozer keeping clear a
£ill section along which scrapers were hauling and then pushing the scrapers
through the area during their haul.

Site B, discussed in Section 3.0, consisted of a fill embankment being
created by a bulldozer spreading material being hauled and dumpted by a series
of trucks. A pile driver operated in the distance, shielded by the fill
embankment . .

Site C is discussed in Section 4.0. It consisted of a major cut operation
that involved.two bulldozers, two loaders, haul trucks, and four compressor/
rock drill pairs.

Section 5.0 summarizes the results.
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2.0 SITE A: BULLDOZER AND SCRAPERS

Site A was located near Station 189 of Project No. 7 of the I-440 construction

just east of Sharondale Drive, as shown in Figure 2. The measurement point
was just behind the Blair House Apartments, near the right-of-way line. At
this site, a Komatsu D85E bulldozer was moving back and forth aldng a freshly
placed fill area, trying to keep the area passable as a haul road for
Caterpillar 621B scrapers. When the scrapers reached this point in their
haul, they bogged down in the soft earth and then had to be pushed about 200
feet by the dozer until they cleared the soft area. After dropping their
loads about a quarter-mile beyond this site, the scrapérs passed back through
the site.
Four operations had to be defined for the modeling:

1. bulldozer assisting scrapers;

2. bulldozer working on £ill above;

3. unloaded scrapers returning through site;

4, locaded scrapers approaching site, stopping, being pushed by

dozer, and leaving site.

Each of these operations was modelled as a separate "source'". They are
represented by BULLDOZER 1, BULLDOZER 2, SCRAPER 2 and SCRAPER 1, respectively

in Figures 3-6.

Figure 3 shows a sketch of the site as modelled for the program. BULLDOZERS

1 and 2 were both represented as area sources, while SCRAPERS 1 and 2 were
modelled as "haul" line sources. The receiver was located about 40 feet from
the apartments and 55 feet from the edge of the bulldozer areas.

Figure 4 presents the worksheets used to prepare the data prior to entering
it into the computer.. Note that an excess attenuation of 1.5 dB/distahce
doubling was assigned to the receiver because of the presence of the soft

earth and a fair amount of underbrush and small trees. The first SCRAPER
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OATE__72 /n/§2

PROJEC

FORM & ~ TITLE AND RECEIVER DATA

PROBLEM TITLE (ENTER RS ONE LINE)

Jdo A Bewwd Behir _HouSE

NUNBER OF RECEIVERS
(MRXINUR OF 10)

| .

l
00 NOT 'ﬂ!,gﬂgmg,,g,,ﬂ*;- X-COORDINATE|Y-COORDINATE |2-CooroINATE| S8 |
ENTER (IR/I0)
1 |40 Fr Ftwe Bmg  SSO ) ° /.5
HICNON WANE___
FHNR NIOHMAY CONSTRUCTION MOISE PROE L OF
PREDICTION PRODRAM DAT
_FORM 31 MAUL® LINE SOURCEDATA "°"L‘m
m"‘ i) (MAX . x}’g:a'.s n"'.’tlaL: HOED, m"t'u' ALY
C ER | cAr 6218 4

METES: T1).12).18)1 SEE FORK £ FOR EXPLAMATION: (4) ENTER © TS REURE PSINTS

10 DNTER AOY VALIE I TYPE IS D R 7.

MRXTAUN
LEVEL

e

SLOPE

CRITICN
SPEED

CAPRCITY

FRON LAST MAGL _
, POINT CODRDINATES (MAX. = 205 WAX. = 8 IF RETURN LOOP TYPE 15 0)
D2on2" [ x-toorowate | v-cooroiwate | E-coorpiwate
1 1200 70 o /8
2 0 20 !
S — - ~ ""-;—“.:—“\
venicLes| RETURN LOOP POINT MUMBERS
PER MOUR ‘TYPE(E) [RMD1us(e) STSPPIND(7) [mecrienaTionGe)
[ & | © ()
8) SRE FORN 75 I¥ §. BMTER PEINY £7) DITER & IF BBN-GTOP
MUMBERS (RS2 TO TR RIGNY) €8} GITER § TV MAVE PROORIN CUNPUTE

JF_SOURCE TYPE I8 “USER DEFINED' OR WODEL NUMBER IS 0. ALSO ENTER:
REFERENCE
PO

Figure 4. Site A Worksheets (Page 1 of 2)
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o

(4) ENTER O TO REUSE POINTS F T
3.¢ I | GAaERoGRcE o RO LAB

POINT COORDINRTES

X-COORDINATE | V-COORDINATE | E-COORDINATE |  (Hi8 Fotnt 0 NOT
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Figure 4. Site A Worksheets (Page 2 of 2)




source {(unloaded scrapers) was assigned model number 4 and was described by
two endpoints representing the ends of the modelled site. Only one scraper
passed by during the half hour measurement, which factored to an hourly
volume of two scrapers. A loop type of zero indicates that these scrapers
did not turn around in the modelled area. A stopping point of zeroc indicated
that they did not stop in the modelled area.

The second SCRAPER source (loaded scrapers) was modelled by four points
(entering site; stopping point; end of dozer push; leaving site). Speeds on
the resulting three sections were estimated at 20, 3 and 15 mph. Three
scrapers passed in this direction‘during the half hour, factoring to an hourly
volume of 6. A loop type of zero was again used, and the stopping point was
indicated as point 2.

The dozer was modelled as two sources: BULLDOZER 1 pushed the scrapers;
BULLDOZER 2 worked the fill when no scrapers were present. Both sources were
represented by a model number of 2 because the observed field noise levels
corresponded most closely to that model number. Based on field observatioms,
the dozer worked in the BULLDOZER 1 mode for about 477 of the time and in
the BULLDOZER 2 mode for 53%. These percents factored to daily work durations
of 3.2 and 4.8 hours (based on an 8-hour day). Both areas were defined by
two endpoints, with area widths of 30 feet for BULLDOZER 1 and 50 feet for
BULLDOZER 2. Figure 5 presents the input data file created by the program
after the information on the worksheets was entered into the program.

The results of the program are shown in Figure 6. The total 8-hour Leq
at the receiver was 70.3 dBA. The major contributions were from the dozer,
with the larger contribution during the push operations (BULLDOZER 1: 68.2 dBA).

