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CONSTRUCTION-SITE NOISE CONTROL Approach
COST-BENEFIT ESTIMATION TECHNICAL Two construction-Site noise models have been de-
BACKGROUND veloped for this study. Time first m ethod considers the

construction activity noise as emanating from a rela-
tively smal l area am id radiating considerable distances.
An al ternat ive  model was developed which computesI INTRODUCTION tim e average noise level contours around the construc-
tion ac t iv i ty .  T h e  secoiid m odel , developed by Dr.
( ‘lian aud and hia associates , was used to check (lie first

Background a mi d simpler model. The results indicate t hat the sim p ler
Noise is a pollutant generated by construction ac- model is satisfactory for the noise-estimating procedures

t iv i ty .  This polluti on may interfere with activities such needed by contractors and cost .esti mnat i ,mg prode cures
as watching television , listening to radios or recorded needed both by corflractors and cost estimators . Both
m usic , or carrying on conversations. Noise can affect m odels are discussed in Chapter 2. Details of the second
the ability to concentrate or to perform mental or in- model including computer progiams are provided in
t ricatc manual tasks. Although often of short durati on , Appendices A through D.
constructio n noise, because of its level and character , is
more than simply a minor annoyance orirr i tat ion.  Many The basis for (lie noise-reduction benefit anal yses
Federal agencies s~tch as the ti . S. Environmental Pro- are field noise measurements made by CERL at Fort
ic ctmon Agency (EPA) , the Federal Highway Adminis - Ilood and Fort (‘arson. The Fort Hood noise data have
tr a tion (FHWA ) . and the General Services Administra - been presented in CERL lnter im Report N- 3. 3 The Fort
t io t i  (GSA), in addition to the Department of the Carson results are discussed in Chapter 3.
Army and others , have recognized the need to reduce
construction noise . Noise-control methods and their associated costs are

discussed in Chapter 4, with an e m p hasis on equipment
A recent CERL publication on construction noise modifications. Some discussion of the use of barriers

proposed specifications for limiting noise emitted from and equipment substitution is also included. Detailed
construction activities. ’ These propose d specifications discussions of process noise control have been reported
are applicable to all military construction. To comply in CERL Interim Re.’,ort N-3.
with these specifications , it might be necessary to use
unconventional construction methods , quieter con- Chapter 5 contains data which support the develop-
sli~~iion equipment , or other noise-control measures. mnent of Table 6 of the companion manual . Detailed
The implementation of necessary noise-control meas- equipment and operating costs are provided for the
ures may req uire that the contractor incur additio nal scenarios used in the estimating manual . The chapter
material , labor , and equipment costs, concludes with a discussion of the actual phases and

cumulative costs observed at Fort Hood. A computa-
Purpose tion of feasible equipment noise control , if applied

The purpose of this report is to examine the cost- there , discloses that increase d construction costs would
benefit(s) of construction site noise control and to pro- amount to less than 1 percent for a 10-decibel reduc-
vide the rationale and data in support of a companion tion in construction-site noise.
interi m report. 2 Users of the companion report may
refer to this report for detailed data used in the devel- Conclusions are provided in Chapter 6. A reference
opment of the estimating procedures. list is also included and contains all the documents

used in developing this report plus some additional re-
______________ 

ports which may be of interest.
t p Scho mer and II. Hom n an s, Construction Noise: Speci.

fication, Control and Mitigation. Technical Report E-53f
A DA O I O629 (U.S . Army Construction Engineering Resear ch
Lab oratory I C E R L I .  Ap n it 1975). 

_______________

2 1 • M . Kessler , et at .. Construction-Site Noise ~‘ontrol- 3 P. 0. Schomer , et a!., Cost Effectiveness of Alternative
Co ci- Benefit Esri,nazi,,g Procedures , Interi m Report N-36 Noise Reduction Methods for construction of !“amil y h ousing,
( U F R L. January  1978). Interim Report N -3/ADA 028922 (CERL , July 1976).
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Appendix F cu m it a im i s equipment m odels . their noise In the co imi se of a typ ical work cycle. Con struction
levels , and other miscellaneous informatio n . Appendix equ ipm nen t  spem ids Part ut i ts  cycle idling or prepari ng
F presents an alternative cost estimating procedure ; it to p er form a ta sk. Dur ing some part ol ’ its work cycle .
is very detailed and is based on construction trade doc- time level of the noise the machine emits is hi gher than
uments. at am m y oil i er tim mm e Since L~ is an average value repre-

senting the total  so um m d energy emitted during the period
Mode of Technology Transfer of interest , the maximum n sound level and the duration

This report provides background information to a of mu axit num noise as a fraction of the total period must
companion report , Construction-Site Noise control be known to determine the equivalent (energy average )
Cost-Benefit Estima ting F~ocedures, Interim Report sound level emitted by the machine during a total work
N-36 (CERL, December 1977). Information in the period : for example , a typ ical work day. The fraction
compaaion report can be disseminated by OCE as a of this period that the equipment operates in its noisiest
Technical Bulletin , 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-

2 tion factor (F 2);  UF = F, X F2 .  The operating factor
CONSTRUCTION-SITE NOISE MODELS is that portion of the typical work cycle during which

the equipment em its its maximu m noise . This factor
is i l lustrated in Figure I where F , = T , I T 2 .  Three pus-

Basic Model sible time-varying modes of equipment noise emnission
The model used in this study is similar to one devel- are possible.

)ped for the U.S. Environmental Protection Agency
(EPA). Use of the model yields an estimation of the Mode 1: The equipment works cyclically ; for ex-
average sound level , L~~, emitted from a construction amp le , a backhoe or front-end loade r may
site. The model is simple to use and reasonabl y accurate , generate maximum sound while trenching
With the model , one may evaluate the noise emitted but significantly less sound while using its
from construction sites as a result of construction loader.
equipment openiting at present noise levels or future
quieted levels. Mode 2: The equipment moves throughout the site.

Required Equipment Data Mode 3: An operation is performed sporadically,
To apply the model , the following data mnust be possibly only once during the observation

known: period.

I .  Equipment Schedule--A list of the types and The utilization factor is that portion of the work
numbers of equipment used dur ingeach construe- period (e.g., 8-hr work day) that the equipment is on
tion scenario the site and is being used. Thus , the utilization factor

considers the number of work cycles for the equipment
2. Equipment Noise levels—-Noise levels for each

equipment type used are needed. The maximum
A-weighted sound level produced by the equi p-
ment and the distance at which the measurements
were made Lp

~~. 

~~~~ i s ~~~i t  
of time the equip- 

~ —T2 -—-~ 
= 7~ /T~

_________ 
TIME (F~)

5For example , th e usage factor relates to the time a back-
hoe is digging with its engine at full toad and producing near-
maximum noise levels. It does not relate only to the time of
insta n taneous high noise produced by extraneous noise sources
such as blade-to-rock impact (Figure I) .  Figure 1. Operating factor , ) of determination ofT , .

10
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during typical operations over the work period. Figure The resulting sound level is then extrapolated to the
2 illustrates possible tim n e histories applicable to each site boundary or various noise-sensitive land-use areas
mode. The uti l i i . a t io mm factor is then mul t i p lied b y the assuming hemisp herical spreadim ig.
operating tac t or to yield the usage factor.

For large sites which cannot be treated as point
Stationary equip m ent may mio t be operating, may be sources , the average noise level for each equipment uni t

idling while other preparatory activities are in process. mnu st be individuall y extrapolated to the land-use area
or mnay be operating at full load (and m aximnu mn noise considered , amid time resulting average sound levels (L,~~)
level). These operations may be repeated often during are then added to obtain the total value.
a typical construction day.

These procedures are even further  comp licated if
Mobile equipment may be operating at maximum the equi pm ent moves appreciable distances on the site .

noise levels for a short duration ;an example is a front- as is the case for dump trucks or earth-moving equip-
end loader while loading. The equipment (the loader) ment which transfer m aterial from one location to an-
may travel a considerable distance to place this load, other. If the equipment path length is comparable to
At a receiver , sound levels drop significantl y as the the distance from the noise source to the observer , then
loader leaves the scene even though the source noise the construction operation cannot be considered sta-
level has not diminished. t ionary.  Equipment movement can be classified into

several categories.
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- MODE 1 (STAT I ONARY )
struction sites are sparse.

w

Description of Model 
~Construction-site noise levels are estimated for each

construction phase of activity. The construction-site —
0 

________________________noise is calculated by adding applicable construction z
equi pment average noise levels and extrapolating these I I ME
levels to the locations of interest.

If the major dimensions of the construction area are 
,~~ MODE 2 (MoB I LE)

smal l 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 equi pment 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 

~ L F~ 
12

common distance and then summed as: Z
T I M E

MODE 3 ( S I N G L E  EVENT )
Leq 10 log ~~ UF 1 X N~ x 10L pj /10 

, T~

where 
~ I Tota l

L~ 1 
= average noise level of all equi pment I

Z T I M E
UF 1 = usage factor of equipment type i

N~ = m iumber of units of equipment type i

Figure 2. Usage factor — examples of theL.a,, = mn aximum sound level of equipment type i. evaluation o fF , and UF.

I I
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Category 1: Equipment moves from one point on a pier equations and more assumptions. Model 1 is a base
site to another. The transit time is short and the equi p- model where L~ is expressed as a function ot any num-
mnen t spends most of its time stat ion ary. her of vehicles and vehicular paths. Model 2 is a siinp li-

tIcation of Model I in which time motion of each vehicle
Category 2: I~qui pm iiei i t  mUIWC S im i a s im iip le , pr e- m s mepr ese iml e d by its  m i me ami po sitiom i . Modcl .~ 2ssurn es

dEc table pat te r um t rom u one point ni the site to aim ot h er , t ha t  ca cli ye I m i d e  is a po i l i t  sum , ‘cc radi a t i m ig noise at t i m e
The equip m ent spends t h e  m ajority of i ts  ti m e moving. aci inst ical ce mI k m  (II t i m e s i te.  Model 4 1mm, I lie, s imi mplil i c s

s O t l S l m % I C t j O i i  h o use by te~l Iese m I t immg t Im e l imime v a m y i mmg
• Category 3: I~f.~ui pmm m eim t  mii oyes in a raiid o,n ~ ~~~~ i l m a m  :m ctem ist ~~ u i  noise ci mm i t  ted ( m u m  caci m veii m u k by

plex pat ii - spemi ding part o I t lie I im ne in moot iu m i amid p art  t l m e I 02 x m l  U m mm s mmmd level a mid ye ii i d e  usage act . I i i  is
of the tnn e stationary . miiu d e l is s imilar  to time basic construct ion-si te  niodel

discussed in Chapter 2. Model S is a iuodi l lcation of
The first category is dealt with b y assumning that  the Model 1 which includes the effects of at tenuat ion by

equipment spends all of its time at different site loca- barriers. These mnodels and their governing equations
tions . Transit time is ignored. The equipment is con- are discussed in Appendix A. To simplify the computa-
sidered individually for each location at which it oper- tional procedure required of each model , computer
ates. The equipment usage factor is adjusted to reflect programs were developed and are listed in Appendix B.
the operations at the separate locations. A separate The accuracy of rep lacing vehicle motions by single
usage factor is used for subsequent calculations for each point sources is discussed in Appendix C. Equations
loc?tion. used in the computation of barrier effects and their

applicability are discussed in Appendix D.
Calculations for Category 2 are somewhat more

complex. Equi pm ent is considered a point source if the
distance between the source and receiver is at least
three ti m es t h e  mn aj or di ,n cmi sion oft l i eso t mrc e .  To appl y ~~ CONSTRUCTION -SITE NOISE
ti m e calculation technique presented below for Category MEASUREMENTS
2 mn obi le operations , the distance between source and
receiver niust be at least three tim im es the length of the
path over which the equ ipmemm t trave ls. If the source Much of the pro cedure presented in the corn panioii
mnoves in a complex path , then the longest strai ght-line manual is based on data acquired at construction sites
distance between two points on the path is used For located on two Army military bases: Fort Hood , TX ,
this criterion. Equi pment operations which meet this and Fort Carson , CO. Data relating to the construction
criterion may be treated as a stationary point source at of 1000 family housing units at Fort Hood can be found
the “acoustic center ” of the path. Figure 3 presents the in CERL Interim Report N-3.4 Data on the construc-
assumed “acoustic center ” for a number of different tion of barracks at Fort Carson are presented below.
typ ical paths. It is assumed that the equipment moves
along the defmed path at a relative ly constant speed Measurement Locations
throughout its work cycle. With the “acoustic center ” Noise levels were measured at eight locations near
having been selected , the computation is accomplished different construction activities. The locations and the
in the same manner as for the fixed sources, construction activities are presented in Table 1. A map

of these locations is shown in Figure 4. A list of the
Very little site noise is generated by equipment construction equipment at each location and their

operating throughout the site in a random manner, noise data are presented in Table 2. Sound-level meas-
Thus , for Category 3, mobile operations , little error is urements at Fort Carson were chosen to minimize the
introduced by assuming that the equipment noise em- number of measurements acquired while maximizing
anates from the approximate geometric center of the the information obtained. Each measurement location
construction activity, was at the boundary of a work area (or at a similar io-

cation) at which a particular construction phase was in
Compu ter Models progress.

Alternative construction-site noise models were de-
veloped. These models calcul ate noise contours of equal P. D. Schomer , em at., Cost Effectiveness of A lternative
equivalen t energy levels (L~) equal to 55 and 65 dB. Noise Reduction Methods for Construction of Family Housing,
There are five models , each based on progressivel y sim- Interim Report N-3/ADA028992 (CERL . 1976) .

12
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LOCATION OF ‘4COUSTIC CENTER
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x V
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(ic~T~~~~~~
0

QUARTER-CIRCULAR ARC

_ _ _‘ IV
ARC OF CIRCLE

a ~~~~~~~~~ ~~~~~~ iSTA~~E 
~~~~~, ~~~~~~~~~~~

~d ..- -
~~~~~

_  I PATH INTO SEGMENTS WHICH *~ ET TIE
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* I 
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Figure 3. Location of acoustic center.
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Table I
Description of Measurement Locations

at Fort Carson Construction Site

Location Activ i ty

Sewer (‘on ,u tr ue ti omi . Backt ’iII . a mid (‘omu pactio n
2 Parking Lot. Grading. ~m m d Site Preparation
3 Nea r Building Site . Grading, and Site Preparation
4 Stockpile. Clearing, Grading. Site Preparation
5 Near Bui lding Site , Grading, Site Preparatio n.

Compaction
6 Near Building Site , Grading and Site Preparatio n
7 Masonr y Site , Building Erectio n
8 Near Building Site , Grading, Site Preparation ,

Compaction

—

i ~~ ~r1~•- •- i~ ‘Ill 
“ , ~~~~~~~~~~~~ 

~~~~\ 
‘

L!%~i~.i 
•.T ~~~~ ~~~~~~~~

Note: Locations 2, 4, and 7 are not covered by this map.

Figure 4. Noise measurement locations.

Data Acquisit ion measurements provide an estimate of the equivalent
The energy average sound level , I,~~, for each con- sound level L.~~. The method is described in detail in

struction activity was calculated from measurements CERL Interim Report N-3.
made either manually or by tape recording.

