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FOREWORD

The U.S. Army Construction Engineering Rescarch Laboratory (CERL) conducted this
study for the Directorate of Military Construction, Office of the Chiel of Engineers (OCL),
under Project A476720A968, “*Pollution Control Technology™: Task 03, *Environmental
Quality Technology’ for Operation and Construction of Military Facilities™; Work, Ustit
002, **Construction Site Noise: Specitication and Control.™ The QCR number is J;M‘.
The OCE Technical Monitor was Mr. D. Spivey, DAEN-MCC-('. s

The report is the result of a joint effort by Dr. Fred Kessler of Dames and Moore (main
contractor); Dr. Robert Chanaud of Enginecring Dynamics, Inc.; Mr. Eugene Rosendahl
of General Electric TEMPO; and Dr. Paul Schomer of CERL's Acoustics Team, Environ-
mental Division (EN).

Dr. R. K. Jain is Chief of EN, and Dr. Paul Schomer is Leader of the Acoustics Team.
COL J. E. Hays is Commander and Director of CERL, and Dr. L. R. Shaffer is Technical
Director.
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CONSTRUCTION-SITE NOISE CONTROL
COST-BENEFIT ESTIMATION TECHNICAL
BACKGROUND

1 InTRODUCTION

Background

Noise is a pollutant generated by construction ac-
tivity. This pollution may interfere with activities such
as watching television, listening to radios or recorded
music, or carrying on conversations. Noise can affect
the ability to concentrate or to perform mental or in-
tricate manual tasks. Although often of short duration,
construction noise, because of its level and character, is
more than simply a minor annoyance or irritation. Many
Federal agencies such as the U. S. Environmental Pro-
tection Agency (EPA), the Federal Highway Adminis-
tration (FHWA), and the General Services Administra-
tion (GSA), in addition to the Department of the
Army and others, have recognized the need to reduce
construction noise.

A recent CERL publication on construction noise
proposed specifications for limiting noise emitted from
construction activities." These proposed specifications
are applicable to all military construction. To comply
with these specifications, it might be necessary to use
unconventional construction methods, quieter con-
stiuciion equipment, or other noise-control measures.
The implementation of necessary noise-control meas-
ures may require that the contractor incur additional
material, labor, and equipment costs.

Purpose

The purpose of this report is to examine the cost-
benefit(s) of construction site noise control and to pro-
vide the rationale and data in support of a companion
interim report.? Users of the companion report may
refer to this report for detailed data used in the devel-
opment of the estimating procedures.

'p. Schomer and B. Homans, Construction Noise: Speci-
fication, Control and Mitigation, Technical Report E-53/
ADA010629 (U.S. Army Construction Engineering Research
Laboratory [CERL], April 1975).

2F. M. Kessler, et al., Construction-Site Noise Control
Cost-Benefit Estimating Procedures, Interim Report N-36
(CERL, January 1978).
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Approach

Two construction-site noise models have been de-
veloped for this study. The first method considers the
construction activity noise as emanating from a rela-
tively small area and radiating considerable distances.
An alternative model was developed which computes
the average noise level contours around the construc-
tion activity. The second model. developed by Dr.
Chanaud and his associates, was used to check the first
and simpler model. The results indicate that the simpler
model is satisfactory for the noise-estimating procedures
needed by contractors and cost-estimating prodecures
needed both by contractors and cost estimators. Both
models are discussed in Chapter 2. Details of the second
model including computer programs are provided in
Appendices A through D.

The basis for the noise-reduction benefit analyses
are field noise measurements made by CERL at Fort
Hood and Fort Carson. The Fort Hood noise data have
been presented in CERL Interim Report N-3.3 The Fort
Carson results are discussed in Chapter 3.

Noise-control methods and their associated costs are
discussed in Chapter 4, with an emphasis on equipment
modifications. Some discussion of the use of barriers
and equipment substitution is also included. Detailed
discussions of process noise control have been reported
in CERL Interim Report N-3.

Chapter 5 contains data which support the develop-
ment of Table 6 of the companion manual. Detailed
equipment and operating costs are provided for the
scenarios used in the estimating manual. The chapter
concludes with a discussion of the actual phases and
cumulative costs observed at Fort Hood. A computa-
tion of feasible equipment noise control, if applied
there, discloses that increased construction costs would
amount to less than 1 percent for a 10-decibel reduc-
tion in construction-site noise.

Conclusions are provided in Chapter 6. A reference
list is also included and contains all the documents
used in developing this report plus some additional re-
ports which may be of interest.

3p. . Schomer, et al., Cost Effectiveness of Alternative
Noise Reduction Methods for Construction of Family Housing,
Interim Report N-3/ADA028922 (CERL, July 1976).
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Appendix E contains equipment models, their noise
levels, and other miscellaneous information. Appendix
F presents an alternative cost estimating procedure; it
is very detailed and is based on construction trade doc-
uments.

Mode of Technology Transfer

This report provides background information to a
companion report, Construction-Site Noise Control
Cost-Benefit Estimating Procedures, Interim Report
N-36 (CERL, December 1977). Information in the
companion report can be disseminated by OCE as a
Technical Bulletin.

2 CONSTRUCTION-SITE NOISE MODELS

Basic Model

The model used in this study is similar to one devel-
oped for the U.S. Environmental Protection Agency
(EPA). Use of the model yields an estimation of the
average sound level, Ley, emitted from a construction
site. The model is simple to use and reasonably accurate.
With the model, one may evaluate the noise emitted
from construction sites as a result of construction
equipment operating at present noise levels or future
quieted levels.

Required Equipment Data
To apply the model, the following data must be
known:

1. Equipment Schedule—-A list of the types and
numbers of equipment used during each construc-
tion scenario

2. Equipment Noise Levels—Noise levels for each
equipment type used are needed. The maximum
A-weighted sound level produced by the equip-
ment and the distance at which the measurements
were made

3. Usage Factors*—The fraction of time the equip-
ment is operated in its noisiest mode.

*For example, the usage factor relates to the time a back-
hoe is digging with its engine at full load and producing near-
maximum noise levels. It does not relate only to the time of
instantaneous high noise produced by extraneous noise sources
such as blade-to-rock impact (Figure 1).

In the course of a typical work cycle, construction
cquipment spends part of its cycle idling or preparing
to perform a task. During some part of its work cycle,
the level of the noise the machine emits is higher than
at any other time Since L is an average value repre-
senting the total sound energy emitted during the period
of interest, the maximum sound level and the duration
of maximum noise as a fraction of the total period must
be known to determine the equivalent (energy average)
sound level emitted by the machine during a total work
period: for example, a typical work day. The fraction
of this period that the equipment operates in its noisiest
mode is designated as the Usage Factor (UF). The usage
factor is considered to be the product of two compo-
nent elements, an operating factor (F,) and a utiliza-
tion factor (F,); UF = F; X F,. The operating factor
is that portion of the typical work cycle during which
the equipment emits its maximum noise. This factor
is illustrated in Figure 1 where F; = T, /T,. Three pos-
sible time-varying modes of equipment noise emission
are possible.

Mode 1: The equipment works cyclically; for ex-
ample, a backhoe or front-end loader may
generate maximum sound while trenching
but significantly less sound while using its
loader.

Mode 2: The equipment moves throughout the site.

Mode 3: An operation is performed sporadically,
possibly only once during the observation
period.

The utilization factor is that portion of the work
period (e.g., 8-hr work day) that the equipment is on
the site and is being used. Thus, the utilization factor
considers the number of work cycles for the equipment

NOISE LEVEL

TIME (F)

Figure 1. Operating factor (F, ) of determination of T, .




during typical operations over the work period. Figure
2 illustrates possible time histories applicable to each
mode. The utilization factor is then multiplied by the
operating factor to yield the usage factor.

Stationary equipment may not be operating, may be
idling while other preparatory activities are in process,
or may be operating at full load (and maximum noise
level). These operations may be repeated often during
a typical construction day.

Mobile equipment may be operating at maximum
noise levels for a short duration; an example is a front-
end loader while loading. The equipment (the loader)
may travel a considerable distance to place this load.
At a receiver, sound levels drop significantly as the
loader leaves the scene even though the source noise
level has not diminished.

Operating factors and utilization factors are best de-
termined from measurements at a construction site
where operations similar to those at the site under study
are occurring. Data on usage factors for various con-
struction sites are sparse.

Description of Model

Construction-site noise levels are estimated for each
construction phase of activity. The construction-site
noise is calculated by adding applicable construction
equipment average noise levels and extrapolating these
levels to the locations of interest.

If the major dimensions of the construction area are
small compared to the distance from the site to the
noise-sensitive land-use area considered (in a 1:5 ratio),
the noise produced by the equipment can be assumed
to be emanating from a point at the center of the site.
The noise from all the equipment is normalized to a
common distance and then summed as:

1
= Lpi/10
Leg = 10l0g ¥ UF; X N, X 10"F:
1

where

L

oq " Average noise level of all equipment

UF, = usage factor of equipment type i

N, = number of units of equipment type i

Lp; = maximum sound level of equipment type i.

The resulting sound level is then extrapolated to the
site boundary or various noise-sensitive land-use areas
assuming hemispherical spreading.

For large sites which cannot be treated as point
sources, the average noise level for each equipment unit
must be individually extrapolated to the land-use area
considered, and the resulting average sound levels (Leq)
are then added to obtain the total value.

These procedures are even further complicated if
the equipment moves appreciable distances on the site,
as is the case for dump trucks or earth-moving equip-
ment which transfer material from one location to an-
other. If the equipment path length is comparable to
the distance from the noise source to the observer, then
the construction operation cannot be considered sta-
tionary. Equipment movement can be classified into
several categories.

MODE 1 (STATIONARY)

M
el

T,

TIME

NOISE LEVEL

MODE 2 (MOBILE)

NOISE LEVEL

TIME
MODE 3 (SINGLE EVENT)

T
e .
U F=T'l—

Total

-
w
>
w
-l
w
wv
o
z

Figure 2. Usage factor—examples of the
evaluation of F; and UF.
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Category 1: Equipment moves from one point on a
site to another. The transit time is short and the equip-
ment spends most of its time stationary.

Category 2: Lquipment moves in a simple, pre-
dictable pattern from one point on the site to another.
The equipment spends the majority ot its time moving,

Category 3: Liquipment moves in a randoni or coni-
plex path, spending part ol the time in motion and part
of the time stationary.

The first category is dealt with by assuming that the
equipment spends all of its time at different site loca-
tions. Transit time is ignored. The equipment is con-
sidered individually for each location at which it oper-
ates. The equipment usage factor is adjusted to reflect
the operations at the separate locations. A separate
usage factor is used for subsequent calculations for each
location.

Calculations for Category 2 are somewhat more
complex. Equipment is considered a point source if the
distance between the source and receiver is at least
three times the major dimension of the source. To apply
the calculation technique presented below for Category
2 mobile operations, the distance between source and
receiver must be at least threc times the length of the
path over which the equipment traveis. {f" the source
moves in a complex path, then the longest straight-line
distance between two points on the path is used for
this criterion. Equipment operations which meet this
criterion may be treated as a stationary point source at
the “acoustic center” of the path. Figure 3 presents the
assumed “‘acoustic center’’ for a number of different
typical paths. It is assumed that the equipment moves
along the defined path at a relatively constant speed
throughout its work cycle. With the “acoustic center”
having been selected, the computation is accomplished
in the same manner as for the fixed sources.

Very little site noise is generated by equipment
operating throughout the site in a random manner.
Thus, for Category 3, mobile operations, little error is
introduced by assuming that the equipment noise em-
anates from the approximate geometric center of the
construction activity.

Computer Models

Alternative construction-site noise models were de-
veloped. These models calculate noise contours of equal
equivalent energy levels (Leg) equal to 55 and 65 dB.
There are five models, each based on progressively sim-

pler equations and more assumptions. Model 1 is a base
model where L__is expressed as a function of any num-
ber of vehicles and vehicular paths. Model 2 is a simpli-
fication of Model 1 in which the motion of each vehicle
is represented by its mean position. Model 3 assumes
that cach vehicle is a point source radiating noise at the
acoustical center of the site. Madel 4 turther simplifies
construction noise by representing the time-vanying
cliaracteristics ol noise emitted from cach vehicle by
the maximum sound level and vehicle usage factor. This
model is similar to the basic construction-site model
discussed in Chapter 2. Model 5 is a modification of
Model [ which includes the effects of attenuation by
barriers. These models and their governing equations
are discussed in Appendix A. To simplify the computa-
tional procedure required of each model, computer
programs were developed and are listed in Appendix B.
The accuracy of replacing vehicle motions by single
point sources is discussed in Appendix C. Equations
used in the computation of barrier effects and their
applicability are discussed in Appendix D.

CONSTRUCTION-SITE NOISE
MEASUREMENTS

Much of the procedure presented in the companion
manual is based on data acquired at construction sites
located on two Army military bases: Fort Hood, TX,
and Fort Carson, CO. Data relating to the construction
of 1000 family housing units at Fort Hood can be found
in CERL Interim Report N-3.* Data on the construc-
tion of barracks at Fort Carson are presented below.

Measurement Locations

Noise levels were measured at eight locations near
different construction activities. The locations and the
construction activities are presented in Table 1. A map
of these locations is shown in Figure 4. A list of the
construction equipment at each location and their
noise data are presented in Table 2. Sound-level meas-
urements at Fort Carson were chosen to minimize the
number of measurements acquired while maximizing
the information obtained. Each measurement location
was at the boundary of a work area (or at a similar lo-
cation) at which a particular construction phase was in
progress.

‘p. D. Schomer, et al., Cost Effectiveness of Alternative
Noise Reduction Methods for Construction of Family Housing,
Interim Report N-3/ADA028992 (CERL, 1976).
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Table 1
Description of Measurement Locations
at Fort Carson Construction Site

Location Activity

Sewer Construction, Backfill, and Compaction
Parking Lot, Grading, and Site Preparation

Near Building Site, Grading, and Site Preparation
Stockpile, Clearing, Grading, Site Preparation
Near Building Site, Grading, Site Preparation,
Compaction

Near Building Site, Grading and Site Preparation
Masonry Site, Building Erection

Near Building Site, Grading, Site Preparation,
Compaction

NS W -

0 =

= =
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: l”""h“}
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Note: Locations 2, 4, and 7 are not covered by this map.

Figure 4. Noise measurement locations.

Data Acquisition

The energy average sound level, Leq, for each con-
struction activity was calculated from measurements
made either manually or by tape recording.

Manual Method
The procedures for measurement of construction-

site boundary sound levels were those recommended

by the Society of Automotive Engineers (SAE).® The

SSAE Recommended Practice: Measurement Procedure for
Determining a Representative Sound Level at a Construction
Site Boundary Location, Draft 6 (Society of Automotive Engi-
neess, 1975).

measurements provide an estimate of the equivalent
sound level Leq. The method is described in detail in
CERL Interim Report N-3.

Tape Recording and Analysis Method

An alternate sound-level measurement and analysis
procedure consists of recording the sound on magnetic
tape. Such measurements were conducted simultane-
ously with the manual acquisition of data. This method
is also described in CERL Interim Report N-3.

Results
A summary of the measured equivalent sound level
at each work area is presented in Table 3. Comparison




Location
No.

Type of
Equipment
Backhoe
Front-knd Loader
Tamper

Scraper (2)
Grader
Water Truck

Bulldozer
Grader
Grader
Scraper
Backhoe

Scraper (3)
Scraper (2)
Water Truck
Pick-Up Truck

Scraper
Grader
Dozer

Water Truck

Grader
Scraper (2)
Dozer

Water Truck

Forklift
Forklift

Saw
Saw

Portable Air
Compressor
Front-End Loader

Scraper (3)
Scraper (2)
Grader
Grader
Dozer
Compactor
Water Truck

Table 2
Estimated Energy Equivalent Sound Level at Various Locations—Fort Carson

f'quipment Modet
Name and/or No.
Drott SO

CA'lT 988
Koehring D1000

CAT 633C

CAT D8H
CAT 120
CAT 12F

ID 860A
Koehring 466

JD 860A
CAT 633C

Ford

JD 860A

CAT 12F

CAT D8H (with
sheepsfoot)

CAT 12F

CAT 633C

CAT D8H (with
sheepsfoot)

White

Warner and Swasey
1200

Clipper Bricksaw-
matic

Cardinal Concrete
Saw )

Leroi Dresser 160

Vermeer Dutchman

JD 860A
CAT 6336
CAT 120
CAT 12F
CAT D8H
CAT 815

Maximum Sound
Level dBA @ 50 ft
(15 m)

84

88
96

86
88
89

83
84
93
76
80

89

86
89

88
83
96

83
96

89

82

80
88
84

83
96

89

Operating
lactor
.29
A0
S8

.35
.32
a9

S
.34
.29
.14
.21

.33
.35
19

43
.19
A2

.74
19
.70

.04

.20

.28
43
19
.90

.70

Equivalent Sound
Level l@q «B)
@501t (15m)

78.6
78.0
93.0

84.0
83.0
82.0

75.0
79.0
88.0
67.0
73.0

89.0
81.0
82.0

84.0
76.0
87.0

82.0
82.0
94.0

75.0

74.0

89.0
82.0
84.0
82.0
94.0

A st




Table 3 |
Summary of Equivalent Sound Levels Calculated from |
Measured Sound Data at Representative Site Boundary

of results from the SAE and tape-recording measure-
ment procedures reveals that most of the Leq values
obtained by both methods agree to within +2 dB. At
location 7, the agreement is within 4 dB. The discrep-
ancies between the equivalent sound levels from the
two methods are greatest when the construction activity
produces noise which is impulsive in nature, such as
hammering and sawing. The agreement between the
Leq calculated by the two procedures is best when the
construction activities produce relatively constant
sound levels, such as grading or earth removal.

The measured results compared with values calcu-
lated using the construction-site noise model. (The
model is described in Chapter 2.) The results are pre-
sented in Table 3. The comparison indicates that
values calculated from the construction-site model are
within 5 dB of the values obtained by tape recording.

Equipment Cost

The cost of specific construction equipment used at
the eight Fort Carson sites is listed in Table 4. These
costs were used as baseline information in the develop-
ment of the cost-benefit estimating manual. They were
estimated from information contained in the U.S.
Army Corps of Engineers North Pacific Division’s
Equipment Ownership and Operating Expense Schedule.

NOISE-CONTROL METHODS AND
ASSOCIATED COSTS

For construction activities near residential areas and
other noise-sensitive land uses, construction noise should
be kept to levels as low as possible. Construction noise
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Locations, Fort Carson, CO
Calculated Loq (dB)

SAE Computer Controlled Construction

Location Procedure Analysis Procedure Noise Model
1 73.0 72.3 72.0
2 62.3 64.0 67.0
3 727 74.5 73.0
4 599 61.6 66.0
5 71.4 704 70.0
6 71.2 73.1 75.0
7 68.4 64.9 67.0
8 74.3 74.2 79.0

can be reduced by either using quieter construction
equipment or cinploying other noise-control methods.
The most commonly used noise-control methods are:

1. Equipment Modification

2. Noise-Control Barrier Installation
3. Equipment Substitution

4. Scheduling.

Use of one of the above methods to limit construc-
tion-site noise is an additional cost to the construction
project. The added cost for each noise-control method
is almost proportional to the amount of noise reduction
needed. The cost associated with each noise-control
method is discussed in the following sections.

Equipment Noise Control
Survey of Manufacturers

Equipment manufacturers were contacted by letter
(by Dames and Moore) and asked to provide noise-
control and related cost data. Twenty-eight manufac-
turers were contacted for the 64 different pieces of
equipment present at the Fort Hood and Fort Carson
construction sites. Information on similar and easily
interchangeable equipment was also requested. Requests
for additional information were also sent to manufac-
turers contacted previously during the preparation of
CERL Interim Report N-3. A list of the manufacturers
is given in Table 5. A copy of the letter sent appears in
Figure 5. An equipment noise-control cost data sheet
was prepared to assist manufacturers in providing the
requested information. A copy of the data sheet is
presented in Figure 6.




Location
No.

Measurement Locations, Phases of Construction, and Equipment Present

Description

Sewer Construction
by Building 58

Parking Area

Fill Site by

Building 81

Stockpile

Fill Site by
Building 60

Fill Site by
Building 58

Masonry Site

Fill Site by
Building 58

Table 4

at Fort Carson Housing Construction Site

Phase of
Construction
Backfilling,
Compaction

Grading, Site
Preparation

Grading, Site
Preparation

Clearing,
Grading, Site
Preparation

Grading, Site
Preparation

Grading, Site
Preparation,
Compaction

Erection

Grading, Site
Preparation,
Compaction

Type of
Equipment

Backhoe
I'ront-End Loader
Hand Tamper

Scraper (2)
Grader
Water Truck

Bulldozer
Grader
Grader
Scraper
Backhoe

Scraper (3)
Scraper (2)
Water Truck
Pick-up Truck

Scraper

Grader

Bulldozer (with
sheepsfoot roller)

Water Truck

Grader

Scraper (2)

Bulldozer (with
sheepsfoot roller)

Water Truck

Forklift

Forklift
Saw

Saw

Portable Air
Compressor
Front-End Loader

Scraper (3)
Scraper (2)
Grader
Grader
Bulldozer
Compactor
Water Truck
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Equipment Model
Name and/or No.

Drott 50
CAT 988
Koehring

Cat 633C

CAT D8H
CAT 120
CAT 12F

JD 860A
Koehring 466

JD 860A
CAT 633C

Ford

JD 860A
CAT 12F
CAT D8H

CAT 12F
CAT 633C
CAT D8H

Warner and Swasey
1200

White

Clipper Bricksaw-
matic

Cardinal Concrete
Saw M352E

Leroi Dresser 160

Vermeer Dutchman

JD 860A
CAT 633C
CAT 120
CAT 12F
D8H

CAT 815

Estimated
Equipment Cost/Unit ($)

35,000
175.000
1,200

235,000
50,000
129,400

130,000
50,000
61,000
94,500
80,000

94,500
235,000
129,400

5,000

94,500
61,000
130,000

129,400
61,000
235,000
130,000
129,400
25,000

25,000

8,000
30,000

94,000
235,000
50,000
61,000
130,000
70,000
129,400
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Table §
List of Manufacturers Contacted

Mr. W. E. Bueche
Allis-Chalmers

P.O. Box 512

Milwaukee, Wisconsin 53201

Mr. Ray C. Broce, President
Broce Manufacturing Company
S. Highway

Box 580

Dodge City, Kansas 67801

Mr. D. D. Lipson, Sales Manager
Cardinal Engineering Corp.

100 Barren Hill Road
Conshohocken, Pennsylvania 19428

Mr. David Abbott, Vice President
and General Manager

J.1. Case Company

700 State Street

Racine, Wisconsin 53404

Mr. D. P. Burks, General Manager
Drott Manufacturing Company
Division of J.1. Case Company
Box 1087

Warsaw, Wisconsin 54401

Mr. David E. Starcher
Vibramax Corporation
Division of J.1. Case Company
5324 Distributor Drive
Richmond, Virginia 23225

Mr. Walter Tempas

Sales Engineering AB2C
Caterpillar Tractor Company
Peoria, Illinois 61629

Mr. J. E. Hall

Challenge-Cook Brothers, Inc.
15421 E. Gale Avenue
Industry, California 91745

Mr. James C. Huntington, Jr.
Clarke Equipment Company
P.O. Box 31

Buchanan, Michigan 49107

Mr. Robert J. Gerstenberger,
Vice President

Deere & Company

John Deere Road

Moline, Illinois 61265

Mr. L. E. Elliott, Products Manager
LeRoi Division, Dresser Industries
320 Russell Road

Sidney, Ohio 45365

Mr. V. T. Ward, General Manager
Dumont Machinery, Ltd.

163 Carlingview Drive

Rexdale, Ontario, Canada

Mr. L. H. Hobson, Customer Service Manager
Essick Manufacturing Company

1950 Santa Fe Avenue

Los Angeles, California 90021

Mr. Ralph E. Keidel
Euclid, Inc.

22221 St. Clair Avenue
Cleveland, Ohio 44117

Mr. Frank J. Strand, Assistant to the
President and Technical Director

FMC Corporation. Crane and Excavation
Division

1201 Sixth Street, S.W.

Cedar Rapids, lowa 52406

Mr. Robert D. Strawser, President
Hyster Company

Construction Equipment Division
Box 289

Kewanee, Illinois 61443

Mr. Joseph A. Windel, Vice President
Ingersoll-Rand

200 Chestnut Ridge Road

Woodcliff Lake, New Jersey 07075

Mr. John W. Barnett, Vice President
Ingram Manufacturing Company
P.O. Box 2020

San Antonio, Texas 78297

Mr. J. L. Adams, Vice President

International Harvester Company

Pay Line Division, Construction Equipment
Sales

600 Woodfield Avenue

Schaumburg, Illinois 60172

Mr. Orville R. Mertz, President
Koehring Company

780 North Water Street
Milwaukee, Wisconsin 53201

Mr. Ken Handa
Komatsu-American Corp.

555 California Street

San Francisco, California 94104

Mr. G. E. Willis

The Lincoln Electric Company
22801 St. Clair Avenue
Cleveland, Ohio 44117




Table 5 (Cont’d)
List of Manufacturers Contacted

Mr. K. M. Ligare, Sales Manager
Miller Electric Manufacturing Co.
718 S. Bounds Street

Appelton, Wisconsin 54911

Mr. I'rederick W. Dalton. President
Poclain

3401 Tidewater Trail
I'redericksburg, Virginia 22401

Mr. Alan J. Stone, President

Stone Construction Equipment, Inc.
32 E. Main Street

Honeoye, New York 14471

These contacts were followed up by telephone calls
to confirm data received and to request additional in-
formation. Approximately 75 percent of the manufac-
turers contacted responded to the requests. A summary
of the responses, presented in Table 6, indicates that
costs of noise control are not readily available from
manufacturers. Most manufacturers produce noise-
control features as standard equipment. The cost of
these features on new machinery cannot be easily iso-
lated from the cost of other improvements. In addition,
only a limited number of equipment items are available
with optional noise control features for which noise-
control costs are directly related to the purchase price.

Published Data

Most of the construction equipment at Fort Hood
and Fort Carson can be grouped into four categories:
(1) trucks, (2) wheel and crawler tractors, (3) pneumatic
impact tools, and (4) air compressors.