The measured Leq at this site was 73 dBA, which is 2.7 dBA higher than

the predicted value. Part of the difference can be explained by the choice of



4402 BEHINL BLAIK HOUSE
1 FRECEILIVERS

X 4

s$E0.0 0.0

PCINT SCUKCES

¢« LINE SCURCES

« POINTS

<

X Y
1200.90 0.0
V.0 70.0

4 POINTS

X Y
0.0 70.0
S5¢V.0 1040
7C0.0 70.0
12(0.0 70.0

< AkKEA SCURCES
< POINTS

X Y
510. 0 15.0
0.0 5.0
Z PUINTS
X Y
0.0 80.0
7¢0.0 80.0
G EBARRIERS

Z

7

Z

Z

Z

EX. ATT.(DB/TD) DESCRIPTION
0.0 1.50 40 FT FROM BLAIR
FREQ.: 500 SCRAPFR 1 CAT 621B
LEQ(REF) VEH. DENS.
6.0 81.0 0,0000252
i8.0 0.0 0.0C00000
FREQ.: 500 SCRAPER 2 CAT 6218
LEQ(RxF) VFEH. DENS,
18.90 81.0 0,0000746
9.0 81.0 VU.0004105
9.0 81.0 0.,000C0756
6.0 0.0 0.,0000000
FREQ.: 500 BULLDOZFR i KOMATSU DBEE
LEQ(REF) KILTH
9.0 74.8 30.0
9.0 0.0 30.0
FREQ.: 500 BULLDOLEER 2 KOMATSU DBEE
LEQ(REF) WILTH
18.0 15.2 50.0
9.0 0.0 50.0
Figure 5. Site A Input Data File
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4401 EEHIND BLALIR HCUSE

RECEIVER NUMBER LEQ DESCRIPTICN

1 70.3 40 FT FROM BLAIR

COGMECMNENT CONTRIBUTIONS FUR RECEIVER MUMBER: 1

IAUEX INTENSITY LEVEL SCURCE LESCRIPTION
1¢1 U.224348E+06 53.5 SCRAPER 1 CAT 6218 :
102 0.444339E+406 56.5 SCRAPER 2 CAT 6218
242 0.548045E+406 59.8 SCRAPER 2 CAT 6218
302 0.481527E+05 46.8 SCRAPER 2 CAT 6218

i01cCl 0.0656€47E+407 64.2 BULLDOZER 1 KCMATSU DBLHE
1Ly U.244C2EE+407 63.9 BULLCUZEFR 2 ' ¥KCMATSU DH5SE

KEY TC INDEX:
X = PUINT SULUKCE, WHEKE X OR XX IS INPUT SFGUENCE # OF POINT SCURCES.

2 X
¥XX - LINE SCURCE, WwHERE XX IS INPUT SEQUENCE # OF LINE SCURCES
YY2X AND ¥ OR YY IS SEQUENCE # OF POINTS FUR THE AXTH LINE.

1YYAX - AKEA SOURCE, WHERE XX AND YY ARE ANALAGOUS TO LINE SCURCE VARIABLES.

Figure 6. Site A Results File
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model number for the dozer. Model Number 2 has a reference emission level of
80 dBA at 50 feet. Field observations showed the Komatsu dozer to have a
level closer to 81 dBA at the same distance. Thus, if the BULLDOZER levels
were each adjusted upward 1 dBA, the total level at the site would be about

71.3 dBA, or only 1.7 dBA below the measurement.
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3.0 SITE B: TRUCK HAUL ROAD

Site B was located near Station 360 of Project No. 5 of the I-440
Construction Project just east of the f~65 interchange, as shown in Figure
7. The microphone was located in the side driveway of the Proctor residence
on West Iris Drive. The project right of way line was just behind this residence's
backyard, where a tall fill for the S-~E Ramp between I-65 and I-440 was being
constructed.

At this site, Caterpillar 796 trucks were hauling material from the east
along the future ramp, passing about 240 feet from the microphone. They
dumped their loads approximately 220 feet beyond this passby point, and then
returned to the east along the future ramp. A Caterpillar D8 dozer was spreading
this material after it was dumped by the trucks. Off in the distance, shielded
by the fill embankment, a pile driver was working near a railroad overpass
for the N-E Ramp from I-65 to I-440.

This site was modeled with 3 sources: the "haul" line source of TRUCKS,
the "non haul" line source of BULLDOZER, and the "point'" source of PILE DRIVER.
Figure 8 shows a sketch of the site as modeled for the program.

Figure 9 presents the coding worksheets used for the site. For site B,
an excess attenuation value of 0 was used for this receiver because of the
elevated fill. The trucks were represented by model number 1, and defined by
a line of 2 polints. An average speed of 20 mph was used between the 2 points.
Eleven trucks entered the site duringkthe half-hour measurement, which
corresponded to an hourly vblume of 22 trucks per hour. A loop type of 7 was
used because the trucks simply performed a 3-point turn at the end of their
haul before dumping their loads.

The Caterpillar D8 bulldozer was assigned a model number of 2, It worked
along the "non haul" line for about half the measurement period, which factored

to a work duration of 4.0 hours (per 8 hour day). Two points were used to describe

this line.
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HICNON
FHHA HIOHNAY CONSTRUCTION NOISE
PREGICTION PROORAM

PROE..L_OFE. .S

ey
PROJEC

FORM § ~ TITLE AND RECEIVER DATA

PROBLEN TITLE (ENTER A8 ONE LINE)

408 - Muck KAu/PpumP, T-65 5-€ Rac1p;, WesT sais DR. |

NUMBER OF RECEIVERS
(HRXINUN OF 10)

/
e
DO NOT [DESCRIFTION (MAX.\y_ro0egINATE|Y-COORDINATE|Z-COORDINATE =]
ENTER 18 CHARARCTERSE) "".“,
1 PR Resp. | F7D -S38 o °
L 2

J—
o

e e et et

Hicuon
FHMA MIOHMRY CONSTRUCTION NOISE
PREDICTION PROORAM

FORK 31 °MAUL° LINE BOURCEDRTA

[
PROE D oF S

PROGECL T

[: m: SCRIPTION WOOEL NOURS  [WS. oF PTR.
TIPE 1) { « 36 CHAR.) !-‘a) WORKED(3) % LINEt4)
| TRUCKS | CAT 796 / f~3

WETES: 115.12).18): OEE FORK £ FOR EXPLANRTION: [4) ENTER C T8 BEUSE POINTS
FROA LAST MAUL SOURCE

POINT COORDINATES {MAX. = 203 MAX. = 8 IF RETURN LOOP TYPE IS 0)

02ohe' [ x-cooronate | v-coomoinate Z-COORDINATE | | SEReT
1 /074 FEX X )
2 S92 /3% 25 :
M L S S i — I
kgnxug.L RETURN LOOP POINT NOWBERS )
PER HOUR, TYPE(S) [meo1usts) STEPPING(7) [secELemaTiowis)
22l 210

1Y) TR 6 IF EN-OTOP

(9; DITER § T8 MAVE PRDORAS COWPUTE
GVERAGL OPEIT [MWLY IF {7) I0 MON-2ERRIs
SNTER Y WRANE IP (73 09 8.