Tape Recording and Analysis Method
Manual Method An alternate sound-level measurement and analysis

The procedures for measurement of construction- procedure Consists of recording the sound on magnetic
site boundary sound levels were those recommended tape. Such measurements were conducted simultane-
by the Society of Automotive Engineers (SAE). 5 The ously with the manual acquisition of data. This method

is also described in CERL Interim Report N-3.
5 SA E Recommended Practice: Measurement Procedure for

Determining a Representative Sound Level at a Construction Results
Site Boundary Location, Draft 6 (Society of Automotive Engi- A sum mary of the measured equivalent sound level
neers. 1975). at each work area is presented in Table 3. Comparison
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Table 2
Estimated Energy Equivalent Sound Level at Various Locations—Fort Carson

Ma~imnuni Sound I quivaleni Sound
l .oeatioum type of I qu i pm iuc nt Model I.evu t dN A (“ 50 II Operating Level Lq (dli )

No. E quipment N ammie and /or N uu ( 15 ml Factor ~“ 5 0  It ( I S  mn )
Ilac k lmoc l ) rtul  I 5( 1 84 .29 7 K b
I r omit- I nd l oader (A  I ~)88 88 I t ) 7K .t I
Tamuper Ko eli rim ig 1) 1 1) 11( 1 96 .55 93 ( 1

2 Scraper ( 2 )  (‘A t 633( 86 35 84. 1)
Grader 88 .32 83 ( 1
Water t ruck 89 . 19 82. t t

3 Bulldozer (‘A r 1)811 83 .15 75.0
Grader CAT 120 84 .34 79.0
Grader (‘A l 12 1 93 .29 88.0
Scraper JD 860A 76 .14 67.0
Backhoe Koehri ng 466 80 .21 73.0

4 Scraper (3) .JD 860A 89 .33 89.0
Scraper (2) CAT 633C 86 .35 81.0
Water Truck 89 .19 82.0
Pick-Up Truck l ord — — -

5 Scraper JD 860A 88 .43 84.0
Grader CAl  12 1 83 .19 76.0
Dozer CAT 1)811 (with 96 .12 87.1)

sheepsfoot)
Water Truck — --

6 Grader CAT 121 83 .74 82.0
Scraper (2) CAT 633C 86 .19 82.0
Dozer CAT 1)811 (with 96 .70 94.0

sheepsfoot)
Water Truck 89 .04 75.0

7 Forklift Whit e — — —

Forklift Warner and Swasey —

1 200
Saw Clipper Brick saw- — — --

m atic
Saw Cardinal Concrete 82 .20 75.0

Saw -
Portable Air Leroi Dresser 160 — — —

Compressor
Front-End Loader Vermeer Dutchman 80 .28 74 .0

8 Scraper (3) .11) 860A 88 .43 89.0
Scraper (2) CAT6336 86 .19 82.1?
Grader CAT 120 84 .90 84. ()

Grader CAT 121: 1~3 .74 82.0
Dozer CAT l)8H 96 .70 94.0
Compactor CAT 815 — •- -

Water Truck 89 .04 75.0

I -s
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Table 3
Summary of Equivalent Sound Levels Calculated from
Measured Sound Data at Representative She Boundary

Locations , Fort Carson, CO

Calculated L0~ (dB)

SAE Computer Controlled Construction
Location Procedure Analysis Procedure Noise Model

73.0 72.3 72.0
2 623 64.0 67.0
3 72.7 74.5 73.0
4 59.9 61 .6 66.0
5 7 1.4 70.4 70 .0
6 7 1 .2 73. 1 75. 0
7 68.4 64.9 67.0
8 74.3 74.2 79.0

of resu lts from the SAE and tape-recording measure- can be reduced by either using quieter construction
ment procedures reveals that most of the L~ values equipment or cmploying other noise-control methods.
obtained by both methods agree to within ±2 dB. At The most commonly used noise-control methods are :
location 7, the agreement is within 4 dB. The discrep-
ancies between the equivalent sound levels from the 1. Equipment Modification
two methods are greatest when the construction activity
produces noise which is impulsive in nature , such as 2. Noise-Control Barrier Installation
hammering and sawing. The agreement between the
L~ calculated by the two procedures is best when the 3. Equipment Substitution
construction activities produce re lativel y constant
sound levels , such as grading or earth removal. 4. Scheduling.

T h e  measured results compared with values calcu- Use of one of the above methods to limit construc-
lated using the construction-site noise model. (The tion-site noise is an additional cost to the construction
model is described in Chapter 2.) The results are pie- project. The added cost for each noise-control method

- 
- sented in Table 3. The comparison indicates that is almost proportional to the amount of noise reduction

values calcu lated from the construction-site model are needed. The cost associated with each noise-control
within ±5 dB of the values obtained by tape recording. method is discussed in the followin g sections.

Equipmen t Cost Equipment Noise Control
The cost of specific construction equipment used at Survey of  Manuf acturers

the eight Fort Carson sites is listed in Table 4. These Equipment manufacturers were contacted by letter
costs were used as baseline information in the develop- (by Dames and Moore) and asked to provide noise-
ment of the cost-benefit estimating manual . They were control and related cost data. Twenty -eight manufac-
estimated from information contained in the U.S. turers were contacted for the 64 different pieces of
Army Corps of Engineers North Pacific Division’s equ ipment present at the Fort Hood and Fort Carson
Equip ment Ownershi p and Operating Expense Schedule, construction sites. Information on similar and easily

in terchangeable equ ipment was also requested. Requests
for additional information were also sent to manufac-

4 NOISE-CONTROL METHODS AND turers contacted previously durin g the preparation of
ASSOCIATED COSTS CERL Inte rim Report N-3. A list of the manufacturers

is given in Table 5. A copy of the letter sent appears in
Figu re 5. An equipment noise-control cost data sheet

For construction activities near residential areas and was prepared to assist manufacturers in providing the
other noise-sensitive land uses, construction noise should requested information. A copy of the data sheet is —

be kept to levels as low as possible. Construction noise presented in Figure 6.

16 
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Table 4
Measurement Locations , Phases of Construction, and Equipment Present

at Fort Carson Housing Construction Site

Location Phase of Type of Equi pmen t Model Estimated
No. Description Construction Equi pment Name and/or No. Equi pment Cost/Unit ($)

Sewer Construction Backtl ll ing, Ilackl ioe Drott 50 35,001)
by Building 58 Compaction Fron t-Fnd Loader CAT 988 175. 00(1

h and tamper  Koehring 1 .200

2 Parking Area Grading, Site Scraper (2) (‘at 633C 235.000
Preparation Grader 50,000

Water Truck 129 ,40(1

3 Fill Site by Grading, Site Bulldozer CAT D8H 130,000
Building 81 Preparation Grader CAT 120 50.000

Grader CAT 12F 61 ,000
Scraper ID 860A 94 ,500
Backhoe Koehring 466 80.000

4 Stockpile Clear ing, Scraper (3) 3D 860A 94.500
Grading, Site Scraper (2) CAT 633C 235,000
Preparation Water Truck 129 ,400

Pick-up Truck Ford 5,000

5 Fill Site by Grading, Site Scraper JD 860A 94.500
Building 60 Preparation Grader CAT I 2F 61 ,000

Bulldozer (with CAT D8H 130,000
sheepsfoot roller)

Water Truck 129 ,400

6 Fill Site by Grading, Site Grader CAT 12F 61 ,000
Building 58 Preparation , Scraper (2) CAT 633C 235,000

Compaction Bulldozer (with CAT D8H 130,000
sheepsfoot roller)

Water Truck 129,400

7 Masonry Site Erection Forklift Warner and Swasey 25,000
1200

Forklift White 25,000
Saw Clipper Bricksaw-

matic
Saw Cardinal Concrete

Saw M352E
Portable Air Leroi Dresser 160 8,000

Compressor
Front-End Loader Vermeer Dutchman 30.000

8 FIll Site by Grading, Site Scraper (3) ID 860A 94,000
Building 58 Preparation , Scraper (2) CAT 633C 235 ,000

Compaction Grader CAT 120 50,000
Grader CAT 12F 61,000
Bulldozer D8H 130,000
Compactor CAT 815 70,000
Water Truck 129,400

17
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Table 5
List of Manufacturers Contacted

Mr. W . F. Bueche Mr. V. I .  Ward . General Manage r
Allis-Ch almer s Dwi iont M a chinery.  l .id .
P.O. Box 5 12 I~ 3 Carhngview Drive
Milwa ukee , Wisconsin 5320 1 Rexda le . On tario , (‘a nada

Mr. Ray C. Itroce . President Mr. L- II. hiobson. (‘usto me’ Service Manager
Broce Manufacturing Company Essi ck Manufacturing Compan y
S. Highway 1950 Santa Fe Avenue
Box 5 (f l  Los Angeles , Cal ifor n ia 900 2 1
Dodge C i t y ,  Kan sa s 67801

M r .  Ral ph F. Keide l
Mr D. D. L.ipso n. Sales Mana ger 1-uc t id , Inc.
Cardinal Engineering Corp. 22221 St. (‘laiy Avenue
100 Ba rren Hill Road (levelari d , Ohio 44117
Conshohocken . Pennsylvan ia 19428

Mr. Frank J. Strand, Assista nt to the
Mr. David Abbott, Vice President President and Technical Director

and General Manager l - MC Corporation. Cra ne and Excavat ion
.1.1. Case Company Division
700 State Street 1201 Sixth Street , SW .
Racine , Wisconsin 53404 Cedar Rapids, Iowa 52406

Mr. D. P. Burks , General Manage r Mr. Robert U. Strawser , President
Drott Manufacturing Company Hyster Company
Division of J.l. Case Company Construction Equipment Division
Box 1087 Box 289
Warsa w, Wisconsin 54401 Kewanee . Illinois 61443

Mr. David E. Starchet Mr. Joseph A. Windel , Vice President
Vibramax Corporation Ingersoll-Rand
Division of 1.1. Case Company 200 Chestnut Ridge Road
5324 Distributor Drive Woodcliff Lake , New Jersey 07075
Richmond , Virg inia 23225

Mr. John W. Barnett , Vice President
Mr. Walter Tempa s Ingram Manufacturing Company
Sales Engineering AB2C P.O. Box 2020
Caterpillar Tractor Company San Anton io , Texas 78297
Peoria , Illinois 61629

Mr. 1. 1. Adams , Vice President
Mr. J . E. Hall International Hariestet Company
Challenge-Cook Brothers , Inc. Pay Line Division . Construction Equipment
1542 1 E. Gale Avenue Sales
Industry, California 91745 600 Woodfield Avenue

Schaumburg, Illinois 60172
Mr. James C. Huntington . Jr.
Clarke Equipment Company Mr. Orville R. Mertz , President
P.O. Box 31 Koehring Company
Buchanan , Michigan 49107 780 North Water Street

Milwaukee , Wisconsin 53201
Mr . Robert I. Gerstenberger,

Vice President Mr. Ken Handa
Deere & Company Komatsu-American Corp.
John Deere Road 555 California Street
Moline , Illinois 61265 San Francisco , California 94 104

Mr. L. E. Elliott . Products Manager Mr. G. F. Willis
LeRoi Division , Dresser Industries The Lincoln Electric Company
320 Russell Road 22801 St. Clair Avenue
Sidney, Ohio 45365 Cleveland , Ohio 441 17

18
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Tab le 5 (Cont ’d)
List of Manufacturers Contacted

Mr. K. M. Ligare , Saks Manager Mr. J. II . O’Kecfe
Miller 1- l ect r ic  M a n u f a c t u r i n g  (‘o. t h o m as Equ i p m ent.  Ltd .
7 1 8 S. Boun ds St r eet  Bo~ 130
App elt o n , Wi sconsin 54911 (‘ente rvi l lc , NB . Canada

Mr. l ’r ed eri ck W . Dalto n. t’rcs ideni Mr. Klau s Wacker . Execut ive
Poclain Vice President
34(11 i idewaier ‘l r a i l Wackcr (‘orpor at ion
l-r ed crkks b urg, Virg ini a 2 2401 38(18 West Elm Shi eet

M ilwa u kee . Wisc onsin 53209
Mr. Alan J. Stone , Presid ent
Stone Construction Equipment.  I nc. Mr. R. N. l - r a n z . Vice Preside nt
32 F. Main Street Worthington Compressors . Inc.
Honeoye , New York 1447 1 Constructio n Equipment Division

57 Appleton Street
Holyoke , Massachusetts 01040

These contacts were followed t~p by telephone calls Studies conducted by International Harvester 6 have in-
to contlrm data received and to request additional in- dicated that the primary noise sources of trucks are the
formation. Approximately 75 percent of the manufac- cooling fan and the exhaust system. For a t ruck passby
turers contacted responded to the requests. A sum mary noise level of 88 dBA at 50 ft (15 in), the noise contri .
of the responses , presented in Table 6, indicates that bution from each noise-generating component is as
costs of noise control are not readil y available from follows: -

manufacturers.  Most manufacturers produce noise-
control features as standard equipment. The cost of Noise Sources Noise Level (dBA)
these features on new machinery cannot be easily iso- Cooling fan 86
la ted from the cost of other improvements.  In addition , Exhaust system 83
onl y a limited number of equipment items are available Engine 78
with  optional noise control features for which noise- Air intake 73

- . control costs are directly related to the purchase price. Others 71

Published Data The estimated costs of quieting trucks to meet levels
Most of the construction equipment at Fort Hood of 81 dBA , 78 dBA , 76 dBA , and 73 dBA are presented

and Fort Carson can be grouped into four categories: in Table 7. The percent increase in truck prices required
(I)  trucks , (2) wheel and crawler tractors , (3) pneumatic if gasoline and diesel trucks were to meet these levels
impact tools , and (4) air compressors. is presented in Table 8.

In its program to regulate construction noise , the Wheel and Crawler Tractors . The basic construction
EPA conducted extensive studies on the technology equi pment in this machine category are dozers and
and economics of quie ting construction equipment in loaders. These tractors , when equipped with different
these categories. As a result of these studies , data on at tachments  such as dozer blades , loader buckets , leg
noise control methods and their costs for these types clamps , backhoes. rippets , block tines , side booms, and
of construction equipment were published. These data fork l if ts .  may be converted into dozers , loaders ,graders ,
were based on l i terature  searches , manufacturers  sur- backhoes , scraper s . shovels , or other equipment.
veys. inquiries , and other communications with the in-
dustry.

Trucks. This category of construction equipment lfl ’ 6 F. F . Landis, I,mtep imatio,ma l Ilarvester ’s App r oach to L) iesel
cludes diesel- and gasoline-powered heavy and medium rruck .\oiw Reduction , paper presented at the National Con-
it  t icks. co ncrete mixers , water  t rucks , and dump trucks.  ference on Noise Control Engineering, October 15 to 17 , 1973 .

19
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Ju ly 14 , 197 6

W. E. Bueche -A l l i s— Ch aLu er s
P . O .  Box 512
M i l w a u k e e , W i sc o ns in  53201

rt e.sr Mr .  BuCc3 ~e :

Thank you f o r  your i-espouse to  our in~iu i r y  of
February 12 , 1975. niames s Moore has e j s  in been r ,’t a ined by
the u .s .  Army Corps of E n c i in e u : s  Construction Enoineoring Re—
search tabor.itory (CERL ) to further study the cost-benef i t  of
conStruction equipment noise control as it relates to construc—
t b ,  s i ’.,. noise. We have develoned a model construction
site nC~~ S’ which uti lizes conutruct ion eo ux ~~r - ’nt sound levels
and usage factors. Our desire, at the end of the study, i s to
obtain information on the cost of reducing site sound levels
by

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

~le 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-
~ineering analysis.

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

Scraper 2608
Grader M65 -

Backhoe 918
Bulldozer 7G

We would appreciate any information you could forward us on 1 
-

1.r,~~’.nt sound levels , feasible future quieted sound levels ,
and the estimated added cost to the purchaser or leaser of
this qu~cted equipment and othur 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 cornpleting 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— 5300.

Your earliest assistance in this matter would be
greatly appreciated.

Very truly yours .

DAMES & MOORE

Brown K. Yue
Project Manager

8KV/kb
Att .
cc: Dr. P. Schooner-CERL

Figu re 5. Sample of letter sent to manufacturer.
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= 1. Squipulent

2. Model Mo, ___________________________________________

3. Principal  ua~~ _____________________________________________

4. Suggested retail pri c.~
5. Equipaent Sound Level

Describ, test proc edure ar id z,od. of cperat ioii m_

Sound level is _dBA P _______feet .