In its program to regulate construction noise, the
EPA conducted extensive studies on the technology
and economics of quieting construction equipment in
these categories. As a result of these studies, data on
noise control methods and their costs for these types
of construction equipment were published. These data
were based on literature searches, manufacturers sur-
veys. inquiries, and other communications with the in-
dustry.

Trucks. This category of construction equipment in-
cludes diesel- and gasoline-powered heavy and medium
trucks, concrete mixers, water trucks, and dump trucks.

Mr. J. B. O’Keefe
Thomas Equipment, Ltd.
Box 130

Centerville, NB, Canada

Mr. Klaus Wacker, Executive
Vice President

Wacker Corporation

3808 West Elm Street

Milwaukee, Wisconsin 53209

Mr. R. N. Franz, Vice President
Worthington Compressors, Inc.
Construction Equipment Division
57 Appleton Street

Holyoke, Massachusetts 01040

Studies conducted by International Harvester® have in-
dicated that the primary noise sources of trucks are the
cooling fan and the exhaust system. For a truck passby
noise level of 88 dBA at 50 ft (15 m), the noise contri-
bution from each noise-generating component is as
follows:

Noise Sources Noise Level (dBA)

Couoling fan 86
Exhaust system 83
Engine 78
Air intake )
Others 71

The estimated costs of quieting trucks to meet levels
of 81 dBA, 78 dBA, 76 dBA, and 73 dBA are presented
in Table 7. The percent increase in truck prices required
if gasoline and diesel trucks were to meet these levels
is presented in Table 8.

Wheel and Crawler Tractors. The basic construction
equipment in this machine category are dozers and
loaders. These tractors, when equipped with different
attachments such as dozer blades, loader buckets, leg
clamps, backhoes, rippers, block tines, side booms, and
forklifts, may be converted into dozers, loaders, graders,
backhoes, scrapers, shovels, or other equipment.

E. E. Landis, International Harvester's Approach to Diesel
Truck Noise Reduction, paper presented at the National Con-
ference on Noise Control Engineering, October 15 to 17, 1973.




July 14, 1976

Mr. W. E. Bueche
Allis-Chalmers

P.O. Box 512

Milwaukee, Wisconsin 53201

Dear Mr. Bueche:

Thank you for your response to our inquiry of
February 12, 1975. Dames & Moore has again been retained by
the U.S. Army Corps of Enainecers Construction Engineering Re-
search Laboratory (CERL) to further study the cost-benefit of
construction eguipment nolse control as it relates to construc-
tion site noise. We have developed a model of construction
site noise which utilizes construction eguiprent sound levels
and usage factors. Our desire, at the end of the study, is to
obtain information on the cost of reducing site sound levels
by

a) reducing equipment sound levels,
b) changes in the construction process.

We are directing our efforts to family housing construction be~-
ing undertaken at Fort Hood, Texas and Fort Carson, Colorado.
Field measurements are being made there and compared with en-
gineering analysis.

The following list of Allis-Chalmers equipment
are operated at Fort Hood and Fort Carson construction
sites:

Scraper 260B
Grader M65
Backhoe 918
Bulldozer 7G

Wwe would appreciate any information you could forward us on
present sound levels, feasible future quieted sound levels,
and the estimated added cost to the purchaser or leaser of
this quicted equipment and other easily interchangeable
equipment.

We have prepared an equipment information sheet to
assist you in responding with the needed data. We would very
much appreciate your completing the information sheet for
equipment indicated above and other similar equipment. We
would also appreciate your sending us any related sales bro-
chures. If you have any questions, please do not hesitate to
contact us at 201-272-8300.

Your earliest assistance in this matter would be
greatly appreciated.

Very truly yours,

DAMES & MOORE

Brown K. Yue
Project Manager

cc: Dr. P. Schomer-CERL

Figure 5. Sample of letter sent to manufacturer.
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EQUIPMENT INFORMATION SHEET

Equipment name:

Model No:

Principal use:

Suggested retail price:

Equipment Sound Level
Describe test procedure and mode of operation:

———

Sound level is dBA ¢ feet.

List noise control devices included as standard equipment
e.g. muffler, etc.

a.
b.

a

d.

e.

List optional noise control equipment available (e.g. engine
shroud, etc.) and additional price.

Optional Eguipment Price

i

Indicate sound levels of the product with optional
noise control equipment (if available).

Equipment Sound level (dBA)
a. e feet
b. e feet
c. e feet
a. e feet
.. e feet
Describe test procedure for above .
Preparer

Telephone No.

Figure 6. Data response sheet provided to manufacturers surveyed.
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Table 7 .
Estimated Increase in Prices for Quieted Medium and Heavy Truch

Engine 77 dBA Engine 73 dBA 74 dBA Engine
K| Fan 73 dBA Fan 70 dBA 70 dBA Fan 1
e 8 Exhaust 73 dBA Exhaust 69dBA OR 69 dBA Exhaust
s i Air Intake 72 dBA Air Intake 69 dBA 65 dBA Air Intake
ENGINE MODEL TRUCK| %5 All Others 70 dBA AllOthers 70 dBA 70 dBA All Others
TYPE % o TOTAL 80.6 dBA TOTAL  77.5dBA  71.5 dBA TOTAL
9
i - -
Fan | Exhaust | Engine | Cab | Intake | TOTAL| Fan | Exhaust |Engine| Cab [ Intake| TOTAL Fan | Exhaust
Gasoline - 55.1% | al bl $35 | a2 b2 a1 [ $180 ) b2
1 L4, -, L =
Mediumduty Modtian s10 | s2s $25 | ss0 $100 | s5 $50 | 550
75-77 dBA 2 H 102% | 3 bl = ‘s . 135 | a2 b2 - a1 | el | gyg9 a3 b2
- o ki s110 | s25 ' s125 | $50 s100 | s 5200 | $50
Diesel- 2 stroke, naturally aspirated
Heavy duty - . bl = d1 c 00|82 b2 2 a2 | e | seas a3 b2
Manufacturer A aid 7 Is1o | ss0 $100 52 $125 | $155 $400 | s5 $200 | $155
78-79 dBA
Diesel -4 stroke, naturally aspirated Medi 0.79% al bl R d2 ) 65 a2 b2 ¥ d3 e2 $1010 a3 b2
: Medium duty A $10 | 855 $500 o $25 | $105 $850 | $30 s50 | s105
4 Manufacturer B al bl d2 a2 b2 d3 e2 a3 b2
21 A = - 51110
3 83-85 dBA Hesvy | S2% Jono| sss $500 $665 | §125 | s10s $850 | $30 $125 | s10s
E Diesel-4 stroke, turbocharged
Heavy duty H 6 al bl B d2 . a2 b2 .l a2 e2 $760 a3 b2
Manufacturer B e 0% Lsio| sss - $400 $565 | s125 | si0s $500 | $30 $125 | 105
81-83 dBA
Diesel—4 stroke, turbocharged
Heavy duty s al bl i a1 v a2 b2 i a1 ez ilkesng a3 b2
Manufacturer C s 8% sio| s30 $100 $240 | §12s | sss $200 | $30 $200 | 855
76-78 dBA
: Diesel -4 stroke, naturally aspirated | . 1. 02 al | b1 x ariL a2 | b2 & a2 | e | g5 a3 | b2 8
Medium duty sdwa | 029 1 ovo | g5 $100 $165 1 535 | sios $500 | $5 $50 | $108
Manufacturer D al bl d1 a2 b2 @2 | e a3 b2
H 1.91 £ E _ $735
80 dBA ok % lsio| sss $100 $265 | 125 | s10s $500 | 85 5200 | $105
Diesel—4 stroke, turbocharged
Heavy duty 1.5 al bl i d1 = a2 b2 s d1 e2 60 a3 b2
i Manufacturer D Hey % 1si0 | sss $100 $265 | 5125 | s10s s200 | s30 | ** $200 | $10§
76-78 dBA :
Diesel2 stroke, 12 cylinder
Heavy duty 0.9% al bl S8 W0 L a2 b2 ! d2 el 785 a3
Manufacturer A o 9% lsio| sso $200 $39 | 125 | siss sso0 | ss | ° $200
79-81 dBA
4 Diesel-4 stroke, naturally aspirated | \/. 4. 0.10% al bl W d1 A 140 a2 b2 cl d1 el 460 a3
Medium duty ik $10 | $30 $100 $ s25 | sss | s17s | s200| ss | ® $50
Manufacturer E al bl d1 a2 b2 cl d1 el a3
H 0.67% £ y 240 $560
78-79 dBA o $110 | $30 $100 $ $125 | $ss | s175 | s200 | s5 $200
e Diesel—4 stroke, naturally aspirated
g Heavy duty 0.47% al bl u d1 o 4 a2 b2 cl d1 el 60 a3
Manufacturer C Heayy $110 [ $30 $100 $240 | 125 | sss | si7s | s200 | ss | %S $200
78-79 dBA
k Diesel—4 stroke, naturally aspirated
1 Heavy duty 0.225% | a1 bl . d1 5 a2 b2 cl d1 el a3
Manufacturer F i $110 | 55 $100 $265 | g125 | si0s | s200 | s200 | ss | % $200
78-79 dBA
Diesel-4 stroke, naturally aspirated Medi 0.02% al bl 3 d1 i 165 a2 b2 cl d1 el 4 a3
3 Medium Duty S $10 | 855 $100 s s25 | s10s | siso | s200] ss | 348 $50
5 Manufacturer G al bl d1 a2 b2 cl a1 el a3
H 0.15% = = 265 585
d 78-79 dBA ol $110 | 55 $100 ¥ s12s | si0s | siso | s200| ss | ® $200
4 Diesel—4 stroke, turbocharged
Heavy duty 0.015% al bl - = = 4 a2 b2 Es d1l el a3
- Manufacturer H e ; $110 | $30 $140 | g5 | sss si00 | ss | 28 $200
75 dBA
(1) Medium Duty and Heavy Duty refer to the severity of service AVERAGES AVERAGES
for the engine, not to the weight class of the truck. Medium Gasoline = $35 Medium Gasoline = 180
(2) Engine levels are for engines inside the truck as measured Heavy Gasoline = 135 Heavy Gasoline = 280
according to SAE J366b test procedure. Medium Diesel =426 Medium Diesel =865
Heavy Diesel =387 Heavy Diesel =715
*Background Document for Medium and Heavy Truck Noise Emission Regulations,
EPA-550/9-76-008 (U.S. Environmental Protection Agency [EPA], March 1976).
A
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Table 7
in Prices for Quieted Medium and Heavy Trucks*

N O N A D g W w6 o

{

‘Me 73 dBA 74 dBA Engine 71 dBA 72 dBA Engine 68 dBA
Fan 70 dBA 70 dBA Fan 64 dBA 64 dBA Fan 64 dBA
- Exhaust 69dBA OR 69 dBA Exhaust 69 dBA 69 dBA Exhaust 65 dBA
Air Intake 69 dBA 65 dBA Air Intake 65 dBA 65 dBA Air Intake 65 dBA
All Others 70 dBA 70 dBA All Others 70 dBA 65 dBA All Others 65 dBA
TOTAL 77.5 dBA 77.5 dBA TOTAL 75.6 dBA 75.1 dBA TOTAL 72.6 dBA
Air Air Air
Exhaust | Engine | Cab | Intake | TOTAL Fan | Exhaust | Engine Cab | Intake | TOTAL Fan | Exhaust | Engine Cab | Intake | TOTAL
b2 i d1 - $180 a3 b2 cl d1 €2 $330 a3 b3 . d2 e2 $665
$50 $100 $S $50 $50 $100 $100 $30 $50 $260 $325 $30
b2 dl el a3 b2 cl dl e2 a3 b3 d2 e2
- 280 4. - 1
$50 s00| ss | ° s200 [ sso | sw00 | s100 | s30 | ¥ | s2000| s260 sa2s | s |
b2 - d2 el 3 b2 d2 e2 a3 b3 d3 e2
$685 & - 137
$155 $400 $S $200 $155 $500 $30 8883 $125 $365 $850 $30 S0
b2 d3 e2 a3 b2 d4 e2 a3 b3 cl d4 e2
- 1010 - 4
$105 $850 | $30 3 $50 $10S $1075 $30 $1260 $50 $315 $275 $1075 $30 L
b2 d3 e2 a3 b2 d4 e2 a3 b3 cl d4 e2
- 1110 - 182
$105 $850 | $30 A $125 $105 $1075 $30 TEAE $125 $315 $275 $1075 $30 S1820
b2 d2 e2 a3 b2 d3 e2 a3 b3 da4 e2
- 7 - - 4
$105 $500 | $30 w60 $125 105 $850 $30 SELO $125 $315 $1075 $30 81543
b2 di e2 a3 b2 da2 e2 e3 b3 d3 €2
e 1 2 s 27
$55 $200 | $30 0 $200 $55 $500 $30 $785 $125 $265 $850 $30 S0
b2 d2 el a3 b2 d2 e2 a3 b3 d4 e2
- - - 47
$105 $500 $5 $63s $50 $105 $500 $30 3685 $50 $315 $1075 $30 S0
b2 d2 el a3 b2 a2 e2 a3 b3 d4 e2
- 73 - - 1
$105 $500 $5 LES $200 $105 $500 $30 ViR $125 $315 $1075 $30 31345
b2 £ dl e2 a3 b2 27 d2 e2 a3 b3 n d3 e2
$105 $200 | $30 Gl $200 $105 $500 $30 Lkt $125 $315 $850 $30 31320
b2 d2 el a3 b2 cl d2 e2 a3 b3 d4 e2
- 78. - 54
$155 $500 $5 ATes $200 | S$155 $200 $500 $30 3105 $125 $365 $1075 $30 283
b2 cl dl el a3 b2 d2 e2 a3 b3 d3 e2
460 - 4
$55 $175 $200 $S ’ $50 $55 $500 $30 3635 $50 $265 $850 $30 SIS
b2 cl dl el a3 b2 d2 e2 a3 b3 d3 e2
561 - &
$55 $175 $200 $5 i $200 $55 $500 $30 aes $125 $265 $850 $30 il
b2 cl di el a3 b2 d2 e2 a3 b3 d3 e2
$55 $175 $200 $5 s $200 $55 s $500 $30 Uik $125 $265 $850 $30 Sz
b2 cl dl el a3 b2 d2 e2 a3 b3 d3 e2
stos | s200 [ s200| ss | %% | s200| stos | | sso0| s30 | B | 5125 | sns ssso | s3o | 1320
b2 cl dl el a3 b2 d2 e2 a3 b3 o d3 e2 5
$105 $150 $200 $5 F183 $50 $105 $500 $30 SE82 $50 $315 $850 $30 Wil
b2 cl dl el a3 b2 d2 e2 a3 b3 d3 e2
25 $105 $150 | $200 $5 L $200 $105 Jr $500 $30 At $125 $315 $850 $30 Sis20
{
b2 dl el a3 b2 dl e2 a3 b3 d2 e2
- - 4 i
855 sioo | ss | 8 | s200| sss s200 | s30 | 5 | s200 | s26s sso0 | sk | °%°
E AVERAGES AVERAGES AVERAGES
3 Medium Gasoline = 180 Medium Gasoline = 330 Medium Gasoline = 665
Heavy Gasoline = 280 Heavy Gasoline =480 Heavy Gasoline =815
Medium Diesel = 865 Medium Diesel = 1059 Medium Diesel =1624
Heavy Diesel =715 Heavy Diesel =976 Heavy Diesel = 1454

e e el i




Table 7 (Cont’d)
Key to Noise Treatments and Costs for Table 7*
Code for Aot :
SYSTEM Noise . Description of Increase in Truck Purchase Price
Treatment Noise Control Treatment
Fan al Improved fan and fan shroud design. $ 10 - Design substitutes for similar equipment.
Thermostatically controlled fan clutch $110 - Design substitutes ($10) plus net increase for replacing
on heavy trucks to allow removal of radiator shutters with fan clutch ($100).
radiator shutters. 1
a2 Advanced system with improved fan $ 25 - Net price increase for replacing radiator, fan and fan ;
design, fan shroud and radiator design. shroud with ones of improved design.
Includes fan clutch on heavy trucks. $125 - Improved radiator, fan and fan shroud ($25) and fan clutch ($100).
a3 Best system possible using available $ 50 - Radiator, fan and fan shroud of improved design ($25) and
technology ; includes larger radiator larger fan and radiator ($25).
which requires redesigned cab on $125 - Radiator, larger fan and fan shroud of improved design ($25), and
heavy trucks. fan clutch ($100). Costs for larger radiator and redesigned cab
are included in cab treatment d3 or d4.
$200 - Radiator, fan and fan shroud of improved design ($25), larger
fan and radiator ($25), redesigned cab ($50) and fan clutch ($100).
Exhaust bl Best of presently available mufflers $25-75 - Net price increase for replacing existing mufflers. Depends on
and seals for exhaust leaks. unmuffled noise level; on 4-stroke engines $25-50 and on 2-stroke
engines $75.
b2 Advanced mufflers better than present- $50-150 - On 4-stroke engines; net increase for advanced mufflers, twice
ly available on 4-stroke engines; increased for best available mufflers ($25-75), depends on
manifold muffler and best of available unmuffled noise level.
mufflers on 2-stroke engines. Seals
for exhaust leaks.
b3 Best system possible using available $260-360 - Advanced mufflers ($50-150) depending on unmuffled noise
technology; includes advanced level), manifold muffler ($150), muffler jackets ($30) and
mufflers, exhaust seals, double-wall insulated double-wall exhaust piping ($30).
piping and muffler wrapping. For diesel trucks, add $5 for exhaust gas seals.
Engine cl Engine quieting kits - close fitting $150-275 - For Diesel engines, estimates based on engine manufacturers’
covers and isolated or damped prices for available kits.
exterior parts - supplied by engine $100 - For Gasoline engines.
manufacturer.

Cab dl Underhood treatment, such as acoustic $100-200 - For Diesel trucks; based on truck manufacturers’ estimates.
absorbing material, side shields and Depends on needed noise reduction; 2-3 dBA ($100) and 4 dBA
recirculating panels. ($200).

$50-100 - For Gasoline trucks.
d2 Underhood treatment and underpan. $400-500 - For Diesel trucks; underhood treatment ($100-200) plus underpan
($300).
$275-325 - For Gasoline trucks.
d3 Partial (open front and back) engine $850 - Partial engine enclosure ($775) and special engine mounts ($75).
enclosure and special engine mounts. Includes costs for larger radiator and redesigned cab.
d4 Full engine enclosure and special $1075 - Average of truck manufacturers’ estimates for full engine
engine mounts. enclosure ($775-1300) and special engine mounts ($75).
Includes costs for larger radiator and redesigned cab.

Air el Improve air intake design. $ 5 - Design substitute for similar equipment.

Intake e2 Air intake silencer and improved air. $ 30 - Air intake silencer ($25) and design substitute for similar
equipment ($5).

*Background Document for Medium and Heavy Truck Noise Emission Regulations, EPA-550/19-76-008 (EPA, March 1976).
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Table 8
Percent Increase in Truck Prices*

Average

Truck

Type of Truck Price
Medium gasoline $ 5,836
Heavy gasoline 11,613
Medium diesel 7,360
Heavy diesel 25,608

Average for all trucks

Percent Increase in Price
Associated with Given Truck Level

81 dBA 78 dBA 76 dBA 73 dBA
0.6 3.1 5.6 11.4
1.2 24 4.1
5.8 11.8 14.4
1.5 2.8 38
1.0 3.0 4.9 9.2

*Background Document for Medium and Heavy Truck Noise Emission Regulations,

I'PA-550/9-76-008 (I:PA, March 1976).

In general, wheel and crawler tractors are powered
by diesel engines. Many of the engine-related noise
sources for such equipment are very similar to those of
a diesel-engine truck. Primary differences are associated
with the location of the noise sources and the shielding
provided by the vehicle body. Also characteristic of the
noise emission is noise from tracks and operational at-
tachments. The major noise sources are identified as:

Cooling fan

Engine casing

Exhaust system

Air intake

Transmission

Hydraulics

Track (for crawler-ty pe machines).

The contributions of these noise sources to the total
vehicle noise level as a function of engine horsepower
are shown in detail in a forthcoming EPA publication.”

The techniques used to achieve an overall reduction
in equipment noise include:

Partially enclose engine
Improve exhaust muffler
Add air intake silencer

Install muffler on hydraulic lines

"Background Document for Wheel and Crawler Tractor
Noise Emission Regulation, U.S. Environmental Protection
Agency (in preparation).

Install flexible hose on hydraulic lines
Enclose hydraulic pumps, lines, and valves
Isolate engine from frame

Isolate panel covers from frame

Damp panel covers

Enclose transmission

Replace noisy hydraulic pumps

Improve cooling air fan

The estimated material costs and labor associated
with these noise abatement techniques for different
equipment horsepower classes are presented in Table 9.
Details are available in the forthcoming EPA publica-
tion.®

Pneumatic Impact Tools. Such equipment includes
paving breakers, rock drills, tampers, and sheet pile
drivers. Data relating to equipment sound level, pur-
chase price, and cost of noise control from a manufac-
turers survey are available in EPA documents to be
published soon.

Air Compressors. The U.S. has measured and studied
air-compressor noise extensively in its development of
air-compressor noise regulations. Measurements made
on standard and silenced air compressors are presented
in Tables 10 and 11, respectively. A summary is pre-
sented in Figure 7. The estimated increases in list prices
for air compressors to meet levels of 76 dBA, 75 dBA,
74 dBA, and 73 dBA are presented in Table 12.

sBackgrolmd Document for Wheel and Crawler Tractor
Noise Emission Regulation, U.S. Euvironmental Protection
Agency (in preparation).
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Table 9
Estimated Initial Capital Cost of Retrofit Noise Control on Diesel-Powered Mining Equipment*

Less than 100 hp ___100-200 hp Greater than 200 hp

Material Labor Material Labor Material Labor
Method for Noise Reduction Costs Hours Costs Hours Costs Hours Comments
Partial Fngine Enclosuy $150 40 180 o0 3220 Ll Manutacturer's estimate and

stmilar construction tor tiucks
Install muttler(s) with sealed 215 8 oo 1 Ss0 1o Advertised prices
connectors on exhaust

Install silencer(s) on air intake $ 35 2 $ S§§ 4 $ 65 5 Advertised prices
Install muftler(s) on $ 15 3 $ 35 6 $ 45 12 Advertised prices

hydraulic lines

Install flexible hose on $ 10 2 $ 2 4 $ 30 6 Advertised prices
hydraulic lines

Fnclose hydraulic pumps, $ 15 4 $ 45 12 3 65 16 From similar construction for ]
lines, and valves tractors ]
Isolate engine from frame $ 50 6 $ 60 12 $ 80 16 Manufacturer's estimate ]
Isolate panel covers from $ 20 8 $ 30 12 $ 40 16 Product literature
frame }
Damp panel covers $75 8 $100 12 $125 16 At $2.00/sq ft ($22.00/m?)
Enclose transmission $100 35 $115 50 $135 60 From similar construction for |
tractors ‘
Replace noisy hydraulic $ 45 3 $150 8 $200 12 Advertised replacement price ‘
over original price |
Improve cooling air fan $ 30 24 $ 40 32 $ 45 40 From similar construction for |
performance trucks

*W. N. Patterson, et al., Noise Control of Underground Mining Equipment, Publication ]
PB 243-896 (National Technical Information Service [NTIS |, January 1975). |

Table 10
Noise Levels of Standard Compressors
Using the CAGI/PNEUROP Measurement Method*

Average Noise Level (dBA)
, Manufacturer Model SIN Ctm' 4ft (1m) 231t (7m)* :
E Atlas Copco VT85Dd ARP203149 85 94.8 814
3 Atlas Copco ST-48 51-232751 160 96.6 83.3
: Atlas Copco ST-95 51-274977 330 91.9 80.2
| Jaeger E RC32032 85 92.5 81.5
Jaeger A RS32189 175 98.9 88.2
: Ingersoll-Rand DXL750 77380 750 98.6 87.7 -
Ingersoll-Rand DXL900 75847 900 97.9 89.9
Ingersoll-Rand DXLCU1050 75613 1050 100.8 90.2
Ingersoll-Rand DXL1200 74430 1200 103.0 92.6

*Background Document for Portable Air Compressors,
EPA-550/9-76-004 (EPA, December 1975).

1 1 cfm = 35.31 m*/min
*Includes overhead measurement point

30




Table 11

Noise Levels of Silenced Compressors

Using the CAGI/PNEUROP Measurement Method*

Manufacturer Models S/N (Tm*
Atlas Copeo VS85 ARP203903 8S
Atlas Copco STS35Dd ARPS50924 125
Atlas Copco VSS125Dd 51-345060 125
Atlas Copco VSS170Dd 51-235072 170
Worthington 160G/2QT 821478 160
Gardner-Denver SPHGC 629717 185
Gardner-Denver SPQDA/2 608227 750
Worthington 750QTEX 848-019 750
Ingersoll-Rand DXL900S 73693 900
Ingersoll-Rand DXL900S 74050 900
Ingersoll-Rand DXL900S 74051 900
Ingersoll-Rand DXL900S 740471 900
Gardner-Denver SPWDA/2 635851 1200

*Background Document for Portable Air Compressors,
EPA-550/9-76-004 (EPA, December 1975).

1 ¢fm = 35.31 m*/min

+ :
Includes overhead measurement point

Table 12

Average Noise Level (dBA)

4ft (1m)

89.0
85.5
81.0
83.9
84.5
87.0
86.1
84.0
82.4
82.0
83.1
82.4
84.1

Estimated Portable Air Compressor List Price Increases
by Major Engine/Capacity Class and All Models*

Percent Increase in Price

SPL Diesel Diesel
Target Below + Above
(at 7 m) Gasoline 251 cfm 250 cfm
76 dBA: 8.5% 1.0% 11.4%
75 dBA 10.3 8.2 12.1
74 dBA: 12.1 9.6 13.0
73 dBA 14.2 10.9 139

*2 dBA tolerance
*3 dBA tolerance
Tl cfm = 35.31 m*/min

*Background Document for Portable Air Compressors,
EPA-550/9-76-004 (EPA, December 1975).

-’.