I8 “USER DEFINED® OR WODEL NUNBER [3 0. AL8O ENTER:

v |asaeace| g opE [SRITICN Toapacyty| PCRUBTIC [papaupnet
Figure 9. Site B Worksheets (Page 1 of 2)
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FHMA HMIOHNAY CONSTRUCTION NOISE

FORM 4 - *NONMAUL® LINE SOURCE DRTR

HICNON

PREDICTION PROORRM

wane B
PROE.D_ OF.S

:;.EC'LM__E

SOURCE oL nOOEL NETRY| wourg |MESWERS OF
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HICNON NAME_
FHNA HIOHWAY CONSTRUCTION NOISE race < oF 3
PREDICTION PROORAN DATE
rroJECT . 2AE
FORM 2 - POINT SOURCE DATA
POINT SOURCES (MAXIMUN OF 10)
L LA e ,],.."'.5&., “?,‘S}“l.".:‘.ﬁ,, X-COORDINATE | Y-COORDINRTE | Z-COORDINATE
an.f DRIVER|NE w/mn* )1 1 3.2 /sz2 /793 X
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Figure 9.

Site B Worksheets (Page 2 of 2)
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The pile driver working in the distance was assigned a model number of 1
("nominal" data from the literature). The duration of this operation during
the measurement period was factored to a value of 3.2 hours for an 8-hour day.

A barrier was defined for this site to account for the shielding of the
pile driver noise by the S-E Ramp fill. Because this barrier did not shield
the noise from the bulldozer or trucks, it was modelled as behind these sources.
The barrier was represented by four points to account for the horizontal curve
in the ramp. Figure 10 presénts the input data file created by the program
after the information on the worksheets was entered into .the program.

The results of the computer run are shown in Figure 11. The total
8~hour Le at the receiver was 64.3 dBA. The largest contribution was from
the pile driver, 62.4 dBA. The second major source was the bulldozer with a
level of 58.8 dBA.

The measured Leq at this site was 67 dBA, which is 2.7 dBA higher than
the predicted value. Field observations of the pile driver levels showed a
maximum level of 66 dBA, so it appears that the pile driver contribution in
the model is reasonable. The contribution for the trucks in the model seem
low, although this could be attributed to the relatively small number of trucks
when averaged over an hourly Leq value. No emission level data on the trucks

could be gathered because of the lack of access to the top of the fill.

F-18



4408 - THUCK HAUL/DUNMP, I-05 S-5 RAMP; WaST 1RIS Dk.

1

| Y

et €7

FECELIVEKS
X Y Z EX. ATT.(DB/DL) DESCRIPTION
813.¢ -58.90 0.0 0.00 PROCTOR RESID.
PCINT SULUKCES
X ¥ Z LEQ{REF) FREG. SOURCE DESCRIPT ION
1t2.¢C 163.0 45.0 6§73 1SC0 PILE DRIVER 1 NE RAMF/RK TRACK
LINE SOURCES
POINTS FRede: 500 BULLDOZFR 1 CAT bSB
X Y Z LEQ(REF) VEH. DENS.
4%¢.0 110.9 31.90 75.0 0,010C000
562.0 138.0 31.0 0.0 v.000C00C0
PUIANTS FREQ.: 500 TRUCKS CAT 790
X Y 2 LEQ(REF) VEH. DENS.
1074.0 220.0 31.0 68.5 0,0002816
562.0 138.0 31.0 76,0 0.0002816
1074.0 22040 31.90 0.0 0,0C0C000
Abt A SCURCES
BARRIERS
FLIME CESCKIPTICA: SE RAMP ELGE
X ' Y Z
Se.0 0.0 25.0
456.0 138.0 25.0
5%2.0 165.0 25.0
1074.0 243.0 25.0

Figure 10. Site B Input Data File
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44VF - TRUCK bAUL/DUMP, 1-65 S-£ kAMP; WEST IKIS DR.

RECEIVER NUMBER LEG DESCRIPTION

1 64.3 PRCCTOR RESI1C.

CUrYFUMENT CONTRIBUTIONS FOR RECEIVER MNUABER: 1
INDEA INTENSTITY LEVFL SCURCE DESCRIPTION

1 01721172407 62.4 PILE DRIVeR 1 NE RAMP/RR TRACK
1yl 0.79313¢E+06 58.8 BULLDOZER 1 CAT Dsg
1L2 Us34€085E+05 45.4 TRUCKS 1 CAT 796
2Uc¢ UV.19462CE406 52.9 TRUCKS 1 CAT 796

KEY TC INLEX:
X - PUINT SCURCEt, WHERE X Ok XX IS INPUT SEQUENCE # OF POINT SCURCES.
XX
Y»* - LINE SGURCE, WHERE XX IS INPUTI SEQUENCE # OF LINE SOURCES
YYAX AND Y CR YY 1S SEQUENCE  CF POTANTS FLk THE XXTH LINE.
1Y¥Y)Xx - pPhEA SCULRCE, wHERE XX AND YY ARE ANALAGOUS TO LINE SUURCE VARIABLES.

Figure 11. Site B Results File
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4,0 SITE C: 1I-440 CUT SECTION

Site C was located in the northeast quadrant of the I-440/Nolensville
Road interchange. A wide area of earth and rock was being excavated from this
site and hauled to Site B, discussed in Section 3.0. Figure 12 shows a
plan view of this site.

There was a great deal of activity at this site. Nearest to the microphone,
which was located at the end of a dead end street at the right of way fence,
was a major earth excavating operation. Two Caterpillar D8 dozers were pushing
material down from a railroad embankment into the cut section. A Caterpillar
9888 wheeled loader and Caterpillar 983 tracked loader were operating opposite
one another filling Caterpillar 796 trucks. The trucks then hauled this
material away from the site.