6. List noise control devices included as standard squigment
e.g. muffl.r, etc.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

U

7. List opti onal noise control .qui~~~ mot .vailabl. (e .g .  •nqin.
shroud , etc.) and additional price .
Optional !gulpm.nt

a. 
________________________ ______________

b. ______________________ _____________

C. 
______________________ _____________

a. ______________________ _____________

5- ______________________

S. Indicate aaund i.r.S. of th. product Pith optional
noise control equipem.nt tiC available).

Equi~.ent Sound lerel (d5A)

C. ___________ _______S - _____ f.. t

b._________  ______P iast

_________________ ___________I___________

d. - I ie.t

a. ________________ I ____ __ feet

Describe test procedure for abe’,. measurement.. 
____________

P reparer

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 TruC

Engine 11 dBA Engine 73 dBA 74 dBA Eagins
Fan 73 dBA Fan 70 dB/, 70 dB/. I an

t2 .~~ Exhaust 73 dBA Exhaust 69 dBA OR 69 dBA Eshaud
‘
~ 

.~~ Air Intake 12dBA Air Intake 69d BA 65 dBA Air Intiki
ENGINE MODEL TRUCK ~ °~ AU Others 70 dBA AU Others 10 dBA 10 6BA AU Other

TY PE ~ TOTAL 806 dBA 
— — 

TOTAL 7~~~ dBA ~~ 5 dBA TOTAL

U Air
Fan Exhaust Enjse Cab Intske TOTAL Fan Exhaust En ne Cab Intake TOT AL Fan 1~ hapat

Gasoline 55.1% a! hi 
- 

$35 a2 b2 dl - $180 a3 b2( I )  Medium
Medium duty $10 $25 $25 $50 $100 $5 $50 $50

ai bI *2 b2 
— 

di ci $280 a3 b2$13575-1ldBA (2) Heavy 10.2% 
$110 $25 

-- — — 
$125 $50 $100 $5 $200 $50

Diesel— 2 stroke , naturally aspirated 
— — — — —
al bI -_ dl a2 b2 - d2 ci $685 a3 b2$290Heavy duty Heavy 12.0% 

$110 $80 $100 $125 $ 1 55 $400 $5 $200 $ 155Manufacturer A
• , 78-19 dBA 

—
Diesel.-4 stroke, naturally aspirated Medium 0.79% *1 bI d2 a2 b2 - d3 e2 $1010 ~ ts2$565

$55 $500 $25 $105 $850 $30 $50 $105Medium duty $10
ii bi d2 a2 b2 — 

d3 e2 $111 0 a3 b2$665Manufacturer B Heavy 5.2 1% 
$1 10 $55 

— 
$500 

— 
$125 $105 $850 $30 $125 $10583~85 dBA

Dieael—4 stroke. turbochar ged 
— — —

al bi d2 a2 b2 — dl e2 $760 a3 b2$565Heavy duty Heavy 6.0% 
110 $55 ‘ $400 

— 
$125 $105 $500 $30 $125 105 -Manufacturer B $

81-83 dBA

Diesel-4 stroke , turbocharged 
— — —

al bI di a2 b2 — di e2 $410 .3 b2$240Heav ’ duty Heavy 4.8~’~ $110 $30 
— 

$100 
— 

$125 $55 $200 $30 $200 $55Manufacturer C
16-78 dBA

bi d i a 2 b2 
— 

d2 ci $635 a3 b2Diesel—4 stroke, naturally aspirated Medium 0.29% 
~ 

— 
$100 $25 $105 $500 $5 $50 $105

$165
Medium duty $10

*1 bI dl a2 b2 
— 

d2 ci a3 hi$265Manufacturer D Heavy 1.91% 
110 $55 

— 
$100 

— 
$125 $105 $500 $5 $200 $1058O dBA $

Dlesel—4 stroke, turbocharged
Heavy duty Heavy 1.5% al bi 

— 
dl $265 a2 b2 

— 
di e2 $460 .3 b2

Manufacturer D $110 $55 $100 
— 

$125 $105 $200 $30 $200 $105
76-78dBA

Diesel—2 stroke. 12 cy linder
al bi — dl a2 b2 — d2 ci a3 b2$390 $785Heavy duty Heavy 0.99’. 
110 $80 $200 

— 
$125 $155 $500 $5 $200 $155Manufacturer A $

79-81 dBA

bi dl a2 b2 ci dl et a3 b2$140 $460Diesel—4 stroke, naturally aspirated Medium 0.10% 
$30 

— 
$100 

— 
$25 $55 $175 $200 $5 $50 $55Medium duly $10

al bI dl a2 b2 ci di ci a3 b2$240 $560Manufacturer E Heavy 0.67% 
~~~~ $30 — 

$100 
— 

$125 $55 $175 $200 $5 $200 $5578-79dBA $
Diesel-4 stroke , naturally aspirated

al bi dl $240 a2 b2 ci dl ci $560 a3 b2Heavy duty Heavy 0.41% 
S I l O  $30 

— 
$100 

— 
$1 25 $55 $175 $200 $5 $200 $55 -Manufacturer C

78-79dBA
DieseI—4 stroke, naturally aspirated

ai bi dl a2 b2 ci di ci$265 $635 a3 hiHeavy duty Heavy 0.225% 
$110 $55 

— 
$100 

— 
$125 $105 $200 $200 $5 $200 $105Manufacturer F

78-1 9 dBA

bl dl a2 b2 ci di ci a3 b2 -DleacI—4 stroke , naturally upirated Mediu m 0.02% 
~~ ~~~~ 

— 
$100 

— 
$25 $105 $150 $200 $5 $50 $105

$485
Medium Duty $10

ai bI dl a2 b2 ci di ci a3 b2 -$265 $585Manufacturer G Heavy 0.15% 
$1 10 $55 $100 

— 
$125 $105 $iSO $200 $5 $200 SiOS78-I9dBA

Dlesel—4 stroke. turbochargcd 
— — —

al bi $140 a2 b2 — dl ci aS b2 -$28SHeavy duty Heavy 0.015% 
5110 $30 

— — 
$125 $55 $100 $5 $200 $55— Manufacturer H

15 dBA

(I )  Medium Duty and Heavy Duty refer to the severity of service AVERAGES AVERAGES
for the engine , not to the weigh t class of the truck. Medium Gasoline = $35 Medium Gasoline 180

(2) Engine levels are for engines inside the track 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 — 7 15

8.eckground Document fo r Medium and Heavy Truck Noise E mission ReZulat ions ,
EPA.550 /9-76.008 (U.S. Environmental Protection Agency IEPA h March 1976).
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- Table 7
in Prices for Quieted Medium and Heavy Trucks

- 
Engine 73dM 74 dBA Engine 7! dBA 72 dBA Engine 68 dBA
Fan 70 dBA 70 dBA Fan 64 dBA 64 dBA Fan 64 dBA
Exhaust 69 dBA OR 69 dBA Exhaust 69 dBA 69 dBA Exhaust 65 dBA
Air Intake 69 aBA 65 dBA Air Intake 65 dBA 65 dBA Air intake 65 dBA
All Others 10 dBA 70 dBA AU Others 70 dBA 65 dBA AU Others 65 dBA

- TOTAL 77.5 dBA 77.5 dB~ TOTAL 75.6 dBA 15.1 dBA TOTAL 72.6 dBA

Air Air Air
Exhaust Engine Cab Intake TOTAL Fan Exhaust Engine Cab Intake TOTAL Fan Exhau st Engine Cab Intak e TOTAL

- 
- ~~~0 a3 b2 e2 a3 b3$330 $665

$50 $100 $5 $50 $50 $100 $100 $30 $50 $260 $325 $30
b2 

— 
dl ci $280 .3 b2 ci dl c2 a3 b3 — d2 e2 $815$480I $50 $100 $5 $200 $50 $100 $100 $30 $2000 $260 $325 $30

b2 - dl ci 5685 .3 b2 - 42 r2 $885 a3 b3 — d3 e2 $1370
~ 5155 $400 $5 $200 $155 $500 $30 $125 $365 $850 $30

b2 — d3 e2 $1010 .3 b2 44 e2 a3 b3 ci d4 e2$1260 $1745
1 5105 $850 $30 $50 $105 

— 
$1075 $30 $50 $315 $275 $1015 $30

b2 — d3 e2 aS b2 d4 c2 aS b3 ct d4 e2 $1820$1110 $1335
3 $105 $850 $30 $125 $105 

— 
$1015 $30 $125 $315 $275 $1075 $30

b2 — d2 e2 aS 1s2 
-- 

d3 e2 a3 b3 d4 e2 $1545$760 Slil O
3 $105 $500 $30 $125 105 $850 $30 $125 $315 

— 
$1075 $30

b2 — dl e2 .3 b2 — 
d2 e2 e3 b3 — d3 e2 $1 270$410 $785

3 $55 $200 $30 $200 $55 $500 $30 $125 $265 $850 $30

b2 — d2 el a3 b2 
— 

d2 e2 .3 b3 d4 e2$635 $685 $1470
I $105 5500 55 $50 $105 $500 $30 $50 $315 

— 
$1075 $30

b2 — d2 ci .3 b2 
— 

dl e2 a3 b3 d4 e2$735 $835 $1545
35 $105 $500 $5 $200 $105 $500 $30 $125 $315 

— 
$1075 $30

2 b2 — di e2 $460 .3 b2 d2 e2 a3 b3 — 
43 e2$835 $1320

u S  $105 $200 $30 $200 5105 
— 

$500 $30 $125 $315 $850 $30

Ii b2 — d2 ci a3 b2 ci d2 e2 a3 b3 44 e2$785 $1085 $1545
is $155 $500 $5 $2U0 $155 $200 $500 $30 $125 $365 

— 
$1075 $30

2 b2 ci dl ci a3 b2 d2 c2 a3 b3 — 43 e2$460 $635 $i1 95
iS $55 $115 $200 $5 $50 $55 $500 $30 $50 $265 $850 $30
Ii b2 ci dl ci aS b2 