All
Models

10.0%
11.1
12.3
13.6

23t (Tm )’

15.8
73.5
70.1
70.2
74.2
717.1
78.2
74.7
76.0
75.1
75.3
75.0
73.7
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Barriers

An effective site noise-control technique is the use
of barriers. Barriers shield an observer from a noise
source in much the same manner as they shield an ob-
server from a light source. The placement of a barrier
between a source and an observer increases the mini-
mum distance the sound has to travel to reach the ob-
server (around the barrier). It is assumed that the con-
tribution over the top of the barrier (and not through
or around it) controls the noise levels reaching the ob-
server. Noise attenuation from barriers is discussed in
detail in CERL Interim Report N-3.

Plywood Barriers

Solid fences of plywood are commonly constructed
around the perimeter of a construction site to prevent
unwanted entry, to shield neighbors from flying debris,
and to reduce noise. To be effective as a noise barrier,
the fence should be made of plywood at least 3/8 in.
(10 mm) thick and properly constructed to avoid leaks
or cracks. Plywood is usually found on a construction
site, so its cost as an additional material is nominal.
Other sturdy material such as wood planking or sheet
metal reinforced by wood lathing can be used in its
place when these materials are more readily available.

A barrier of plywood construction costs approxi-
mately $650 per 100 m? (1000 sq ft).

Stockpile

Material stockpiles on a construction site can be used
as shielding either by proper placement of materials
around noise or by placing machinery behind material
storage area. Any material can be used and can, if
needed, be covered or draped with sound-absorbing
material (matting) to reduce reflectivity and increase
sound absorption. Lumber can be placed to provide
shielding, if necessary, or can be used to plug gaps in
other types of shielding. This method is simple, mobile,
and effective. The cost is nominal, since the material
will be eventually used on-site in the construction pro-
cess.

Earth Berms

At most home construction sites, earth is moved,
the site is physically changed, and the earth is redistrib-
uted. The removed fill can be used on-site to form an
earth fence or berm which can reduce noise emissions
from the site. Earth from road excavation, foundation
excavation, or high-spot excavation can be placed on
the perimeter of the site or between noise-sensitive areas
and the construction activity. The earth should be piled
as high or higher than a fence or other site enclosure:

3.0 to 4.5 m (10 to 16 ft), if possible. The earth berm
can be used as the foundation for a plywood barrier,
thus increasing its effective height and reducing the
amount of plywood needed. Planning beforehand is
essential.

Equipment Substitution

The selection of processes or equipment to perform
various tasks, based upon their noise emissions, is one
method of achieving noise reduction. A single, large
picce of equipment used in place of several small units
may do the job and result in reduction of the average
site noise level. One type of equipment can be selected
in preference to others to perform a task because of
its lower noise cmissions and/or higher efficiency. For
example, a scraper can be used instead of a loader for
earth removal, since scrapers have large capacities and
are usually quieter than loaders. Wheeled vehicles can
be used in place of track vehicles because of their lower
noise.

The cost associated with this noise control option is
variable. A method of selecting substitution scenarios is
outlined below. A procedure for estimating the cost
associated with a given equipment mix is presented in
Appendix F.

Table 13
Average Minimum Sound Level Difference
Required Between the Permissible Total
Site Sound Level and Each Vehicle’s Sound Level

Total Number Sound Level
of Vehicles Difference
1 0
2 3.0
3 48
4 6.0
5 7.0
6 7.8
7 8.5
8 9.0
9 9.5
10 10.0
11 104
12 10.8
13 11.1
14 11.5
15 11.8
16 12.0
17 12.3
18 12.6
19 12.8
20 13.0




The total site sound level at 15 n (50 ft) which
will comply with the regulation at the nearest land use
is calculated. Table 13 is used to determine the average
minimum sound level difference between the total site
sound level and each vehicle’s sound level. The permis-
sible sound level for each vehicle is then calculated as

where L = permissible sound level of vehicle at 15 m
(50 ft)

L, = permissible site sound level at 15 m (50 ft)
A = average minimum sound level difference.

The difference between L, and the actual sound level
produced by the equipment unit is the noise reduction
for each equipment unit necessary to bring the site into
compliance. Those equipment units requiring noise re-
duction (as calculated above) should be replaced by
equipment having lower noise levels. Since some equip-
ment may produce lower maximum noise levels but
have higher usage factors, it is important to compare
average noise levels (L eq).

Scheduling

An effective noise control method is the proper
scheduling of noisy activities. Scheduling as a noise
control measure will not decrease the total noise energy
emitred during the duration of construction activity
however, it may reduce annoyance to people at nearby
noise-sensitive land-use areas. The most commonly ap-
plied scheduling methods involve allocating construc-
tion activities over the following periods:

1. Time of day
2. Day of week
3. Season of year

Other scheduling methods include controlling the
duration of construction activities and conducting noisy
operations simultaneously. These methods are discussed
in detail in CERL Report N-3.

The cost associated with scheduling methods cannot
be designated on a general basis. It is very site specific
and even project specific. Construction schedules gen-
erating the least annoyance are usually not the quickest
way to complete an operation. In situations where an
operation has to be completed in a timely manner, this

method cannot be applied or the incurred cost will be
exorbitant. However, in other situations—for example,
road construction in a business district —construction
activity scheduled during nighttime or a weekend period
will not only reduce annoyance but will increase effi-
ciency as well.

B COST-BENEFIT ANALYSIS

Construction Scenarios

This cost-benefit analysis is based on construction
activities at Fort Carson and Fort Hood. Measurements
at these two sites indicate that the grading, backfilling,
trenching, and foundation phases of construction emit
the most noise. Several construction scenarios relating
to these activities have been selected for this study.
Construction scenarios and the equipment used for
each scenario are listed in Table 14. This table also in-
cludes the estimated cost for unquieted equipment.
Equipment noise levels and site noise level (Leq) for
each scenario are presented in Table 15. The noise data
and cost data in Tables 14 and 15, respectively, are
used as baseline information for this cost-benefit analy-
sis.

Costs relating to quieting construction site noise
levels by 3 dB, 6 dB, and 10 dB are summarized in Table
16. These costs are estimated from the cost informa-
tion on equipment noise control presented in Chapter
4. The cost ¢f noise control is presented as a percentage
increase in equipment cost as well as a percentage in-
crease in construction cost. The relationships between
equipment cost and construction cost are based on av-
erage ;:ost data published in Building Construction Cost
Data.

Cost-Benefit Analysis Example

This example is based on actual construction of mili-
tary barracks at Fort Carson, Colorado, and costs related
to those construction activities. The cost of construction
with noise abatement is estimated by determining the
present cost of construction without noise abatement
and then estimating the added cost for noise control,

9Bm’lding Construction Cost Data, 33rd Annual Edition
(Robert Snow Means Company, Inc., 1974).
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Table 14
Construction Scenarios

Construction

Scenario Equipment Quantity

Road Grading Grader 1

Water Truck 1

Scraper 2

Site Grading Scraper 1

srader 1

Tractor 1

Street Grading and Grader 1

Compacting Flat Roller 1

Rough Backfill Scraper 1

Scraper 3

Water Truck 1

Site Backfill Loader 1

Scraper 2

Grader 1

Water Truck 1

Ditching Backhoe 2

Filling the Trench Loader 1

Backhoe 1

Sheet Piles Sheet Pile Driver 2

Truck 1

Mobile Crane 1

Air Compressor 1

Concrete Batch Plant 1

Preparation Loader 1

Concrete Truck 2

Concrete Concrete Truck 1

f‘ootings Concrete 1

Vibrator
Air Compressor 1

Construction Without Noise Control

Construction cost data in the form of a computer
analysis of time and cost schedules are available from
Corps of Engineers site engineers. A chart showing con-
struction activity by tasks from August 1975 to April
1976 is presented in Figure 8. This chart indicates that
most of the earth work took place during the latter
part of 1975, when the CERL acoustics team conduc-
ted field noise measurements. Construction costs in
terms of cost per day and the cumulative costs for the

35

Estimated Total
Purchase Purchase
Model Price/Unit ($) Price ($)
CAT 120 50,000 50,000
129,400 129,400
CAT 633C 235,000 470,000
649,400
JD860A 94,500 94,500
CAT 120 50,000 50,000
CAT D8H 130,000 130,000
274,500
CAT 120 50,000 50,000
Ingram 30,000 30,000
80,000
CAT 633C 235,000 235,000
JD860A 94,500 283,500
129,400 129,400
647,900
CAT D8H 130,000 130,000
CAT 633C 235,000 470,000
CAT 12F 61,000 61,000
129,400 129,400
790,400
Koehring 466 80,000 160,000
CAT 988 175,000 175,000
Drott 50 35,000 35,000
210,000
1,200 2,400
20,000 20,000
100,000 100,000
7,000 7,000
129,400
130,000 130,000
37,000 74,000
37,000 37.000
1,200 1,200
7,000 7,000
45,200

same period are presented in Figures 9 and 10, respec-
tively.

Construction With Noise Control

Construction activity during November 1975 to
February 1976 (12th to 25th week) was selected to
illustrate the cost of site noise control. During this
period, numerous activities occurred on the site in-
cluding installation of sewers, demolition, filling and
grading, and fabrication and delivery of electrical equip-
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Table 15
Construction Scenario Noise Data

Construction
Scenario Equipment Quantity
Road Grading Grader 1
Water Truck |
Scraper 2
Site Grading Scraper 1
Grader |
Tractor |
Street Grading and Grader l
Compacting Flat Roller 1
Rough Backfill Scraper 1
Scraper 3
Water Truck 1
Site Backfill Loader 1
Scraper 2
Grader 1
Water Truck 1
Ditching Backhoe 2
Filling the Trench Loader 1
Backhoe 1
Sheet Piles Sheet Pile Driver 2
Truck 1
Mobile Crane 1
Air Compressor 1
Concrete Batch Plant 1
Preparation Loader 1
Concrete Truck 2
Concrete Concrete Truck
FFootings Concrete
Vibrator
Air Compressor 1

*Based on actual measurements

ment and material. The cost data relating to these con-
struction activities are presented in Table 17. The total
construction cost incurred during that period is esti-
mated to be $551,000, which includes approximately
$159,000 for labor costs, $198,000 for equipment,
$105,000 for material, and the contractor’s overhead
costs and profit. This cost does not include the fabrica-
tion and delivery of electrical equipment and material,
which took place primarily off site.

The application of site noise abatement will increase
construction cost (Table 18). It is estimated that for

Total

Ly Operating Leq Site Log
at 15m (50ft)* Factor* at 15m (50 ft) at 15m (50ft)

88 .32 83.1
89 .19 81.8
86 .35 84.5 88.0
88 43 84.3
83 .19 75.8
96 12 86.8 90.0
88 232 83.1
84 .6 81.8 85.5
86 .35 81.4
89 .33 84.2
89 .19 81.8 87.4
96 12 86.8
86 .19 81.9
83 .74 81.7
89 .19 81.8 89.7
80 21 76.2 76.2
88 .10 78.0
84 .29 78.6 81.3
88 2 84.0
83 .03 67.8
88 .03 72.8
82 1.0 82.0 86.4
95 1.0 95.0
89 4 85.0
81 1.0 84.0 95.7
81 1.0 81.0
88 .5 85.0
82 1.0 82.0 87.8
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site noise levels to be reduced by 3 dB, 6 dB, and 10
dB, total construction cost for the period would in-
crease by approximately $1,000, $1,700, and $4,700,
respectively. These costs represent increases in construc-
tion cost of approximately .18 percent, .31 percent,
and .85 percent, respectively.

The above analysis assumes that site noise levels are
reduced by using quieted equipment. It is anticipated
that the use of plywood barriers to achieve similar site
noise reduction would be more costly because of the
dispersed nature of the construction activities.
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Table 16

Costs Associated With Noise Reduction
of Construction Scenarios

Construction Scenario:

Total Equipment Cost ($)

Liquipment Cost/Construction Cost* (%)
Noise Reduction
Cost to Quiet ($)
Percentage of Equipment Cost (%)
Percentage ot Construction Cost* (%)

Construction Scenario:
Total Equipment Cost ($)
Equipment.Cost/Construction Cost* (%)
Noise Reduction
Cost to Quiet ($)
Percentage of Equipment Cost (%)
Percentage of Construction Cost* (%)

Construction Scenario:
Total Equipment Cost (§)
Equipment Cost/Construction Cost* (%)

Noise Reduction

Cost to Quiet ($)

Percentage of Equipment Cost (%)
Percentage of Construction Cost* (%)

Construction Scenario:
Total Equipment Cost ($)
Equipment Cost/Construction Cost* (%)

Noise Reduction

Cost to Quiet ($)

Percentage of Equipment Cost (%)
Percentage of Construction Cost* (%)

Construction Scenario:
Total Equipment Cost ($)
Equipment Cost/Construction Cost* (%)

Noise Reduction

Cost to Quiet ($)

Percentage of Equipment Cost (%)
Percentage of Construction Cost* (%)

Construction Scenario:
Total Equipment Cost ()
Equipment Cost/Construction Cost* (%)

Noise Reduction

Cost to Quiet ($)

Percentage of Equipment Cost (%)
Percentage of Construction Cost* (%)

Construction Scenario:

Total Equipment Cost ($)

Equipment Cost/Construction Cost* (%)
Noise Reduction
Cost to Quiet ($)
Percentage of Equipment Cost (%)
Percentage of Construction Cost* (%)

Construction Scenario:
Total Equipment Cost ($)
Noise Reduction
Cost to Quiet ($)
Percentage of Equipment Cost* (%)

Construction Scenario:
Total Equipment Cost ($)

Noise Reduction
Cost to Quiet ($)
Percentage of Equipment Cost* (%)

Road Grading

649,400
15
3dB 6 dB 10 dB
2,455 4,705 12,660
.38 a3 1.95
.29 .54 1.46
Site Grading
274,500
.60
3dB 6 dB 10 dB
1,810 3,445 9,300
.66 1.26 3.39
.39 .15 2.03

Street Grading and Compacting
80,000
0.5

3dB 6 dB 10 4B
910 1,570 4,430
1.13 1.96 5.53
.55 .98 2.76
Rough Backfill
47,900
0.7
3dB 6 dB 10 dB
3,225 6,300 16,800
.50 .97 2.60
.35 .68 1.82
Site Backfill
790,400
.65
3dB 6 dB 10 dB
3,100 5,965 16,020
.39 15 2.03
25 .49 1.32
Ditching
160,000
.65
3dB 6 dB 10 dB
1,040 1,850 5,160
.65 1.16 3.23
42 15 2.10
Filling the Trench
210,000
.6
3dB 6 dB 10 dB
1,165 2,185 5,940
.55 1.04 2.83
33 .62 1.70
Sheet Piles
129,400
3dB 6 dB 10dB
200 1,000 1,760
15 ik 1.36

Concrete Footings

3dB 6 dB 10 dB
745 2,160 4,500
1.65 4.78 9.96

*Excluding Material Cost, such as pipe, concrete, wood, gravel, etc.
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i Figure 9. Construction cost per day at Fort Carson, CO.
‘: Table 17
Construction Cost Data, November 1975 to February 1976,
Fort Carson, CO
. Task Cost Breakdown*
| Duration Cost
| Task Description (Days) Per Day ($) Labor (%) Equipment (%) Material (%)
| 94-189 Install Drainage 33 3,893 3 10 76
E 92-94 Install Sewer 42 286 34 4 44
- 90-92 Install Sewer 16 229 34 4 44
i 98-86 Demolition
i
| 86-120 Demolition o~ 5199 = & L
i 98-120 Phase 1 Import Fill & Grade 42 3,929 33 50
i 120-122 Phase 1 Import Fill & Grade 49 3,367 33 50
_l *Percentages do not sum to unity due to contractor’s {
é overhead and profit. }
|
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Cumulative Costs (Dollars x 1,000)

8 10 12 14 16 18 20 22 24 26 28 30 32 34
Veeks 3

Figure 10. Cumulative cost of construction at Fort Carson, CO, August 1975 to April 1976.

Table 18
Increase in Equipment Cost for Noise Control

Percentage Increases in Equipment Cost
Equipment from Site Noise Reduction
Task* Cost ($) 3dB (%) 6 dB (%) 10 dB (%)

94-189 12,847 5§ 1.04 2.83
92-94 480 99 1.04 2.83

90-92 147 .55 1.04 2.83

+
98-86
86-120" 19,250 1.0 1.80 5.0

98-120 82,509 39 .75 2.03
120-122 82,492 .39 A5 2.03

Total Equipment 197,725 198,635 199,449 202,418
Cost ($)

Increase in Equip- ~1,000 ~1,700 ~4,700
ment Cost ($)

*See Table 17 for explanation of Task numbers
*Estimated




6 concLusions

Modest reductions (5 dB) in construction-site noise
are both technically feasible and economically reason-
able for the types of construction studied at Fort Carson
and Fort Hood. In general, these reductions will result
in an increase of less than 1/2 percent in overall con-
struction costs.

A variety of noise-reduction techniques are avail-
able, with one particular method normally preferred
in a given situation

This report furnishes supporting rationale and data
for the companion manual, Construction-Site Noise
Control Cost-Benefit Estimating Procedures, Interim
Report N-36 (CERL, January 1978), which offers a
means to estimate costs and select the preferred reduc-
tion technique.
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APPENDIX A:

COMPUTER MODELS

Nomenclature
ch energy average equivalent sound level
t, time count
m equipment count
X, Y, coordinates at observer position
Xm (tn), position of m'® equipment at time t|
Yo (t)
M —total number of equipnient units
N —total units of time

X‘, Ya —acoustic center of vehicle movements

Lm“ —maximum sound level

UF —fraction of time equipment operates at

maximum sound level

Model 1: Base Model

The base model accepts both location and pseudo
sound power data for several equal interval points in
time for any given number of vehicles. Pseudo sound
power is the sound power of a monopole giving ‘he
sound levels observed. The Leq values are calculated by
the following, discrete summation equation:

ol N
L =0lg, I3 3
th=1 m=1

10Lm(ta)/10

(X, = X, (t))? +(Y, - Y_(t,))?

(Eq AT}

where (X, Y ) is the observer position, (Xmm)),
. 0 o . . .

(Ymn)) is the position of vehicle m at time t,, and

L'n(tn) is the pseudo sound power of vehicle m at

time ty.

The computer examines the Leq for several points
along several rays extending from the origin (0,0) until
it locates the points on each ray which equal 55 and 65

dB. It then plots the Legq = 55 and 65 dB contours, and
the vehicles’ movements.

Figure Al is a printout based on the contours of
three vehicles’ movements. The vehicle movements and
levels utilized for this computer run were based on data
collected at Fort Hood, TX.

Model 2: Motion of Each Vehicle is Represented
by its Mean Position
The base equation of Model 1 is simplified by rep-
resenting the motion of each vehicle by a single point
(X Yo ) using the following equation:

# Z |()l"m“n)/|0

M o=l

L _=10lcg
eq 10 m:l(xo_xm)'l +(Y0_Ym)7.

[Eq A2]

The effect of this assumption on the results of modeling
the three vehicles depicted by Figure Al is illustrated
in Figure A2.

Model 3: Single-Point-Source Model
This model involves the assumption that the move-
ments of all the vehicles can be replaced by a single
point (X,, Y,) located at the acoustic center of the site.

The model is based on this equation:
M

1

N
Lin(tn)/10
- 10

m=1 tp=1

by = 10 log,, [Eq A3]

2 2
(Xn 5 xa) 5 (Yu T Ya’

Figure A3 depicts the effect that this assumption has
on the same three-vehicle site modeled by the two
previous procedures.

Model 4: Single-Point-Source and Acoustical
Utilization-Factor Model

Model 3 is further simplified such that for each ve-
hicle the changes in sound level as a function of time
are replaced by each vehicle’s maximum sound level
(Linax,, ) times the fraction of time the vehicle emits
this maximum level (UFy,). The equation embodying
this further simplification is:

M '
> UF_ 10" maxm/10

m=1 L

Ly, = 1010, (Eq A4)

c 2 / 2
A(xu i X,‘) +(\n 7 Ys)




Figure A4 illustrates the effect of this simplification on o 5
the three-vehicle site. Note that this figure is half scale L =101lo 1
as compared to Figures Al to A3. 4 Bio| N nz-‘-l rn2=l

Model 5: Base Model Plus Barrier Attenuation 0514 11 (ta)/10
Model 1, the base equation, is expanded to include sm(t ) 10

the ability to calculate the impact of a single, thin bar- —_—

rier on the Lyg = 55 and 65 dB contours. The amount (X, = X, (1,7 +(Y, - Y, (t))

of attenuation is calculated for cach vehicle position

over time with respect to each observer point under

consideration. The equation for Model 5 is: |Eq AS]

S O Leo =55
§W J; o LEQ =65
o o
o
0
8 o
§.
N
o (=]
o
Q
S
Q' o
Q| o . ® oo o
° (o]
o o
e o -
W o a
W (o] o
S ; 51
o
g_ o & ﬁL o 0
S
¢ (8]
8 (u]
O
L
° a o
(<]
o
5 : :
'.290000 -1900.00 -900.00  -100.00 1100.00 2100.00  3100.00
FEET

Figure A1. Printout from computer model 1: base equation.
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where (Refer to Figure AS for the definition of these vari- :
ables.)
5m(in)=a+b—c
Derivation of the barrier effect is discussed in Ap-

a=V(h -h ) +d pendix D.

=V(h_-h )’ +e?
bty ol Particularly relevant to the equation form of Model

2 =\/(hm i ho)z rdte) 5 is Eq D10 of Appex?dix D, where if variable LA.is re-
placed by the expression for Leg of Model 1 and if the

d=V(Y, - Y (1)) + (X, - X (1))

term 10 log;o is altered to represent the vari-

e =V(Y,- Y )* +(X;- X )? ables of vehicle and time:
o
S O LEo=55
§T o LEQ=6S5
" (1)) a
a]
8 s]
) s]
o
°-
o
N o]
a]
o
S
8-
o (=]
: o
(o] o}
o
o
G 3 .
b o —g-
W o rs &
W o :
(o) i
S © ¢
o o o 3
g- $ o o i
)
b o
S a z
O 4
N
'
D E
8 (]
§ i A o
'.2800.00 -180000  -800.00 200.00 1200.00 220000  3200.00
FEET
Figure A2. Printout from computer model 2: motion of each vehicle

is represented by its mean position.
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T

N M
IOIUgIOE

th=1 m=1

0.0514
om(t")

then the equation for Model 5 can be derived.

FEET

Figure A6 shows the effect of a 16-ft (5-m) high and
600-ft (183-m) long barrier on the three-vehicle site.

The programs and definition of their variables are
provided for Models 1 through 5 in Appendix B. These

programs are written in Fortran 1V.