About 500 feet away, four compressor/rock drill units were working in
a rock section. All four compressors were made by Gardner-Denver (750/dfm). Two
of these compressors were newer models that appeared to have been buillt
to meet U.S. Environmental Protection Agency standards. The other two were
noisy older models.

As shown in Figure 13, this site was modeled with 10 point sources, two
“non haul" line sources, and one "haul" line source. In addition, an earth
mound fairly close to the microphone shielded the noise from the bulldozers
along part of their line; the mound was thus modelled as a barrier.

The four rock drills were modelled as source type BREAKER, model number 1.
Based on observations of their operations, values for their workday duration
were computed as 1.9 hours, 1.2 hours, 4 hours and 2.1 hours. The two older
noisy compressors were ;assigned model numbers of 1, while the two newer ones
were assigned model numbers of 4. All four compressors operated during the

entire measurement period, so the workday duration for them was 8 hours.
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Tﬁe two loaders were also modelled as point sources because they
operated over a fairly small area. Both were assigned model numbers of 5.

The wheeled loader (Caterpillar 9888) was computed to have a work duration of
5.9 hours, while the tracked loader (Caterpillar 983) was assigned a work
hour duration of 4.8 hours.

Both bulldozers were Caterpillar D8 models, and were therefore assigned
model numbers of 2. The percents of time that the two bulldozers were in
operation during the measurement period were facted to "hours worked" of
4.8 and 5.6, respectively. Both were modelled as '"non haul' line sources,
where each line consisted of two endpoints.

The trucks that were being loaded by the loaders were Caterpillar 796
models, and were thus assigned a model number of 1. The trucks entered the
site through a temporary underpass approximately 700 feet from where they were
being loaded. Their travel path was described by three straight line segments
(four points). When they reached the loading area, they made a 3-point turn
and backed under the loader buckets; this manuever is described by a loop
type of 7. Segment speeds of 20, 15 and 5 miles per hour were assigned to
the three segments as the trucks approached the loading point. Ten trucks
enteréd the site during the 30 minute measurement period, which factored
to an hourly wolume of 20 trucks per hour. Figure 14 shows the coding worksheets
for the site, and Figure 15 shows the formatted input file.

The prediction results for this site are shown in Figure 16. The total
predicted 8-hour Leq at the receiver was 76.5 dBA. Examining the component
contributions shows that many of the sources were major contributors to the total
level at the receiver. While none of the contributions exceeded 70 dBA, seven
of them were between 65 and 70 dBA. The two loudest components were the distant
older compressors. The tracked loader (LOADER 2) was the third highest

contributor (67.9 dBA). BREAKER 3, which ran continuously during the measurement
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period, LOADER 1, and the two bulldozers also had significant contributions.
The least noisy components were the two newer quiet compressors (COMPRESSORS 3
and 4) and the trucks on the haul road. The small contribution from the
compressors was due to their low emission level, while the small contribution
from the trucks was due to their relatively low volume during the period.

The measured Leq at the site for a 30 minute period was 80 dBA. Thus, the
model predicted'3.5 dBA lower than the measurement. As with most measured/
predicted differences, the reason could ‘likely be the emission levels for the
equipment. Because this was a large complex site with many sources of noise,
it would be virtually impossible to make emission level measurements without

interfering with contract operations.
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FHUA HIOMWAY CONSTRUCTION NOISE
PREDICTION PROORAN

FORM 1 ~ TITLE AND RECEIVER DATA

NAN
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PROJEC (%

PROBLEN TITLE (ENTER AS ONE LINE)

YY0c: INTERCHANEE o MO LENSVILLE RD.

NUBBER OF RECEIVERS
(NAXINUM OF 10)

/
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o

DO NOT ™6 ChanACTERS) |X-COORDINATE|Y-COORDINATE E-COORDINATE
{9800
1 £D. @ Roww (o) o (o) (o)

W

FHNR HIOHWRY '::ﬁ"sor':wcnun NOISE :x.z_orI
PREDICTION PRODRAN ORTE_______
PROJECT 440 C
FORN 2 - POINT SOURCE DRTA
POINT SOURCES (MRXINUM OF 10)

PPE | (nREChe Lt [wiBEtes "m*ﬂ..n.:.q., X~CODRDINATE | Y-COORDINATE | E-COORDINATE
Reekar |Roendtic (1)) [/ | 1 | 12 22 978 o
CoMPRESSR | GArD Dén - 01D 1 I 4 12 988 [5)

R kO (1 | 7/ | 1 | 22| ~22 533 0o
CorPRESSR | a ap ~Der- D 1 | 8 | -32 5Y3
BRAKR |gece D (Y] /| 1 g -43 ¢89 o

NPREGR Cae: Dew. New| 1 ~43 499 o

CAKER Rocadhie (18)| / 1 | od./ -33 42y o
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Figure 14. Site C Worksheets (Page 1 of 3)

~r



HICNON

FHMR NIOMMWARY CONSTRUCTION NOISE
PREDICTION PROORAM
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e ~— T o ——
vericres| WETURN Loor i POINT WORBERS i
MOUR, TYPELS) [anoivere) STOPPINOI7) INECELERNTION(S)
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Site C Worksheets (Page 2 of 3)
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Figure 14. Site C Worksheets (Page 3 of 3)
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440C:
1

1C

tr

bl

INTEECHANGE AT NOLeNSVILLE RCAU
RECEIVEEKS
X Y Z EX. ATT.{(DB/LL) LESCRIPT1ON

V.0 0.0 0.0 C.00 END RD. R RCW
PCINT SGUKCES
X Y Z LEQ(KEF) FREG. SOURCE
el 1786.0 2.0 62.8 15C0 EREAKFRK 1
12.¢ 4t6.0 4.0 89.3 1000 COMPRESSOR 1
-22.0 533.0 2.9 0.8 1500 EREAKER 2
~3260 543.0 4.0 89.3 1000 COMPRESSCR 2
=43.0 489,0 2.0 86,0 1%5C0 BREAKER 3
~43.0 459.0 4,90 65,0 10C0 COMPRESSOR 3
-23.0 4z4.0 2.0 83.2 15C0 BREAKER 4
“23.V 434,70 4.0 65.0 1000 COMPRESSCR 4
3540 217.0 6.0 18.7 5C0 LOADER 1
1C0. 0 120.0 6.0 77.8 500 LOADER 2
LINE SCURCES