— 
d2 e2 a3 b3 — 

d3 e2$560 $785 $1270
~5 

~~~~~~~_ $175 $5 ~~$200 $~~ — 
$500 

— — 
$30

b2 ci dl et $560 a3 b2 
— 

d2 e2 $785 a3 b3 
— aS e2 $1270

~25 $55 $175 $200 $5 $200 $55 $500 $30 $125 $265 $850 $30

i2 b2 ci dl el $635 .3 b2 - 42 e2 .3 b3 
— 

d3 e2$835 $1320125 $105 $200 $200 $5 $200 $105 5500 $30 $125 $315 $850 $30

i2 b2 ci di ci .3 b2 - d2 e2 aS b3 d3 e2$485 $685 $1245
25 $105 $150 $200 $5 $50 $105 $500 $30 $50 $315 $850 $30
12 b2 ci dl ci .3 b2 — 

d2 e2 aS b3 
— 

43$585 $835 $1320
25 $105 $150 $200 $5 $ 200 $105 $500 $30 $125 5315 $850 $30

12 bl dl ci a3 b2 - dl e2 .3 1,3 -- d2$285 $485 $995
125 $55 — 

50 0  $5 $200 $55 $200 $30 $200 $265 $500 $30

AVERAGES AVERAGES AVERAGES

Medium Gasoline = 180 Medium Gasoline 330 Medium Gasoline = 665
Heavy Gasoline 280 Heavy Gasoline = 480 Heavy Gasoline = 8 15
Medium Diesel 865 Medium Diesel - 1059 Mediu m Dicsct — 1624
Heavy Diesel — 7 1 5  Heavy Diesel 976 Heavy Dicsel = 1454

‘4
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Table 7 (Cont ’d)
Key to Noise Treatments and Costs for Table 7*

Code for
SYSTEM Noise , D~BCflJ ) tlOfl of Increase in Truck Purchase Price

Treatment NOIse Control Treatment

Fan at 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.

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 bi Best ‘f presently available mufflers 825-75 - Net price increase for replacing existing mufflers. Depends on
and seals for exhaust leaks. unmuffled noise level ; on 4-stroke engines $25-S O and on 2-stroke

engines $75.
b2 Advanced mufflers better than present- $50450 - On 4-stroke engines; net increase for advanced mufflers , twice

ly available on 4-stroke engines; increased for best available mufflers ($25-is), 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 8260-360 - Advanced mufflers (850-150) depending on unmuffled noise
technology; includes advanced level), manifold muffler ($150), muffler jackets ($30) and
mufflers, exhaust seals, double-wall insulated double-wail exhaust piping ($30).
piping and muffler wrapping. For diesel trucks, add $5 for exhaust gas seals.

Engine ci Engine quieting kits - close fitting 8150-275 - 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 8100-200 - 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- I 00 - For Gasoline trucks.

c12 Underhood treatment and underpan . 8400-500 - For Diesel trucks; underhood treatment (8100-200) plus underpan
($300). P

8275-325 - 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. P

d4 Full engine enclosure and special $1075 - Average of truck manufacturers ’ estimates for full engine
engine mounts. enclosure ($775-i 300) and special engine mounts ($75). P

Includes costs for larger radiator and redesigned cab.

Air ci Improve air intake design. $ 5 - Design substitute for similar equipment.
Intak e 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/l 9-76-008 (EPA , March 1976).
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Reduction
equipment. 73 dBA
net increase for replacing

($100).

~ radiator, fan and fan 70 dBA
design

is shroud ($25) and fan clutch ($100).
of improved design ($25) and 64 dBA

Itroud of improved design ($25), and
s,rger radiator and redesigned cab
d3 or d4.
oI improved design ($25), larger
m e d  cab ($50) and fan clutch ($100).

N existing mufflers. Depends on 73 dBA
troke engines $25-SO and on 2-stroke

tease fo, advanced mufflers , twice 69 dBA
mufflers ($25-iS), depends on

0) depending on unmuffled noise 65 dBA
SO), muffler jackets ($30) and
It piping ($30).
r exhaust gas seals.

• based on engine manufacturers’ 2-3 dBA
Noise Reduction

truck manufacturers’ estimates. 2-4 dBA
aduction; 2-3 dBA ($100) and 4 dBA

ad treatment (S 100-200) plus underpan 5-9 dBA
Noise Reduction

75) and special engine mounts (575). 10-11 dBA
mator and redesigned cab. Noise Reduction
lien’ estimates for full engine 12-15 CIBA
Special engine mounts ($75). Noise Reduction
ütor and redesigned cab.

equipment. 69 dBA
4 design substitute for similar 65 dBA

s 1976).

_ _  J
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Table ~l
Percent Increase in Truck Prices*

Average Percent Increa se in Price
rr uck Associa ted with (;iven Truck Level

Type of Truck Price SI d ilA 78 dBA 76 CI BA 73 dBA
Med ium gasoline S 5 .836 0.6 3.1 5.6 11.4
Heavy gasoline 1 1 ,613 1.2 2.4 4.1
Medium diesel 7 ,360 5.8 11.8 14.4
Heavy diesel 25 .608 1.5 2 .8 3.8
Average for aU t ru cks 1.0 3.0 4.9 9.2

•fla<•ktrr,it,,d /)ocut,ieiit Jor M,’diu,,, ursd lleai t lrut-k \oiw !~mi5s,o,I Regulations.
l-PA-550/9-76-00K (l- :P A . M a r ch 1Q 76 ) .

Iii genera l. wheel and crawler tractors arc powered Install Ilexible h ose on hydraulic lines
by diese l engines. Many ol the engine-related noise
sources for such equipment are very similar to those ~ hiiclose hydrau lic pumps . lines. ~‘tid va lves
a diesel-engine truck.  Primary differences are associated

Isolate engine t r on i  t r amewith the location of the noise sources and the shielding
provided by the vehicle body. Also characteristic of the Isolate panel covers from fra m e
noise emission is noise from tracks and operational at-
tachments. The major noise sources are identified as: Damp panel covers

Cooling fan Enclose transmission

Engine using Replace noisy hydraulic pumps

Exhaust system Improve cooling air fan

Air intake The estimated material costs and labor associated
with these noise abatement techniques for different

Transm ission equipment horsepower classes are presented in Table 9.
Details are available in the forthcoming EPA publica-

Hydraulics tion. 8

Track (for crawler-type machines). Pneumatic Impact Tools. Such equi pment includes
paving breakers , rock drills , tampers , and sheet pile

The contributions of these noise sources to the total drivers. Data relating to equipment sound level , pur-
vehicle noise level as a function of engine horsepower chase price , and cost of noise control from a manufac-
are shown in detail in a forthcoming EPA pub lication . 7 

turers survey are available in EPA documents to be
published soon.The techniques used to achieve an overall reduction

in equipment noise include : Air Compressors. The U.S. has measured and studied
air-compressor noise extensively in its development of

Partially enclose engine . -air-compressor noise regulations. Measurements made

Improve exhaust muffler on standard and silenced air compressors are presented
in Tables 10 and 11 , respectively. A summary is pre-

Add air intake silencer sented in Figure 7. The estimated increases in list prices
for air compressors to meet levels of 76 dBA , 75 dBA ,

Install muffler on hydraulic lines 74 dBA , and 73 dBA are presented in Table 12.

7Background Document for Whee l and crawler T actor 8s9ackground Document Jor Wheel and Crawler Tractor
Voi5e Emission R egula (ion , U.S. Environmental Protection Noire Emission Regulation, U.S. h~viro nm en ta l  Prute ct ion
Agency (in preparation). Agency (in prep aration ) .
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Table 9
Estimated Initial Capital Cost of Retrofit Noise Control on Diesel-Powered Mining Equipmen t

Less than 100 hp 
—- 

t00-200hL t,re~ter than 200 hp
Material Labor Matriial Labor Material Labor

Method for Noise Reduction Coals Hours (‘til ts h ours Coats h ours ( omnsentl

Parti.t I I n~’uit’ I- n,-li ,t - ‘c i  SO 41) Si 8)) 1,11 ‘i ~l i 8)) ‘.tan la,-liir er ’s CsII i i I . i I , ’ m d
siuiIt.ii ,olislrilm II ,, I i  tiii, ’ks

Inst i ll utititlkits) ssiuii s i—t Ied  ‘ 8 ‘I  I t ’  I S i  S m )  I i ,  AiIvu— u twit p u t  i s
connecIorc it ,‘‘, lujust

Insta l l  silencer(s) on air intake 35 2 5 65 4 65 S Adve rluwd p1 i t

Inst all pnuitli’r(s) on 5 15 3 S 35 1. $ 45 I 2 Advertised pricc s
hydraulic lines

Inst a ll flexib le huse tan $ III 2 S 2)) 4 ¶ 30 6 Advcrti sed pric es
hydraulic lines

Enclose hydraul ic  pumps. S iS 4 $ 45 1 2 S 65 l6 1-r onu siunilar cotisiruclion or
lines , and valves tractors

Isolate en gine ir om fr ame $ 50 6 $ 6)) 12 $ 14(1 16 Manufacturer ’s est imate

Isolate panel covers from $ 20 8 $ 30 12 $ 40 16 Product literature
frame

Damp panel covert $ 75 8 $ 100 12 $125  16 At $2.00/sq ft ($22.00/rn ’ )
Enclose transmission 5100 35 $1 15 50 $135 60 Fr om similar construction for

tractors
Replace noisy hydraulic S 45 3 $150 14 $200 12 Advertised rep lacement price

over original price
Improv e cooling air fan $ 30 24 $ 40 32 $ 45 40 From similar Construction for

per formance trucks

W. N . Patterson , et al . .Vtalsc C~nutro1 of L’ndergrouiiud tIm ing I~qzii ~ous. ’r,t , Public ation
PB 243-896 (National Technical In l ormation Service lN ~ IS J.  Janu ary 1975 ).

Table 10
Noise Levels of Standard Compressors

Using the CAGI/PNEUROP Measurement Method*

Average Noise Level (dBA)
Manufacturer Model S/N Clin t 41t (Im) 2311 (7m)4’

Atlas Copco VT85Dd ARP2 03 149 85 94.8 81.4
Atlas Copco ST-48 5 1-23275 1 160 96.6 83.3
Atlas Copco ST-95 51-274977 330 91.9 80.2
Jaeger I RC32032 85 92.5 81.5
Jaeger A RS32 189 175 98.9 88.2
I ngerso ll-Rand DXL7 SO 77380 750 98.6 87.7
Ingersoll-Rand DXL900 75847 900 97.9 89.9
Ingersoll-Rand DXLCU 1OSO 756 13 1050 100.8 90.2
Ingersoll-Rand DXLI200 74430 1200 103.0 92.6

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

cfm = 35.31 m 3 /min
+I l d  overhead measureme nt point
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Table I I
Noise Levels of Silenced Compressors

Using the CAGI/PNEUROP Measurement Method

Average Noise Level (dNA )
M anufa cturer Models S I N  ( (Int 4(1 ( t n t )  l ift  (int l

4

Al l i s  (‘opco VSSS ARI’2t l 390 3 85 149 (1 75,5
Atlas (‘opco Si’S35l)d ARPS5t )924 125 145.5 73 .5
Alias (‘opco VSS I 25Dd 51-345060 125 81.0 70 . 1
Atl as Copco VSS I 7ODd 5 1-235072 170 83.9 70.2
Worthington 160C/20T 82 147 8 160 84.5 74.2
Gardner-Denver SPHGC 6297 17 185 87.0 77.1
Gardner-Denver SPQDA/2 608227 750 86.1 78.2
Worthington 75OQTEX 848-019 750 84.0 74.7
Ingersoll-Rand DXL900S 73693 900 82 .4 76.0
Ingersoll-Rand DXL900S 74050 900 82.0 75. 1
Ingersoll-Rand DXL900S 74051 900 83.1 75.3
Ingersoll-Rand DXL900S 740471 900 82.4 75.0
Gardner-Denver SPWDA/2 635851 1200 84.1 73.7

58ackground Document for Portable ,l ir Compressors.
l-:pA-sso/9-76-004 (EPA , December 1975).

+ . 3 -• 1 ctm = 35.31 m 1mm
+ l l d  overhead measurement point

Table 12
Estimated Portable Air Compressor List Price Increases

by Major Engine/Capacity Class and All Models

Percent Increase in Price
SPL Diesel Diesel

Targe t Below 4 Above 4 All
(at 7 m) Gasoline 251 elm T 250 cfm T Models
76 dHA* 8.5% 7.0% 11.4% 10.0%
75 dBA ~ 10.3 8.2 12.1 11.1
74 dBA* 12.1 9.6 13.0 12.3
73 dBA 4 14.2 10.9 13.9 13.6

*2 dBA tolerance
+ 3 dBA tolerance

cfm = 35.31 m 3/min

5Background Documen t for Portable Air Compressors ,
EPA-550 /9-76-004 (EPA , December 1975) . 
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Barriers 3.0 to 4.5 m (10 to 16 ft), if possible. The earth berm
An effective site noise-control techni que is the use can be used as the foundation for a plywood barrier .

of’ barriers. Barriers shield an observer from a noise thus increasing its effective height and reducing the
source in much the sam e manlier as they shield an ob- amount of plywood needed. Planning beforehand is
server from a li ght source. The placement of a barrier essential.
between a source and an observer increases the mini-
t i t um dista t i c e Ihe sound has to travel to reach the ob- Equipment Substitution
serv el ( a r ound  l t i e  h a r r i e r ) .  I t  is assu it ie d tha t  t h e  con- The selection of processes or equipment to perform
I r i h i t i  I ion ovei I lie top ot the h a r r i e r  ( and nu t  ill I OLlg lI va r i t m s  tasks, based upon thei r  noise eni is sio mi s , is t ine
to a I ou li d i t )  cont i  ols the nt dse levels teac h u t  g t h e oh— tue thi t)d of ach iieving ii oise reduction.  A sing le. Ia r ge
ic I VC r . N tlsc’ a l l  elltla t hill 1i uln ban ie -‘c t s cli sctt sse d I I I  piece of e qu i p t u le l l  I used il l  place of several s i iiall  un i Is
d e t a I l  I I I  ( ‘I~R l ,  l t i l e i i u i  Report N —3 . may do t h e  oh and result in reduc l ion oh t he average

site iw~se level. One type of equipment can be selected
PIt ’wiu ’d Barriers i l l preference to  others to perform a task because of

Solid lences of p lywood ate  commonl y const ructed  its lower noise emissions and/or hi gher efficiency. For
around the perimeter of a construct ion site to prevent examp le , a scraper can be used instead of a loader for
unwanted entry, to shield neighbors fr om fl ying debris, earth removal, since scrapers have large capacities and
and to reduce noise. To be effective as a noise barrier , are usually quieter than loaders. Wheeled vehicles can
the fence should be made of pl ywood at least 3/8 in. be used in place of track vehicles because of their lower
(10 mm) thick and properly constructed to avoid leaks noise.
or cracks. Plywood is usuall y found on a cons truc tion
site , so its cost as an additional material is nominal. The cost associated with this noise control option is
Other sturdy material such as wood planking or sheet variable. A method of selecting substitution scenarios is
metal reinforced by wood lathing can be used in its outlined below. A procedure for estimating the cost
place when these Inaterials are more readil y available , associated with a given equipment mix is presented in

Appendix F.
A barrier of pl ywood construction costs appruxi-

n iately $650 per 100 ni 2 (1000 sq ft).

Stockpile Table 13
Material stockpiles on a construction site can be used Average Minimum Sound Level Difference

as shielding either by proper placement of materials Required Between the Permissible Total
around noise or by placing machinery behind material Site Sound Level and Each Vehicle ’s Sound Level
storage area. Any material can be used and can, if
needed , be covered or draped with sound-absorbing Total Number Sound Level
material (matting) to reduce reflectivity and increase of Vehicles Differenc e
sound absorption. Lumber can be placed to provide 1 0
shielding, if necessary , or can be used to plug gaps in 2 3.0
other types of shielding. This method is simple , mobile , 3 4 .8
and effective. The cost is nominal , since the material 6 0

wil l be eventually used on-site in the construction pro- 6 7:8
cess. 7 8.5

8 9.0
Earth Berms 9 9 5

At most home construction sites , earth is moved ,
the site is physicall y changed , and the earth is redistrib- 12 10:8
uted. The removed fI ll can be used on-site to form an 13 l t . I
ear th  fence or berm which can reduce noise emissions 14 11.5
I’ro mn the site. Ear th  from road e~ccavation . foundation 15 11.8
excavation , or high-spot excavation can be placed on
the perimeter of the site or between noise-sensitive areas 18 12.6
.mnd the construction act ivi ty.  The earth should be piled 19 12.8
.i~ hig h tsr hig her than a fence or t ither site enclosure : 20 130
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The total site sound level at 15 mi t  50 f t )  w h i J u  i t ic lh i od cannot be app lied or the incurred cost will be
will comply with the regulation at the nearest land use e x o r b i t a n t .  h owever , in other si tuations - fo r example.
is calculated. Table 13 is used to d e t e r lml l t i e  the av eta g e road cons t iu c t i on  in a business district - construction
minitnum sound level difference be tweett  the total  site ac t iv i ty  scheduled during night t ime or a weekend period
sound level and each vehick s sound level. i l ie  p eni nis - will not only reduce annoyance but will increase effi-
sible sound level for each vehicle is then calcula ted as ciency as well.

L~ = L 5 - ~

where L~ 
= permissible sound level of vehicle at 15 m 5 COST-BENEFIT ANALYSIS

(SO ft)

L~ permissible site sound level at I S m  ( S o  I i )  Construction Scenarios
• ift i s cost-benelit ana l y s i s  is based ott construction

= average i n i n i i n u t n  sound level d i f l e r e n c e .  ac t iv i t i es  at Fort (‘arson and Fort  Hood. Measurements
at  these two S i tes  ind ica te  that  t h e grading, hacklill ing.

The di lTeren ce between L~ and the actual  sound level i i en ch i i ng .  and foundatio n phases of construction eln it
produced by the equipment uni t  is the noise reduct ion th e most noise. Several construction scenarios relat ing
for each equi pment unit necessaly to bring the site in to t o these acti vities have been selected for this stud y.
compliance. Those equipment units requir ing noise re- Construction scenarios and the equipment used for
duction (as calculated above) should be rep laced by each scenario are listed in Table 14. This table also in-
equi pment having lower noise levels. Since some equi p- eludes the estim ated cost for unquieted equipment.
ment may produce lower maximu m noise levels bu t Equipment noise levels and site noise level (L~~) for
have h gher usage factors , it is impor tant to compare each scenario are presented in Table 15. The noise data
average noise levels (L~~). and cost data in Tables 14 and 15 , respectivel y,  are

used as baseline information for this cost-benefit anal y-
Scheduling sis.

An effective noise control method is the proper
scheduling of noisy activities. Scheduling as a iwise Costs relating to quieting construction site noise
control measure will not decrease the total noise energy levels by 3 dB , 6 dB, and 10 dB are summarized in Table
emitted during the duration of construction activity : 16. These costs are estimated from the cost info rma-
however , it ~nay reduce annoyance to people at nearb y tion on eqwp in ent noise control presented in Chapter
noise-sensitive land-use areas. The most commonly ap- 4. The cost of noise control is presented as a percentage
plied scheduling methods involve allocating constru e-  increase in equipment cost as well as a percentage in-
tion activities over the following periods: crease in construction cost. The relationships between

equipment cost and constructio n cost are based on av-
1. Time of day erage cost data published in Building C’onstruction (ust

Data. 9

2. Day of week
Cost-Benefit Analysis Example

3. Season of year This example is based on actual construction of mili-
tary ba rracks at Fort Carson , Colorado , and costs related

Other scheduling methods include controlling the to those construction activities. The cost of construction
duration of construction activities and conducting noisy with noise abatement is estimated by determining the
operations simultaneously. These methods are discussed present cost of construction without noise abatement
in detail in CE RE.  Report N-3. and then estimating the added cost for noise control .

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-
cra t ing  the least annoyance are usually not the quickest
way to complete an operation. In situations where an 9Building Constructio n Cost Data. 33rd Annual E dit ion
operation has to be completed in a timely manner , th is Robert Snow Means Company. ln~.. 1974) .
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Table 14
Construction Scenarios

Estima te d Total
t’ons truc tion Pur chase Ptirchase
Scenario Equipment Quantity Mode l Price /Unit  (S) Price 0$)
Road Grad ing Grade r I (‘AT 120 50,000 50.00(1

Water fruck I 129 .400 129 .400
Scraper 2 CAT 633(’ 235 .000 470 ,000

649.400

Site Gra th—ig Scraper 1 JD86OA 94 .500 94.500
Grader I CAT 120 50 ,000 50 ,00(1
Tractor I (‘AT 1)811 t30 ,000 130 ,000

274 ,51)0)

Street Grading and Grader I CAT 120 50 ,000 50,00(1

F Compacting l iat Roller I Ingram 30,000 30,000
80 (i O(t

Roug h Backfill Scraper I CAT 633C 235 .000 235 ,00(1
Scraper 3 Jl)860A 94.500 283 ,500
Water Truck I 129.400 129 ,400

647 .900

Sh e  Backtiil Loader I (‘AT D81-l 130 ,000 130 ,000
Scraper 2 CAT 633C 235 ,000 470.000
Grader I CAT 12 1 61 ,000 61 ,000
Water Truck 1 129 .400 129 ,400

790.40(1

Ditching Backhoe 2 Koehring 466 80,000 160.000

Filling the Trench Loader 1 CAT 988 175 ,000 175 ,000
Backhoe 1 Drott 50 35 ,000 35 ,000

210,000

Sheet Piles Sheet Pile Driver 2 1,200 2.400
Truck 1 20,000 20,000
Mobile Crane 1 100,000 100,000
Air Compressor 1 7,000 7,000

129 ,400

Concrete Batch Plant I — -

Preparation Loader 1 130 ,000 130.1)00)
(‘oncrete Truck 2 37 ,000 74 ,1100

(‘sin~ rete Concrete Truck I 37 ,000 37 ,0( 11)
I outi ngs ( oncre ic I I ,200 1 ,21111

Vib r ato r
Air Compressor I 7 ,Ot)0 7.000

45 ,200

Construction Without Noise Control same period are presented in Figures 9 and 10 . respec-
Construction cost data in the form of a computer lively .

analysis of time and cos t schedules are available from
Corps of Enginee rs site engineers. A chart showing con- Construction With Noise Control
struction activity by tasks from August 1975 to April Construction activity during November 1975 to
1976 is presented in Figu re 8. This chart indicates that February 1976 (12th to 25th week) was selected to
most of the earth work took place during the latter il lustrate the cost of site noise control. During this
part of 1975, when the CERL acoustics team conduc- period , numerous activities occurred on the site in-
ted field noise measurements. Construction costs in cluding installation of sewers , demolition, till ing and
terms of cost per day and the cumulative costs for the grading, and fabrication and delivery of electrical equi p-
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Table 15
Construction Scenario Noise Data

Total
Construction Operati ng Site
Scenario Equipment Quan ti ty at IS m (5010* Factor at IS m (50 It) at 15m (SOft)

Road Grading Grader I 88 .32 83. 1
Water Truck I 89 .19 81.8
Scrape r 2 86 .35 84.5 88.1)

Site Grading Scrape r I 8)0 .43 84.3
Grader I 83 .19 75.8
t ractor I 96 .12 86.8 90.0

Street Grading and Grader I 88 .32 83.1
Compacting I-ha t Roller I 84 .6 81.8 85.5

Roug h Backfill Scraper I 86 .35 81.4
Scraper 3 89 .33 84.2
Water Truck 1 89 .19 81.8 87.4

Site Back fill Loader I 96 . 12 86.8
Scraper 2 86 .19 81.9
Grader 1 83 .74 81.7
Water Truck 1 89 .19 81.8 89.7

Ditching Backhoe 2 80 .21 76.2 76.2
Filling the Trench Loader 1 88 .10 78.0

Backhoe I 84 .29 78.6 81.3
Sheet Piles Sheet Pile Driver 2 88 .2 84.0

Truck 1 83 .03 67.8
Mobile Crane 1 88 .03 72,8
Air Compressor 1 82 1.0 82.0 86.4

Concrete Batch Plant 1 95 1.0 95.0
Prepa r a lion Loader 1 89 .4 85M

Concrete Truck 2 81 1.0 84.0 95.7
Concrete Concrete Truck 1 81 1.0 81.0

Footings Concrete I 88 .5 85.0
Vib rato r

Air Compressor 1 82 1.0 82.0 81.8

*Based on actual measurements

ment and material. The cost data relating to these con- site noise levels to be reduced by 3 dB, 6 dB , and 10
struction activities are presented in Table 17. The total dB , total construction cost for the period would in-
construction cost incurred during that period is esti- crease by approximately $1 ,000, $1 ,700, and $4,700,
mated to be $551 ,000, which includes approximately respectivel y. These costs represent increases in construc-
$159 ,000 for labor costs , $198,000 for equipment, tion cost of approximately .18 percent , .31 percent ,
$105 ,000 for material , and the contractor ’s overhead and .85 percent , respectivel y.
costs and profit. This cost does not include the fabrica-
lion and delivery of electrical equipment and material , The above analysis assumes that site noise levels are
which took place primarily off site. reduced by using quieted equipment. It is anticipated

that the use of plywood barriers to achieve similar site
The app lication of site noise abate m ent will increase noise reduction would be more costly because of the

construction cost (Table 18). It is estimated that for dispersed nature of the construction activities.
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Table 16
Costs Associated Wi lls Noise Reduction

of Construction Scenarios

( a a ns(ruct io,i Scenario : Road ( ;r ading
l o t a l  I qu ip iamen t  ( ost I I 649 .40))
Fqu ip incn t  ( ‘

~i , t / (  (HisIruc t ion (‘(, sl~ t’~-) .75
Noise Reductio n 3 dl) 6 dli 10 dli
C ost to Quiet 1$) 2 ,455 4,705 12 , 66(1
Percentage of Equipment C ost (%) .38 .73 1.95
Percent age ut Construction (‘ost * (%) .29 .54 1.46

Construction Scenario: Site Grading
Total l -quipment Cost (5) 274 ,500
Equipment Cost/Construction Cost 5 (%) .60

Noise Reduction 3 dB 6 dli 10dB
Cost to Quiet (5) 1,810 3,445 9,300
Percentage of Equipment Cost (%) .66 1.26 3.39
Percentage of Construction Cost 5 (%) .39 .75 2.03

Construction Scenario: Street Grading and Compacting
Total Equipment Cost (5) 80,000
Equipment Cost/Construction Cost 5 (%) 0.5

Noise Reduction 3dB 6 d B  10 1B
Cost to Quiet (5) 910 1,570 4,430
Percentage of Equipment Cost (%) 1.13 1.96 5.53
Percentage of Construction Cost * (%) .55 .98 2.76

Construction Scenario: Rough Backfill
Total Equipment Cost (5) 647 ,900
Equipment Cost/Construction Cost t (%) 0.7

Noise Reduction 3 dli 6 dB 10d B
Cost to Quiet (5) 3.225 6,300 16, 800
Percentage of Equipment Cost (%) .50 .97 2.60
Percentage of Construction Cost 5 (%) .35 .68 1.82

Constr uction Scenario: Site Backfill
Total Equipment Cost (5) 790 ,400
Equipment Cost/Construction Cost 5 (%) .65

Noise Red u ction 3 dB 6 dli 10 dB
Cost to Quiet (5) 3,100 5,965 16.020
Percentage of Equipment Cost (%) .39 .75 2.03
Percentage of Construction Cost 5 (%) .25 .49 L32

Construction Scenario: Ditching
Total Equip ment Cost (5) 160,000
Equipment Cost/Construction Cost 5 (%) .65

Noise Reduction 3 dB 6 dB 10 dB
Cost to Quiet ($) 1,040 1,850 5 ,160
Percentage of Equipment Cost (%) .65 1.16 3.23
Percentage of Construction Cost 5 (%) .42 .75 2.10

Construction Scenario: Filling the Trench
Total Equipment Cost 0$) 210,000
Equipment Cost/Construction Cost t 0%) .6

Noise Reduction 3dB 6 d B  10dB
Cost to Quiet (5) 1,165 2 , 185 5,940
Percentage of Equipment Cost (%) .55 1.04 2.83
Percentage of Construction Cost t (%) .33 .62 1.70

Construction Scenario: Sheet Piles
Total Equipment Cost (5) 129 ,400

Noise Reduction 3dB 6 dl) 10dB
Cost to Quiet (5) 2(10 1,000 1 ,760
Percentage of Equipment Cost5 (%) .15 .77 1.36

Construction Scenario: Concrete Footings
To tal Equipment Cost (5) 45 ,200

Noise Reduction 3 d B  6d B 10dB
Cost to Quiet (5) 745 2, 160 4 ,500
Percentage of Equipment Cost5 (%) 1.65 4.711 9.96

tExc lud ing Mate rial Cost , such as pipe, concrete , wood , gravel , etc.
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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 Bre akdown *
Duration Cost

Task Description (Days) Per Day (5) Labor (%) Equipment (%) Material (%)
94-189 Install Drainage 33 3,893 3 10 76
92-94 Install Sewer 42 286 34 4 44

90-92 Install Sewer 16 229 34 4 44
98-86 Demolition 28 2 750 53 25 086-120 Demolition {
98-120 Phase I Import Fill & Grade 42 3.929 33 50 0

1 20 -122 Phase I Import Fill & Grade 49 3,367 33 50 0

tPcrc ent age s do not sum to unity due to contractor ’s
overhead and profit.
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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 Equi pment Cost
Equi pment from Site Noise Reduction

Taskt Cost(S) 3dll (%) 6 d B (%) IO d B (%)
94-189 12,847 .55 1.04 2.83
92-94 480 .55 1.04 2.83
90-92 147 .55 1.04 2.83

19, 250 1.0 1.80 5.0

98-120 82 .509 .39 .75 2.03
120-122 82.492 .39 .75 2.03

Total Equipment 197 ,125 198,635 199,449 202,418
Cost (S)

Increase in Equip- “-~I ,000 “-1 ,700 “.-4,700
meni Cost (5)

*See Table 17 for explanation of Task numbers
+ E t i t d

40

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ 
_ _._~~_ ._ ____i..

~~ __ _ . _ ___ _. _ . _ _ _ _ . _ __..t. - .--— .-
~

—‘
~
---

~~
.--. -



~
--—

~
--——. ~~~~-~~-—~~-~~~~~~- .—