§ O LEo=55
o 4, o LEQ=65
« o
0
a
8 o
3.
(3 o
o
o
Q
§ o o ‘T ° o
o} o
o
8 o £
- sl By &
' o}
o
(o}
(o) (o}
g. a o
8- P
-
o
3 o
S
N
' o
o
8 o
0
2
o L i LJ \J B,
'.2700.00 -170000  -700.00 300.00 1300.00 230000  3300.00
FEET

Figure A3. Printout from computer model 3: single-point-source model.
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O LEo=55
o LEQ=65

s

4000.00 6000.00
|

2000.00

.6000.00 -4000.00 -2000.00 0.00 200000  4000.00  6000.00
FEET

Figure A4. Printout from computer model 4: single-point-source and utilization-factor model.
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{XOUYO '

by = height of equipment exhaust
hy = height of barrier

hg = height of observer

(Xo,Yo ) =observer location

(Xm (tn)+Ym(tn) = l0cation of equipment
m at time tn

(Xpg Yoy ) 8 (Xy2,Yp2) are end points defining the

(X,
Y'"""))' barrier location. -7
m(tn) (X; .Y; ) is the point of intersection between a line o

defined by the points (Xo,Yo ) and (Xmin)Ym(tn)
ond a line defined by the points {XM,YM) a

Xp2:%2 -

Figure AS. Barrier equation variables.
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FEET

O Leq =55
S OLeq =65
g. i)
P o
> 0
S
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0
8 (o)
i (@) o 0]
& 5
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8 o 3
' 0
]
0
2 .
g o (1}
1300000 -200000 -1000.00 0.00 100000 200000 30000
FEET

Figure A6. Computer printout of model 5: base equation plus barrier attenuation.
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APPENDIX B:
COMPUTER PROGRAMS FOR MODELS 1 THROUGH 5
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Computer Program for Model 1: Base Equation

PAGE 1 ESENE ARG _ AR Sl e

/7 JOB 0160 0181 (182 0183 0184 SEER e W
00c0 0180 - 0180 0060 =TSR SO

0601 _s181  p1e1 0001 5 LA, R | B e e

0632 _oxe2 0182 0002 _ M

0003 6184 o183 0003 PR LR I ey O
00C%  pls4  ol&4 ___ poew e e e e L

V2 M11  ACTLAL 32K CONFIG 32K i e i '

/¢ FORTRAR _ B & i AR

*NO 10Cs Y

 #10CS(1132 PKINTER, CARCs DISKy TYPEWRITER) :

3 " #ONE w030 INTEGERS By : =)

cont s T SERSE RN S Cb L3 Sy : S TP e g R ) x

CeERRS.¢eSTKCeCoaeae F ORTR AN SSURCE STATEMERNTS ececeene

[ T YT Tttt

S g LG !
R, G PROGRAM TO PROCUCE A PLOT NF NOISE LEVEL CONTOURSe THIS PiIGRa%
P C  WAS PREPAREC FOR ENGINEERING CYNAMICS INC, USInG EQUATIOWS
IR LA PROVIUED ©Y THEM, .
C
. CQt'O‘.Ot‘ttl‘t‘tttlttt.tttt*t#‘*ttt*tt_t*ttl##t*tt#ttQ&‘tlttt"“tt-&‘tt
SRR AR _ INTEGER TITLL(4U)+TITL2(40)«TITLI(4O) e S e
Pt REZAL LS(220412) : e LT
i L _ DIMENSION XS(220412)¢YS(220412) :
_ DIMENSION X055(42).Y035(42)¢4XC65(42)Y0ES(42) s
G ey _ DIMENSION FAX(101aTIMEL2)4XLLIHE10) 4 YLIN(LO)
: _ DIMENSION SOUKC(2) .
(e E __DATA AL/ L/ JEG/EG 1/ JEQUAL/ Y=/ ¢FF/ 9552/ ¢SF/ €5/ ¢SJJIRC/*SoUR Y,
SR I WCE 9y : R il
oL, has ______DATA RLANRK/* */ P 5 Al B o
g DATA TuUL/.0G1/
oo € - o ReAD TEVLE P g
AT S, YR READ(2¢1)TITLLTITL2,TITL3
i S A RZAD(2¢2)UEGRE «STEPXCIeYCI 7 vterie Bt T ot -
gipee. Fols. . N=1 DV RS N T SO e Vit y r A 00 32U sinle L
S = “=0 s dis - . n BN PG TS A
e B DERPERGER L A T i iRl L -
_MWAX=0 2 g e e I 3
V _ WR1TE(3e21) R g e S e o e R
=5 READ DATA
B 100 READ(2¢3)TIMEsX e Yo ALWoALW2 4 ey =t
L IF(ALW)100042004200 o e T e R e L A g A0S
g 200 M=m+d R i Lt depat T e oot aie s e 2 SR
R ___IFLAG=0 L 3 B e e
ST | | 1., ] [ S e e e Lt e ST
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PAGE 2

CoEFRS,,eSThOsCeaeee F OR TR AN S OURGCE ST ATEMENTS see0e0e

YS(MeNIZY .0 P
i V_“LS(M.-»'HALJ it $5 AL e
o WRITE(9+20)TIMEsXeYeALWeALW2 e i T
= 62 To 100 3 AR i
< c END OF DAT4 SET = 7
1000 IF(IFLAG)1100,1100,1200 7y oA
i 1100 1IFLAG=L Yool ek Lase
e e AR BRI e IR o e e T S DR A O L [P
L e MAX (N)=M o, - R 3
T T R IF(May98)11044110441103 L PG PO T, e
1163 wRITE(2e22)M N e L 4
e ___ CaLL Egalrv ! Hasdesd TS T L R T
T 1104 IF(Ma-MMAX)1110,1110,1105 o EE A i it
S 1105 MMAX=M e R e
i 1110 MN=0 A et e, g { g Pk
N ] N=N+1 R g A R N R Tl o s 2
e L e s GO R O MO O ) R el o P e P S Lk Rt
~ € END OF ALL DATA SETS s S I e
1200 . NCONT=wn=1 S i 7
. IF(NCGNT~5)1210,121041205 B R
1205 WRITE(3423) Laey e Y
e e P CEEEX IR Een RUOE ¥ arioz B et S P
71210 MCONT=MMAX i R SR S e e J
7€ BEGIN COMPUTATIONS OF CONTOURS | - SR e T
o ISTEP=360./DEGRE 8, S
~ Ix%5=p 5 b fen 2 7
NS ) T s i
L G o N e Ix65=y % At e o i i
IveS=o - o R )

‘DI 5000 IRAD=1.ISTEP NG DL R b, IS PLN. A, i
~ XC=XCI

P e Ye=YC1 Eiiea SRR, S
SN, L _ANG=(1nAD=1)*DEGRE TR - ¢
T T TaNG = ANG %,017453293 B RS
o  XINC=CUS(ANG)*STEP T R TR .
T T YINC=SIN(ANG)*STEP B e i1g
S e R G il L S i
T € LIUP TU CCMPUTE ENERGY AT A GIVEN POINT B Y !
1250  SJML=0.0 ., g SE 3 L 1
DO 1300 N=14NCONT e z g
, MX=MAX () g
T AwxsMy e 3

B DI 130u MM=1.MCONT e S i N Ly Y i
R RAEAE : L
B e e S ) o S e e gL %
TEMP2zMM/X

kil Biliiabaiild
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PAGE 3

CeERRS,4e57NCeCeesee F ORTRAN SOQURCE STATEMENTS qe00000

126c
1278
1300

60 TO(14004170041600,2000,3000¢4100,4100¢1575)¢ILEG _

c

1400

1560

_1YS55=1Y55+1

60 TO 4900

M=(TEFPl=TEMP2)xAMX QAR (D0 TSI I AN b AR D )
IF(M)1c€Qel26Ce2278 3 5

v=mX e IR R NEle ¥y, T Al A 2 R P A A bl
SIVLSSUML+10e*%(LS(MIN) /104D /7 ((XCoXQ(MyM) ) %%24+(YC=YS(¥y\) )%42)
CoaNTINVE el AR 403 A wior R R el
SIML=1ve0%ALOG(SL~L/MCONT)/ALOG(10,) e ; Sel

BIANCH TO CORRECT SECTIONS BASED ON OBGSERVER POSITION s

1LEG=1 OBSERVER AT ORGIN
I (SUML=55,)155041500,1600
IxS55=1x55+1

X055(1AS55)=xC___ RS [t ALy RO Sl A
Y255(1Y55)=YC_ P A D
ILEG=2 e ;

1550 1ILEG=s R S b B e o e e e S e TR
% G) TC %900 G S
— 1875 IF(SUML=55411580,1500y2020 . . - oo o o
158G IF(SUML=SUMA)5G004500044960
i 1600 IF(SUML=65,116604165041670 e Y G
ha 3 1650 Ix65=1x65+1 it NREE E N ] S5 okl S
S _ IY63=1Y65+1 PR s S R sl S e S S L PR
P _ XJ65(IX65)=XC S
R ~_ YoeSqivésy=ye. .
. 1L e6=3 B St L TR+ allieh i, o5 e
4 6o To 4900 SR, EHLSE e L S
i T W R SRR AR e T RN T R e
FeXBR) 62 TO 4900 TR AT ST A Y L% it &
TR e [ B 1 PR R SR A 3 T
: B 62 TO 4900 £x L f
RO TTRETT S ILEG=2 CBSERVER AT 55 LEVEL X T it
T 300 PEESENLeSS 80001500 T80 0 T e
=iy 1720 ILEG=4 (S e R A R o I bl Sl
f 62 TO %900 T A T PR TR e G
c $LEGSY UNSERVER AT €% wever o o o o o o
1800 IF(SUML=65.)184041650,1820 i .
1820 ILEG=s L A RS o i W G, R ke e P
- 6o TO 4900 5 A
N 1840 ILEG=y ,f“i_miff;-- A 3 e e T
TR gt aSae -

w
(35}
B
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T T A R i B e T e g i

CoBBAE, . 9 W0atanses F.ORTRAN SOURECE BSTATERENTS cesnene

€ ILtGzy OBSERVER BETWEEN 55 AND 65 LEVEL R T
2000 IF(SUML=53,)2620156042040 .
2020 TaRGT=LS, o i -
eSO ILEG=e £y AT AR e e i
62 10 4000 RER e o E DN TR

2040 IF(SUML=65.)49060.165042050

2050 Ta&RGT=65, oh ok - -
e T i SRR E G " P AT LERIRE O OO
R GO TO «00v o Hh SO S BT U T B

T € ILEG=5 OVSERVER AT LEVEL GREATER THAN 65
3000 IF(SUML=65.)2050,1650,4900

T e TRTERATE ARQUND TARGET FOINY . T 0 o T T

T 4000 Xx3=XC i St

A ot - SRS NES i

e SJmB=suML T e

] 4010 XT=IXB+XA)/2, B 1 S

T T T NestYReYA) 42, % e e X
62 To 1250 i T i

~ € ILkBze OP 7 1TERATING ARQUND TARGEY LEVEL
4100 IF(ABS(SUML=TARGT)=TCLI4500:4500,4120

© 4120 I1F(SUML=TARGT)I4H130+413004140
4130 IS(SuNMB=TARGT)I4O0I 413744237

8137 xa=xc

3 o L R N, A
~ SJmAzsulML AN (G R
o 63 TOo 4010 LA LRI

4140  IF(SUMu=TARGT)4137¢413744000

< © CONTOUR POINT FOUMND
4500 JLEG=ILEG=5

653 T0(150041650).ILEG PR TR
€ STEP OUT ON RADIUS o R S TTREe ]
" 4900 _xa=XCc TN 2
T ya=svyc eeRaG e Haiy
~ SJMA=SUML
XC=XC+AINC

o yCc=YC+YINC
63 TO 125y

5000 COMTINULE

. WRITE(3e6) rs

. WRITE(3+4)(X055(1)+Y055(T)el=1¢IX55)

g  WRITE(3.7) : ; N,
__WRITE(3e4)(X065(1)1Y065(1)s1=2101IX65)




PAGE 5 TR T ST L OV, o e it b S P

CERRS..:5TNOeCeeses F ORTR (N S OURCE STATEMENT TS ococssee

C_____PRODuUct PLOT OF RcSULTS
. PauSE
CatL R;CT(-00500-Uo11-008.5!0 0¢3)
CaLl SCALE(X055¢640¢1X5541)
CaLL SCALE(YCUES546e01Y5541)
FIRX=xUSS(IX55+1)
DTrX=X055(1x55+2)
FIRY.=YUSS5(1Y35+1)
DTY=Y(55(1Y55+2)
caLL Axlsn(l.0-3.-.8LANK.-1.6.00O.O'FIRXcDTXcZ)
CALL AAISN(1leUs3¢5¢BLANKG106060¢90,0+FIRYeDOTY2)
___ XLIN(1)=FIRX
_XLIN(2)=FIRX+6¢0%0TX
XLIN(3)=FIRX
__ XLIN(4)=DTX
e YLIN(1)=0.0
__ _YLIN(2)=0.0
_YLIN(3)=FIRY
YLIN(4)=DTY
__CALL PLOT(1¢093454¢=3)
caLL LLNE(XLIN.YLIH.Z.I.0.0)
_XLIN(1)=0.0
XLIN(2)=0.0
YLIN(Z)SFIRY
YLIN(2)=FIRY+6,0%0TY
_CALL LANE(XLINGYLINes2e140, 0)
caLlL LINE(X055,Y055, IXSS.L'-I'OD
_ XJ65(1Y65+1)=F1IKX
____X065(1Y65+2)=0TX
YO065(Iv65+1)=FIRY
YO65(1Y65+2)=DTY i
caLL LlNE(XOéS.YOFscIYSSozv-I 1)
PLUT SUURCE LOCATiCONS
DO 600U N=1oNCONT IR (L Rl e
__ MCONT=MAX(N) o T Rt
_ XS(MCONT+1¢N)=FIRX
YS(MCONT+1¢N)=FIRY
__ XS(MCOnT+24N)=DTX
YSIMCOUNT4+24N)=DTY .
caLL LINE(XS(1'N)'YS(lvv)'MCONToIoOcO) b
_ XPAGE=(XS(1sN)=FIRX)/DTX
YPAGE=(YS(1«N)=FIRY)/0DTY
ISYM=nN+1 : g
. CalLL SYMB(XPAGE+YFAGE+¢105¢ISYMe0,00=1)
6000 CONTINUE

c PLOT TUTLE
CALL PLOT(~140023:5¢=3)
CaLL CNTR(TITL1,2142)
CaLL CNTR(TITL2421¢2)




PAGE 6

CoERRS,,¢SThGeCessee F ORTR AN S OURCE STATEMENTS cococoe

VARIABLE
XS (R

C TISE(R
- STEP(R
ALW2 (R
Suvl(n
TARGT (R
TOL (K
XPAGE (R
SF(R

Nl
ISTEP(I
ILEG(1

ACALL SYMB(1eCEg2e%TeelbeTITL2:0L,0+3062)

T CALL SYMB(2.04elec21el49FFe0e002)

ALLCCa
)=149E
)=2zh92
)=3FEQ2
)=3FEL
)=3F7A
)=2FEs
)=3F92
)=3F 9E
)=3ZFAA
=4l
)=403E
)=4CUy

" CALL SYFB(2e0491e4%19e149SFe04042)

D2 7000 N=1+NCONT
AN=N

callL CNTR(TITL342142)
CALL SYMB(1,06¢2¢7S0e1%¢TITL1+¢0,043042)

CALL SYMB(140612¢19¢014¢TITL3+Ce0¢3042)
caLL S'F5(1q13v107600105'00000001)

CALL SYMR(1e3441et:Seel4eALeCe00l)

CALL SYME(1a4E91e690e070E300,002)

CALL SY/fiBlLe76E11ecFeelbeEJUALIDW00L)

CalL SYMB(1le13¢1e5%8¢0105¢100.00=1)
CaLL SYMB(le34ele4leelleALe0eC0l)
CalL SYMR(le4E91e4140070¢EC004002)
CALL SYMB(le7601el1leel%eE4dLUALs0e001)

ISYM=N+1

YPAGE=1e69=¢1575% (N=1)

CALL SYME(5,655,YFPAGE +¢103¢SOURC0,046)

Cakl WUFB(6e37¢YPiGEee105¢ANeDsUV=1)

CALL STMB(6e9475¢YPAGE+¢0352544105¢I5YMe0e0s-1)
CONTINUE

CaLl PLOT(15440,00999)

CaLL EXIT

FORMAT(40A2)

FIRMAT(EF10,0)

FORMAT(ZA%+46F12.0)

FORMAT(4(F24242XeFZ4246X)) ik Yl
FIORMAT (' LOORLINATES OF LEG = 55 LEVEL?)
FIRMAT(///°' CCORCIMNATES OF LEG = 65 LEVEL®)
FOKMAT(1X12A444F1C42) ol &
FORMAT(141) .

FIRMAT(1X 14 (**x%x«ERROK?)/* DATA SET TO LARGE*'/ISe* 2JINTS////77
FORMAT(1X 14 (*x#«x+ERRORY) /9 TOO MANY OATA SETS//////1/717/777/77

EvO i3 S TR s Dol - N
TIONS ] E

=000 YS(R )=293E=14A0 XO55(R )=2992-2940 YO55(R )=27£6-29%
=2a90 XLIN(R )=2iA6=2A9% YLIN(R )=2ABA=2AA8 SOURC(R )=2a4E-243C

XCI(R )=3Fé4 YCI(R )=3Fce X(R )=3Fe3

XC(R )=3F70 YC(R )=3F72 ANG(R )=3F74

AMX (K )=3F7C . AM(R )=3F7E  TEMP1(R )=2Fu9

X8(R )=3F&6 YB(R )=3F8A SUMB(R )=3FoC

FIRX(R )=3F9 DTX(R )=3F9%6 FIRY(R )1=3r98

YPAGE (R )=2FAQ AL(R )=3FA2 EQ(R )=3Fny
AN(R )=3FAC MAX(I )=3FBF=3F36 TITL1(I )=3FE7-3+Cu

M(I 124039 IFLAG(I )=403A MMAX(I )=4953

IXSS(I )=4u3F IYES(I )=404C  IX65(I )=tuvl

MX(I )=4CH45 MM(I )=uQ4e I(I =447

55




U . O SRR e i, G A i Lo s Lo

STATEMENT ALLCCATIOANS S

1=40SF 2340A2 3=40,5 4=4QAA 6=4081 7=41C2 20=4
100=4160 209=4100 1000=4%1E2 1100=4186 1103=41C0 1104=4104 110>5=¢
1210=41F5 1250=42350 1260=4277. 1275=4276 1300=42A5 1400=4208 150u=%
~1600=4310  1650=43c6 16€E0=454A 1670=4350 1700=4356 1720=435F 180u=4
~2020=4383 204034300 2050=429€ 3040=42A0 4009=43AB ° 4¢10=4337 410u=4
4140=43F3 4500=43FC  4900=4408 5000=4422 ©009=4SDA  7000=453A i

FEATURES S\PPORTED , o TN AL S0
ONE #ORD INTEGERS : . PP R e R o
STA%DARD SReCISION L . e M e oL AT A A S ST TRk Cae e S O P
_10CS~ 5 N S R s e s e F K T e el g T
T135 PRINVEN. . . oo R R R S
_ DISK N R e i i G AT
T TYPEWRITER _ A N S L R o e
SGAREE T St 2 e
CALLED SUBPROGRAYS AR £ LIESAT ) 5
FCOS  FSIi FALOG _ FABS RECT SCALE  AXISN PLOT_ LINZ' _ symB
FSUBX  FMPY  FDIV FLD FLDX FSTO FSTOX  FSBR FOVY  FaxI
"SRED _SWRT  SCOMP __ SFIO SICAl SIOAF  SIOFX  SIOF  SIOI _ SURSC
REAL CONSTANTS :
«360000t 03404E «174532E=01=4050C «000000E 00=4052 +100009E 02=405¢
 «200000E 01=403A +500000€ 0(=405C . 110000 02=40SE «850007E Uiz=4060
T +350000€ 014036 «9G000CE 02=4068 +1050C0E 06=406A .106009E 01=406C
T .247000t 0124072 .219C00E 01=407¢% .113000€ 01=4076 L176007E 01=407#
~ L1UB000E 01=407E +70000CE-01=4060 «204000E 01=4082 L141007E 01=4084
T L€37000E 01=403A  ,6S4750E 01=408C +525000E.01=408E  ,150003E U2=40%

INTEGER CONSTANTS ,
2=4052 1=4093 0=4(%4% 2=4095 498=4096 S5=4397 = 8=¢

 21=409C  3042=40%0  999=409E

CORE REGQUIREPENTS FOR = 2 : R O e A T R n T e T
COMMON Uy VARIABLES AND TEMPORARIES- 16462, CONSTANTS AND 3R0GRa4~ 16

END OF SUCCESSFUL COMPILATION

56




Computer Program for Model 2: Motion of Each Vehicle is Presented by its Mean Positior: ]

T TR AR B ) 2 e
/77 J0B N1E0 0181 0182 0183 0144 SRR e 7
0000 0140 A 0180 o 0000 ST b e O Lo
ooc1 o1s 01€1 0001 ;
0002 0142 o 0NBa I 0002 E
0003 9133 0183 0003 P e
0004  pla4 o184 _ gogd SRR R :
V2 M11  ACTLAL 32K CONFIG 32K ) i % 1
/7 FORTHAW R A A W bt R T Y T
i *«NO 10CS : = D T TE AR T DR R R E
- *«10CS(1132 PRINTER, CARDs DISKy TYPEWKITER) e T 3
~ *ONE wORD INTEGERS B A R R e
e R e FS ALY St SRR R T e O o ) G e T, S

C-ERRS,,oSThCeCoooee FORTRAN SOURCE STATEMENTS .oeeeee

'___—;j;Eif{giqigtgtgfgt5yinf§i¥;it¥tgfftttt:ttt:ttvtttt:;tr;;-t*tttattt:tttttt

C

7€ PR0GRAM TO PRODUCE A PLOT CF NOISE LEVEL CCNTOUKS. T4IS PRIGRAM

T TC T WaS PREPARED FOR SNGIVEERING DYNAMICS INC, USING EQUATIONS

o e G POVIGeD BY THEM. B
C

o AT C'”';__»SlflPVLIF.ICATION 3A = THE SOURCE POSITIONS AS A FUNCTIOV UF

AL TG rie et s S0 ~ TIME CAN BE REPLACEC BY THEIR vIaN e

o ey SR L i s, POSITION, T 0 o R e S 0 P T S
c

B L T L T ey ey T P T L e T Y

T T INTEGER TITL1(40)eTITL2(40)eTITL3(40) AR L o
T T REAL LS(50045) RN e e,

DIMENSION XS(5)¢YS(5)

T DIMENSION x055(82)4Y0S55(42) ¢X065(42)4Y065(%2) 00
B S T DIMENS4CON NAX(lO).TIFE(c).XLlh(lO)'YLIN(IOJ I Y P o 3
T DIMENSLON SOURC(2) ]
e DAYA_AL/'L'/.EQ/'LG'/.EOUAL/':'/.FF/'SS'/'SF/'Gs'/cSDJRC/'SSUR'- s
1 1WCE v/
Vit e e SRRV AR R LANI/Z N/ T S e g S R
T DATA TUL/.01/ A P i3 T ST
PN R RO R IR B ] = ey e e e A e T R e :
READ(2¢e1)TITLLTITL2,TITLS 1 AT
3  READ(2+¢2)LEGRE«STEPXCLoYCI T B
Vatie e W AN RN o S i TR B e e S e e e
“M=0 TS Pare PRl il o
b IFLAG U ! o g
FE ~ MWMAXz0 o vk 3 IR IS T
) ~XSUM =0.0 y Ay e B i iR i 2
=l e, YSUM= (.0 k- F SR T TR AR [ ot B i
 WARITE(3e21) PR

i/




PAGE Hd

C=ERKS,,eSTNC

eCeeeee F ORTROAN

SOURCE _STATEMERNTS qeeeeoe

- READ GATA el s
100 RZAD(2+3)TIMESXYahlW 2 WA FAL s o Al
RIE- e IF(ALW)10U0+200420G0 A T A T SO A P o ek [ L AL
) 200 Mzme) RN BE, TN S TN N SV
ISLAG=vV ¥ risy op ) FET o e S R S
XSUMzXSUM+ X P E &
é YSUMzYSUM+Y A Ko RGN B RE At LN R R
o LS(MeN)=ALW S e s A ol g SR
; o ARITE(5420)TIFEWXeYeALW I B i PR
e o S0 XA 100 R I S SO N i
RNt ENU OF DATA SET e AT AR R A 4t
_____ 1000 IF(IFLAG6)1160,110Ce1200 S RN
1100 IFLAG=1 ) e L ) e A R L T
. WRITE(3e21) e e TN on et fe oS B L
o XS{N) = XSUM/M S LT T e et e G o K Rt E RO . O
_ _YSIN) = YSUM/M AR L R E 3
e maXx(N)=M Ed o oEE e g NI,
o IF(M=498)1104,1104,1103 i PR R A
1103 WRITE(3422)M S O S e S N o A e e b G
i _ CALL EAIT e TR NG e T A
1104 IF(M=MMAX)1110,1110,1105 SR EOR R P
T Ly L o e R e SR g Y O iy e T Ty
L e b BUHOE NSO o (o S e S T 3 ko e W ]
T e NNy 9 grn R B Ll R T
PN T LR R e e R e e BT 27
B L et s e e e A i M oy et S A A
T e ¥e 100 ey s 0 g G
C  END OF ALL DATA SETS &7 % S A TS
1200 NCONT=in=1 L ir e S 2o
 IF(NCONT=5)1210,1210,1205 A R T e .
3205 WRITE(3423) RS, P f N CHIE I S SN S SR
e GREE EXIY o e e e e e e N BC e T
' 1210 MCONT=iMMAX OG0 T TN B Y MR e A S T SRR FE
€ BEGIN COMPUTATIONS OF CONTOURS ; b
 1STEP=560./DEGRE A i
PRI PRI 1} - [ S 0 S R i RO e s Sh ] R
e R I e e R St
f Ix65=0 L A0S RN A e e o PO, B kel e D T T Lo S T,
___ _JY6520 e L e e N
ST SO0 T ADE RIS TR s S e e e e e e

_XC=XCI

N R I S R R e R BT T
AVG= (IKAD=1) #0EGRE AT ST I

ANG = ANG *,017453293

 XINC=CUS(AKG)*STEP L T N e
T YINC=SINIANG)®STEP TR AR NS
_ILEG=1 AR R B R T IR T R R A

58
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TR R T e e o i

Q_-:EBR§.._"..STP§0.C.;-.. >F, ORT R AN -_s oq R_C_E 7 s ' iy ' E nE '_‘:_[. s.i-”'”'.;"

¢ T LOUP 10 CULMPUTE ENERGY AT.A GIVEN POINT [ e

7 1250 SJML=0.0 R R e 1 LI Lo R Bt caleg te WL r et g

D0 1390 N=1,NCONT. D T R R R

T T MX=MAK(IN) R O T R e, T O SN e AT g

23 .8 AMX=Fx S e e T Sl R Serl e i
D3 1306 Mi1=14MCONT e e SRR Ll S O R !
AM=MV el o . i |

e A T T SRRt s G A G, W o M e Sl R {

et o Wl P TFHPz MM ziaX et R JOW R U A RRC el T :
M=(TEMF1=TENP2)*ANX .y

& — IF(M)12604126041275 <

1260 M=MX oo T

1275 SUML=SUMLH10.#% (LS (MeN) /710517 ((XC=XS{ NI ¥#24(YCSYS( V) )eed)

~1300 CONTINUE i
SUML=10.0%ALOG(SUML/MCONT) /ALOG(104)

C BRIANCH TO CORRECT SECTIONS BASED ON OBSERVER PCSITION

60 T0(i40041700,4160042000,3000,410044200¢1575)ILEG

[fTi 00 IE6=1 ORSERVER AT SORGTNF R G i st o S0 i iR gl i
14006 IF(SUML=55,)155041500,1600 o RN

1500 IXS5=[X55+1
R L T D R

__ XJ55(1A55)=XC

T YO0SS(1YS5)%¥C e S R BE R
R SR () Sy

T O LT T i rgee e e sanen

__ 62 T0o 4900

R 1550 ILEG=8 35 SR Sl e v
62 _To 4900 o o T N R e i e

T 1575 IF(SUML~55,)1580,1500,2020

T 1580  IF(SUML-SUMA)S5000,500044900 A F Y R T R T N
T 1600 IF(SUML=65.)16604165001670
T 1650 Ix65=146541 ) RS o

T1v65z1Y65+41
T X0A5(I465)=XC

T Y0B5(1YE5)= 3
 ILEG=3

E (R SRR s S S

60 To 4900 ; Y TR bt !

1660 ILEG=4 TN B T NP T SR R Sy
T T U B L R S s I G i P i i S o %

1670 ILEG=S N R i o SNCE 1

: 62 To 4900 e =5 ol !
S - ILEG=2 ORSERVER AT 55 LEVEL

1700 IF(SUML=55,)500041500,1720

1720 ILkG=w




PAGE &

N e S

CoERRS, oSTNCoCoesoe FORTRANK SOURCE STATEMERNTS seeeeee

RO e _ JLEG=3 OBSERVER AT 65 LEVEL P AN |l ey 1 Teite ARSI 51 e T St
2 s ©1a00 IS(SUML=65,)1840,165041820 Piele | =30 L VIR 2 h Sl

1820 ILEG=S : Bt SMCT MY A ol

" 62 TC %900 SEL il O l
_______ 1840 1. EG=4 W : raie By : WL Lo
S, Gy Yo %0 . el I Bl Dl oot i
[y e I.EG=4 OBSERVER BETWEEM 55 AND 65 LF'VEL e T TR e WL e
rE 2000 IF(SUML=55,)2020+150042040 S e (Wt b DB o] = £l
o P gD ORI RRG=SS e e e S St i e e T e T e Sl TR
ILEG=6 D Gl <) 0 A L N, O IR R et A Y