POINTS FREQs: 500 TRUCKS
X § Z LEJ{REF) VEH. DENS.
2077.0 €41.0 6.0 76.0 0,0C03779
13u.v 544,0 6.0 16,0 0.0005039
120.0 239.0 6.0 63.1 0.0C047¢1

€5. 0 174.0 6.0 16.0 0.,0004761
120.0 239.0 6.0 0.0 0.0000000

PUINTS FREQ.: 500 BULLDOZEK 1
X Y 2 LEQ(REF) VEH. DENS.,
‘tQQO ?600 5-0 75-8 0‘0092051

33.0 141.0 6.0 0.0 0.,0000000

POIMNTS FREQs.: 500 BULLDDZEEK 2
X ¥ Z LEQ(REF) VFH. DENS.
—ﬁb.ﬁ 109-0 6.8 7b-5 0.0085036

33.0 174.0 6.0 .0 0.0C00000
AFEA SCUKCES
EAMK1ERS
PCIN1S DESCKIFTION: EARTH MOUMD
X ‘ Y 2
200 ?500 1200
Figure 15. Site C Input Data File
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DESCRIPTIUN
KCCKDRILL (15)
GARD.=DEN. OLD
ROCKURILL (1o)
GARD.-LEN. CLD
ROCKDRILL (17)
GARD.=DEN. NEW
ROCKDRILL (18)
GARD.=DEN. Nin
CAT 98E8

CAT 983

CAT 796

CAT LS

CAT D8



4400 INTERCHANGE A1 NOLENSVILLE ROAD

RECEIVER AUMBER LEG D«SCR1PTICN

1 Tted FAD RU. & ROW

CLMELAENT CULMIRIBUTIONS FUR RECLIVER NUMBER: 1

IMVEYX INTENSITY LEVEL SCURCE DFSCRIPTION
1 0.208045E407 63.2 BREAKER 1 BRGCKDRILL (15)
2 0.892972E+07 69.5 COMPRESSOR 1 GARL .~DEN. QLD
3 0.105€2CE+07 6002 BREAKER 2 RGCRDKILL (16)
q V.719175F+07 6E.6 CCMPRESECR 2 GARD.-DEN. CLD
5 U.413026F+407 66.2 BREAKER 3 ROCKDRILL (17)
& 0.315156E+05 45.0 COMPRESSOKR 3 GARD.-DEN. NEx
7 Ve 2b87521407 6448 BREAKER 4 RCCKDRILL (18)
H 0417305405 46,2 CCMPRESSCR 4 GARD+~DEN. KEw
9 0.383590E+07 65.8 LOADER 1 CAT 9888
10 U.6173715+07 67.9 LCADER 2 CAT 983
1C1 Ve123756E405 40.9 TRUCKS 1 CAT 796
2C1 0.103229E+06 50.1 TRUCKS 1 CAT 796
3C1 U,4173¢€4E+04 30.2 TRUCKS 1 CAT 796
a1 U.813765E405 465.1 TRUCKSE 1 CAT 796
10 0.476946E+07 66.8 BULLDOZER 1 CAT D8
1¢3 0.346001E+07 65.4 BULLDOZER 2 CAT DB

2

KkY TC 1INDEX:
X - POINT SCURCL, WHERE X ORK XX IS INPUT SEQUENCE # UF POINT SCURCES.
XA
Y»x - LINE SCUPCE, WHERE XX IS INPUT SEQUENCE # COF LINE SUURCES
YYxx AND Y OR Y¥Y 1S SEQUENCE § OF POINTS FOrR THE XXTH LINE.
1¥YXX - AKFA SCURCE, WHERE XX AND YY ARE ANALPGOUS 1IN0 LINE SUUKCE VARIABLES.

Figure 16. Site C Results File
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5.0 SUMMARY AND CONCLUSIONS

Measurements and predictions of highway construction noise were made
and compared at three construction sites for Interstate 440 in Nashville,

Tennessee. The results are summarized below:

Site Measured Leq (dBA) - Predicted-‘Leq (dBA)  Measured-Predicted (dBA)
A 73 70.7 2.7
B 67 64.3 2.7
C 80 76.5 3.5

In all three sites, the measured values were higher than the predicted values.
There are two probable and one other possible reason for these differences.
The two probable reasons are:

- a higher emission level for the major noise contributors than was modelled;

- a lower value for the adjustment made to this emission level to obtain
the work cycle equivalent sound level than was modelled.

The other possible reason could be a difference in the excess attenuation
propagation rate from the sources to the receiver. However for two of the
sites, a conservatively high value of zero decibels excess attenuation per
distance doubling was used.

It is very difficult when collecting data from targets of opportunity, as
these sites were, to make emission level measurements. Emission level data
was obtained for the bulldozer at Site A because of the closeness of the
operation to the right of way, and because the bulldozer was often the only
piece of equipment on the site. As noted in Section 2.0, the predicted
value for Site A could be adjusted upwards 1 dBA based on the emission level
measurements, which would only put the predictions 1.7 below the measurement.
However, at the other sites, emission levels could not be measured without

access onto the site in order to get close enough to the equipment. Even
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then, the equipment in question would have to be tested when the other sources
of noise were not running. As an alternative, the equipment to be tested could
be removed from the site where its noise level could be isclated. 1In either
case special cooperation from the contractor or state highway agency would be
needed.

Determining the adjustment to the maximum level for the work cycle would
be a bit easier than measuring the emission level, but is still difficult.

This determination would be done by observing the average time to complete a
work cycle and the levels associated with each phase of the cycle. However,
when observations are being made at a site such as Site C,‘where there are

13 different noise sources, it is difficult enough to keep track of overall
percent of time in operation for each source without having to make work cycle
observations.

Despite the differences in the measurements and the predictions, the model
performed fairly well. Given the above mentioned possible reasons for differences,
it was encouraging that a site as complex as Site C could be modeled to be
within 3.5 dBA of a measured value.

In conclusipn,'this data makes a positive contribution to the model
validation data base for the HICNOM highway construction noise prediction
model. Further validation is still warranted, especially in the areas of
source emission levels and work cycle Leq adjustments.