~~~

6 CONCLUSIONS construction-Site Noise conuvl - cost-Benefit b.’stima-
ting Procedures , Inter im Report N-36 (CERL ,
January 1978).

Modest reductio ns (5 dB) in construction-site noise
are both technicall y feasible and economically reason- (_

~.‘st Effectiveness of Alterna tive Noise Reduction
able for the types of construction studied at Fort Carson Methods j ar Construction of Family Housing,
and Fort Hood. In general , these reductions will result Interim Report N-3 (CERL , 1976).
in an Increase of less than 1/2 percent in overall con-
SI rue t ion costs. EartIunovingPrincipl~?s: A Guide to Production and C’ost

Estimating (I i i  tern ati o i i a l  I larvester Co.. I ‘175) .
A variety ol ’ noise-r educoon techni ques are avail-

able , WIl l )  one pa r t i c t l la r  metho d normally preferred Landis , ii. E., Internatio nal h arvester ’s Approach to
I I I  a given s i l n a I l o n  Diesel Truck Noise Reduction , paper presented a)

the National  (‘onference on Noise Control Engi-
This report Furnishes suppo rting rationale and dat :a neering, October I S  to 17 , 1973.

t~ r the companion manual , (‘onstrut ’t i’m-Sitc - Noise
C’ontrol Gost-BeneJIt Estimating Procedures, Inter im North Pacif ic Division Equipment Ownership and Op.
Report N-36 (( ‘ERL , January 1978), which oilers a erating Evpe~zse Schedule, Report No. AD-50060-
means to estimate costs and select the preferred reduc- E , NPDP 118 0-I-I  (U.S. Army Corps of Engineers ,
tion technique. 1974).

Patterson , W. N., et al. , Noise Control of Underground
Mining Equipmen t, Publication PB-243-896 (Na.

CITED REFERENCES tional Technical Information Service [NTIS] -

1975).

Background Document for Medium and Heavy Truck
Noise Emission Regulations, EPA-550/9-76-008
(U.S. Environmental Protection Agency, 1976).

UNCITED R E F E R E N CES
Background Document for  Paving Breaker and Rock

Drill Noise Emission Regulation (U.S. Environ-
mental Protection Agency [to be published] ). Caterpillar Performance Handbook , Edition S (Caterpil-

lar Tractor Co., 1975).
Background Document for  Portable Air ~‘ompressors ,

EPA-550/ 9-76-004 (U.S. Environmental Protec- contractors ’ Equipment Manual, Seventh Edition 1974
tion Agency , 1975). (The Associated General Contractors of America ,

1975).
Background Document for  Wheel and Crawler Tractor

Noise Emission Regulation (U.S. Environmental Cost Estimates Planning and Design Stages, EM 1110-
Protection Agency [to be published] ). 2-1301 (Department of the Army, 1972).

Basic Estimating, Construction Equipment Division Dodge Guide for Estimating Public Works Water Con-
( In terna t ional  Harvester). struction Costs, Annual Edition No. 8 (McGraw-

Hill Information Systems Company, 1975).
Building Construction Cost Data , 33rd Ann ual Edition

(Robert Snow Means Co., Inc.. 1974) Government Estimate of Fair and Reasonable Cost
to Contractor, EM 1110-2-1302 (Department of

Construction Noise: Specification , Control, Measur e- the Army, 1967).
merit and Mitigation, Technical Report E-53
(Construction Engineering Research Laborator y Neely, E., Construction Equipment Cost Guide, Tech- —

[CERL J , 1975). nical Report P-52 (CERL , 1975).
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APPENDIX A: dB . It then plots the L~ 55 and 65 dB contours , and
the veh icle s ’ movements.

COMPUTER MODELS
Figt ir e Al  is a printout based on the contours of

three vehicles ’ movements. The vehicle movements and
Nomenclature levels u l i l i i ed ‘or t h is compute r r u n  were based on data

energy ave rage equ iva Ic uI  st itI aLl level c tllt’cI ed a I I ~ tn I lo d. I X -

time count Model 2: Motion of Each Vehicle is Represented
by its Mean Position

m equip m ent c nult t  TI m e h~ se equat ion of Model I is simp lified by rep-
me se itt in g the a tot ion oh each veli i d e  by a single poi iu

X0 , Y co omt luua t cs  ~it ()bSCIVCI p051115)11 ( \~ - 
‘
~
‘
~~ 
), m i s i l i g  I lmt I t i l l o wi lu g  e qmI ~u t i o u u :5,

Xm (t a ), position of iu~ equipment  at t immi c  I
0

~~rn (tn ) M 
~~

t 0 = l

M —total number of equipment units Lot i (X - X )2 + (Y - y 2]
I. lOl ogeq 10

0 01 0 m~

N - --total units of time [E q A2]

The effect of this assuniption on the results of modelingXa~ ~
‘a —acoustic center of vehicle movements 

the three vehicles depicted by Figure Al is illustrated
in Fi gure A2.Lm~~ —maximum sound Ie~~I

Model 3: Single-Point-Source ModelUF —-fraction of time equipment operates at 
This model involves the assumption that the move-maximum sound level

nients of all the vehicles can be replaced by a single
point (Xa. ‘~‘a )  located at the acoustic center of the site.Model 1: Base Model
The model is based on this equation:The base model accepts both location and pseudo

sound power data for several equal interval points in 51 N
time for any given number of vehicles. Pseudo sound ~~ j~ jL~n (t n )/IO 1
power is the sound power of a monopole giving - fl1~ I I

L lOlog 10 I I (E q A3]sound levels observed. The L~ values are calcul ated by ‘-“1 L I X  — X )
~~ 

+ (\ ‘ — \f )
2 

~Jthe following, discrete summation equation: “ a o a

N si Figure A3 depicts the effect that this assumption has
L = 10 log 

0 
on the sante three-vehicle site modeled by the twoeq

t ,~=i  m I  previous procedures.

101’rn (tn ) / I O  1 Model 4: Single-Point-Source and Acoustical
(X — X (t )) 2 + (Y — Y (t ) )2 Utilization-Factor Model

0 m n 0 m n j Model 3 is ‘urther simplified such that for each ye-
[Eq A l l  hid e the changes in sound level as a function of time

- are rep laced by each vehicle ’s maximum sound level
where (X 0 , Y )  is the observer position , (X m(~ )) . ( 1-inax ,11 ) ti m es the fraction of time the vehicle emits
(Yin(tn )) is the position of vehicle m at time t~~, and th is maximum level (UF m ). The equation embodying
L’m(t n) is the pseudo sound power of vehicle m at th is  further simplification is:
time t~~.

M

The computer examines the L~ for several points I ~~~, t !F iø L rn~x m / I 0  1
01 I

along several rays extending from the ori gin (0 ,0) unt i l  L = 10 log I rn - I 
_______________ I

eq 10
it locates the points on each ray wh ich equal 55 and 65 L ( X ,, Xa )

2 + 
—j (E q A4]
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Figure A4 illustrates the effect of this simplification on N M
the three-vehicle site. Note that this figure is half scale L = 10 log !
as compared to Figures Al to A3. eq 10 N n i m= i

Model 5: Base Model Plus Barrier Attenuation 0514- I0 I m (t n h / l O
Model I , the base equation , is expanded to include óm(t )

the ability to calculate the impact of a sing le, thin bar- — — -  
_____________ —______

n c r  on the L~ = 55 and 65 dB contours. The amount (X 5, — X
111

(t 11 )) 2 + (Y4, Y111 (t 0 ) ) 2

of attenuation is calculated for each vehicle position
over time with respect to each observer point under
consideration. The equation for Model 5 is: [E q AS I

0 LEO :55
o L E Q - 6 5

tr~ o0

0
0

0
0

0
0
0-
~ 0 

0
0 0

0 00

0 0

+ xL U O  411.. 0 0

0 0

0 
0 0

0 0

0
0 0

o 0 0
0

0

-2900.00 - 1900.00 .- 4oo.oo - /00.00 1100.00 2100.00 3100.00
FEET

Figure Al - Printout from computer model 1: base equation.
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where (Refe r to Figure A5 Ion the deqnition of these vari-
ables.)

= a + Ft — c
________________ Derivation of the barrier effect is discussed in Ap-

a = •s4h m, — 11(11 )2 + d2 icndix D.

b = v ’~~ -h  )2 +e 2
Particularl y relevant to the equation form of Model

c = ‘I(h - It )2 + (d + e)2 S is Eq DlO of A ppendix D, where if variable LA is re-
m 0 p laced by the expression for L.N of Model I and if the

d = V ’(Y - Y  (t )) 2 + ( X .  -x  (t ) ) 2 0.0514 -o ~n n I m ~ term 10 log10 is altere d to represent the vail-

e = ‘V’(Y1 — V
1,

)
2 + (X 1 — X0 )2 abtes of vehicle and time:

0 LEQ 55
§ o Leo:65
let 

0
0

0 0 —

0
00-
0
N 0

0
0
0
0

0 0 
0

0 0 - -

0 0
0

0
0r_ 0

0 0

0 A 
0

8 0 0

g O  0 
0

0 
0

0o 08
0

0

8 a
0 

0
‘ - 2800.00 -ia!oo.oo -abo.oo 2(30.00 I2~0000 220000 32~0 0.00

FEET

Figure A2. Printout from computer model 2: motion of each vehicle
is represented by its mean position.
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l O b  
N M 0.0514 Figure A6 shows the effect of a l6-ft(5- in) high an d

a ‘~ 
600-ft(l83-m) long barrier on the three-vehicle site.

t ,1 1 r n 1  m

The programs and definition of their variables are
then the equation for Model 5 can be derived, provided for Models I th rough S in Appendix B. These

programs are writ ten in Fortran IV.

0 LEQZ55
0 0 LEO :65
N I a

0
0

8 o

0
0

00
0

~ 0 
0 

0 0
0 0

0 0 -

8 0

0 0

0
0

0

0 0 0

0_ a 0 00 0
0

0

D

I 
a 

~ 

I

D

‘-2700.00 -/ 700.00 -700.00 300.00 1300.00 2300.00 3300.00
FEET

Figure A3. Printout from computer model 3: single-point-source model.
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8

o LEQZS5
0 LEO z65

8
0

0 -

-

0 a0 0
d

0 0

0 o 0 o
0
0 0

0
0 0
0

8 
0 0

0 0 0
0 

0

D
~~~~. a

D
U

8 I 0

0’

8

‘-6000.00 -4000.00 -2000 00 aoo 2000.00 4000.00 6000.00
FEET

Figure A4. Printout from computer model 4: single-point-source and utilization-factor model.
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- I ~~~b — i -~~ a
— — — — C 

—.- 
~~~

h0~~~~
(X01Y0 ) • (X,,)’1) (Xm(ln),Ym(tn)

hm a height of equipment exhoust
a heigh t of barrij
a height of observer -

(Xo,Yo.Iaobserver location
(Xm (tn) ‘~m(tn) ‘location of equipment

m a t tlme tn

- 

- 

(XbII~ L) 

.Y~~
J a ( X b2,Yb2 ) are end points defining the

in barrier location.
~m(tn) ’ Vj ) is the point of Intersection betweon a 11n

defined by the points (Xo,Y0) Ofld (X~(~),Y~ftjn,)1
and a line defined by the points (XbJ,Ybz ) a
(Xb~~~2).