PR Yo 690 To 4000 8 e S T T S T o A R R T

2050 TarGTzeS5, S e SO et e R e e L e P

GJ TO 4000

¢ ILEG=5 OVSERVER AT LEVEL GREATER THAN 65 :
T 3000 IF(SUML=63.}2050¢1650¢4900 S e

T 7€ ITERATE AROUND TARGET POINT gt i i
4000  X3=XC S i R R E  Pet  be E
T sJmazsuML e i b R ol R

4010 XSS(XH+XA)/2, TR VOB B RO
_Ye=(Ya+Ya)/2, W s Rt ek %

ILEG=7 EECR MG S T S o s D e s

" 2040 IF(SUML=65.,)4900.,1650y20%¢ ]

Y3=YC Lo, PRI RERS r  PRA TSI et SRRt S D AT LA T

[ o T o] DO G T OP T o A ot el UG SR S T ST S P W TR 1 i o
EEN " ILEG=6 OR 7 ITERATING AROUND TARGET LEVEL

410C JIF(ARSISUNL=TARGT)=TOL)I4500+450044120 .
4120 IF(SUML=THKRGT)H4130+413044140 e )

4137 xa=xC : A e P R ST T
_YA=YC KA RIS s B ey BRI
SJUMA=SUML

SOENERCTREGR V[ SRR e e 2y AP S ST
" T4140 IF(SUMb=TARGT)4137,4137,4000 R s
€ CONTOUR PUINT FOUND T R T

4500 ILEG=ILEG=S G e b e K
S 63 TO(1500¢1650)1ILEG e B e
G STEF OUT ON RABIUS. - .0 o o e
4900 XxA=XC R S R e T R TR
SRR ya=vc R TR TR

 SumAssuML

60

4136 IF(SUMB=TARGT)4000,4137,4137 " "
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60 T0 1250

C-ERKS+¢eSTNGeCoesee F ORTR AN SOURCE STATEHWENTS

= XCEXC4XING
_YCSYC4YINC

CONTINVE

WRITE(346)
WRITE(3e4)(XO055(I)eY055(I)el= I!IXSS)
WRITE(547)

T WRITE(3+4)(X065(I)eYCES(I)eI=101IXES)

PRODUCE PLOT OF RESULTS
PAUSE

" CALL RECT(=06500000114098¢500400¢3)

CALL SCALE(X0S55:64¢1IX55¢1)

~ CaLL SCALE(Y055.,64¢1Y5541)

FIRX=xuS5(IX55+1)

T DTX=X0595(IX55+2)

T FIRY=YU55(1Y55+1)

OTY=Y095(1YE5+2)

CALL AXISH(1e00%e5¢BLANKe=106e000s0¢FIRXsDTXe2)
T CALL AXISN(ioOvS-S!BLAN(v1v6.0.90.00FIRYcDTY.2)
XLIN(1)=FIRX

6000 CONTINUE

~ XLIN(4)=OTX
_ YLIN(1)=0.0

 YLIN(4)=CTY
TCALL LINE(XLINGYLING2¢31¢040)

T CALL LINE(XLINGYLING2414040)

T XJ65(1Y6542)=0TX

XUIN(2)=F1IRX+6.0%0TX

~ XLIN(3)=FIKX

YLIN(2)=0.0
YLIN(3)=FIRY

_CALL PLOT(160¢345¢=3)

XLIN(1)=040

XLIN(2)=0.0
_YLIN(1)=FIRY

CYLIN(2)=FIRY+6,0%CTY

CCALL LINE(XO554Y055,IX55¢1¢=140)

 X065(1Y65+1)=FIRX

¥YJ365(1Y65+1)=FIRY

 YJ65(1Y6542)=CTY

CaLL LINE(X0&E5¢Y065¢1Y65¢10=101)
~ PLUT SUURCE LOCATIONS

" D2 600U N=14NCONT

XPAGE=(XS( N)=FIrX)/0TX
YPAGE=(YS( N)=FIrY)/OTY

ISYM=n+1
~ CALL SYMBR(XPAGE ¢ YPAGE 4+105¢ISYMe0,00=1)

61




PAGE 6

2 e S N AL o 2 i o R P S A

C=ERRS,.oSTHGeCoesee F OR TR £ N I CE. STATEMENTS ooteve

€ PWOT TITLE

____CaALL FLOT(=1e09=2e5¢=3)
__CaLL CNTR(TITL1.21¢2)
_Catl CnTRITITL24:210¢g)
CcaLl CwTR(TITL3.2142)
caLt a!HP(l;O:'?.Iﬁcol“oTlTL10000030“2)
CCALL SYME(1.0692¢4T9e1l%4eT1TL2+0,043042)
CALL. SYFMP(1eCt 4s2¢1990l%eT TL3¢Ce0e3042)
_CALL SYMB(1e1341¢7€40105¢0¢040¢-1)
CALL SYMR(1.34%¢1et90el4oALeloelred)
_CALL SYMB(1la484146944874E34040¢2)
_ CaLlL SYMB(le7€ el et:90el4eEQUALY 0-0!1,
_CaLL SYMBE(2,0841ecS0el14eFFe04002)

 CALL SYMB(1e134¢1¢48¢4105¢100400¢=1)

VARTIABLE
XS(K
TIYE(K
STEP(IK
Yi(n
YINC(R
SUMA(K
YA(K
SLANK (R
FF(K

__CALL SYMP(1le3%ele4leel%sALe0eCel)
__CaLL SYMB(1le4601e410e0704£000,022)

T CALL SYMB(1,76414410¢149ELUAL04001)
A,c“LL SYNB(Z.O“-I.“I..1“oSF00.0-2)“

DO 7000 N=1¢NCONT

_AN=N

_ ISTM=Nn+1

- YQAGE L-69-.1“75:(N-X)
CALL SYMB(5.6£35,YPAGE ¢e105+SOURC40,046)
CALL NUMB(6437¢YPAGE 4105, ANeGe0v=1) o A
_CALL SYNMB(6.9475,YPAGE+40525¢4105¢ISY190e00=1)

CINTINUE

CaLL PLOT(15440,00999)

CcaLL EXIT : A AT oA AR

FORMAT (4042) Sl il e, .

FORMAT(8F10.,0)

FORMAT (2A4,46F12,0)

FORMAT (4 (F9.2¢2XeF9.246X))

FORMAT(' CUGKOINATES OF LEC = 55 LEVELY)

FORMAT(///' COORDINATES OF LEQ = 65 LEVEL')

FIRMAT(1X012A443F1Ce2)

FORMAT (1H1) : w i

FIRMAT(1X 14 {***x«ERRORY)/* DATA SET TO LARGE'/IS+* PIINTSY//////

FORMAT (1Xe14 (*#2x+ERRORY)/* TOO MANY DATA SETSY//////77777/7717¢77

ENO
A LCCATIONS ; i _
)=0C08=0000 YS(R )=0C12-000A XO0SS5(R )=0066=0014 YO055(R )=00s4-0nko
)=C1€6=0164 XLIN(R )=017A=3168 VYLIN(R )=018E=017C SCURC(R )=0192-0190
)=131E XCI(R )=15&U YCI(R )=1522 XSUMIR )=10cH
)=152A ALW(R )=1%2C XC(R )=152€ YC(R )=1550
121536 __ SUMLI(R )1=1'36 AMX(R )=153A AM( )=153C
)=1542 TARGT(R )=1544 X89(R )=1546 Y3( )=1,548
)=15S4E . TULIR )=1:50 FIRX(R )=15%2 @ DTX(R )=1204
)=155A XPAGE (R )=13%C YPAGE (R )=15SE AL(R )=1200 "
121568 _ SF(R )=1568 _ AN(R )=156A  MAX(I )=1370-1574




PAGE 7 B Iy v S PO AT o era S A T
TITL3(I )=15F5~15CE N(I )=15F6 M(I )=15F7 IFLAG(I )=1dFe
ACONT(I )=16F3 ISTEP(I )=1:FC IX55(1 )=15F0D 1Y55(1 )=1oFE
IRAD(LI )1=1601 ILEG(I )=1€02 MX(I )=1603 CMM(I )=loud 2

STATLMENT ALLOCATIONS GRS RS

1=1650 2=1660 3=1663 4=1668 6=166F 7=1580 2u=1
100=1733 200=1744 1000=1774% 31100=1778 1103=17A4% - 1104=17A3 1105=1
1210=17Ca 1250=1622 1260=155C 1275=1860 1300=153&F 1400=19C2 150u=1
16060=1307 1650=1940 -1660=1%34 1670=193A 1700=1%4¢ 1720=1343 1A04u=1
2020=19860 2040=1577 20650=1¢80 3000=198A  u4000=1295 4010=12A1 4100=1
4140=13C0 4500=15t6 4900=1%F2 5000=1A0C  6000=1R79 7000=1253

T B L L R SN SIS e L S i O ik OIS JE P
ONE WORD INTEGERS EXY T A % PET e
STAUDARD PRECISION RIS T AYE
10cs- i

© 1132 PRINTER e S E

" DISK AT B g T R P L 3

T TYPEWRITER AP T e B (T L T S e
~_CARD et ST T, e B e SRR LT = S L R

CaLLED SUBPRCGRAMS S IR T
Fces FSIN FALOL FABS  RECT  SCALE  AxISN ~ PLOT  LINZ  SymB
FSUBX  FwPY FOIV FLO FLDX FSTO = FSTOX FSBR ~ FDV'  Faxl

"SRED SWRT SCOMP SFIO S10AI  SIOAF  SIOFX  SIOF SIOT SURSC

REAL CONSTANTS T SR Sy L g (T e RS e TR s eI L R L A e ROy i
+00C000E 00=160C «360G00E 03=160E ¢174532E=01=1610  ,10000)E 02=1612
«200000€ 01=1618 «50000UE 00=161n .11000CE 02=161C +850003Z 0i=1a&lg
«356000E (l=1624 +900000E 02=i€26 «105000€ 00=1620 T.106007€ 0a=1n2a
+247000E 0121630 «219000nE 01=1632 ~ L1i3000E 01=1634%  ,176007% 01=1a3e
T L148000E 01=163C «T00000E-01=163E »204000E 01=1640 .141000E 01=1kl4e
_«63T000E 01=1648 6I94TSOE 0l=164A  ,525000E.01=5164C  ,150007E 02=1labe

INTEGER CONSTANTS S T T g A [ e T R LG
 2=1020 151651  0=1652 31653  498=1654 551555 @~ &=

~ 21=165A 3042=1658 999=165C o i A A T e )

CORE REWUIREMENTS FOR -
" COMMONe Go

END_OF SUCCESSFUL COMVILATION

VARIABLES AND TEMPORARIESe 5644¢ CONSTANTS AND 2ROGRAM- 16

63




Computer Program for Model 3: Single Point Source Model

Sli

PAGE 3 -

/7 JCB CléL GlMl (182 0183 o018 =
~0go0 - gagse - 03ep __ 0000
oocl 0131 o 0181 _ceol Bk ; i
_ _00g2 - GxaB 0162 .. o002 e e R L U JErLERy
__ 0003 0138 013 o003 ¥ k g
__00CH 5 LS | (- Y, IO ITL 2 ity phe T

v2 M11  ACTLAL 32K (ONFIG 32K

/¢ FORTRAN o
*TRANSFEZR TRACE

__#%aSS1ONMENT TRACE AN e L e e e e g
i
E

*NO 10CS J . : s
*70CS(1132 PhINTERe CARUs DISKy TYPEWRITER)
_*ONE wORV INTFEGERS. 1

*LIST ALL

TR T

C-ERRS.,.SThCeCoveas FORTREAW SOURCE STATEMENTS ...

e e T o

i 1
ol
=%

|

~ PI0OGRAM TO PRODUCE A PLOT OF NOISE LEVEL CONTOURS, T4IS PROGRAYM
WAS PREPARED FOR ENGINEERING DYNAMICS INC, USIMG ERUATIONS
PROVIDED BY THEM, ;

|
|
|
|
|

ey T _____SIMPLIFICATION 3B . THE MEAN POSITIONS OF EACH SOURZE CAW BRE
_KREPLACED BY THE ACOUSTICAL CENTZIR OF
THE SITE,.

{ i
n‘ﬂhnn‘n'n;n

|
|
|
|
!
|

'
|
ﬂ‘ﬁ

 INTEGER TITLL(40)TITLZ2(40)eTITLI(40)

___REAL LS(5C0+5)

o " DIMENSION X055(42)+Y055(42) ¢X065(42) 4 Y065(42) et T !
| T T DIMENSAON MAX(10)eTIME(2)eXLINC10)¢YLIN(10) ey A ;
i SAESCAE ¢ DIMENSLON SOURC(2)

. DATA AL/'LY/4EG/'EQY/4EQUAL/ =1/ FF/*55/4SF/*65%/4SOJRC/*SOUR",
1 SCE %2

" ]
|
1
i

T S OREN GERNRA RIS T E R e . o i

R DATA TUL/.01/ e i Tor ey, s :
L6 IREADRITEE o o 04 SR Lk s S oyl b L s T
|  READ(2¢1)TITL14TITL24TITL3 T, ; S e
T READ(2+2)UEGRESTEPyXClevCI i RSO ET

El NN . S e

d __M=0 R S RUEL PR SO e T R, AN RIS e -

. _ IFLAGsV s =
__MwAX=0 e LS e S e AN

~ XASUM = 0,0

% R X e S
| __XSUN 20.0 000

E
|
|

B
|




e n St e S R A B o o nvk at o3 i s e g i A Ui

7T M R

CrENRSeeedTNUsCoeses FOKRTR AN SOURCE STATEMENTS seeeeer

___ _YSUM= y,0 B S Tl e N R R T A Al = S 2 s ML
NS TR TR e R TR S SR e e SO e M e e T T ST I R
LN -~ RZAD QATA | ; ¥ i LR,
- 100 READ(CZv3)TIME o Xo Yo bLW RO e N i e
IS(ALWL)L1000420042C0 e A TR i
] 200 MzrM+1 g o A IR T R Ry 1 NGTR
oew L = - TRLAG=0 } Rnled o S R "'
e XSUMz=XxbdUMeKL ST ok, o T AT (TSR Wy T B C TS
e YSUM=YSUM+Y i A e R e ST
LS(MeN)=ALW T
e A i L e Hi_lTE(.‘h?’J)'lIHEvX.YoQLH
53 _To 100
R € ENL CF OaATa SET A A T
1000 IFCIFLAG)>110041108e2200

T 1100 IFLAG=:

L g T WRETE(SeR1) 2 A
M e SUN s Y SUM M B N L et e ket
R XSUM = XSuM/M bt o

T Max(N)=M

T 1F(Me493)11004110441103 I e &
= " 1363 WRIYE¢dve)M - T

' caLL EXIT : YR S 2k
il “1104 IF(MeMMAX)1110,1110,1105 it TR

1105 MMAX=M

s R0 M=l
N=N+1

~ Xasu¥

"XASUM + XSUM

RE e ~ YASUM = YASUM 4 YSUM Sk 7
e T T ERSUN s 0 o Gty S
4 Tl ~__YSUM = 0,0 i e e T i
kA R 60 To 100 R TR S e R e

28 € EVU OF ALL DATA SETS VA =0

71200 NCONT=w=1 R

AT T T XAC = XuSUM / NCONT y b3 SEZRNCE
T T YaC = YASUM / NCCNT Gy Ay
T IF(NCONT=5)12104121041205 ST
1205 wWRlITE(%423) = AN e e
caLL galv R R I g B

T 1210 MCONT=mMAX

€ BZGIN COMPUTATIONS OF CONTOURS
ISTEP=3604./0EGRE

~__ 1x85=¢ R SRR
1v55=¢0 ot A
. IxsS=0 T T A R T R
1v6S=¢ RS g ATy

D3 5000 IRAC=1,ISTEP

Gl i 2




Y TN T Y

A S DA o T e el e e S R 3 el

CoERRS¢¢eSTNCeCeeeoe F OR TR AN SOURCE S TATEMENTES ocecoocoe
. AT S I LA | 54— | 20 § PRSI ETRRA fr £ O Bacir i A FIRENERE e T T s e S R T AR !
RN R SRR I, 1> A 4 o it i o KD Lo 55 WP et Kl ¢
ANG=(IRAD=1)*DEGRE SRS
___ANG = ANG #,017453293
XINC=CUS (ANG)*STEF
S R YINC=S4N(ANG ) #STEP : S e :
ocegsniine ) s o e RERGE B ol e B R A R e T D

TR

€ LOUP TU COMPUTE EMERGY AT A GIVEN POINT
1250 _SJML=0.0 S S SN
.03 130U N=1.NCONT
e Mx=MAX(IN)
AMX=MX

__Av=MM

DO 1300 MM=1,MCONT

TEmMP1z=AM/AMX

M=mXx

: B ~ TemP2zhM/NX BRIl RO O
3 M=(TEMF1-TEFP2) #AFX P,
I T IF(M)12604126041275 S R E T

SIML=SUPL+10.%%(LS(MeN) /2040 -

]
|
i
1
|
|
|
|
|
i
\
{
|
|
|
|
|
|
i
e TP —

1300 COMTINUE : _ D
SJUML = SUML/MCOGNT/((XC=XAC)**2+(YC=YAC)*%2)
_SJML = 1040 % ALOG(SUML)/ALOG(10.0)

TC_ BIANCH TO CCRRECT SECTIONS BASED ON OBSERVER POSITION

i
63 T0(140041700,160042000,3000+4100,410041575)ILEG {
;

f
||
:
]

€ 1LEG=1 OBSERVIR AT ORGIN
1400 IF(SUML=55,)1550,1500,1600
E‘ 1500 Ix55=1x55+1

o BXODEEVOSY) . T i
e X095(1x55)=XxC \ i Dot At L
PR Y3955(1Y55)=YC a2 15 A e s 0 b P D
E ST, T I.EG=2 r B Y, TN Lo v B, o T I ST T ot 1 el W Sl PSRN (S
it e @010 9900 Saar iy
: » o 1550 I tG=8 Al
! IS Ee YIgY - - o g e TN s g R S T T

B st e e

1575 IF(SUML=55,)1580,1500,2020
1580 1F(SUML=SUMA)5000,500044900

 1e¢03  1F(SUML=65.)16604165041670
1650  Ix65=1x65+1
1v65=1765+1

XJ65(LA65)=XC

# _ YO&5(1V65)=YC i R ot It
g ——— J UL OB Y e S ek
83 TO 4900 e

66




PAGE 4 AL L3
CeERRSeeeSThCeCoeeee F G R TR AN SOURCE STATEMENTS cecenee
~ 1660 ILtGzu4 b g
62 TC «%00 LI N i e i -
T 7 1670 I1LEG=s o A e i A i L Y -
60 TC 4900 5
c ILEG=2 OBSERVER AY 55 LEVEL
1700 17(SUML=52,)50004150041720 il
T at20 IleG=ze 3
G TG 490u ]
eSS P ‘|
€ ILEG=3 OBSERVER AT 65 LEVEL g RERRRE T e 2
1800  IF(SUKML=62¢)1540,165041620 o
1820 ILEs=S i W E R R L TR Ll g
6d TO &900 i
A | T Rt
T ed 10 4900 3 7
T T € ILEG=4 OBSERVER BETWEEN 55 AND 65 LEVEL e %
2000 IF(SUML=55,)2020+1500+2040
2020 TarGeT=55, e e G T e
| T TEEGEg 3
L W 63 TC 4000 S P . W
2040 IF(SUML=E5,)4900,165042050 R e Lty e
~ 205C TarGT=eS5, X A T e i SR R
e BUEES Y e S e R T
[ERfols __63_70 4000 Sk R , 5

€ ILe6=5 OVSERVER AT LEVEL GREATER THAN AT
3006 IF(SUML=65.)12050416504490¢ 2 LSS tes
€ ITERATE AROUND TARGET POINT & B -
4000 X3=XC 3 et e N i (S P B
T Y3=YC X PR T 5 £ o
O SJMB=suML P i = e B ) £
4010 XC=(XB+XA)/2, Ry R 3 ey
. _ YC=(YB+YA)/2, i s
g e S GORT R e R i
"TC ILEG=e OR 7 JITERATING AROUND TARGET LEVEL
4100 IFCABS(SUML>TARGT)=TOL)&5000450044120
T 4320 IF(SUMLeT/RGT)IL130e413044150 3 i
4130  IF(SUMB=TARGT)I4D004137,4137 ik AT
4137 xa=xc B e el e e O S
YA=YC/ 5 R 3
~ SJmAs=suML LR LA e o 2
a 63 _To 4010 RV R R
4180 JF(SUMB=TARGT)4137,4137,4000 PR S e ;
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R W L RN SRR S R DR R Y S s

C~ERRS+0¢SThCeCeesss F OR TR AN

CONTOUR POINT FOULND
450U  ILEG=ILEG=S s SR S i
62 TG(150041650)4ILE6

STEP QUT ON RAOIUS
Xa=xc
_YA=YC
__SJ™A=SuML
_XC=XC+xINC
CEYC4+YINC
63 TO 1250 -

5000 CONTINUE

___WRITE(3e6) ol S e R ECT

_ WRITE(Se4) (X055(1) o YOSS(I)ed=1+IXSS)
__WRITE(3+7) : o LSy
WRITE(S¢4) (X065(1)1Y¥065(I)eI=1¢1X65)

PRODUCE PLOT CF RESULTS
_ PAUSE s T : Y S S e
o CALL RECT(=0¢540.001160¢84510406¢3)
o CaLL SCALE(XCS55+¢6¢9IX55¢1)
T CALL SCALE(YO055¢64+1Y5541)
_ FIRX=xu55(IXx55+1)
 DTX=X095(1Xx55+2)
_ FIRY=YUS55(1YS55+1)
___DrY=Y00S5(1IY55+2) ! LR e R
T CALL AXISN(1¢0+345¢BLANKe=196400040¢FIRXeDTXe2)
__CALL AXISN(1e0¢3e5+ELANKs1¢6¢0+90.0+FIRYOTY2)
_ XLIN(1)=FIRX :
CXLIN(2)=FIRX+6.0*DTX
_XUIN(3)=FIRX
XLIN(&)=DTX
__YLIN(1)=0C.e0
_YLIN(2)=0.0
_ YLIN(3)=FARY
. ___YUIN(4)=DTY Sy
o ___CALL PLOT(1e0¢3e5¢=3)
_ CALL LUNE(XLIMNgYLING2414040)
_XLIN(1)=0.0
XCIN(2)=0.0
YUIN(L)=FIRY T
YUIN(2)=FIRY+6,0%LTY
CCALL LANE(XLINGYLING2414040)
~ CaLL LINE(XO055,Y0554,IX5541¢=140)
X065(1V65+1)=FIRX
X265(I1€5+2)=0TX = i
YI55(1V6S5+41)=FIRY
. YJ65(1165+2)=0TY : twiel
___CALL LINE(XC654Y0e5,1Y65014°141)
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Rt ac S

o

ke 2

PAGE 6

CfE‘(RS.. -STI‘.(.C

£

___CALL CWTIR(TITLZ.2142)
_ CaLL CWTR(TITL342102)

_CatL PLOT(15.40.00299)

" FORMAT(///% COORUINATES OF LEG = 65 LEVEL®)
FORMAT (1X12A443F1ue2)

vessy EORTROEN SOURCE STATERENTS asseses

PLUT SUURCE LOCATIONS

XPBGE = (XAC=FIRX)/CTX e AR L P et N ke 1
YPAGE = (YAC=FIRY)/LTY B0 8 A R j
ISTM = 2 : 5 |
CaLlL SYMB(XPAGE ¢ YPAGE ¢¢105¢1ISYMe0,0,=1) i
PLOT TATLE (T T :
Catl PLOT(=1.00=3.5¢=3) AT~ 1, LAy 3

CaLL CHRTR(TITL1s21e2)

CALL SYMB(1.06¢2¢75¢¢14eTITL1+0.,0+3042)

CaLL SYMB(leOEe2et7eel%eTITL200U00v3042)
CaLL SYMHB(1e0602¢1%0el4eTITL3+0.003042)
CALL SYMB(1e123¢1e76¢¢105¢090e00=1)

CALL SYFB(1le34%4¢1e690e189AL+0s091)

CaLL SYMB(led480¢1e5%0e079EGe0e002) e B el ey T A
CALL”_SYMB(I--’G'I-Egl el14+EQUALC40e1) At
CALL SIMB(2¢044106%90e149FFe0404¢2)

CALL SYMP(1413¢1¢4840105¢1¢0,09=1)
CALL SYMB(le34vlelleelleALeVeUrl) i, JY L LA i 3
CALL SYMB(1le48¢1e410e070¢EQ004002) AT b PR E
CALL SYMB(le7691e¢%10el4eEQUALI0,001) i
CALL SYHB(Z.O‘hl.‘*lo.1‘hSFv0-0'2)
s e SR = =
YPAGE=L1e69=01575%(N=1) %

CalL SYME(5495 +YPAGE+¢1054SOURCY04046)

CALL SYMB(E+FH475¢YPAGE+¢05250¢4105¢1ISY190eNe~1)

caLL EXIT
FORMAT(40A2)
FORMAT(8F1040)
FORMAT(2A4 46F12.0)
FORMAT (4 (F94292X1F9.2¢6X)) e
FORMAT(* COCRUINATES OF LEQ = 55 LEVELY)

FORMAT (1H1)
FORMAT(1Xe14 (' %x2x¢ERROR') /" DATA SET TO LARGE'/ISe*' PIINTS3'//////
FORMAT (1X 14 (**x»«ERROR?)/* TGO MANY DATA SETS//17/70707700707707

END
VARIABLE ALLCCATIONS
X035(k )=0022-0000 YOS55(R )=00A6=-0054 XOoS5(R )=00FA=00A8 YO065(R )=0414E=00FC
YLIN(K )=017A=0168 SOURC(R )=0L7€-017C LS(R )=1506=-0180 DEGRE(R )=1,08