For studies during project plamning and design, the model seems to be
a valid analysis tool, accurate to the degree that the input data
assumptions are accurate. Those assumptions can be considerable: what
equipment will be on the site and in what quantity; where will the equipment
be located; how long will it operate; etc. This study does, however, support

the conclusion that if these parameters are known, the model produces good
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predictions. Thus, for example, if abatement measures are being analyzed

while a project is under construction, realistic answers will be obtained,

especially if the engineer is able to obtain specific emission level data

for the equipment under study.
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IV(56,57,73~79,A4,A15-A17,B1,B7,C2)

barrier Iv(3,6,7,14,17,51,54,56,85-B7)

haul lige source IV(14,56,73,80,A4,A13,A14)

line source 1V{3,5-8,17,20,24,28,47,54,56,57),
IV(66,101~103,51,B3,86,87,C2)

noise tarriers IV(65)

ponhaul line source IV(14,28,38,44,50,80,A4),
IV{A9~-Al3)

poiot source IV(3,5-7,14,17,20,22-27,41,47,54),
IV(56-58,65-72,80,102,103 A4 ,AB,A8,B1),
IV(B3,B5,87,C2)

programmer”s manual IV(Bi-B9)
Subroutines IV(4,B1-9)
AREA 1V(6,7),1V(B2,B87,89)
ARTASK IV(4,5,B2,B5,89,C2)
BLOCK DATA 1IV(24,40,46,C1,C2)
BX IV(101,102,B2,B6,B9)
COMMON BLOCKS IV(BB)
CROSS IV(B2,B5,B9)
DATAl IV(B2,B5,BB,B9,Cl)
DATAZ IV(B2,B5,B8,B%,Cl)
DECACC IV(5,B2,B3,B4,B9)
DECODE IV(24,40,46,5,B81,B82,89,C1-C3)
DIFRAC IV(B2,B5,87,89,C1,C2)
EDGES I1V(B2,B7,B9)
ELVER IV(BZ,B3,B4,B9)
GEOM IV(6,7,B2,B4,B9)
GX IV(B2,86,39)
HAULRD IV(5,R2,B3,B89)
LINSRC IV(6,7,101,82 ,B6,B9)
LNBAR IV(B2,B6,B7,89)
LKBLOK IV(B2,B6,B7,B9)
LNTASK IV(4,5,6,B2,B83,B5,B9,(2)
LNWALL IV(7,B2,B6,B9)
LOOP IV(5,B2,B3,B4,B9)
PASSBY IV(5,B2,B3,B4,B9)
PTBAR IV(B2,B5,B7,B9)
PTTASK IV(4,5,B2,B3,B9,C2)
SMALL IV(B2,B7,B9)
validation IV(10)
worksheets IV(17,58)
blank IV(D1~D7)

Form 1: Title and Receiver Data IV(17,19-21,59),

IV(67,74,82,95,D1)

Form 2: Point Source Data IV(17,22-27,59,60,67),

1v(82,83,95,02)

Form 3: "Haul™ Line Source Data IV(17,28-37,68),

Iv(75,83,84,D3)

Forz 4: "Ron-haul” Line Source Data IV(17,38-43),
IV(84,85,D4)
Form 5: Area Source Data IV(17,44~50,75,96,D5)

Form 6: Barrier Data IV(17,51-53,60,96,D6)
Form 7: Data Input Guide IV(17,D7)
Federal Construction Guide Specifications (FCGS)

I11(40)

Federal Highway Administration 111(78,86)

construction site noise data IXI(23)

FHWA Construction Noise Model (see major
heading of same title)

FHWA Highway Traffic Noise Prediction Model
(FHWA~RD~77-108) 1(29,38,46,53,Cl12),
IT1(38),1V(A9,A11~-A13)

Highway Construction Noise: Measurement,
Prediction & Mitigation 111(33,34)

noise standards 11I1(2,43)
policy 1(2,4,2%)
recommepndations I1I(79)
Symposium on Highway Construction Noise
I11(58,73,82,83)
traffic noise tarrier cost data 1I11(73)
Finisher I1X(14,29),I11(22)
Florids X(4),I11(46,50,89)
Flow adjuecment (wee FEHA Construction Noise Model)
Foreign activities ‘
British work 1{7}
Trausportat’ion el Read Research Laboratory
I71(7,33,2%7
equipmeat 1(7,5
European noise

receivers IV(3,4,14,17,19,20,54,56,66,73,101)
HICNOM IV(1,3,4,6,7,10,19,54,55,57,58,101,102),
IV(Al,B1,82 ,B5~B7,B9)
HINPUT IV(1,3-6,54~5B,65,66,69,70,73,76,77,86~89),
Iv(93,101~103,81~B5,B8,B9)
intersctive response IV(1,17,54,58,61-63,66,69),
1v(70,76,77,86-89,97~99)
logical structure IV(3)
adjusted emission levels IV(54)
vehicle densities IV(54)
mintenance menual IV{Ci-C3)
output IV(3,54-57)
data file IV(6)
input data file report IV(54-58,64,65,71,78),

L)
ievion regulations 11I1(59,66)

1IV(90,100) ) ton ©
results report IV(54,55,57,58,64,66,72,79,91), French aolse prn~aduyveS 111(59-61)
1V(92,100) Japan I11(34)
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Model calidbration I(4)
Movies I111(51,52,56)
Mufflers 1(7,9,10),111(15,62,65,69,70,78,79,85,88-91),