Figure AS. Barrie r equation variables.
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D L.q :55
OLeq 65 t

I I  o0

0

0 
0

0
0 0 0

0 0
0

0 

:

0

(

~~~~~~~~~~o
0 

0

0

-3Or~ .OO -2000.00 -1000.00 0.00 iodo.oo 2000.00 3000.0
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

49

-

~ 

-- - - -  — - ----- -- -‘ ---—- -—--—-- --—--~~ - -—--- - - U - - - _ _ _ _ _ _  ~~~ - - - ~.— ---------‘ 



—~~~~~ -~~~~~~~~~~~ — — ~~~~~. - - 
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Camput.r Program for Model 1: Base Equation

PASt 1 - -  - - - 

- 

- -

/.1 JC)El 01E0 0 t 81  0182 0183 018 ’~ 
- 

- - - -

ooe o 31~ o  010u 00 00  - — -  - -

~~0O(~1 0151  0181 U0~~1 — -

- 0C~~2 - - 01d2  0182 0032
0003 01. 5-i 01tt 3 -  0003 - - -

00C- 4 -- - -- - 3J~~’4  01611 00L ~ - ~: - - - -

V2 M11 A C T L A L  32K C O N F I G  32K 
- - I - 

- -

/ /  FORTi ~A r~ - - - - - - - --  - 

alt O I D C s
* IOCS( 1 t52  P I s I N T E r - , CA RC , DI SK , TyPL ,~HjTEK ) -

—-  .0NL ~O~ o I~~~EG~ RS - - - - - -
a L IST ALL -

c.EnRS ...STl~C .c . . . . .  - 
F O  K T R  A N  S ~ U R C E S T A 1 E N ( N T S

—— 

— 

C**.*ass*.*********************,***.******** s.* ,*****$*****i$***,******
C

P11OGRA

~ 

TO PR00~ CC 4 PLOT ~f NO ISE LEV EL C0~ TOU RS . is P~~3c~RaM
C h A S  PHt~PA ItEC FOR t~t t i I ’~L ER11 G CYN A?T ICS iNC. U SI~

,.& E0Uat L~~-~~C P tU VZ Ut . O oT T HEM.
C -

- ~~~ *ss*******s.s*s***.**..***s****************s***ts***a**S•***ss*.**
I~iTE6EK TITL1 (40) ,TITL2 (I40) ,TITL3II4O)
REAL L b (22U .12)
O L ” ( N S L O N  XS (~~20 ,l2),YS (2~ fl ,12)
OI ME ~~S1 0N X O 5 5 ( 4 2 ) , y O 3 5 ( 1 1 2 ) , X 0 6 5 (~t 2 ) . Y C ( , 5 ( ’ m 2 )

-  O E f ~~~i0lt MAX ( IQ T L ’ E ( 2 1 , Y L I I . ( l O t , Y LIT4 Itt ) l 
- - 

DI~ EltS~ 0N SOu~ C (2) -

- 
DATA AL / .L ’ / , / ‘ c ’ ..’/, E~ UAL / ‘ ‘/ ,FF /’~~5 ’ / ,S F/ ’ 6~~’ / , S 3J ~ C/ ’~~3 J R ’ ,

1 ‘CE ‘/ - 
- - -

DATA RLANK /’ ‘I
DATA TUL/.01/

_______ C RE A D T I TLE
‘ READ (2,1)TITL1 ,T ITL2 ,T ITL3

RE AU (2 ,2)oEGRE ,STt.P ,XC I ,YCJ

N:1

I~ L A G=U
1’ ‘I A X~ O
W~ lTEta. 21

C REA D OAT A -

~_ _~ 100 REAO(2 ,3)tlr’-E ,X ,Y ,A LW ,AL.W2   - - - - -

i~~(AL ,~)1O00 ,2OU ,200
200 M M+ 1

I;LA6 3
____~~~~~~~~3 (M ,kI X _~~~~~~ - - - - -  -
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PASt 2 -

~~~~~~~~~~~~~~~~~~~~~~~~~ F O  R I H A N S ~ U R C £ S I ~ T E N L N T S .......
YSI M ,P~I~~Y
LS 1M ,~~1 AL a
W R I T E  1 ,~, 2 O ) T I ~~E iX ,Y ,A LW ,ALW 2
63 10 100 

-

C E~4U OF 0*14 SET
1000 I~~t1FLAGI1i0O,i10fl ,3.2OC
1100 ICLAG :J.

W~ 1TE (3,21)
M A X( N ) M - -

Id M.lt ’x8 ) 11011, 11Q~~ 1103 ______

1103 w~ ITE(.a ,22)M
CALL EA IT 

______- -  - 

~110l+ Id( M~MM AX )tt1O,11.10,1105
1105 M’iA X=M
1110 ~:0 

-

C N = PJ + 1
60 To 100 _____

C E~ D OF AL L DATA SETS 
-~~~~~ —

1200 ~4CONT=~.—1
Id cNC Gr.T~ 8)1210,1210 ,12O5

1205 w~~1T E ( - 3 , 2 3 )
CALL (All 

-

1210 MC ONT =MMAX

- 
BEGIlt CONPUT AT IO lt S OF CO NTOURS

0- 1ST EP 460 ./OE GRE
—~ —

Iv~ 5 o
IXA5au
1V65 :o

03 5000 IRA O:1 ,IST (P
__________ 

xC=xC I- 
TC=y C I

A~lG = MNG *.01714 53293
X iP4C~ CuSUtN G )*STEP
YI NC=SLN(AN G )*STEP
ILEG:1

C L3OP TO COM PU IE ENER GY AT A GIVEN POINT 
- -- - - —

1250 SJML :o.0
03 1300 N 1,NCONT

- - - MX MA X I t t )
A IIX I~X
03 i3ou P’ j, M CONT

- - - - 
A ’ I~~M~ 

-

T(NPt=AP/A~ X 
- ______- - -

TC~ P2~~~~/~~X 
________ —— -
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.- . ——--— — -- --~-~-.-r ~~~~~~ - .‘~~~~~~~~~~ 

PAGE 3 _- _- —~~~~~~~~~~~~ -- _~~~~~~~~~~~~~ - -

~~~~~~~~~~~~~~~~~~~~~ F 0 K T R ~ it s 3 .1 R C  £ S T A T E M E N T S ,......

- - 
4I (TE j rEMp 2 )*A ~ X

- — -- 
Id(M 11~ 6O ,126C ,1275 

- -  

1260 M:”X -

- — 
127~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

13u 0 C ) ~~TIl ’.t.s E - — - —

S J ”- L i u . 0 a A t O C - ( S L -~L/ N C O~t T ) / A L O G ( 1 0 . )  - -

B~ A ltCH TO CORRE CT S ECT IO NS bASED ON ObS ERV ER POSIT IOV ~~ 
— -  - -  - - 63 T O ( 1 4 O 0 , 1 7 O 0 , t t O O , 2 O 0 0 , 3 0 0 0 , 1 1 1 0 0 ,4100 ,1~,7 5 ) , j L LG

C 1L E G %  Ob SERVER AT OR~~I’+ ______ _________ 

1400 I ;(SLML—t55 .)1550.1500,1600 _  
—

1SCO I~~i5 =xA 5S+1 _______ ______

I y S b = 1 t 5 5 + i  ____________ ________

- - X 355IIA5 5J XC~~~~~~ _ _  ______ ____-

- - 
y3 5 5 (  I T55 ) = Y _~ _________________ _________ -

IL~. G 2
GO TO ‘4900 _________________________________

1550 ILEG 8 -

63 TO 11900 _________

1575 IF(SUML—5S .)1580 ,1S00 ,2020 _________________________ _____

1~ 6c I lSLd .IL—SUMA) 500O ,~~OOO ,’490fl ______________________ _____

1600 I;(SUML—65,)1660,1650,1670
1650 1x65 1A65+1 ______ ______

1y65:I T65+1
X365( 1X65) XC 

_____

Y 365 (1Y65) YC ________ ______

- - lL~ G:3 -

63 TO ‘4900

1660 lLLG~ ’4 -

63 TO ‘4900

- 1670 IL~ G 5  -

- - 63 TO ‘4900 _________ _______

C 1LE6 2 OBSERVER AT 55 LEVEL
-- 

llco I;(SL ML—55.)5000,1500.1720
1720 ILEG 4  ______ _____

GO TO 11900 -

C ILLG:3 O8~ ERV(R A T 65 LEVEL ——
- 

- - - -  
18C C Id( SUML ~ 6b .) iC11U,1~~5 O , 182O  _~~~~~~~~~~ _~~~~~~~~~~ _______ - -

1820 IL(G~~ - -   —-
— 

- -  - 63 To 11900  _______ ________________

1~~110 ILLGZ ’+ ._ ~~~~~~~~~~~~~ —--—-—---- - ---  
_____________ --— - - -

Go TO ‘+9~ u ~~~~~_ _ _________ __________
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-- -- -—-— —-------- ,-- 
- L-: ___________ ~=—‘~~~~~-~~~~~~~~~~~~~~~~~~~ ‘ -

~~~~~~~ ‘ 

PAGE ‘4 . -

- 

- - -_ _ -—---—-- —-- —-——---- - —--- - -

C—CK ~ S .~~Tp C..C,  F 0 K I K A N S O t i  K C £ S T A T E N E N  I S ..
C ILL~~ 4 OB~ ( RVE R ~tTI.ECN 5~ AN D 65 LEVEL
200C I (SU ~ L—55 .)2G20 ,1500,2011Q - _____

2020 TARGT =~ 5 . -

IL~. G o   _ _ _ ~~~~~~~~~~~~~~~~~~~~~~~~~~ -
GO 1.0 ‘+000  ________

2040 1 lSW ~l_~~6b .)4 9 0 0 , 16 5 O,2 O 5 0  
_______

2050 T~ HGT a5 . ______ _______

ILEG 7 _______

53 TO ‘400u -

C ILEG 5 OV .~ERVEJt A T LEV EL SPEATER THAN 65
5000 IFISUML 6S.)2050,1650,*903

~~~~~C I T ~ R A T~. AitOUM) TA F - GET POI~iT 
______

‘4000 X 3 XC 
- 

- - 
-

- - - 
Y 3 YC
SJM6 SUML 

_____________

‘40 10 X~~~4 X b + X A ) / 2 .  
_____

Y C ( Yt ..YA)/2. 
- _____-

63 10 125u 
_ _

_ _ ii~~~i_~~ _I.i~~~~~~~
_

C 
- — 

I~~ G~~ op 7 I1ER ;,T1 ltG AR OUN D TARGET LEVCL
4100 Idl40S( Sui-~L—T;.H~,T)—T CL ) 4500,k500 ,41�O
‘4120 1~~(Slj N..—TuN61 )441.30,413O ,~41UU
‘4130 j (SL (~b T J ~RGT)41)tj) ,4137,4137
‘4137 XA XC 

— 

-

- -  - YA. Y C  
_________

SJ~ A = So~ L 
—

— :: GO T O ‘4010 ~~~~~~~~~~~~~~~~
~4 114 0 IF(SUMu— T~..RGT)4137,’4137 ,’40O0 —

C C3NTOU$ POINT FOUC’ iC1
‘.50 0 ILEG ILEG— ~

53 TO (1500,1650),IL (G -

C STEP OUT ON RADIUS 
_________

4900 XA XC
YA YC
SJMA SUML
x C = X C + x I N C  

- -

yc~ yC +TIr~C 
-

GO TQ L25u -

5000 CONT iNU E

- wU T E ( a , 6 ~ - -
.R1TE~~5 , 4 ) ( ) ( O 5 5 ( I ) , v O 5 ~~l I ) , i= 1 , IX 5 5)
W~~ITE i 3,7 l  -

~~IT E ( ô , 4 ) ( X O b 5 ( f l , Y O 6 5 l I ) , I 1, IX65) -

~~~~
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—--— - - -  —-- - -

~~~~

PASt 5 ~~I~~~~~~~~
_ — -

C— E RRS ...S r t C .C . . . . .  F 0 K T K ~ N S  U R C  E S T A  I C N E N T  S

- -  - 
PROOUCL PLOT OF R~ S~ LTS  _______________

- - ~~ ~~ PAUSE - - __~~~~~~~~~~~ __________________

— CA LL RLC T I — O . 5 , 0 , u , 1 1 . O . B . 5 , O . O , 3 )  - - — - - -

C ALL SCAL C (~~O55 ,6.,IX55 ,11
CA LL Sl-ALL(YC ,~ 5,6..IY55,1) - -  - — —  

- -  F IKX :xU5 5 1I~ 55+1)  
~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - 

0 r x = x o ~ 5( Ix 5 5 + 2  — _ _ _ _ _ _ _  

F I H Y - = Y u 5 5 ( 1 Y 5 5 + 1)
_____________ DT Y Y0~ 5~ 1Y55 +2 )  - - - - -  

__________- CALL A A I S r . ( 1 . O ,3 .~~, 8 L A N K , — j , 6 . O , O . 0 , F I R X , O T X ,2 l  
CALL A A I S 4 ( 1 . O , 3 . 5 , B L A N K , 1 , 6 . O , 9 0 . O , F I R Y , O T Y , 2 )  _ _ _ _

_________  XLIN(1) FIHX _ ______ ___________

_________ _

~~~

X LIN (2I FiRX+ 6,0*DTX _ _ _ _ _ _  _ _ _ _ _ _ _ _  

X L I N ( 3 ) F L R X  _______  - _______________

_ X L I N ( 4 ) 0TX - - ____________  ________________ 

Y LIN (1 l~~O . 0  - - _ _~~~~~~~~~~~~~~~~~~~~ - _______________

—______ _ JLIN (21 0.O _ _ _ _ _ _ _ _ _ _ _  ___________________

—-_ _ _ _ _  YL IN(3) FIHY - _~~~~~~~~ _ _ _ _ _  _ _ _ _ _ _ _ _

_ _ _ _ _  
YL IN(4 I : D1Y ____________________

- CA LL p L O T ( 1 . O . 3 ,5 ,— 3 )
- CA LL ILN E(X LIN ,YLIN ,2 ,1, 0 ,OJ

______  XLXN ( 1 1 0,O __________ _____________

_ _ _ _ _ _ _  XLI N( 2 1 0.O ______________________

TLINU ) FL R Y _____—_ _ _ _ _ _ _ _

.YL IN(2) FiltV +6.O *OTY - _______________ __________

_~~~~~~~~~~~ CALL L aNE(X1 ~IN,T L IN ,2s1 , 0 ,O) _______________________

_ _ _ _ _ _ _  CALL L1F.E (X055,Y055 ,1X55 ,1,—1,0 ) _

X-D65( 1

~

65+1) FXR X   _ _ _ _ _ _ _

X 365(1T65+2 ) OTX  — -

- - 
- yO65 (14 65+1 )= F IRV - - - - - -  — —-— —-~~~~~~~__________________

________- Y365(1165+2) 0T1  -
CALL L I?~E (XO 65,Y0F-5 ,IY65 ,1 , 1,1I ____________________-- _____

- - C PLOT SUU RCE LOCAT iONS 
- -  — _ _ _ _ _  

03 6000 N=1 ,N CON T  —

:

-- M CO NT =N AX (N) -  ___________________________

_____— XS (NCOI ,T+1 ,N) F IRX —_____________________________
YS (M CO~ T+1 ,N) F IRY ________  _ _ _ _ _ _

_ X S (M CC NT+2 ,N ) DTX  
— -  -~~~~~~~~

__ _ _ _ _

—_____ Y5 (M CUN T+2 ,N)~ D1Y _____________

__
~~~~~~~ CALL t.1NE (XS (1,N),Y S (1 ,~fl ,NCONT.i, O ,O)

- -—— 
_ X~ AG(= (X S (1 ,N)-FIR X)/ DTx 

_ _ _ _ _ _ _  _ _ _ _ _ _ _ _

- - 
y~ AGE (Y S(1,N )—FI RY)/ D Ty 

__________ _________

ISYM=N +1 - -

- CA LL . STMB (XPAG (,YFAGE ,.10S,ISYM ,0 .O,— 1) ___________

- - 6000 CON T INUE

- - 
C PLOT TITLE — -

~~~~~~~~~ —
CALL PLOT (—1 .0,.3 .5,—3 ) ___________________

CALL . CN TI~~TITL1 ,2 1,2) _______ _________________________

CA LL C .,TR (TITL2 ,21.,2) ____________ ________________________
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_ _ _ _ _ _  - - ~~~-—— ~~—~~~~~~~~~---——---~~~~~~~- -- -
~~~
—--- - --

~~~~
- -

~~~~~~

PAG E b 
- 

-

C .ENRS ...STEC.C..... F O R  T K A N S O U R  C E  S_ T A T E  M E  N T  S .......
CALL Cr tTRI T ITL3 ,2 1 ,2)
CALL S Y P ’ l 3 ( 1 . O 6 , 2 . 7 ~~, . 1 4 e T I I L 1 , O . O , 3 0 4 2 )  

_____

CALL S Y P b ( 1 . C c ~,2.~~7 , .1~~ ,T j T t -2 ,U .0 .30 42 )  - -

CALL STM 6 (j.Ob,~~.19, .1’,IIT LO ,0.O ,30’+2)
CA LL sT r -o i l . 13, 1.76 .  . 1 . o 5 , o , o . 0 , —1)
CALL Sy~ R( 1.34 ,1. t - ’9, .14,AL ,C.0,1)
CALL SY - (1.4&,1.~-9,.07 ,E~~,O .0.2)
CA LL ST ~~B11.76,1.~~9, .14,Ea UAL,0 .O ,1)  

________

C ALl. sT~ b (2.04,1.,~9, . 1 ’3 , FF ,O .O . , 2)

CA LL SYPR (1 .13 ,1. 1.8, .1O5,3~~0 ,O’—U _____

- - 
C ALL sTMB (1.3’+ ,1.~~l ,.14,AL ,Q.C,1) 