YCI(r )=150E XASUM(R )=1510 YASUM(R )=1512 XSUM(R )=151%
©OY(R )=18)4 ALw(R )=151C ~ XAC(F )=151E YAC(R )=12290
T AMGIK )=1t2s6 - XINC(R )=1528 YINC(R )=152A ~ SUML(R )=10eC
TEFPL1(R )=1552 TEMP2(R )=1534  SUMA(R )=1536  TARGT(R )=1238
SUYB(K )=183¢E © XA(R )=15%40 YA(R )=1542  TOL(R )=1a4b
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PAGE 7
FIRY(R )=154A DTY(R )=154C ALANK(R )=154E XPAGE(R )=1350
s EG(r )=1E55 EQUALI(R )=1:°%8 FF(R )=15%A SF(R )=1o3C
. TITL2(1 )=18%F«1598 TITL3(I )=1%E7=-15C0 N(I )=15E6 4 M(I )=12t9
wCONT (] )=15EC MCONT(I )=1%ED ISTEP(1 )=15EEL IXSS5(1 )=1ocF
_ IyeS(I )=1SFg IRAD(I )=15F2 ILEG(I )=15F4 MX(I )=15F5
__ISYM(1 )=18Fp P o e e e e B e e s e o L TR
STATEMENT ALLCCATIONS
_ 1=1640 21620 '3=1653 4=1658 6=1€5F 7=1370 2u=1
100=17<¢R 200=173C 1000=17€C 1100=1771 1103=1797 1104=179¢€ 1105=1
_1210=17E9 1250=1631  1260=1+¢6C 1275=1670 13pu=1Féb 1400=13CC 156u=1
_1600=1911  1650=191A 16€60=193E 1670=1344 1700=1944 1729=1353 180u=1
_ 2020=1977 20+0=1961 2050=1584A 300n=1994% 4000=199F 4010=13A3 410u=1l
4140=13£7  4500=19F0  4900=19FB  Spp0=1A15 o
FEATURES SUPFCRTeEL i o Ly RN
R ANSEERICRRAC N o IOl IS e O e et 0 e e T PR
ASSIGWWENLT TRACZ i AT X Rl T Il By e 1
SONESWORDFENTEGERST | & T L S e s e 7 i !
_STANDARKD BRECISION e o R el il W N
_10Cs=- 3 2 AL A LG A O L S S T i
1132 PRINTER Al A T e s G .
CISK R R L A i R S TR e T
_ TYPEWRITER _ .
____CARD_ T e S R BT TR W Ml W, AL P L S
CALLED SUBPRUGRAYS (N Ry A0 LR G R N i
FCGCS ~ FSIK _FALOG FABS RECT SCALE AXISN PLOT LINT Sy+«8
_FOIV.  FLD FLOX  FSTO _ FSBR  FDVR Faxl SFAR SFaxX S1aR
_SFIF____ S60TO0 _CARD< PRNTZ  SRED_ SWRT  SCOMP _ SFIO  SI0Al SINAF
_SNR___ SDFiO . AN NELIE RS T e L
REAL CONSTANTS ¥ MBS VTR 5
__ 060000 0OU=157L «36000C0E 03=3600 e174532E~01=16N2 «100009%E 02=140«
«200000E 01=150n +50000CE 00=160C «11C00CE $2=16(E «850009%E 0L1=1A10
___e35C000t 0l1=1616 +9U0000E 02=1618 +105C00E C0=1614A «106000c 04i=1k1C
__e247000EZ 01=1622 «21900CE 01=1624 «113000E .01=1626 «175009E 0L=1A28
__«1LBO0OE 01=162E +«700000E=01=1630 +204000E 01=1632 «141000c 01=1A34
_ «694750€ 01=163A «525000E-01=163C «150000E 02=162E P L )
INTEGER CUNSTANTS o e N i I R R s
1 ___2=1640 11641 0=1642 @ 3=1643  498=1644 = 5=1545 8=1
z __21=164A 3042=164B  999=164c ey gy
-
CORE REGUIREMENTS FOR = R ) SR
COMMONe Coy VARIABLES AND TEMPORARIES= 5630, CONSTAMNTS AND dROGRave 15
ENO OF SUCCESSFUL COmPILATION = L ot




Computer Program for Model 4: Single-Point-Source and Utilization-Factor Model

PAGE 1
// V0B nl180 01R1 0182 0183 Ql&4 A P o NS B T - =
Qcse G180 0leo cogo e e e e s
a001 yls1 c1el ccol LS E AT e O VL N el B i 1 T
t ocee 0152 0162 0002 e =
0003 0133 01€3 _ 00923 :
oocy 0154 0184 000

V2 M11  ACTUEL 32K CONFIG 32K ‘ S 7o

- /7 FURTRAN : AN R MO NI T
sNC 10CS B s e e A T s e
*ICCS(1132 PKINTERe CARJs DISKe TYPEWRITEKR) . et
. #0NE A0RU INTEGERS u = 5 SRR
 &LIST ALL

TRTIPTE

T
.

CoERPS,.o5ThGCeCeseee F ORTRAN SOURCE STATEMENTS cee0s0e
j»‘_:llctt‘tl- ‘t"‘ttt#'t‘#tl‘r-&t‘t;tt.t“..t‘tt"tt‘t..'l‘.’tt;“.t‘.t.tt“it...‘-“

PIOGRAM TO PRODUCE A PLOT CF NOISE LEVEL CONTOURS, T4IS PRIGRaY
WAS PRLPARED FOR ENGINEERING DYNAMICS INC, USING EQUATIONS
PROVIDED BY THEM,

SIMPLIFICATION 4A « REPLACE THE ACTUAL SAMPLED TIMZI HISTORY
EY A RECTANGULAR TIME HISTORY FJIR EACH
SOURCE

T T T T T T I T TTIImN TT  TT TTIIIO ™™

INTEGER TITLI(HG)eTITL2(4))TITL3(40)

REAL L>(€)

DIMENSICON UlB)

OIMENSLON xC55(42)+Y055(42) e XC65(42)¢Y065(42)
DIMENSION MAX(10) e TINE(2) XLIN(IO0O) o YLIN(LO)
JIMENSLON SOURC(2) :
DATA AL/ZPL'/4EG/'EQY/4EQUAL/ =/ FF/ 559/ 4SF/'65%/+SJIIRC/TSIURy
1 _SCE_ '/

DATA BLANK/Y '/ :
0aTA TUL/.01/

‘RZAD TITLE :
READI292)TITL14TITL24TITLS
READ(2+2)UEGRESTEP«XCIeY(CI

N=1

M=0 Nt
IFLAG=V
M9AX=g

a XasSUM = ne0
YaSUV = 040
XSUM =0.0
YSUM= (.0




T AN R N A I R AR i oo -

CoERKS,0eSTNCeCossese F OP TR 2N SOURCE STATEMENTS ciaceee
€  READ DATA . - . - e AR N IS s
= AL 99  REZAD(2+2)U(NIeLS(MY s S e -
S A  WRITE(3029)L(N) oLS(N) 7 7 R 7
g 100 RZAD(2¢3)TIMEsXeYsALW o . X,
b o IF(ALW)I10G0¢2000200 =4
jif 200 M=Mel =
e 3FLAG=0 NG X, L= 1 1
_ XSUM=z=X3UM+X £ ) AR e i
X 2 i YSUM=YSUM+Y i T, LT E
o wWRITE(Se2V)TIMEWXeYeALW R, 3 SR S
: " 60 Vg 100 EIn A TR IR L L e L8 U S AR e
] € " EW OF DATA SET B T e L e
1000 IF(IFLAG)110041100.1200 S e e SR
ZENF 1100 IFLAG=1 H R A R A S R ESAE e 1
_______ YSUM = YSUM/M T e 2 3 STl e
e s RN RIS s A R e e AN T B e
FEF e MaxX(N)=M : M i T A R e o
g IF(M=498)1104,1104+1103 LR L R R L G [T
< 1103 wWRITE(3e22)M b o e R WA TR
7 2 CaALL EAIT R y I g s
2 1704 IF(M-MMAX)1110,1110,1105 i G

MYAX=M

T 111060 m=0 T e | e e e e
Sl NSN+1 AT e T R S VTR ET e R e G I o
A g XASUM = XASUM + XSuMm e s e e S e S T
T Y4aSUM = YASUM + YSUM § e e T Ly
e, - L I A G BRI

s YSUM = 0,.v L e el PR T A e T
SEeRs o 60 To 99 A e R

EVO OF ALL DATA SETS g e e B AT A
NCONT=ii=1 ) i bt DL e e R el L

XaC = XASUM / NCONT ale SRR ST R e e St
vyac = YASUM / NCONT e

WRITE (5+25)XAC,YAC SR
IF(NCONT-5)12104121041205

WRITE(5423) Bl o e ke F A IR
caLL EXIT R R e ey AR [ R e,
MCONT=MMAX O T AR R S

" BEGIN COMPUTATIONS OF CONTOURS

: T ISVEP=360./UEGRE s s i -
~ AL10=1040/ALOG(10.C) B R R R T R &
R T s Bl BT NG L 130 a B
e S L i i i T
E—— -] e T TR o VAT, O T

_____1v6S5=¢

1 T D0 5000 IRAD=1JISTEP
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PAGE

,37.

C=EFRS,,.STNCeCosses F O R TR G I SOURCE STATEHMNENTS opeeeoe

XC=XCI A e AN e L T (N SEALTIEY N O
yc=YCl Cos N e bR BB o et NG der
2 _ ANGS(IRAD=1)*UEGRE ¥ RO A 5 — e
AVG = WNG *,017u53293 ; 5 LR AR S
XINC=CUS (ANLG)*STEP S SR T =) i
YIMNC=SiN(ANG)*STEP : SHE T T ST - N P
ILEG=]1 ] e
€C  LIOUP TU CUrPUTE EMERGY AT A GIVEN POINT WA ST VIS Wt B - o
1256 SJL=z040 ! FL T L e B NN, S
i3 00 130U h=1NCONT i . 2T YR
i SJIML=SUML+U(N)*10,0%2(LS(y)/10.,0) 5 vee W1 o SOIF AR RO Pl e St e B e
3 _ 1300 CONTINUE BRI L
= SIML=SUML/Z ((XC=XAC)%%24 (Y =YAC)*%%2) e WL S R e A ) Y
=3 ___ SJMLz=aLCG(SUML)*AL10 D CL AR R L 1
C  BRANCH TO CORKECT SECTIONS BASED ON OBSERVER POSITION Ty
5D TO(1400417004150G04200C8,200044100,410041575)ILEG
C ILEG=1 OBSERVER AT ORGIN o
1400 IF(SUML=55,)1550,1500,15600 o i Sl SN PN Aok A s L
- 1500  Ix55=1455+1 : Boent™, AL T R o Ol o e
el RGNS BROS L o R oy o B T e ! i
. X0SS5(1r55)=xC = . et
Y255(1Y58)=YC o biocn SRERAL ARG fomad BT
s ILEG=2 o e = SR
e 632.T70 4500 T R
1550 ILEG=s i~ o e e T Ay AN IS
63 TO 4900 5 S I M e T T IR AL R
1575 JIF(SUML=55,7158041500,202¢ JeEnt e
1580 1F(SUML=SUMA)5000,5C00+4900 % B TR Lt ha
1600 IF(SUML=E5.)166041€65041670 et Tt ol 5 ey el ol S N
1,50 Ix65s1A65+1 e Y, — -
; I1v65=1Y65+1 S e e
~ XJ65(1465)=XC P = 12y s
Y265(1165)=YC I £ e
ILEG=3 R Sl R e e oy
G3 TO 4900 SRR T T S R
166G I.EG=zy 8 LTI PR
63 T0 4900 e
1670 ILtG=5 { S RO TR R
G2 To 4900 P R T e T P s
c ILEG=2 OBSERVFR AT 85 LEVEL e ot ki Sl T
1700 IF(SUML=5%,)50004150041720y h b s et e
1726 I kG=y Al e DN P e TR AR e
69 T0 4900 4 & sl e
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1 SRS . - = sl R

PAGE 4

CERRS, . ¢STNCeCoasae F‘Q eA1 RAN SDODURCE ‘jg;ljg:lnc”n ENTS coeosee

e T T p ke GESERVER AT 68 efeEe o L TT oo R
- 180G 1F(SUML=€5,)164041656,1620 =

E 1820 ILEG=S
4 62 To 4900

_ ILEG=y
62 TO 4900

AND 65 LEVEL

| 2a00 1=tsun;-55 1202041500,2040
[T 2020 YaRGYEss. 0 o

_ALE63g YN
69 To 4000 :

2040 IF(SUML=65,)49001650,2050
2050 TawGT=eS5,
ILEG=7

63 To 4000

];____wlrtnnre AROUND TARGET POINT
4000 x3=XC
Y3=YC (i

T sumB=suML RN Ly

T hn10 XCS(XB+XA)/2, ST

T YC=(YB+YA) /2,
.62 70 1250

€ ILEG=6 OR 7 ITERATING ARDUND TARGET LEVEL
T 4100 IF(ARS(SUML=TARGT)=TOLI4500+450044120

© #4120 IF(SUML=TARGT)413C+4130,4340
4130 IF(SUMB=TARGT)IH000+4137.4137
. %337 xasxC o
! Yasyc
_ SJMA=SUML

60 To 4010

R U

IF(SUMB=TARGT)®1374413744000 —

o " CONTCUR POINT FOUND
: 4500 ILEG=ILEGeS =
63 TO(150041650141LEG

€ - STEP @uT
4900 _ Xa=XC

_Ya=yc
SJUMAzSUML

XC=XC4+AINC :

ON RADIUS




PAGE S : : EE vl e st

. CeERRS.¢eeSTNCeCoeses F ORTRAN SOURCE STATEMERNTS oceecsece

YC=YC+VINC
GJ TC 125u

5000 CONTINUE

WIITE(246)
WRLITE(Ooe4) (XO55(1)eY055(1)eI=141XES)
WITE(S7)
WIITE(Oe4) (X065(1)9Y065(I)el=10IXe5)

LGt PRODUCE PLOT OF RESULTS
PAUSE
caLL ‘("‘-CT('OISOOOE01100'605'0.0'3)
 CaLL SLALE(X055¢6¢91X5541)
CaLL SCALE(YN55,64¢1Y5541)
FIRX=xuS55(ix55+1)
ITX=xX055(1X55+2)
_ FIRY=YUS55(1Y55+1)
& - It o DIY=YU25(1IYS5+2)
3 i 'a CALL AKXISI.(16043e5¢ELANKe=1¢600v0s0¢FIRXsOTXe2)
b CALL ARISH(1e093¢5eELANK4106e0090,04FIRYIDTY2)
XLIN(1)=FIRX
XLIN(Z)=SFIRX+6,0%0TX
XLIN(3)=FIRX
XLIN(4)=DTX
R T YLIN(1)=060
. 8 B . YLIN(2)=0.,0
YLIN(3)=FLIRY
YLIN(4)=DTY
CaLL PLOT(1eGe3e5¢=3)
CALL LINE(XLINsYLIMNG2414040)
XLIN(1)=0.0
XLIN(2)=0e0
YLIN(1)=FIRY
YCINC2)SFIRY+6,0%0TY
CALL LANE(XLIMoYLIMO2e2e040)
CaLl LANE(XO35,4YCHS4IX95¢19=140)
_ X065(1765+1)=F IRX
X065(1Y65+2)=LTX
YO6S5(1Y65+1)=FIKY
YJI6ES(IY65+42)=0CTY
CaLL LINE(XCES«YUcHelYESel1e9=10e1)
c PLUT SUURCE LOCATICLS
. F _ XPAGE = (XAC=FIRX)/uTX
YPAGE = (YAC=FIRY)/LTY
IsSYM = 2
CALL SYMB(XPAGE sYPAGE ¢01054ISYi190400=1)

€ _ PLOT TiTLE
CALL PLOT(=1:009=3,5¢+3)
CaLL CiWTRITITL1e2142)

75




PaGE 6

c.EﬂRS_...STNC.c..... F o R TRAN S OURCE STAT EMENT SA sescvse
_ CaLlL CWTR(TITL2.:2142)
CaLtl CNTR(TITL342142)
CALL SYMB(1,0642¢7%¢e144TITL140,043042)
CALL SYMB(1e06¢2¢4T70el4eTiTL2¢0,0+3042)
CaLL SYMP(1eC6e2¢190014sTiTL3+C,093042)
CaALtlL SYFR(1613¢1¢764¢105¢000e00~1)
Call SYMB(1e34e1e6900lbshe0,001)
~ CALL SYMB(1e4342e69¢¢07¢E.00,002)
CALL SYMB(leT601e6900l4eEGl/ALeCoUCL)
CaLL SYFB(2¢04¢1e590014eFFe04042)

_ CALL SYMB(1¢1341¢484¢105¢140400=1) MR S e :
CaLtl SYMB(1,34941e8100lU8eAL00e001)
4 J ¥ CALL SYMB(1.4801e41400704EP00,002)
3 R CALL SYMB(1le760leb1laelBeESliALe0G4Col)
 CALL SYMB(2e0441e4100149SF004002)
_ N=1 RS T o g i W
YPAGE=1069-01575%(Nel)
CaALL STMR(5¢SS +YPAGE.e105¢SOURCs04046) :
 CALL SYMB(6¢94754YPAGE+,0525¢¢1054ISY1¢0e4004=1)
Cabtl PLOT(15.¢040¢999)

T T oAkl EXIT 5N i SR e = R
1 FamMAT(40A2) et e e R T
R e FINMAT(EF10.0) KR e e
T RRLTOECINT FORMAT (2A4 46F12,.0) 9 PRI
& FORMAT(4(FI.242XF9,246X)) 5 E SN (e
‘ HEEn e ~ FOMMAT(® COORCINATES OF LEQ = 55 LEVEL?Y) 3
» T Y FORMAT(///' CCODINATES OF LEW = 65 LEVEL') i
- 20 FORMAT(1Xe2A4¢3F10e2) S

22 FORMAT(1x+14(*#,x%ERRORY)/* DATA SET TO LARGE*/15+% PIINTSY//////

23 FORMAT(1Xel4(v*«*x+ERROR® )/ TOO MANY DATA SETS/////10/17/7117¢177

24  FORMAT(1H1+2F10.4) .

25 FORMAT(®' SOURCE LOCATED AT'¢F10430°%¢"¢F10,")

ENO

VARIABLE ALLLCATIONS ;
~ U(R )=0600A-0U00 XO0SS(R )=005E=000C YOSS(R )=00B2-0060 X0365(R )=01u6=0u34

T XLIN(R )=0172-0160 YLIN(R )=0i86=0174% SOUKC(K )=018A=7188 LS(R )=0195=018¢C

; T UXCI(R 1=01.C YCI(R )=01°E XASUM(R 1=614A0  YaSUM(R )=0la2

L T XUk )=01f8 Y(R )=01AA ALW(R )=G1AC XAC(R )=ddaE

XC(R )=C184 YC(R ')=0186 ANG(R )1=01E8 ~ XINC(R )=0loa

“SUMA(R )=04Cpo  TARGT(R )=01C2 . XB(R )=e1C¢  YA(R )=0iCs

] YA(R )=01CC TCL(R )=01CE FIRX(R )=0100 OTX(R )=d1u2

) BLANK(R )=0108 XPAGE(R )=01CA YPAGE(R )=c1DC ' AL(R )=01ut
FF(R )=01E4 _ SF(R )=01€6 MAX(I )=01F9=01F0 TITL1(I )=0cel-01Fa

NC(I 120272 M(1 )=0273 IFLAG(I )=027¢  MMAX(I )=0275

: 1STEP(I )=0278 IXSS5(1 1=0279 1YSS(I )=627A  Ix6S(I )=0273

’ ILEG(1 )=027¢ ~IC1 )=027F  1SYM(I )=0280 :

‘ STATEMENT ALLOCATIONS SR g B RS e : T :
f 10205  2=02u8  3=0208 _ 4=02€0 = 6=02E7 = T=02F8  2u=¢
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T A SRS (R (T R L T SO S A e
25=y361 99=93C1  100=03C7 . 200=03E8 _ 1000=0%¢D _ 1100=p%11 1103=¢
1200=04%63 1205=9485 1210=04%64  1250=0409  1200=04F7 1400=p527 1500=y
1€00=¢%¢eC 1650=0575 1660=0299 1670=n59F 1700=0SA5  1720=)5AC 1R00=0
2020=¢05C2 2040=05.C 2050=05E5 300n=05EF 4000=0%FA 4010=0505 4100=0

4140=0642  4500=0648  4900=0e57 S0y0=067y 25 s
FEATURES SIIPFCRTZD = TR N o Ll ie <o O WS LR | D e R,
ONE WORO IPTEGERS o i R e AT ) T B R T
STANLARD PRECISION ] e i’ e A R O e N O L
10CS=- O e A L L e T Rt R S A DA A O
1132 PRINTER e L A e R T T i - SEYr
DISK e i) L B R TR T S i e e
RN BRI R L e e e e [l P
. CARD . % il

CALLED SUB-ROGRAYS B R e e P B M L s Y
FALOG FCOS  FSIiv _ FABS  RECT  SCALE AXISN  PLOT  LINZ SYMB

_FMPYX  FpIV  FLD _ FLDX FSTO  FSTOX FSBR  FDVR  FaAXxI  IFIX
_SWRY  SCOMP _ SFIO __ SIOAI __ SIOAF _ SIOFX SIOF __ SIOI = Su3SC  PauSe

REAL CONSTANTS PR TR ] e e ek e A 2
+06000VE 00=0236 «360C00E 03=0288 +100000E 02=028A «174533£-01=028C

_ «200000E 0133292 «500000€ 00=0294 _«110C00E 02=0296  ,85000%: 0150294
 +350000E 01=029E  ,9U0000E 02=02A0 «105000E 00=0282  ,106007E 01=02A%
«247000EL 01=024A «21900CE 01=p2AC «113000E 01=C02AE »176002E 01=0280
__ +14BQOOE 015G236  ,700C00E-01=02838 «204000E 01=02RA  ,14100)E 01=02BC
_ J694750t 01%92C2  ,525000E-01=r2C%  ,150000€ 02s02C6 ===

INTEGER CONSTANTS

© 2=g2c8  1=92C9 _ 0=02CA _ 3=02CB __ 498=02CC _ S$=p2C0 "~ a=q
_21=¢2C2  3042=02v3 = 999=¢20¢ ! PRI
CURE REGULREFENTS FOR = N P B N S e R A o R ]
_COM¥ONe Gy  VARLAELES AND_TEMPORARIES- 646, _CONSTANTS AND >ROGRAMe- 15
END OF SUCCESSFUL COMPILATION e i :
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Computer Program for Model 5: Base Equation Plus Barrier Attenuation

PAGE _

/¢ OB
0000
00u1
ooc2

1

01£C 0131 0182 0133 01ed

0603

0o0%
vz F11

/7 FUR

0130 06180
0181 0181
0182 cie2
0133 0143
0144 0184

ACTURL 32K (CNFIG 32K

TiAl

sMNC 10CS
$JOLS(1132 pPrINTERs CAR(Ce CISKy TYPEWRITER)

*OMhe

_sLIST ALL

ot

€
- €
c
C
c

T INTEGEK TITL1(40)+TITL2(U40)TITLI(40) -

wIRY IWTEGERS -

C-ERRS...SThCsCeeese F OCRTRAN SOQURCE STATEHEN

B T L Ty e et T T A Ty T P2

“PIOGRAM TC PRODUCE A PLOT OF NOISE LEVEL CONTOURS. THIS PrJGRaM™
WAS PREPARED FOR (NGIMEERING DYNAMICS INC, USING EQUATIONS
POVILLD 5Y THEM, '

I I M L I T T s

REAL L3(5v045)

OIMENSION XS(5004¢5)4YS(50045)

DIMENSLION X055(42)¢Y035(42)¢X065(42)4¥06S(42)

OL¥ENSION MAX(10)¢TIVME(R) ¢XLINCL0)$YLIN(CLO0) e

JIMENSLON SGURC(2) : :

DATA AL/*L*/ EW/*e6/ EQUAL/*=*/ FF/*55%/4SF/%65'/+1SJJRC/*SOURY
'E v/

DATA BLARNK/Y 7

OATA TUL/.01/

REZAD TATLE

RZAD(2¢1) TITLLTITL2,TITL3
RZAD(2+2)5TANG
REZAD(2+¢2)LEGRE«STLPoXCIeYCI
READ(2¢2)a81eYBlexB2evYH24H14H24H3

Nzl

M50

IFLAG=0
MMYAX =0
WARITE(3421)

RZAU QATA
RIAD(2¢3)TIMEoXeYoALW
IF(ALW)1000+2004200
RELE DY




T e e e, LA G e SO T O M SR S S s NN e et ORI PR

C-CRRS,...STN(,-C..... x F 0__8 T R‘_,ﬂ__Nw S OURCE S_‘T__.A [,E M E NT S EXEEXEEE)

e el s __ IFLAG=u P 5 (s e T

% T T L LA S UMW RS PRI Ry £
YS(MenI=Y Eg e TR R e L = e A

o LStMeN)=ALW S e T e ey Bl PO LS o7 S WO e
' e WRITE(3420) TIME e X Yo ALW i LT i T ay
1 eI E A 50 TO 100 REs, oo e SRR

i cC____EW oF DATA SET Y AT b

ek 1000 IF(IFLAG)1100,110041200 5 53 e et

& 1100 JIFLAG=1 A T R R e B B

U WRITE¢anzll e

N T TGN SN R R R R E I

e  IF(Me498)11044110441103

1102 WRITE(oe22)M R e

_ CaLL Ealv

1:(M-MHAx)1110.1110.1105 B
MAAXZH
Mz0

e P S AN s T i R
S 60 TO 100 (T M PN BT
L € ENDLOF SAUL DATASETS . o f s T e

“ 1200

 caLL EXIT

NCONT=in=1 it
_IF(NCONT=5)1210, 1:10.1205 -
WLTE(5423)

1210 MCONT=MMAX _ R e
€ BEGIN COMPUTATIONS OF CONTOURS FIe
e ISTEP=360./LELGRE o T 5 S e Bl
DRSS 1) - L L i St St A
. _1vs5=0 ER Ve AR v R i R
IR S (¢ (- 11 cil3 PR L e s
I ohhs Iv65=¢ R T e T T el R L
e, __ITCNT = 0 _ o DA TN s