I11(94~96,98,99 ,A2 ,A4,B1~B7,B9-B12)
New York City III(19)
Noise abatement I(6-~10),I11(58~101)
community velations 1(6,9),111(58,86,87)
brochure distributed by contractor 1II(Ci~C8)
complaint wechanism 1(9)
cost X(6,9,10),111(70,73,84,86,88,92,95,95,98)
demonstrations 1(6,9),111(88~101)
equipment enclosure XIXI({89,91~94,99-101)
equipment substitution (breakers) III(88)
equipment substitution (compressors)
I11(88,92,985~97)
exhaust system retrofit II11(89,91,92,94,98,99)
equipment noise control I(6,7)
air intake III(61,67)
breakers I(7),I11(69~71,88-90,92,95,96)
cab I11(61,68)
compressor 111(9,88,92,95~97)
cooling system IIX{59,62,65)
design wodifications I(6,7),II1(59,A2)
engine I1I(60-65)
engine casing ITI(66)
engine derating III{61,A5)
engine enclosures II1(Al)
equipment meintenance I(8),I111(59,61,78,79,44)
excavator 1II1(62,63)
exhaust 1(7),111(65,66,89,91,92,94,98,99)
fan I(7,10),I11(60~65)
hydraulic III(61)
londer 11X(62,63)
pile drivers I(7),I1I(IIX(70,71)
retrofitting 1(6,7,10),111(59,62,65,89,91,92),
111(94,98,99,A1-A3)
rock drill I(7),II1(69-71)
saw blade damper 1(7),I11(72,B16~B19)
side panels 1II(Al,A3)
site msintenance I(8)
track 11I1(61,69)
transmission 11I{67)
vibration isclation II1(66-69)
equipment substitution 1(8,9),I1I1{58-72,A4)
noise control incentives 1(6,9),I111(58,85,86)
bonuses 1(9),II1(85,86)
extended working hours I(9),III(85)
noise specifications I(9),111(79,85,86)
site noise control 1(6,8),111(58,72)
equipment enclosure I(8,10),111(71,75,76,89),
I11(91-94,99-101)
equipment loesation I(8),111(76~78)
meterial stockpiles I1I(77)
site mintenance I1I(79)
temporary nolse bsrrier I(8),IT1I(72-75)
traffic nolse bavrrier 1(8),I11(72-75)
strategy modification 1(6,8),111(58,80-83)
equipment sustitution III(80-B4)
task rescheduling I(8),111(80,84,85)
work hour limitations 1(8),I11(85)
Noise barriers
attenuation calculation I(7,12),I1X1(36),IV(Al7),
IV(Al8) (see FHWA Construction Noise Model)
cost data III(73)
measured effectiveness 1(8),I11{73)
prediction example I(32~3B),1V(65,93,94)
temporary I1(8),111(72-75)
traffic noise tarriers 1(8),111(72)
Noise contours IXI({34)

research I{7)

Forklift II(13),11X(4)

Fractional Impact (see noise impact)

Frequency, herte 1{14-15,33,37,46),111(13,64,67),
Iv(27,33,43,49,50,54,56,65,A18,85,C1,C2)

Fresnel number 1(29,33,38,41,46,47,49,B1-B6,B10),
111(7),1V(A18,85,C1)

Fuller, W. R. 111(73,76)

Gantry 1(A4),11(17,51)
General Service Administration (G5A) III(43)
Generator III(9,17,20-22),1V(13,A3)
abstement III(77,83)
nolse level I(14),I11(32,40),IV(16,A7)
prediction example IV(22)
Goff, R. J. I1I(76)
Goodfriend, L. I11(8,83)
Grader I(A1=-A4),11(11,24,26,30,36,46,52,A2,81),
I111(4~6,9,20~22),IV(13,A3)
abatement I11I(80)
noise level I(15),I11(24,28),IV(16,A7)
prediction example 1(24),111(37),1V(22,24,38),
Iv(39,44,55,93,94,96,A1 ,A4)
Grant, C. A. 1(5),I111(B6)
Gray 111(69,70)
Grinder I11(52),111(22,86),IV(13,A3)
abatement III(71)
noise level IIX(32)

Hallwan, P. J. III(17,70,71,81-83) :

Haul road 1(8,18,20,32),11(26,46),111(5,8,12,37,38),
111(44,45,73,77,79),1V(3,4,29,35,36,A1),
IV(A5,A14,B4)

Hush Piling Rig III(71,83)

Bydraulic noise II11(16,78)
characteristics 11I(16)
control IXI(68,A2,A5)

Impact equipment IXI(17)
abatement 111(69-72)

Illinois III(86) )

Industrial Silencer Manufacturer’e Association
(ISMA) III(40)

International Organization for Standardization
(180) 111(40,41)

Jackhammer (see Breaker)

Kamperman, G. W. II1I(62,68)
Kessler, F. M. 111(69,70,73,84)
Kurze, U. J. IV(Al8)

large, J. B. III(87,106)
Length adjustment (see FHWA Construction Noise Model)
Losder 1({24,A3),11(9,11,24,25,37,43,45,A2,B1),
111(5,7~9,20-22,A5),IV(12,A2)
abatement II1(62,64,66~68,A2)
noise level 1(14),111(13,24,27,37,63,82),
IV(15,A6)
prediction example I(32-35,49),I11(38),1IV(22,24)
IV(25,31,38,41,46,47,6567,80,82,83 ,A1,A4)
Ludlow, J. E. I11(106)

Maekawa, Z. E. IV(A17,A18)

Mertin, D. J. IIXI(11,81)

Maryland I1(4,9),111(45,46,49 ,88),IV(B5)

Maxisum sound level (Lmax) III(24~32,35,36,39,42),
IV{AB,A11,A17)

Menn, R. L. III(61,64)

Mixer IIXI(20~22),IV(12,A2)

I-5



Noise emission levels 111(33-33)
Noise impact II1(102-109)
annoyance 111(37,76,84,87,106,107)
fractional impact III(107)
hearing damage 111(103,105,107)
numbér of people I11(105,107-109)
sleep interference 111(103,105,107)
speech interference 111(103,105,107)
Noise level dats I(4),IV(17)
noise reduction 1(6,7,8,9,10,IX1(62~73,79,81,83),
I11(95,96,98,99,101,82-B6,B12-B14,B18,B19)
types 111(108)
cab noise II1(A2)
noise propagation 1(5),111(12,33,36,104,106)
averall level I(5),I1X1(36)
single equipment level I(5),II1(9,18-32,36,42)
Noise measurement I(4~5),111(9)
applications III(51,51)
instrumentatfon III{51-54)
analog tape recording III(51-53,55,57)
digital tape recording 111{51~53,56,57)
sound level meter 11I1(51-53,55)
procedures I{(5),111(18,23,34,35,39-57,92,94)
activity perimeter noise levels 111(56,92)
community noise III(39,43,51,57)
compressors 11I1(&4l)
construction equipment III(41,42,94)
construction site boundary I11(42,43,51,56)
construction specifications I1I1(40)
countrolled single equipment I111(54,92)
earthmoving machinery 11I{42Z)
emission levels I11(42,51)
general practice III{54)
heavy duty vreciprocating engines 1I1X(40)
heavy trucks under statiomary conditions IXI(42)
mxioum sound level I1I(39,43)
operator station III(42)
prneumtic equipment I1I(39)
propagation 1I1(51,54,57)
reciprocating engine intake and exhaust systems
111(40)
sound power levels I1I1I1(39,41)
task operations I11{43,55)
vehicle interior noise levels III(43)
vibration isolatien and sound criteria II1I(40)
gites I(4,9),111(44,74,88,89,97,100)
Noilse Pollution Level I1I1(104)
Noige prediction I(4,5«6),IV{(1~104)
models I(5),I11(33-38)
Construction Site Noise Control Cost/Benefit
Estimating Procedures II1(34)
EPA Construction Site Noise Impact Model
I1I(102-109)
FHWA Construction Noise Model (see mm jor
heading of sawe tile)
Highway Comnstruction Noise Measurement, Predic-
tion & Mitigation I(5),111(33,34)
PANDLE 1T1(37)
Power Plant Copstruction Noise Guide I1(5),
111(18,33-36)
Noise source components 1(4)
impact and power tools 1(4,6,7),I11(17,69)
casing noise I1(4),III(17,70)
exhaust I(4),II1{17,70)
ringing X(4),I11(17,70)
internal combustion engines 1(4,6,7,10),
111(12-17,59,60)
air intake 1(4,7),111(13,16,60)
cooling system III{61)
engine casing I1(4,7),111{13,15,60)