-

C ALL Sfl-~P (1.4O,1.-.1 , .u70 ,EO ,O, O ,2) 
- - ______________________

CALL sTNB(1.7 6.1.41, .14,E~ L’AL ,0 .0,1)
CALL SYl--B ( 2.O4,1.~~1 , .14,SF,O.0,2)

DO 700u N 1 ,NCONT
A t N  -

IsVM:N t1
y~~A G E 1.69—.1575*( l~-j )
CALL S )V ~B( 5 .6 ~ 5,’rPAG(,.10~~,SO URC,O .0,6 l -

CALL NUNRL6.3 7 ,YP I -GE ,  .i05 ,A l t .0 .0 ,—1 )
- 

CALL Sr~.B 6.947~~,YPAGC + .0~ 25s.1O5 ,ISY M ,0.O,.1) 
-

7000 CONTI NuE
CALL PLOTI1S ,,O .O,999) 

________

C ALL (AlT 
_______________ _____

1 FOMM AT I’404 2) 
- —  ________________ _______

2 F3P4 r~A T ( A F 1 O . 0 )  -

3 Fo~ M 4 r 2A4 ,r,F12 .0) 
- -  - ____

FO RMAT t 4 ( l 9 ,2 ,2 x ,~~9 .2 , 6X ) )
- - - 6 FD HNA T I ’ LOOR( INATE S OF LEO 55 LEVEL’) 

-- —
7 FOKMA T (///’ CC 0RC 1F~A TES OF LEG 65 LEVEL’) 

- - -  - -

20 FDRM A T I1X ,2A4 ,14F 1G .2)  
- --

21 FORMA T I1IOI ) -

22 FThM4T11X ,14(’*** .ERRO ,~’),’ DATA SET TO LA RG(’/IS,’ ~- 3I’J T~~’////f/

- - - 
23 FOMMA TI1X ,14( ’s**s(KRO ”.’)/’ TO O MANY UAT 

- -

VAR IAK L L A LLCC A TL ONS
X S ( R  ) -j 4 9 E — 3 0 0 0  Y S ( R  ) 29 3E—1 11A0 X 055 ( R )= 2992— 29 ’ 8O Y055 ( R  ) :2~~.S—2 ,9 11

— TI~-E(it ) 2A 92— ?A 90 X L1~~(R ):2~.A 6—2A9 ’4 YL If J(R )=240A—2 4A 8 SOuRC (~ ):2.t..~E— 2A8C- 
STE P (i~ ) !F62 X CI (K ) 3 1 6’4 YC I (R )=3F€6 X( T ):3Fo3
AL~.2 (F4  ) 3Fb(  * C ( R  ) 3 - T O  Y C ( R  ) 3F72 A NG 1~ ) : 3F l t I
SlJMLl,~ 1 3 F 7 A  A i~* 1k  )=3~ 7C - 

- A M( R ) 3 F 7( TEMP1(~ ) :~ Foti -

TAlt ,,T(It )=3 F 16 Xd ( R )=3~~Pt, YB(R ) 3F8A 
- - - - SUM8(~ ) :3FoC

TCi L Ih ) 3F92 F Ip ~X ( R  )=3~~9’4 O T X ( R  ) 3F9b FIRY(~ ) :3p - j5

X PA GEIF ) 3f9E TPAuE( R ) 3 ~~A O AL (R ):3FA2 E3(-T ):38 u4
S F ( t  ) 3 ~~OA  i~N( R ) =3 0 4C M A X ( I  )=3FPF— 3F86 T ITL 1II ):3Ft7.31.Cu

Ce ll ):4t,36 NIl ) 4C39 TFLAG(I ) ‘403A M M A X ( I  ) :+J.) 3
IST(P( I  ) 4 0 5 E  lxb5 ~~I 

) 11u3F 1155 (1 ) ‘4 O4C 1X 65(I ) ‘40. t
I L E G I X  )~ 4C ’$ ’+ M X I I  ) 14 0 ’85 MMII ) 1’ O ’s 6 III ) :l8 J~+7
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PAGE 7 - - _
~~~~~~~~ - -

STAT E ME NT A L L 0 C A f I 0 ~~S -

- - - 1 ’eOSF 2 4 0A 2  3=40~ 5 ~8:1404* 6=4 t8 1  7 = e ~~C2 2 0 4
100= 1+160 200 41o0 1 0 0 0=4 t 1 - 2 1100 41136 1103=41CC , 110~~~4 1j11 t 1 O~~~ie

12 10 181F5 12~ O=’e 2~ 0 1260= ’8�71 1275=427b 1300=4285 1’80O:’8-’JS i’iOu~~+
- 1600=4310 

- - 
16~~O 4346 1660 ’tó4 A 1670 ’4350 17OO 4~~~6 1720 8~~5F tAOu:’+

2020=4 383 2 0 4 0 4300 2O~~~~’+.~96 30C ,0 4340 ‘+O01 43Ab ‘+010 43~ 7 810u 11
‘414C~~e3F3 1#500 43FC 4 900=44 08 5000=4422 oO OO l8~ UA 70 OO 4S~ A 

-

F EAT URES S~PPORTE1 ) 
- - - - -

ONE -OHU INT~~~E-l S
STA t DA NO R~ Cl$t0N
locs.

11.32 PHINTE R
- 

- D ISK _ _ _ _ _ _ _  _ _ _ _ _ _  

TYPEL ~R 1T ER  _ _ _ _ _ _ _  _ _ _ _ _

CARD ________  _ _ _ _ _ _  
—

CALLED SU I3PROGR A ’IS 
- -  - -  - -  -

FCOS FSIi. FAL O~ - -  
FA BS RICT SCALE AX ISN PLOT LI’ IE 

- -  
Sy MA

- FSU8X FMPY - - 
F OI V FL O FL OX F ST O FSTO X FSB R FOV~ FA X!

SRED SWRT SC O~ 4’ SF1 0 SICA ! S1OAF SIOFX SIOF SlOT ~U qSc

REAL CONSTANT S
.360000t. 03:404E •i74 532E~~01 40 50 •000000C 00=4052 • 100003 L 0~ =~eo5~
.2000u0( 01:4054 .500000( 0t 405C - • 110000E O2 405E •850003 E U~~~4O6 li
.350000E 01~~# 0ó6 .9( j0000( 02 ’4065 .lOSoCOE O0 =4 OA A • 106003 E 0~ =’406C
.2117O0 O~. 01:18072 • 2 19C001 01=40718 •113000( 01=4076 • 176O0~ E U 1= 4071i

.1’4B000t 01 407E- .70000C (~ O~~ 408O •20’+OOO ( O 1=’+0 P2 • 1’410O~ E 0.1 1408’e
_ ,E37000E 01:4038 •694 750L  Oi~~e0 aC .525000(..O 1=408( •15000 L U2:teu9u

INTEGER CO NS TA ’4TS -

2=40 52 l=~.n93 0=14094 .~~‘8O95 ‘498=4096 5= 14397  - 8:1+
21:1409C 3Q.2=4o~ D 999:409L

C ORE RCQU 1RL rE~ T S FOR — - 

- -

CONMON~ U , VAwIAB L ES AND TEMPO RAR I ES— 16462, CONSTANTS AND ‘ROGHa4.. lb

C~~D OF SUCCESSFUL COMPILATION
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Computer Program for Model 2: Motion of Each Vehicle is Presented by its Mean Positioi~

PAGE 1 _  - - - -  

- 

-

II 03b fl1~~O 01!~1 0182 0 183 01’4
0000 01~40 0180 0000
00( 1 0 131 0181 000 1
0002 01A2 0162 0002
00f l 3  0133 0163 00u3 -

0004 0154 0184 0004

V 2 Mu ACT L~~L 3 2 K  CONF IG 32K

II F 3 N T +~4i~ 
- - - -

aNO 10C6
- 
sIQCS (1132 PKINIER, CARD, DISK, T YP EWhI T Ee~) 

- - -

*ONL e~O~ U INTEGI~R S
•L IST ALL

~~~~~~~~~~~~~~~~~~~~~ F O  R I K A N S 0 U R C E S T A T E  N C N  T S

C*ss*s***$$aaa*sa*s**sss*ss,**aa**s*s*a.**sa*.s*s..*,*.***a~~***asaa*ssa
C
t P ~ OGRAh yO PRO DUCE A PLOT CF NOISE LEVEL CCNTOUHS. T4 1S PrtOGRMM 

— 

~4S PRLPA REO FOR ~i~G I1EERI4 c, OY NA~~ICS IrJC . USIf-~b EQ U A T ION S
C P~ OVIOc.D ~Y THEM.
C - - C SI’~PL 1F1CAT ION 3A - THE SOURCE POSITIONS AS A FUNCT TOV OF - —

C 
— T i ME CAN BC REPLACED BY THEIR ~EA ~C POSITi ON .

C  

I 1T EGLe ~ T IT L 1 ( ’ 4 0 ) , T I T L 2 ( 4 O ) , T IT L 3 (4 O )
REAL L 5 ( 5 0 0 , 5 )  

- -

DIMENSION X S ( 5 ) , Y S ( 5 )
— 

— 

— 

- 
_ 0t~ ENSl0it X0551 ’42) ,1055(182),X065(42),1065 (42) 

- 

- —

DLMENS ~ ON 8~A X(1U)  .TIME(2), XLIN(1 O) ,YL IN(1O,
- - 

D 1M EN S~ ON SOUHC (2) -

- 
D A T A  A L/ ’ L’/ ,EQ/’ LO’/ ,(Q UA L/’ ’/ ,FF/ ’ 55’/ ,S F/’65 ’/ ,S3J RC/’S3UR ’,

- 
- 

1 ‘CE ‘I - 

- -

DA TA RLA t~ei~/’ ‘I
DATA TUL/.01/

C REA O TITLE 
- R EA O ( 2 , 1 ) T I T L 1 ,T I I L 2 , T X T L 3  - ——

REAO ( 2 , 2 h .CGR E, S T E P,X C I ,Y C I

N i  -

M:O
IFLAG U
MMAX :O
XSU M — 0 0
YSIJM 0.0 

- - - — - -

4~~IT E 3,2 1)
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PAGE a - -

C— t R ’ S . . . ST’ ~C . C. . . . .  F o N T K A N S O U  R C E _ S T  A I ( M E  r~ T S ..... ..

- C RE-A D DMTA   - -

- - 100 R C A O ( 2 , 3 ) T I M E , X , Y , A L W  — - - —  
—

— — - ----—  — - - -- -— - - -- -

- - I l A L ~~~1OUO ,2U0 ,2t i0 - — -
200 M:~.t

I LAG :u - 
-

XSUM:XbUM +X 
- -

- - - 
y5UM=y~ UM +Y -

LS(M,NI AL~ _ _  ~ - __ __

- -~~~~~ ~~ 1T ( ( . D , 2 0 ) T I T ’ E ,X . Y , A LW
_ GO T C I OC — . 

T11T C 
— 

C’4U OF DATA SET 
— -— 

- —  ___________

_ 1000 I~~IIFLuG )11 G0,11O C ,12OO - 

_ _ __ 1100 I~ LAG= 1 - _ _____  

W~ I T E I ~~,2 1)
X S IN)  = X~ UM/M — —  -—- - - -—— - —- - — - - - -- - - -—- — — - -— --—--——

-- — -  y~~I N )  = YSUM/M - _ _ __ __ : -— - —

— M A X (NI M _ _ _ _ _

I~~( N—49 B) 1 1O4,1104,11 O3 - —  
1103 W~~T T E ( 3 , 2 2~ M  — _~~~~~~~~~~~~~~~~ _ 

- -  - - CA LL (A lT  _ _ _ __  — - - -

_ 1104 tF (~j~MPtA%)t11 0,t1t0,1.1.U5 - - -  — - 1105 M1IAX: N _ _ _ _ _  ______

_ _ _ _ _1 1 1 O M 0   _ _ _ _ _ _ _

N:N+1
XS UM = 0. 0

= 0.0 ~~ - - _ _ _ _ _ _  _ _ _ _

G. 10 100

C E~ D OF ALL DATA SETS ________ ________

- -  -- 
1200 NCONT N— I - _______ —____________

IcIN CO~ T— 5) 121u,121O,1205 .________ ____

1205 W~~IT E(~~s23 )  
C4LL EAIT - -

- 1210 MCONT :~iMAX
- 

- C 
- -  

BEGIN CO M PUTATIO NS OF CONT O URS -~~~~~~ —_____________

- - - I~~TEP~~~6O./ DEGR~ - — - - - ____________________

~_~___~__~Ix 55=0 - - - - _____ —— -——-—-— —-_ _ _ _ _  _____________

1155:0 _ _ _ _ _  _ _ _ _ _ _ _  ________

1*65:0 _ _ _ _ _

_~~~~~1Y65:O _ _ _ _

03 5000 IKAD 1,ISTEP 
- -  - - _ _ _ _ _  

- XC =X C I  _ _ _ _ _

YC Y C I —
A18 G (IItAD-1 )*OCGKC
A~ G MNG *.017ee53293 -~~~~~~ - -
X1’4CSCUSItNG )*STE F  - - -   _______-- ___________

Y1’+C S IN (A +~G)*S1 EP
-- - - ILLG*l _ _ _ _ _
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PAGE 3 _~~~~~~~~_ _ _~

C— ( RRS ...ST NC .C . . . . .  F 0 R T R A N S 0 U R C  E 
- 

S T A  T E N  E N  1~ 5 .......
_ _~~~ 

L3UP TO CLM PUTE ENERGY AT -A  G1V E~’l ~~!IcJT _ _ _~~~ ~~~~ _

1250 S JML O .O
03 130 u N 1 ,NCONT
MX M A X I N )
A MX 1’x 

- - 

________________ 03 130v ~~~ 1.NC0N T _____

_____________
A~ :Mr

— T EMPI= MM/A MX
TCMP2=t ~IM/~ X

____________ - - - —-  ________________

_______  
IF(M ) 1~~60,126O,1275 _ _ _ _ _  _______

1260 M=MX -

_ _ _ _  
1275 SJ M L = S U F ’ L + l O .* * ( L S ( M , N ) / l O . ) / ( (X C .X S I  t i ) ) * * 2 + ( Y C — Y S (  ~f l ) * s 2 )

_________ 
1300 CO~’TI NuE________ — 

S-Jl’L=1U.0*ALOG I SU~ L/MC ONT)/ALOGI10. )

C - 
B~ A NC N TO CORRECT SECTIONS B A SED ON OBSERVER PO SIT !O~1 

- - - - I
GO T011400 ,1700 ,lbOO ,2000 ,3000,4100,4100,1575),ILEG

C IL EG = 1 OBSERV ER AT ORGI ’J - ____________ _ _ _ _ _

_ _ _ _ _  
1400 IFISUML—55. )155O,1500,1600 

__________

1.500 IX55 :LAS5 +1 
- -

I f5te=1155+1 ____________________________
X355 1A55) X C 

_ _ _ _ _

_ _ _ _ _ _  
T355 (1155) Y C 

- -  --_____ __________

1LE6 2 _ _ _ _ _  _______

GO TO 4 9 0 0

1550 ILLG:8 
- ______

_______  63 TO ‘4900 ___________

1575 I~~(S U M L — 5 S . ) 1 5 8 0 , 1 5 O O , 2 O 20 -

_ _ _ _ _  
1580 IF(StjF4L— SUMA )5000 ,5000 ,’4900 

-

—- - -~~~~ - -  - -

1600 I (SUt ~L—65.)16 6O,1650 ,i67O - _______

1650 I*65: IA65+1 -

__________ 
1V65 1Y65+1 

_________________________

__________ 
X 365( 1A65) XC _ _ _ _ _  _ _ _ _ _

10651 1T65):YC 
_________

ILEG:3 - ___________

GD To ‘4900 -

1660 ILL& 4
GO TO ‘4900 _ _ _ _ _

1670 ILEG:5
63 To ‘4900

ç Z L(6 2 OBSE RVER AT 55 LEV EL _~~~ _ _ _ _ _ _

1700 I; SUML— 5b . )50 U 0,~~5OO,172 u 
_________

_ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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_ _ _ _ _ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 