1220

1225

"~ DEFINE SLCPE OF BLRRIER

1230

IF(X81-XB2)122041225,1220
Is8=1 Fs
__$3AR=(YB1=~YE2)/(XB1=XB2)
GOT0 1230

15820 ST SRR RN 1)
S3AR=0 SRR L
CONTINVE i

DO 5060 IRAD=1,ISTEP
=XCI

YC-YCI BN LRI

AVG=(IKAD~1)*DEGRE _ ol e
_ANGB=ANCISTANG

WRITE(Lel2)ANG =
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T T S S S R s e e e R Il o Rl [

C-ERRS..eSTNCeCeasee F ORTRAN SOURCE STATEMENTS ceeeece

ETene 12 FURMAT('ANGLE =°'F10.2) L SRS
¥ _ AN6 = ANG *#,017453293 ) G T TN e
AR _ XINC=CUS(ANG)®STEP _ = 3 i fi E g 4
: T e it e (RN e SIN(ANG)*STEP % ¢
4 e b ILEG=1
b, RS C ~ LOUP TU CCMPUTE ELERGY AT A GIVEN POINT L2, g i
BT A2 i e 1?507 SJML=0.0 . o . > o S |
e DO 130u N=1.NCONT T 3 3
M T MX=MAX(N) AR RN N % ]
A4X=MY ) 0 e R o5
oy _”“__403 1300 MM I.MCOM' s g A R e = s G §
Lo R A= M o R T N s
T TEmMP1zAM/AMX R, AR Sl VDG A SO R s B TR D i
T TemMPa=tiM/MX . . i e ey, ¢ Tod b w i
e M=(TEMPTSTENPYOAMX. - . o T EpEREnE PR i 3
L TECMEYRE 0N 260 1o7S L A N T e T e T i
T 1260 M=MX AT AT A R $
b RSCEXSEM NN T e e i Bop
T S YSCSYS(M.N) T T R R e e
 IF(XSC=XC)1278+1279,1278 e
1376 IsL=1 £ 2 i AT R
i AT SLIN=(YSC=YC)/(X3C=XC)" Il e B e s i
5 ~ GITO 1280 B AL PN g B i :
T 1275 SLIN=0 e R R I R N R, A TR i
S e S 1sL=0 ! Jnrh el Cie (i T e Deh T e T i
1780 IF(SBAR-SLIN)1282.1281+1282 T
1281 FaC=1,0 i BT ¢ SR e
g G310 1499 g gt u! 2 R i ¥
1282 IF(ISE)1284,1283,12¢64 PR R
€ S3AR = INF SEalL g S TG S e e DA e
1283  x1=XB1 . AL e LR
3 . YI=SLIwn®(XxI=XC)e+YC oh gt Ee e T Firs E ey
3 62 To 1287 SR R R L
T 1-84  IF(ISL)1286.128=41286 S Xy R
B SLIN = INF e T ST TR
£ 11285 XI=xC £ e SR K 3
C YI=SBAR*(XI-XB1)+YE1 R ST R R T iy ‘
9 Ga'lO 1287 ) B I R et N e S s 1 3V P P X T
1586 XI=(SLIN®XC - SuAR®XB1l = YC + YB1)/(SLIN=SBAR) ¥ T
YI=S8ar*XI « SBEAR*Xul + Y31 X
1287 CALL SEG(XB1eXBE24¢X1410) d ¥, =3
; 62 T0(128841261)41i0 L <k et
~ 126€&  CALL StG(XCeXSCeX1e1D) i
GOTO (4290G+1281)410 e 5
4 DEFINE PARAMETERS FOUR BARRIER CONDITICN HE T %
1290 EAT=((VI=YC)*%2 + (XI1=XC)e22)2+,5 LB AL AL S BT LSRR S T
,,,,,,,,,, 0T = ((YI=YSC)a%Z ¢ (X)]=xSClesg)ee,s =
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PAGE 4

E-E-’;RS..,STNC.C..O;O

FORTRAN SOURCE STATEMENTS ceesaee

CUT = ((Hl=K3)x%2 + (EMT4DMT)%%2)%%x,5 2 B2
3 Lt 8iT = ((He=H3)%%2 + EVT*%)*» .5 O S sk R I T W oR i L
i e AMT = ((He=H1)%32 ¢+ DMT*%2)%%,5 7L RS A, L6 Sl LYR SAE lon T8
Py k& GGMMA =" AMT "+ BMT ‘= CuT : ol P )
IF(GAMIMA=,0%514)129741298.1298 Al SR Pt Ll a g e
1297 GaMMA=,0514% A i & At
e 1296 . FaC = ,0514/GAMMA - - : ki e ,
£8 1299 SUML = SUIIL+4FAC*10.00%%(LS(MyN)/10,0)/((XC=XSC) %22 + (YCeY3C)e%x2)
~130C CONTINUE st el e/l OARE SualTAAE (] TR Sy
e SIML=1U,0*ALOG(SUTL/MCONT)ZALOG(1D,) A NSO ol e s
e WRITE(S3G)SUMLXCeYC RO 4
30 FORMAT(3F12.%4) __ Res e Sl e WS 0 TR ST AR i B L S
Bt i 1G] ___BRANCKH TO CCRRECT SECTIONS BASED ON OBSERVER POSITION
8] TO(14004170041t0042000,30004%10044100+1575),ILEG et
1y A ILEG=1 OBSERVER AT ORGIN s R NERG S L sl i e ey
1400 IF(SUML=55,)1550,1500,1600 5l e
______ 1500 IxX53=1X55+1 O A L P e Pom R N T
S gt | o Iv95=1v55+1 Al g 3 =
irnc i __X355(1x55)=XxC | Frtles i1 £ . WD AN
. YJ55(1Y55)=YC T e e L T v R Sy e P
ICEG=2 L £

63 TO 4900

e L e60) BREBEeRt e o : R TIC e VR
T 65.1g 4900

o AOOE
o E580.

| 1800

e (-0
- 1660

170

€

17¢C

1720

e, -

__ 4a00

_XJ65(1X65)=XxC

ILe6=3 OBSERVER AT 65 LEVEL

IF(SUML=55,)158041500,2020 e TR
IF(SUNNL=SUMA)S000+¢5000¢4900 L S Y
CIF(SULML=65,1166041650,1670 e
IK6521465+1 2
IY65=1v65+1 N Tt A | k! AP0

Y265(1Y65)=YC e R LR BT
I EG=3 TS SR Slaary

§0 %0 w906 s s
R A S LG S M Y
60 10 %900 SR TR
ILEG=S R TR AN o ke et
63 TC 4900 A R
ILEG=2 OBSERVER AT §5 LEVEL A

IF(SUML=50,)500041500,1720
1LtG=y
63 T0 490U

IFi(SUML=65,)164041650,1820




a8 e T N e = '

C-ERRS, . oSTNCiCosoes FORTR AN SOURCE

ok |
,,,,,,,,,,,,, |

e ey : Sfor, S le D PR e B B RN £ Al |

gy 1820 1LEG=s RS S A e o P B S R e |
e e e e 04 49005 E e |
1

184G I EG=4 L N T b T pa el R P N e M e S Rl VR S
T Gd TG 4900 e h S s v
T e _ILtG=z4 ORSERVER BETWEEM 55 AND 65 LEVEL 5 33
2006 IF(SUML=55,)20200150042040 R NRAYS S i L L S S e et
p _202¢ Taw6T=a5, R BT e e I o =
EER e T e SR T 2 ket

62 T0 4000 _

T2040  IF(SUML=65.)49004265042050

2050 TARGT=zeS5,
ILEG=7

L e G Re RgeE T bl Ry IQ . e
T T €T TILEG=s OVSERVER AT LEVEL GREATER THAN €5 — — —— — — —
T 3000 1F(SUML=65.)20504165044900 i 3

TR 1

€ ITERATE AROUND TARGET POINT

______4oou  x3=xc N A O AR SRR PR Y VIS S T e
e o N =7 %
i SUMB=SUML ST S

T 4010 Xc=(xpexals2., Ly ,
33 ~_YC=(YR+YA) /2, VB 5
 WRITE(141u)TARGT R A
10 FORMAT(*START OF 1TERATION'eF10.2)
~ Bd T0 1250

C T 1LEG=6 OR 7 TITERATING AROUND TARGET LEVEL
410G ITCNT = ITCNT +1
IFCITCNT=15)410544103544500

4105 IF(ABSISUNL=TARGT)-TOL)4500¢4500¢4120 i AT,
T 4120 IF(SUML=TARGTI4130+413044100 M R £
T 4130 IF(SUMe-TARGT)I400C 1413744137 PR
4137 xasxC S e S
e (T A A Y e
T sumAssLML R I
B _ G6d TO 4010 S T
T 4140 IF(SUMB=TARGT)G137,413744000 T T

€ COANTCUR POINT FOUNL T R R R e T Iy

4500 ILEG=ILEG=5 S e T o e SR St

! e ITCNT = o ,

© WRITE(Le11) i e A
11 FORMAT('END OF ITERATION®') ST
___________ 63 TO(1500¢1650)¢ILEG
€ ____STtrut on maDINS_ 000000
82




. PAGE 6 e o - ——
t C-ERRS...S'NC.C..... FCRTR A_VN K s Q UR C € S T A [ E M E N L 4 S LR RO
» 4900 xa=Xxc =t .
L Ll 2 _ Ya=YC bl e o A i e T e S g 0P e A s e e A i
F i o SJyMA=sUML S e S T S o R T S B el
k L SEXC+XINC A O el N % 18 oot o £ -
[ YS=YC+VINC LAt
F i) 60 TO -1250 e
| 5n00 CONTIWUE o s L2 e ST s o [ A0
| A ’ 3 e o AN A Y e (s
| WRITE(346) = S N
| A . _WRITE(3+4) (X0SS(I1)sYOSS(I)el=1+1XS55) ] An e e A T ke
E Al  wWRITE(3e7) m LS S e
| e R __ WRLTE(3+4) (X0ES(I)eYCHS(I)el=1eLX65) =
b C  PR0ODucCk PLOT OF RESULTS ] e A a Sl At e
A _ PAUSE s RRER NS g =, b = SRR
A CaLl REeCT(=065¢040911¢00B8e59060¢3) WY e Y e N O D S e T e
I CaLll SCALE(X05S54¢64¢1X55¢1) Tt L Wi
Maos CaLl SLALZ(YOHS5+e401Y5541) s LR s i
| FIRX= USS(IX55+1) - e o e i =3 Sy
{ . DTX=X095(iAS5+2) L T S e greXf
__ FIRY=Yu55(1Y55+1) L 2R 2 e e S gL
_ DTY=Y(25(1Y55+42) g L e o ey a8 e e
et __CALL AXISI(1e093+51BLANKe=196400060¢FIRXeDTXe2)
i XLIN(1)=FIRX e L
CALL AKISHN(1e0e34Z¢ELAMKI14600¢9040¢FIRY«NTYe2) W 07 2
Paate, _ XLIN(2)=FLIRX+6.0%TX ’ et e S e
o XLIN(3)=FIRX - . ) S L
_XLINt4)=D]X o) o e wioh | OV e R P e |
o YUINRYY=040. BIEUCAABL 01 5 MW D, VYl -Sil)f FOCD P RPN e Wil Y )
_ YuLIN(2)=0.0 R e DN
» YLIN(Z)=FIRY . e LD e R
g YOIN(Y)I=DTY o L ey R e e A
CALL PLOT(1¢00¢3e¢54=3) e =
CatlL LINE(XLIMeYLIP42414040) i -
XLIN(1)=0.0 e G A i e et Dk e R L
 XLIN(2)=040 R e ST e U ey LY e
_ YUIN(1)=FIRY . . nl LAl LT, AU S AR ok iliin
 YLIN(2)=FIRY+6.0%0TY R N L L ER AR A T ol i
Call LaNE(XLIMGYLING2910040)
CALL LINE(XOSS4Y0S5¢IX55¢10¢=140) ol
XJ6S(IYES+1)=FIRX § ] 1k B0 A
XJI65([Y65+42)=CLTx WAty :
YI65(1VES+1)=FIRY — e e S
YI55(1Y€E5+2)=CTY e i
CALL LANE(XCE5¢YCFSeIYESelv=101) y
(3 PLUT SULPCE LCCATIONS ol 5
D3 630U N=LoNCOWT i

MZONTzmAX (V)
KSIPCORT41 o) =F IR
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CeERRS ¢ oeSTHCeCoeees F ORTR AN SOURCE STATEMENTS seansee

~ YS(MCONT4+1eN)=FIRY
 XS(MCONT+24N)=0TX
 YSU(MCCONT4+24M)=DTY : S
. i R CAlL LANE(AS(140i)oYS(214N)s™CONT114040)
] AL, XPAGE=(XS(1eh)=FIXX)/CTX
! YPAGE=(YS(1el))=FIRY)/OTY
_ISYM=n+l { s E T
o CaLL SYMB(XFAGEsYPAGE+0105¢ISYMe0400=1)
6000 CONTINUVE

€ PLOT RARRIER POSITION PR 0T
ISGN=(YB1=7B2)/ABS(YB1=Y82)
T IFUISK)52204%1(0¢7200
5106 Y31=Y31+IS5Giu*H2
© Y32=YB2-13Gh¥H2
L '"'Go 1@ 5300 - )
~ 75200 ISGNX=(XBleXB2)/AES(X81leX52)
YOIIF=ABS(YB1-YB2)/(EMT+OMT)*H2
XJIIF=AbS(AB1=XE2)/ (EMT+#OMT) #H2
T Y31=YB14ISGN*YUIF
 ¥32=YBe-I13GN*YOIF
X31=Xga+ISGNX%XUIF

o X32=XBe=ISGAXxXDIF ) il EPASENTE LR s
5300 XPAGE=(XBL-FIRX)/UTX
YPAGE=(YBl=FIRY)/LTY
CALL PLOT(XPACEWYPAGE3)

__XPAGE=(XBR=FIKX)/LTX
___YPAGE=(YBe=FIRY)/OTY

___CaLL PLOT(XPAGE+YPAGEs2)

6T OPEOESYEICE
CaLL PLOT(=1,00=3¢54=3)
caLL ChTR(TITL142142)
CaLL CiwTR(TITL2+:2142)
CaLL CnTR(TITL3+2142)
CALL SYMB(1406¢2¢75¢e14¢T1TL1¢0,043042)
CALL SYME(1,064¢2¢470e1%eTITL2¢040+3042)
_ CaALL SYME(1406¢2¢1944140TITL3+04003042)
~CaLL SYMB(1e13¢1¢7€40105¢000000=1)
~ CALL SYMBE(le34¢1etQeelleALe0,001)

CALL SYME(1,48¢14599407eE300.002)
S CALL SYMB(1eT7€01et90014%sEGL'AL0,001)
- CALL SYFMB(2s0401¢0%0el%sFFe04092)

T CALL SYMB(1¢13¢1¢484410541004Go=1)
CaLlL SYMB(1le2HelebloelbeALe0e001)
CALL SYMB(le4Reletlye076¢50004002)
CaLL SYME(le70ele+leel¥sEJLALIULG])
CaLL STMB(2e04¢1e41001%9SFel4002)

DO 7000 N=1,NCONT
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C-ERRS...STNCeCesees F ORTR AN SOURCE STATEMENTS ceeesee

___AN=N i RN : e :
ISYM=N+1 L
_YPAGE=1+69=0¢1575% (h=1) . SR e B AN e s
CALL SIMB(S5.635,YPAGE4e105+SOURC10,046) S o A
CALy wUMBI6e3T4YPAGE1e1US¢ANIO.0s=1) e il
CALL SYFMR(64,9475:YPAGE++05251+105¢I5Y440404-1) = 5
7000 CONTINUE : el T O
CatL PLCT(15.90400999) SO e Ol SO R R

e e CHCREE CEXET SELE Ry, TETY B e Lin]
s 2 1 ~ FORMAT(40A2) e ISR X o e A0 e
ol WA B e _ FORFAT(8F10.0) B e S e e T e e T
=3 FORMAT(2A4+6F12,.0) Doy eI T het P A T Wl R S b ce TN
&  FORMAT(4(F9.2+2XesFF9¢246X)) S AL o N, i P el
A NIL F e FORMAT(* CGCRUINATES OF LER = 55 LEVELY) A A TN T T
e 7 FORMAT(///' COCRDINATES OF LEG = 65 LEVEL') L Itid - TR TR
3 20  FIRMAT(1X12A443F10,2) ; s g i Rl S g AT, ity
21  FIRMAT(1H1) :
22  FIRMAT(1Xe14('=xxx+ERROR*)/v DATA SET TO LARGE®/I154' 2IINTS//////
23  FORMAT(1Xe14('*x%+ERROR')/* TOO MANY DATA SETS//////17/1/71777//7
(Y] g £ ’
VARIABLE ALLCCATIONS %
) XS(R )=13t5-0000 YS(R )=270E=1388 X055(R )=2782-2710 VYGC55(R )=27c6-2754
_ VTIME(R )=28E2-2860 XLIN(R )=2676-2864 YLIN(R )=2884=2678 SOURCI(R )=2538Z-206C
_DEGRE(n )=3C1A  STEP(R )=3C1C XCI(R )=3C1E  YCI(R )=3Cen
_ XB2(R 1=3C28 Yo2(R 1=3(286 H1(R )=3C2A ~ H2(R )=3cec
Ytk 1=3C32 ~ ALW(R )=3C34 SBAR(R )=3C36 __ XCi{R )=3C38
~ XINC(k )=3C3¢ _ YINC(R )=3CH40 SUML(R 1=3Cu2  AMX(R )=3Cey
TEMP2(R )=3(C4n XSC(R )=3CHC. YSC(R )=3C4E . ~ SLIM(R )=3C00
) YI(h )=3C%5 EMT(R )=3C58 DMT (K )=3C5A ~ CMT(R )=3¢sC
_GAMMA(K )=3CE2 ~ _SUMA(R )=3Ceéu4 TARGT (R )=3Cee . XB(R )=3Co8
XA(rR )=3(6BE YA(R )=3C70 TOL(R -)=3C72 FIRX(R )=3C7u
CTY(R 1=3C7a bLANK(R )=3C7C XPAGE(R )=3C7E YPAGE(R )=3Co0
. AL(k )=3Cte EQ(R )=3C88 EGUAL(R )=3(8A FF(R )=3coC
_ MAX(I )=3CA3=3C94 TITL1(l )=3CCbe3CA4 TITL2(I )=3CF3=3CCC TITL3(1 )=3J13-3CFy
_IFLAG(I )=3L1E MMAX(TI )=3C1F MCOLT(I )=3020 MCONT(I )=3ull
__1YS5¢1 )=3i24 IxeS(I )=2C25  1YeS5(1 )=3026 ITCNT(I )=3v27
ILEG(] )=3C2A ! MX(1 )=3C28 ; MM(I )=302C ____ISLCI )=3ued
ISYM(1 )=3C30 ISGN(I )=3031 ~_ ISGNX(I )=3032 A T
STATEMENT ALLOCATIOANS - e e :
222308C 3n=3093 10=3L5%6 11=30A2 1=3DAC 2=3)0AF 2=3
20=30E3 21=%0L9 22=30EC 22=3L0E 100=3E90 200=3zal 100u=3

" 1105=3EF9 1110=3eFD 1200=3F09 12(5=3F15 1210=3F1A 1220=3"40 1525=3
1275=3FL4 1278=3FcC 1279=41¢60 1250=4009 1261=401¢ 1282=4)1¢% 1283=4
128 7=4(po8 124R=474 129p=4(8¢ 1297=4(¢F4 1299=4rFo 1299=4FE  130u=%
1575z419A 1530=41n3 1600=41AC 165n=4185 16609=4109 1673=410F 179u=
1640=4293 20un=u2y9 2020=4212 204p=421C 2050=4225 3900=422F 400u=
4120=4278  4130=427F  4137=4c66  4140=429%  4500=429D  4900=4231  5n0u*
530024514  7000=46lB o Ko SV R AR, R S R e

FEATURES SUPFORTED

L ORI
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[ /
{’,J
PAGE 9 R S e D
_ONE wORLC INTEGERS RO AR S ¥
_STAMDARU PRECISLON e OIS g e
10CS- S e R, B
1132 PRINTER e e TN

~ DISK e S e IR R e N T e
__ TYPEWRITER T A A AR e, A S e S T
__CARD ¥ % SN Y » s e
CALLED SUBPRCGRAMVS , : i
FCLS FelINh SEG FALOG  FABS RECT SCALE AXISK  PLOT LINE
Fsus FHPY FDIV FLO  FLDX FSTO FSTOX  FSBPR Fov! FaxI
_SRED  SWKT  ScomP__ SFIG  SI0Al SIOAF  SIOFX  SICF SIoTY Suasc
REAL CONSTANTS : S B i 3

«36000UE 03=3D38 «174532E-01=3D3A «000000E 00=2D2C «10000%E 04i=2n3e
T W1C0CULUE 02=3044 «SOUN0NE 0&=3gp46 «65000CE 02=3048 «200007E 01=3)4%a
T 4600000E 01=3D50C +350000E 01=30352 «90C00GE C2=3DS4 «105903E 00=2n5Ss
T +14C003E GG=305C «2470C0NE 01=3D5€ «219CC0CE 0L1=3060  L,11300°E C1=306e
" ¢169000E 01=3D3A4 «148000E 01=306A «700000€=01=3C6C +204003E 01=2N6E
T o5E3500E G1=307% 637000 01=3076 «69475CE £1=3078 «S525003E=04=3N74
INTEGER CONSTANTS JERl e T e R A TR S 2k
T 2=307€ 1=307F 0=308¢ 3=3061 498=3D82 - 5=3)83 8=3
T 15=3U68 21=3069  3042=3uBA 959=3066 : j

CURE REGQUIZEFMENTS FOK = - e S
“COM¥ON L,  VAKIABLES AND TEMPORARIFS= 15672, COMSTANTS AND 2ROGRaMe 22

END OF SUCCESSFUL COMPILATION

e
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APPENDIX C:

ACCURACY OF A SINGLE-POINT-SOURCE
MODEL

Nomenclature
Lm sound level of noise source at distance DIr
L' —sound level of source at 50 ft (15 m)
D -distance to noise source

r

Dl y D2 —distances

Estimation of the degree of accuracy sacrificed by
adoption of a point-source model as a function of the
amount of vehicie motion perpendicular to an observer
point may be calculated by assuming an arbitrary refer-
ence sound level (L, ) at an observer point located an
arbitrary reference distance (D;) from the source which
produces a reference sound level (Lg) at 50 ft (15 m).
Given these variable definitions, the following relation-
ship is true:

502 X 10Lsc/10
2
Dl’

L, =10log,, (Eq Cl)

The question may then be asked: at what distance
Dl/Dr or D2/D . will the sound level at the observer
point be less than or greater than L by X amount?

502 X 10bse/10
2
Dl

X=L,-10log , (Eq C2)

and

502 x 10Lsc/10

X=10log,, [ =
P

] -L, (EqC3)

Substituting the equality set forth for L in Eqs C2
and C3 gives:

(Eq C4)

2
DI

r

g 502 X Lg/10 2 Le/10
x40 ,ogw[%J i 'osm[u'——

|

87

and (Eq C5)

502 X 1QLsc/10 502 X 10Lsr/10
== - 10l0g, , |

X=10log
10[ D: Dz

From Eqs C4 and CS, the following relationships can
be derived:

D, =D_V10X/10 (Eq C6)
D, =D /V10*/10 (Eq C7)

If values of X are substituted into Eqs C6 and C7, the
following relationships of D; and D, to D, may be
derived:

X D,/D, D,/

2" r
1.0 1.122 .891
1.5 1.189 .841
2.0 1.259 .794
2.5 1.334 .750
3.0 1413 .708
3.5 1.496 .668
4.0 1.585 .631
45 1.679 .596
50 1.778 .562
55 1.884 531

From these relationships, the degree of accuracy sacri-
ficed by the point-source model may be provided as a
function of the amount of movement relative to a
given distance to observer position (D;) in feet.*

Movement Acceptable

Accuracy Around Center Point
+1dB .347 l),
2dB 583 I)'
3dB K27 l)'
4dB 1.082 l)’
5dB 1.352 l)'

*1 ft=.3048 m




APPENDIX D:
DEVELOPMENT OF A SIMPLIFIED
BARRIER EQUATION AND ASSESSMENT

OF ITS APPLICABILITY TO A POINT-
SOURCE MODEL

Nomenclature
o constant equal to 20

) difference in sound path distance with and
without barrier

A —wavelength
Lg, —barrier attenuation
FR; —frequency f

Lg —A-weighted sound level at observer position
with barrier

L, - A-weighted sound level at observer position
without barrier

A; —A-weighting correction for frequency f
L, —sound pressure level at frequency f
Barrier Equation Development

A barrier equation was derived from a simplified
form of Makawa’s equation:

a26) [EqD1]

Lgy = lOlogw(T

o = a constant which equals 20
A = (1130 ft/sec [344 1a/sec] )/FR

6 = the difference in sound path distance travel with
and without the barrier (Figure A5), § = atb-c.