exhaust 1(4,7,9),I11(13-15,60)

fan 1(4,7,10),111(13,14,60)
hydraulic 1{4,7),ITI(13,14,16,60)
intake III(14)

track 1(4,7),111(13,16,60) °
transaission 1(4,7),I11(13,14,16,60)

Occupational Safety and Health Administration
{OSHA) I1I(15,59)
Oregon 1(4,8),1X1(45,48,74)

Page, E. W. M. I11(83)
PANDLE 1I1(37)
Path length difference 1(29,33),1IV(BS5)
Pavement breaker (see Breaker)
Pavement recycler 1I(16)
Paving 1(24,A1,A4),11(5,12,22,28,29,82),
TI1(5,20-22,46)
noise level I(15),X11{32)
prediction example IV(22,24,31,38,44,A4)
Pile driver I1(8,A3),11(4,15,40,41,44,45),
I11(6,9~11,20-22,46),IV(12,A2)
abatement 1(7),111(70,71,82,85
"Benoto” method 11I(82,83)
“English” method I11(82)
drop hammer III(71)
hydraulic I1I(82)
sheet piling 111(71,83)
slit trench method I11(82,83)
vibrating method II(41),I111(82,83)
noise level I{4,14),I11(24,31,36),IV(15,A6)
prediction example IV(22)
Poeumatic wrenches I(A4),11(15,48,50,52),1V(13,A3)
noise level IV(16,A7)
Point source (see FHWA Construction Noise Model)
Fower Flent Construction Noise Guide (See Noise
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Prediction)
Power tools III(5,10,17)
abatement J11(69-72,81)
Programmer “s manual IV(bl~b9)
Pump 1(A3),1I(14,42,43),111(6,8,9,22),IV(12,A2)
abetement 1(10),1X11{89,91-93,99~101)
noise level 1(14},111(32,40),IV(15,A6)

prediction example 1(13,28),IV(22,23,30,55,58,60,65,44)

Reagan, J. A. 1(5,29),111(86)
Research, noise control I1I(6l)
Ripping 111(3,20)
Rock drill I{Al1),11(14,15,24,25,27,38,43,82),
I11(9,10,19-22),1Iv(12 ,42)
abatement 1(7),111(69,70
poise level I(4,14)
prediction example I1I11(38),IV(25,93~95,A1)
dampened moils 11X1(69,70)
Roller (see Compactor)
Ronk, L. A, IIX(108)
Rudny, D. F. I11(64,66,67)

Savw blasde dampers I(7),I11(72,B16~B19)
Schomer, P. D. 111(18,76,80,82)
Seraper 1(A1),1X(9,26,A1,B1),1X1(5,7-9,11,12,20-22),
IV(13,A3)
abotement 1(10),I11(89,98,99)
noise level I1(4,15,53),111(24,25,55,82),IV{i6,A7)
prediction example I(18),I11(37),IV(28,38,A1)
Segment adjustument (see FEWA Construction Hoize Hodel)
Shovel I(Al,A4),11(9,10,26,40,46,A1),111(5,9,20)
Society of Automotive Engineers (SAE)
III(18,19,41,42,54)
Solani, A. V. III(11,81)



Sound Power 11I(34,39,41)

Sound exposure level (SEL) II11(24,26-28,30)
Sutherland, L. C. I1I(17)

Spreader I(Al,A4),11(29,52),111(5)

Standard Metropolitan Statisticsl Area 111(103)
Stephenson, N. J. II1(13,62,68) '

Stressing Jecks II(16,51)

Tamper I(A1,A3),11(14,27,42,45),IT1(6)
sbatement I1I(71,B10,B11)
Taywood Pilemaster III(83)
Texas III(19)
Texas Instruments TI-59 calculator 1(40,41,48),
I(B1,C8~C12)
The Frediction of Noise From Roed Comstruction
Sites (see Noise Prediction) 111(6,34)
Thomes I111(62,68)
Track noise 111(16,17,78,79)
characteristics III{16)
control 111(69,A2,A4)
Tractors 1(Al),11(8,9,27),111(9,19,20~22,102,108,A5)
abatement IIX1(66,A2)
noise level III(83)
prediction example IV(80)
Transmission noise IXI(16)
control 111(67,68)
Transport and Road Research Laboratory (see
Foreign activites)
Trencher 1I(13),111(5,9,20,46)
abatement III1(BO)
Truck I(Al=-A&4),1I1(12,15,24~30,36,37,40,43,45,46),
1I(48,52,A3,A4,B2),111(4,5,7-9,12,20-22,44),
I11(107,108),IV(13,A3)
abatement 1(8),111(60,78,A1,B4~B7)
noise level 1(4,15,19,53),111(24,26,32,55,82),
IV(16,47)

prediction example 1(18,32-38),111(37,38),
1v(25,28-32,38,41,55,65,66,68,73,75,78),
1v(80,83,41,44)

Usage factor (see FHWA Construction Noise Model)
data III(33,34,81)

USDOT Quiet Truck Program II11(65,66,68)

Utah 11¥I(C1-C8)

Vibration 1(8),I11(10,13,16,18,40,66-68,78)
Virginia I(9),II1(19)

Welder I(Al,A3-24),1I1(14,27,41,44,45,48,50,51),
111(6,9,20-22),IV(13,A3)
noise level I{15)

Wellpoint 11(39),111(8,89,101)

Wyle Research 1I11(23,73,81)