FR = frequency in Hz

Given the above definitions, the equation can be re-
written as:

FR

f
Los = lOlogloﬁ+ 101o0g,, 6 {Eq D2]

If L, and Lg are the A-weighted sound levels at the
observer position without and with a barrier, respec-
tively, and Ay equals the A-weighting correction for
cach frequency f, then the following relationship is
true:

L, =10log,, rin 101 = Ar=LBa)/10 (g D3]

Substituting the equality presented for Lya in kg D2
into Eq D3 gives:

iothe TR i

LA=|0log|0|f:2l FR 5 J [Eq D4)

f

Eq D4 can be rewritten as:

28.25 2*: 10(Ls - Ap)/10
5 £ F

LA=1010gm[ R J (Eq DS]

At this point the assumption is made that all construc-
tion vehicles have a frequency spectrum which is similar
enough to allow acceptance of a single representative
spectrum (which can be weighted to yield the total
sound level measured for each vehicle). Given this as-
sumption, a new variable (FSy) is defined as that value
which when added to the total A-weighted sound level
(La), will yield the quantity of the sound level (Lg) of
frequency f minus the A-weighting component (A¢):

L, +FS;=L - A, (Eq D6]
Substituting this relationship into Eq DS:
" 28.25 < 10(La + ““Sr)lw]
Ly = 101ogm[ : f}‘i PR, [Eq D7)
from which Eq D8 can be derived:
(Eq D8]
3 28.25,, 1 01a/10 1orsmo]
L, =10 10,310[——8 X 10 f; e

Since it has been assumed that the same relative spec-
trum applies to all construction vehicles, then the
quantity

F loFSfI 10

f=1 FRf




T T T I T e TP PV I e

P TR PE T 1L e e e s

is a constant, which is calculated to equal 0.001 when
the spectrum depicted by Figure D1 is selected as
representative. Substituting this value into Eq D8 we
have:

% 0.3 X 10%a/10 .
LB—JOIoglo————s——-—- [Eq D9]
Eq D9 can be rewritten as:
_ 0.0514 :
L,=L, +10log 5 [Eq DI10]

Given that the difference in the A-weighted sound
levels at the observer with and without the barrier
equals the excess attenuation due to the barrier L, .
then:

Eo, =L

BA A'L

! [EqD11]
Replacing the term L, in Eq D11 with the equality
presented in Eq D10 gives:

Ly = 1010g,, (5/0.0514) [Eq D12]
Application of Barrier Equation to a Point-Source
Model

A procedure was developed for applying this barrier
Eq D12 to a point-source construction-site model. A
series of simple hypothetical situations was postulated
where a vehicle was moved in discrete, equally spaced
steps behind a barrier. The variables investigated were
the distance from the observer to the barrier, the closest
vehicle approach to barrier, the farthest distance from
the barrier to the vehicle, the median distance of the
vehicle to the barrier, and the total distance of vehicle
movement.

The results of the analyses of these hypothetical situ-
ations indicate that a fixed-point-source model located
at the median position of vehicle travel behind a barrier
will estimate the barrier-attenuated sound level to with-
in approximately 1 dB given that the quotient of the
total distance of vehicle movement divided by the dis-
tance from the observer to the barrier is 2 greater than
the quotient of the nearest approach of the vehicle to
the barrier divided by the distance from the observer to
the barrier.

Derivation of a Simple Table of Barrier Attenuation
Levels

In order to derive a simple table of barrier attenua-
tion levels, a program was developed to calculate the
excess attenuation resulting from several combinations
of barrier and vehicle heights, for various distances
from barriers to vehicle and to observer, for various
fractions of vehicle path shielding, and for two condi-
tions of vehicle noise levels. From these scenarios (2400
in all), three tendencies were observed:

Difference Between Barrier and Vehicle Heights

The first trend which became apparent was the ex-
cess attenuation only ranged a maximum of 1.1 dB for
any given difference between barrier and vehicle heights,
regardless of the actual barrier and vehicle heights. The
relationship held for all barrier-to-vehicle and barrier-
to-observer distances modeled.

Distance Between Barrier and Observer

Another relationship investigated was excess attenu-
ation as a function of the distance between barrier and
observer for a constant barrier-to-vehicle distance. For
any given barrier to vehicle distance, excess attenuation
was found to be relatively constant (within 1.2 dB) for
barrier to observer distances of 2500 ft (762 m) and
beyond. Excess attentuation increases as the distance
from barrier to observer decreases from 2500 ft (762 m).
No simplifying relationship was found for these shorter
distances.

Percentage of Vehicle Path Shielded by Barrier

The third relationship investigated is excess attenua-
tion: as a function of the percentage of the vehicle path
shielded by the barrier. It was determined that for every
25 percent decrease in the percentage of the vehicle
path shielded by the barrier, the excess attenuation
values provided in Table D1 should be halved. This pro-
cedure is accurate within 1 dB for all conditions inves-
tigated (vehicle distance from 50 to 400 ft (15 to 122
m) behind the barrier and barrier-vehicle height dit-
ferences ranging from 0 to 13 ft (0 to 4 m)), except
when the vehicle was 50 ft (15 m) behind the barrier
and the barrier-vehicle height was greater than 10 ft
(3 m). In these cases, whun this procedure is used, the
excess attenuation is overestimated by as much as 1.9
dB.




Table D1
Number of Decibels Attenuation Provided by Barrier
Shielding as a Function of (1) Distance between Vehicle and
Barrier and (2) Difference between Barrier and Vehicle Heights*

Barrier Ht : +
Minus Median Distance between Vehicle and Barrier (ft)
Vehicle Ht
o 50 100 150 200 400
0-2 0.0dB 0.0dB 0.0dB 0.0dB 0.0dB
3 0.0 0.0 0.0 0.0 0.0
4 3.0 0.0 0.0 0.0 0.0
5 5.0 2.0 0.0 0.0 0.0
6 6.5 4.0 2.0 1.0 0.0
7 8.0 5.0 3.5 2.0 0.0
8 9.0 6.0 4.5 3.5 1.0
9 10.0 7.0 5.5 4.5 1.5
10 11.0 8.0 6.5 5.0 2.0
11 12.0 9.0 7.0 6.0 3.0
12 12.5 9.5 8.0 7.0 4.0
13 13.0 10.0 9.5 7.5 4.5

*This table is most accurate when applied to points 2,500 ft (762 m) or more behind the
barrier. For points closer to the barrier than 2500 ft (762 m), more attenuation than
indicated by the table will be obtained.

*1ft=.3048 m

3US €3 125 250 3500 1000 2000 4000 6000 8000
FREQUENCY IN Hz

Figure D1. Relative spectrum for typical engine
powered construction equipment.
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APPENDIX E:
EQUIPMENT NOISE LEVELS

Construction Equipment at Fort Hood and
Fort Carson Construction Sites

Noise measurements of construction equipment were
made at Fort Hood and Fort Carson construction sites.

Table EI summarizes data relating to these picces of

equipment, such as equipment types, manufacturers,
model numbers, modes of operation, noise levels, and
usage factors.

Donaldson Tests

Donaldson Company, Inc., of Minneapolis, MN, has
conducted numerous noise level tests on construction
equipment. More than 90 noise-level measurements of
construction equipment with varying machine sizes and
noise control features were made. A summary of the
lest results is presented in Table E2. Linear regressions
of the maximum sound level versus engine horsepower
(Lp = 80.8 + .01 hp) and sound level versus the loga-
rithm of the engine horsepowers (L, = 64.1 + 9.05
log,o hp) are presented in Figures E1 and E2 respec-
tively.

Table E1
Equipment Noise Data
L, (dBA)
Equipment atlSm Usage
Type Manufacturer Model No. Operation (50 ft) Factor
Backhoe Case 530 Used as trencher—filling in telephone trench 80
580B Filling in plumbing trench using front loader 66
Idling 59-70
Setting up in sandy soil 68
Ditching and emptying shovel 69-71
Ditching with faster idle 72-74
John Deere 410 Digging trench for sewer line 82
Bulldozer Case 450 Moving light sand 80
1dling 68
Backing 74
Caterpillar D3 82.5
D4D 81.5
D5 83.5
D6 Moving forward and backward 88
Passby with moderate load 84
D6C Backing 84
Forward scraping 85
D76 85.5
D8H With sheepsfoot attachment 99.1 .06
Forward 88.1 31
Backward 89 .23
D8K Digging furrows 88
Backing up 89
Passby 79
D9H LR
International TD-15C K7
Harvester TD-20E 87
TD-25C 89
John Deere 350-B Forward K1 R
Backward 79
450-B 82.5

e

|




Equipment
Type Manufacturer

Compactor Caterpillar

Compressor Ingersoll-Rand

Unidentified

Concrete
Batch Plant

Concrete
Mixer (small)

Concrete truck
Crane Skyhook

Forklift John Deere

Front-End
Loader

Caterpillar

John Deere

Excavator Caterpillar
Grader Allis Chalmers

Caterpillar

*1 cfm = 35.31 m®/min

Table E1 (Cont’d)
Equipment Noise Data

Maodel No.
DW20
815

DRAF
160 cfm*

S-section
telescope

480

910
920
930

Lp (dBA)
atiSm
Operation (50 1)

Road preparation 81-82
91

Testing plumbing for leaks 82

Idling
Rear
Right side

Loading truck

Mixing mortar for brick facade

Raising framed trusses to second story

Passby  no load

Removing piles of hard dirt

Forward

Leaving site

Scooping dirt from pile- near idle
Backing

Scooping dirt from pile, then leaving
Dumping dirt into dump truck
Picking up dirt

Handling 4-ft. tile sections
Backing-no load

Picking up til

Backing

Picking up sand
Forward
Passby

Removing piles of hard dirt—lifting
- lifting
- backwards while scraping
- leaving site

Forward--road preparation
Backward -road preparation
Grading -road preparation
Road grading-moderate load
Backing

92




Table E1 (Cont’d)
Equipment Noise Data

Ly (dBA)
Equipment at15m Usage
Type Manufacturer Model No. Operation (50 ft) Factor
FForward 88.4 .04 j
Backwards 95.5 .03 %
12G l‘'orward —leveling sandy soil 75
Backwards 86 ;
I1dling 67-74
Road grading - finishing 82
14E Leveling sandy soil 73
80 4
65
Grading rondway 80
Slow 79
Idling 78
120 80 33
Hy Hoes Caterpillar 235 Trenching in hard clay 80
Steady 76
Digging, clanking 81 3
I1dling 65
John Deere 690A Digging plumbing trench -scooping 73
Impulsive 87 1
Moving 79 ]
Scraping 85
Hydraulic BMC Tamping fill over sewer line -peak 99-105
Hammer
3 Self Propelled Ingram Flat Passby upgrade 86
E Roller Passby downgrade 72 ;
4 Finishing roadbed —slow 77 ]
: Finishing roadbed 84
4 Ingram Passby 80 .
3 Pneumatic Downhill 5° grade 75
Uphill 71
Uphill - revving engine 81
Downhill 78
A Uphill full speed 80
Scraper Allis Chalmers 260B Fully loaded traveling down 10° slope 83
Unloaded traveling up 10° slope 89
Backing 78
Idle 72
Starting up 87
Dumping dirt for roadbed 87
Caterpillar 633C Unloaded 89.2 .09
Loaded 86.5 13
Digging 90.7 .24
John Deere 760A 82
g 860A Unloaded 87.3 12
Loaded 82.8 .21
¢ Digging 88.6 44
Dumping 88.6 37
- Hand Tamper Wacker 51005 Side 87
Front 88
1 Shielded 85
Trenchers Ditchwitch R65 Trenching for telephone cable—hard clay 81-83
subsoil
Continuous 81 1.0
85 1

Rock 83
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APPENDIX F:

EQUIPMENT SUBSTITUTION
COST-ESTIMATING PROCEDURES*

This section presents procedures for estimating the
increase in construction cost associated with equipment
substitution. Many cost-estimating procedures are avail-
able. One such procedure, derived from International
Harvester publications,** is outlined below. This pro-
cedure would be completed for each substitution sce-
nario to determine the cost of each. The procedure is
specific to earthmoving and excavation processes.

Procedure for Estimating Costs Associated
with Vehicle Substitution Choices

1. Gather specification sheets on the equipment for
which estimates for production times and costs are re-
quired.

2. Determine the amount of material which must
be handled (AMH) by each vehicle. For grading and
plowing activities, estimate the area to be graded or
plowed.

3. Determine the type of material to be moved or
excavated.

4. Refer to Table F1 and select the in-bank correc-
tion factor (IBCF), and in-bank weight (1b/IBCY).

S. If the unit of measure for AMH is not in-bank
cubic yards (IBCY) and/or if the unit of measure for
area is not in square feet, then convert them to IBCY
and square feet, using the appropriate conversion equa-
tions below:

No. IBCY = No. compacted cubic yards + (No. lbs/
IBCY)

No. IBCY = No. loose cubic yards X ICBF

No. ICBY = (No. tons X 2000 Ib/ton) + (No. lbs/
IBCY)

*See conversion table pg 104 of this Appendix for SI con-
versions.

**Basic Estimating, Construction Equipment Division (In-

ternational Harvester). Earthmoving Principles: A Guide to Pro-
duction and Cost Estimating (International Harvester, 1975).

No. sq ft = No.sq yd X 9 sq fi/sq yd
No. sq ft = No. acre X 43,560 sq ft/acre

6. Select the appropriate equation for estimating job
time (JT) for each vehicle type from among the follow-
ing subsections. Average travel speed(s) in mph for a
two-way cycle, without allowance for fixed time opera-
tions (loading, dumping, etc.) may be calculated as fol-
lows:

g 2XEXR
F+R

where F and R are the selected forward and reverse
travel speeds in mph, respectively. Cycle time may be
estimated using the product of the average travel speed
times the two-way distance traveled and then adding
fixed time factors. (See Tables F2 to FS for common
cycle times and fixed times.)

Crawler Dozer Job Time

Net Power X EF X IBCF
D+ 50

JT(hr) = AMH +

where AMH = total amount of job material to be
handled in in-bank cubic yards (Step
5)
Net Power = net horsepower at flywheel of power
shift tractor engine

EF = efficiency factor, use 330 if 100 per-
cent efficiency is expected (60 min
of operation/hr), 220 for 83 percent
efficiency (50 min operation/hr)

IBCF = in-bank correction factor (Step 4)
D = distance dozed one way in feet.

Crawler-Drawn Scraper Job Time

The following equation assumes that the crawler has
at least 12.5 net engine horsepower at the flywheel and
2700 1b of maximum pull per cubic yard of struck ca-
pacity.

H X IBCF X S X E X 5280

IT(hr) = AMH + =12 S X FT X 88)

AMH = total amount of job material to be handled
in in-bank cubic yards (Step 5)




H = SAE heaped capacity in loose cubic yards NP =number of passes required to achieve the
desired grade
IBCF = in-bank correction factor (Step 4)
BL = blade length in ft
S = travel speed in mph; a suggested speed is
4.9 mph, which requires 12.5 net flywheel AA  =blade angle adjustment factor (Table F7)
horsepower per pay yard of scraper capacity
at approximately 200 Ib/ton of rolling re- S = travel speed in mph
sistance. This speed may be replaced by
the product of the maximum speed adjust- E = efficiency; fraction of each hour that vehi-
ment factor provided by Table F6 cle is operated productively (example: 55
min of productive operation out of every
E = efficiency; fraction of each hour that ma- hour would equal 0.92)
chine is engaged in productive operation
(example: 55 min of productive operation 3520 =adjustment factor of 2/3 (because of over-
out of every hour would equal 0.92) lap of Y; for each pass) times the conver-
sion factor of 5280 ft/mi.
d = distance of two-way round trip haul in feet
Pay Loader Job Time
FT  =fixed cycle time related to loading, dump-
ing, acceleration, turning; an estimate of H X IBCF X E X 60
l.gs min per cycle is suggested JT(hr) = AMH = C
E
5280 = conversion factor = 5280 ft/mi AMH = total amount of job material to be handled
in in-bank cubic yards (Step 5)
88 = conversion factor = 5280 ft/mi <+ 60 min/hr.
: H = heaped capacity in loose cubic yards
Tractor Ripper Job Time
IBCF = in-bank correction factor (Step 4) i
JT(hr) = o
DPXWXSXEX 196 E = efficiency; fraction of hour that vehicle is
3 operated productively (example: 55 min
4 AMH = total amount of job material to be handled of productive operation out of every clock
in in-bank cubic yards (Step 5) hour would equal 0.92)
DP = depth of penetration per pass, in feet C = cycle time in minutes
w = effective width of ripper in feet 60 = conversion factor: 60 min/hr.
S = travel speed in mph, usually 1.2 to 1.5 mph Self-Propelled Scraper Job Time
E = efficiency; fraction of each hour that ma-
chine is engaged in productive operation JT(hr) = AMH + HXIBCF XS X E X 5280 j
(example: 55 min of productive operation D+(S X FT X 88) !
out of every clock hour would equal 0.92). i
AMH = total amount of job matenal 1o be handled ‘1
Mortor Grader Job Time in in-bank cubic yards (Step 5) ]
; ITthr) = Area X NP H = heaped capacity of scraper bowl i loose
BL X AAX SXEX 3520 cubic yards
Area = job to be graded in square feet (Step 5) IBCEF = in-bank correction factor (Step 4)




S = travel speed in mph: 22.7 mph is suggested: AMIL = total amount of job material to be com-

Baa b o dh bo o Al Loeael fla . Ll

this speed requires 1S hp/eu yd of scraper pacted in in-bank cubic yards (Step §)
capacity at 65 to 75 Ib/ton ol gross vehicle
weight rolling resistance. S may be replaced w = effective width of roller in feet (for com-
by the product of the maximum speed pactors, it equals 2 times the width of one
time. The speed adjustment is provided in wheel). If two rollers are pulled. one behind
Table F6 the other, W equals the width of just one k
of the rollers: what changes is that hall’ the i
E = efficiency, fraction of hour that vehicle is number of passes which must be made to ‘
operated productively (example: 55 min achieve the desired compaction. ;
of productive operation per clock hour
would equal 0.92) D = depth of compacted lift in inches
D = two-way, round trip haul distance in feet S = travel speed of vehicle in mph :
FT = fixed time constant, in minutes, for loading, E = efficiency; fraction of each hour that ve- 3
acceleration, turning and dumping; 2 min hicle is operated productively (example: 55
per cycle is suggested. min of operation out of every clock hour
would equal 0.92)

5280 = conversion factor = 5280 ft/mi
SHF = shrinkage factor; relationship of compacted :

88 = conversion factor = 5280 ft/mi + 60 min/ cubic yards divided by in-bank cubic yards.
hr. This factor should be provided by job
specifications
Job Time of Tractor Drawn Harrows, Plows and
Cultivators Used in Construction Work NP =number of passes required to achieve the
; desired compaction; this depends on type
4 IT(hr) = ___é_"e%r & and moisiure content of soil and weight of
) 5280 X € roller
: Area = job area to be piuw ... in square feet (Step 16.3 = conversion factor = 5280 ft/mi + 12 in./ft
M S) +27 ft3/cu yd.
. S = travel speed in mph Job Time for Wheel Tractor Backhoe Production
w = effective width of implement in feet AMH
JT(hr) = E X HX IBCF X DDF X SAF X MLF X 8.3
E = efficiency; fraction of each hour that vehi-
cle is operated productively (example: 55 AMH = total amount of material to be handled in
min of productive operation out of every in-bank cubic yards (Step 5)
clock hour would equal 0.92)
E = efficiency; fraction of each hour that vehi-
5280 = conversion factor = 5280 ft/mi. cle is operated productively; (example: 55
min of productive operation out of every
Job Time for Sheepsfoot Compactors or for Tractor clock hour would equal 55/60 or 0.92)
Drawn Sheepsfoot Rollers
Drawbar Pull necessary to pull a sheepsfoot roller(s) H = heaped capacity of bucket in cubic feet

= total weight of roller(s) X .25

IBCF = in-bank correction factor (Step 4)
WXDXSXEX16.3

SHF X NP DDF = digging depth factor, see Table 8

JT(hr) = AMH +
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SAF = swing angle factor, see Table 9
MLF = material loadability factor, see Table 10

8.3 = conversion factor equal to 225 cycles/hr +
27 cu ft/cu yd. 2. = the standard number
of cycles per hour; deviations from this
standard are adjusted for by the variables:
DDF, SAF, and MLF.

Job Time for Truck-Type Excavator

AMH
H X IBCF X E X DDF X SAF X MLF X 155

JT(hr) =

AMH = total amount of material to be handled in
in-bank cubic yards (Step 5)

H = heaped capacity in cubic yards

IBCF = in-bank conversion factor (Step 4)

E = efficiency; fraction of each hour that vehi-
cle is operated productively (example: 55
min of productive operation out of every
clock hour would equal 55/60 or 0.92)

DDF = digging depth factor, see Table F11

SAF = swing angle factor, see Table F12

MLF = material loadibility factor, see Table F13

155  =standard number of cycles per hour; devia-
tions from standard are accounted for by

the DDF, SAF, and MLF variables.

Job Time for Off-Highway Haulers

. AMHXCT R D
ITh) = 55iBcE X E + Where CT = 4o s SF X 5980

AMH = to'tal amount of material to be handled in
in-bank cubic yards (Step 5)

CT  =total cycle time in hours and equals the
sum of the time required for each road sec-
tion as defined above

H = heaped capacity in loose cubic yards
IBCF = in-bank correction factor (Step 4)

E = efficiency; fraction of each hour that the
vehicle is operated productively (example:
55 min of productive operation out of every
clock hour would equal 0.92)

D = distance of each road section in feet
MS = maximum speed in mph
SF = speed factor, Table F6

5280 = conversion factor = 5280 ft/mi.

7. Determine the hourly costs associated with own-
ing or renting and operating each vehicle (HCy ) includ-
ing hourly operator’s wages. Procedures for estimating
these costs can be obtained from equipment manufac-
turers.

8. Determine the hourly operator’s costs (HCg).

9. Multiply the job time (JT) calculated for each
vehicle by its hourly costs (HCy) and sum the results
to get the total job cost associated with each vehicle
(JCv).

10. Multiply the job time (JT) calculated for each
vehicle (JT) times the hourly wages paid to each vehi-
cle’s operator (HCp) to calculate the total job cost as-
sociated with the operator of each vehicle.

11. Add the JCo and JCy calculated for each vehi-
cle to get the job cost of each vehicle (JC) and sum the
results to get the total job cost (TJC).

PSS
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Table F1
Material Type Correlation Factors®
In-Bank
Correction Factor In-Bank Unit Weight
Material Type (IBCF) (1b/1BCY)
Ashes (hard coal) 0.93 700-1000
Ashes (soft coal) 0.93 1080-1215
Bauxite 0.75 27004325
Clay, dry 0.85 2300
Clay, light 0.80 2800
Clay. wet 0.75 3000
Coal, anthracite 0.74 2450
Coal, bituminous 0.74 2000
Coal, steam (compacted) 0.72 1890
Copper ore 0.74 3800
Earth, dry 0.80 2700
Earth, moist 0.80 3000
Earth, wet 0.85 3370
Earth, with sand and gravel 0.90 3100
Gypsum 0.57 4300
Gravel, dry 0.89 3250
Gravel, wet 0.88 3600
Granite 0.56-0.67 4600
Iron ore, hematite 045 6500-8700
Limestone, blasted 0.57-0.60 4200
; Loam 0.83 2700
Mud, dry 0.83 2160-2970
Mud, moderately packed 0.83 2970-3510
Rock and stone, crushed 0.74 3240-3920
Sand, dry 0.89 3050
Sand, wet 0.87 3500
Shale, soft rock 0.60 3000
Slate 0.60 4590-4860
Trap rock 0.61 5075

*The material presented in Tables F1 through F13 is taken from Earthmoving
Principles: A Guide to Production and Cost Estimating, with permission of Inter-
national Harvester.

Table F2
Pusher Cycle Time (min)
Condition
Favorable Average Unfavorable
Back-track loading 0.9 1.3 1.7
Chain loading 0.7 0.9 1.2
Shuttle loading 0.7 0.9 1.2
Table F3
Scraper Loading Time (min)
Open Bowl Elevating
Single Dual Pay Single Dual
Condition Engine Engine Mate Engine Engine
Favorable 0.40 0.35 0.90 0.70 045
Average 0.60 0.50 1.20 1.00 0.60
Unfavorab'e 0.80 0.70 1.50 1.30 0.75
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: | Table F4 j

Front-End Loader Cycle Time (min)
Rubber-Tires Crawler
05 5+ {
Conditions cuyd cuyd All ]
Favorable 0.30 042 0.42 |
Average 0.33 0.50 0.50 |
Unfavorable 042 0.66 0.58 ]
|
i
Table F$
Tum and Dump Time (min) for Haulers and Scrapers |
L Haulers Scrapers
Conditions Bottom Dump End Dump Open Bowl Elevating
Favorable 0.3 0.7 03 0.4
Average 0.6 1.0 04 0.5
Unfavorable 1.5 1.5 0.6 0.7
1
Table F6

Speed Factors (SF) for Off-Highway Haulers and Scrapers

Length of 2-Way Starting from or Coming to Moving when Entering

Round Trip in ft a Stop in Haul Section Haul Road Section 1
400-1000 0.33-0.51 0.56-0.80
1001-2000 0.43-0.67 0.65-0.83
3 2001-3000 0.53-0.75 0.78-0.90
g 30014000 0.59-0.80 0.84-0.93
4001-5000 0.62-0.84 0.88-0.96
5001-6000 0.65-0.85 0.90-0.97
6001-7000 0.68-0.87 0.92-1.00
i 7001-above 0.71-0.95 0.95-1.00
|
i 3
I. Table F7 Table F8
L Blade Angle Adjustment (AA) Factor Digging Depth Factor (DDF) for Backhoes
Ev
Blade AA Depth
Angle Factor (in ft) DDF
90 1.00 4 1.00
I 80 98 6 095
| 70 94 8 0.90
! 60 .87 10 0.85 | 3
| 50 27 12 0.80
| 40 .64 14 0.75
| 30 .50
“Z 20 34
! 10 17
|
I
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Table F9
Swing Angle Factor (SAF) for Backhoes
Angle of Swing

in Degrees SAF

40-60 1.00

60-70 0.95

over 70 0.90

Table F11
Digging Depth Factor (DDF) for Track
Excavators

Depth in feet DDF

5 1.00

10 95

15 .87

20 .78

Table F13
Material Loadability Factor (MLF) for Track
Excavators
Conditions Type of Material MLF

Favorable loam, sand, gravel 0.85-1.00
Average general earth, clay 0.65-0.85
Unfavorable rock, roots, gumbo 0.50-0.65

Table F10

Material Loadability Factor (MLF)
For Backhoes
Conditions MLF
Favorable 1.00
Average 0.85-0.95
Unfavorable 0.50-0.80
Table F12
Swing Angle Factor (SAF) for Track
Excavators
Angle of Swing
(degrees) SAF
45 1.00
60 95
75 .90
90 .86
120 .81
180 1
SI Conversion Table

lin. =254 mm
1ft =.3048 m
lyd =.9144m
lin? =6.54cm?
1ft2 =.092m?
1yd? =.836m?
lyd®* =.764m?

Imi =1.609 km
1 sqmi = 2.589 km?

lacre =.404 ha =40.46 m?

1l1b =.453kg
1ton =907 kg=.907 tonne
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