____

I

PAG E ‘e -

C .ERRS ... STN C.C... .. ‘F 0 K I K A s. S 0 U ft C C S I A T ( N C N I S

- 63 TO ‘8900 -  -_- ---- - - - - - -

- - C 1L86 3 OBS ERV ER A T 65 LEVEL - _____ _ _ _  
_ ____ _

_____ _
_ _~~~o0 I ISUM L—Gb .)18’40,)-650,1820 - - _ _ ~~~~~_ _  - -— -
1820 ZL(G 5 _—---  --_-~~~~——--- _

- - GO TC ‘.900 - —  -- _ : -

1840 IL86 4  - -   - - - - —

- - -  
G3 TO ’.900 ~i_ —  

C 1L 2 G 4  OBSERv ER BET4EE8 55 AND 65 LrVEL  -—

- 2000 IF(S UNL—Sb .)2 020, ISOO, 20 ’4 O 
- -  —— —

~~~~~~~~~~2O2u TA HGT~~~5, —-

___________ IL(G 6 _____

______ - - — 63 To ‘4000 - - - — - - -  - -  _ _ _ _ -

204 0 IF (SUML—6 ~~.)49O0,165O,2O5O
_ _2050 T4MGI=bb , - -  - — _____ _____ _____

IL(G:7 - - - : - —- ~~~ _ a  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -  
GO TO ‘+000 _ _.  

C ILEG=5 OVS EPVE R AT LEVEL . G REATE R THAN 65

- 
3000 IF(SW4L—6 ~~.~~2ObQ,1650, ’4900

C ITt . RAT E A K OUIeD TA ~~’C T POINT
‘4000 X~~ XC

- Y 3 Y C  - -  - _____

- 
- 

- SJ MB =SV PL  - - - —

‘4OlO - X~~~ XH+XA )/2 . 
-- -

YC IYB +YA /2. ~~~~~~~~~~~_ 

-- _ _ &3 T O 1.25o -

-- - C ILEG :6 OR 7 1T (R .~TIN G ARO U ND TARGET LEVEL - - —

-- - ‘+100 Ic(AB SI SUtIL— TARGI)— TOL) 14500 ,4500 ,’8120  -
‘412 0 I~~I SUr~q.~ TkRST )413e~,41 5O,’814U
‘4130 IF(SLJ Mb—T AM GT) ’4000 ,’+137,’4137 

- - ______-

‘4137 XA XC
YA Y C - __ - _________

_ _ _ SJMA :SUML — . - -

GD TO ‘010 _ -

‘+140 I F IS U I 4 O— T A R G T ) 1 8 1 3 7 . 4 13 7 , ’8000 
-

— C CO NTOUR PO INT FOUND —— - -

‘8500 ILLG:ILEG-5
— - - - 

GO T O gA S o u , 1 6 5 0 ) , 1LC G  -

C STEP OUT ON RADIUS _____

‘8900 XA XC -
YA Z Y C - -— - _ -

______ SJ~AzSUML
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~

C—ERRS.. .STNu.C..... F T R  N_ S 3 U K  ç S~~~ A E M E  N !SI,..,...

_ XC XC +XD~C 
- ____ ~~~~~~~~~~~ —

—- ~~~~~~~~ Y~~~YC +YIN C — _______- —  

— 
_ _ _GD TO ~25~~~~~_ _____

-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- —

5000 CONTINUE  ____

W RI TEt

~

s6) _____

b~~1TE~~.~,4 I (X O 5 5 ( I ) , Y O 5 5 ( I ) , 1 1, IX55)
w~ ITE (~’,7) 

-

WUTE (o.’4) (X 065 (I),Y0&5 (I),I 1,1X65) 
_____

- _ C _ PR ODUCE PLOT OF RESULTS _____— PA U SE _______

CA LL $t.CT (—0.5,0.C,11.Os8.5’0.O ,3) 
______

CALL SCAL LIX 055~ 6.,IX55,1) _______— 
CALL SCAL L(Y 055.6.,1Y55,1) -

- 
FIRX=xu55 (1 X55+i) 

____

DT X XOh S I 1X55+2 I 
_______

FL HY YO55(IYSS+t) 
_____- - --  

OTT YOb S (1Y55+ 2)
— -  

CA LL AXI S I-,(1.O,~~.b ,BLANK ,—1 ,6 .0 ,0.O ,FIRX ,DTX ,2) -

— - - - CALL AX IS , ( l e O , 3 .5 , B L A N K , 1 ,6 . 0 ,9 0 . O , F I RY , DT T , 2 )
_____ 

XL IN( 1) F X RX 
- 

- 
- - - -

XL1 N 2 I=FIRX+6.0* O TX —

XLI N(3 ) F IKX
X L I N ( ~4 ) : D T X  

_____

YLIN( 1 ) 0.0 _______________ __________

YL IN I 2I O.O
Y LIN (3 ) FIóT Y
YLIN (4) CTY — _______ — -
CA LL pi-OT (1.O.3 .5 .—3 ) ___________ ____________

- CALL L I N E (X L I r 1 ,Y L l r J , 2 , 1 , O , 0 )  
____________________- 

X LIN(11 0.O _____ _______ _______- - 
XLIN (2) O.0 ______ _____

Y L INI 1 I F X R Y  _______ ________ _________ _____

- YLI~1 (2I FIHY+6.O* (TY 
_______ ______

CALL LLNE( XL IN,Y L~~J,2 ,1 ,O ,O+ ___________ ________

CALL L 1NC ( XO5~~,Y O55 ,IX55 ,1 , i,O) 
______ _______

_________ _ X 3651 IY65+1.I FIRX _______

X3 65( IT65+2 )
~~~TX

Y365( 1165+1 ) F  IHY ________________________

13651 1165+2) DTY 
_____- - - CALL L L NEIXO6 b ,1065 , Iy6 5 , 1 , 1,1) 

_____

C 
- 
PLOT SOUR CE LOCATIONS

- - -- 

uo 60u0 N 1,NCUNT - 

-- ______-- - 
X#AGE :(XS ( N )—F1 ~- X) /O TX
Y 2 A G E : ( I S (  N ) — F 1 ~-Y) /DTTL ISYMZN+1 - - - —
CALL SY MRIXPAGE,YPAGE ,.lO5 ,ISYM, 0 .0 ,.1) 

—

— 
4000 C3P~TINUC _____ _____
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______________________________ 
~~~~~~~~~~~~ 

—,- --. - - -
~~~~~~~ T ~~~~~~~~~~~~~~~~~~~~~ 

- -- -

PAG E 4 - . -  - - - -——-——--- - —  - -

~~~~~~~~~~~~~~~~~~~~~~ F 0 K I H ~ ce S 0 U R C  E 5 1 1LJ E p~ E N T  S~ ~~~~~~~~~~

k : C PLOT TI1Lc~ 
— 

—

— 

— —  

— —  

- 

—- 

CALL F-LC T I—1 .0, - ~ .5. — 3 )  _______ _____

~~~~~~~

- - - -— - — 

~~~~~CA LL CId1R1T ITL1,~ 1, 2 )  _________ 
- 

-____

— - CALL Ci~T R 1T IT L2 , 2 1,2 )   .__  -- - -_ - ~~~ -—-- - -

- - - CALL C~,TR 4TITL3 ,21 ,2 ) -  - —

CALL ST M P l1 - .0t,.2 .i~~,.I4.T ITL 1,0 .0 ,3O ’42) .

- CALL SY M1~I1.O6 ,2 .47, .118 ,T 1TL2 ,0 .O ,3042 )  - _ _ _ —

- CALL. S Y t ’ P ( 1 . C t , 2 . 1 - j , . 1 4 , T I I L 3 , C . 0 , 3 0 4 2 )  - -
_ _ _ ~~~ CALL SY MB ( 1. 13.1.74- , .105,0 ,O.O. 1) 

- _ 

- CALL $Y MP( 1.34 , 1.b9 , .14 ,A L,0 .Ô, 1)  - 

CALL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _______ 

CALL S BI1.70 ,1.~.9,.t4,E~ UAL ,0.O,1) 
_ CALL SYMb 12 .04 ,1.

~

9,.14,FF,0.0.2) . _ _  -

CALL STMB (1 .13,1 .46,.105 ,1 ,0.0.—1) ______— —

~~~~ -- -- CA LL SYMF(1 .31+ ,1.~~1,.1~~
,AL ,O.C ,1) - - - _ _ ~~~~~~~~~~~

- _ CA LL 5IMi ~~1.’4a, 1.’.1,.07O,Lfl ,0 .Q~ .2) _____

CALL SYMB( 1.76,1.41, .14,E.tIAL,0.O,1)
CA LL SY M B ( 2 . 0 ’ 4 ,1. ’41 , . 1~~, S F , O . O , 2 )  _ _

03 7000 N 1.NCONT _____ 

~~A V:N  -

IS’VM:N+l 
— 

6(~~ .c9— .U75*(~ — 1~  —— -

- - CALL SYMB15.6 ~ 5 ,YP AGE, . t0b ,SOURC.0.0,6 ) 
- - - -

CALL N0MA(6 . 3 7 , Y PA G E ,  ,10 5 . / tN ,& .0 ,— 1) 
______

CALL S Y M B ( 6 . 9 4 7 5 , Y P A G C+ .0 525 , . 105 , ISY I I ,O .O ,— 1)  
______________

- 
- 7000 CONTINUE

CALL PLOT I15.,O .0 ,999 )
- - CALL E~~1T - — -  

1 - FONMAT I18N.2 , ______

2 F3HMAT(8F10.O)
3 F3HMA1l2 ~A’.,AF1 2 .0I
‘4 F3RMAT14(F9.2. 2X ,F9.2 ,E~X )) -

6 FORMAT I ’ CUG ROI NAT ES OF L~.Q = 55 LEVEL’ )
7 FOM NAT(// /’ CC0 RL ~!JATES OF LEO = 65 LEVEL’)

- 20 FOHMATI1 X ,28’4.3F1C .2)
21 FON MATI1N1 ) - - - - -

- -  - - 22 F3 p, NAT 11X , 1 ’ e ( ’ * ** . (RRU~4 ’ ) / ’  DATA SET TO LA RGE’/ 15, ’ ~OP1TS’/ I // / /
23 FONMATI1 X ,14 ’s ,s * EKROR’ I / ’  TOO MANY DATA S(TS’/ / / / / /I / / / / // / / i/ /

VARIAN LE Ai LCCA T TO (-I S - - -
XS IK ) 0 C 0 8 — 0 0 0 0  Y S I K  ) 0 C 1 2 — 0 0 0 A  XOS5IR 1:0066.00118 ‘v 0 5 5 ( R  ) 0U j A — O i ) 6 ~T I-~Eu~ 

) 0 1 4 b — 0 1 6 ’ +  XL Ii-I (R ) = 0 1 7 A — J ’168 YLIN IR ):018(.fl l 7C SC URC IR ) 0 L ~~2~~0190
STCP1~ ) I t ~I E  X01 1 e ) 1 ~--~~Lj Y C IIR ) 1522 XSU~~IR ) t ~~~14 -

Y(r ~ ) 1 ~~2A AL .d (H ) i ~ 2C ~C (R ) 152( YC (-T ) 1 ~ 30
TI+~C IR )=j~~36 - SU-~1LlR ) 1~~3b AN X ( R ):153A A M I R  ) t ~~3C
SU~ A ( k  ) 1 ~~’42 IAR L T (4 ) 1- ~418 X9 (R )=154b Y3(-T 1:1,49

Y A ( p c  ) 15’+L - T U L I K  ) 1 ~~~Q FIRX (R ) 1552 DT X (T ) L . ~~4
BL A I~PC(R ) 155A A PA GE IR ):1:!-C YPAE .((N )xj55( AL (~ =1~~,0FF (,( )~~1b bb SF~ P ):1~~6b AN( R )1 5 6A MA X (I ) 1J70~ lb7’.
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PAGE 7

TITL3U ) 1~ F5.t5CE 
- 

NI! )~~1~ F6 
- - 

N I l  ) 15F7 
--   IFLAG ( 1 ):13+~ 

-

~CC~~T (I ) 1 t~~ LSTLP(I ) 1 ~ FC 1X55(I )=15F0 1155U ):j~~4~~ - -

IRADU 1:1601 ILEG-(I ):1E02 
- 

M X (I 1=1603 _ ?IM(I ) 1u01+ 
- —

ST A TE M ENT ALLOCATIO NS - -
l=lb5D 2 16b0 - 

3 1b63 4:1668 - 
6 1c ~6F 7=~~ 8O 20:t

100:1733 200=17’+’4 1000=1774 1100=1778 1103=17A ’4 - 1104=1143 llOb :1
12I3 17L~A 12~~O 1 h ~ 2 1260 189C 127~~~1&6O 13O0 :1~~~F 1400= 1A C2 l~~O~~~t
1600=liO7 1G~ 0 19IO -1660=1~’34 1670:193A 1700:1°40 1720 1T14 9 lAOij =t
2020=19D0 ~u 40 l5l7 2050 1580 3000 198A QO 199~ 4OiO 1~~A l #JO ü :L
‘ei4C 19L~D 4 S O D lcjt. 6 ½9O O 1’~F2 ~oo o=1AOC G000=1R79 7o0O=i 5~ -

FEATU RES SUPPCRT EI) - 
-

ONE .~OKO INTE~ E-~S 
-

ST A~ OARO PRECI SION 
_ _ _ _ _  _______  _ _ _ _ _ _

ZOCS— 
________________ __________________________ ________- - 1132 PH !NT E~ 

—

~~~~~ 

_______________________ _______

DI SK 
_________  _ _ _ _ _  _________

TY PEWRI T ER
C A RD

CAL LED SUUPRC8RA ~ S
FCOS FS IN FALO b FABS RECT - 

SCALE - 
A X ISN 

- PLOT - LI~iE - SY M B
FSLJ BX - 

F~—P Y FOIV FLO FLOX FSTO FSTOX FSBR 
- FO~R FAX ! 

-

SR(D SWRT SCONP 
- 

SF10 
- - 

S X OA I  
- SI OAF 

- 
SI OFX SIOF S lO T 

- - -

REAL CON STANTS
.0000008 00 160C •360fl00( 03 160E •17’4532E—01:1610 7100O03E O2 1b1~ 

-

.2000006 O1 16tN •S0000 0C 00 161A .iioooc -~ 02= 16 1C .85O00~~ 01:1418
- .3~o oooE 01:ib~~4 .9000001 02~~.€ 2G .105000E OO lG2ó  .106000 6 O.i~~ti ~2A
,247O00~ 01:1630 

- 
,2190006 01 1632 ~~~1j3UOOE 01:1634 •176OQ~ E 0L=163b

.l’ 60u08 O1 :lb3C .700000E.O1:163E ,204000C 01=1640 ,1’41000E 01 164k
•637oQ0( 01:1648 - •691+750E 01=164A .525oo~ E_O1 :164C .t5ooO ~~ O~~~1641_

iN TE GER CON S T A N T S
2 i ~~ O 1 16b 1 —- - 

j~1652 
- - 3:1653 ie98 1S5I+ - -  5 jS55 -

- 
2 1 1 65A 5OI+2:16~ B 999 165C

CORE R(~U 1 (~-LN T~ FOR  
- 

—
I 

CONMON. 0. VARIABLES AND TE MPORARIES— ~6’+’+ . CO NSTA NTS AND ‘RDGrL A~. - - 
16

(P.O OF SUCCESSFUL COMP’ ILATION ~~~~ 
- -

63 
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Computsr Program for Model 3: Single Point Source Model

PAGE - 1 -

/ 1  JC-U - oi8~ UIM1 0182 0183 018’. ______ _ _____ 

0000 - - 0180 0180 0000 _______ --
0001 0181 0 181 - G0~ 1 — - - _______

- 0002 0182  0162 - 0002 - 

-— 0003 - 0 185 _ 0 183 0003 _______ _______

O~~~~~~~~~~~ 1S’+ _ 318’4 _ __~~0~~ ______ ._______ _ .  -

~2 Nil AC1L~~L 32K CONF IG 32K — -— — - —- -

/1 F0RT hA N - -- - ________

—- — ~TR~~~SF~ R TRA CE
* +SSi~~I~ LNT TRACE __________ 

*NcJ ZOC S - - - -— — -  _____

*T O CS ( 1132 PNINTER, CAR~~, DIS* , jYPCW KI .TE~J_ - -

- s0N~ ~ORU INIEGENS 
- -  - —  -- - - - - - —- - - - -- - - - -— - — - -- - - -

_____ _.. ~~i.IS.T 4~~~_ _ _ ____________________

~~~~~~~~~~~~~~~~~~~ .~~ F 0 ~~~~~~~~~ s p_q. R ç  E S T A T E  r-~~L N  ~~~~~~~ .~~..
C*a*ss*s*s**s**s*as**s******ss*s****s*s***sa*a***ss**s****s****ss***ss*
C

-- 
C _ - PROGRA N TO PRODUCE A PLOT OF NOISE LEVEL CO’IIOURS. r-41S PRO4 RMM

- 
C WA S PREPARED FOR ENGI’JEER IPG DYN AMI CS INC . uSIrW, EQU~ II 3N — —
C PROVIDED bY THEM. -

— - - - — -  - _ _C _ 
_ _ - _ - - - - - -  --

C SIMP LDICAT IO N 39 — THE MEA N POSITIONS OF EACI-s SOUR:E CA~ RE
C 

- 
N EP LAC ED BY THE ACOUSTICAL CENT!~ OF-— — 

C 
- - — 

THE SiT E. 
- - -

C
C*ts I.*+***$**********$******$*,*****S*********************E********SS*

I4IEGEN T ITL 1I ’ +O) ,T IT L 2 ( ’ eO )  ,T ITL3 (4 0)
REAL L S I 5 C O , 5 )
DIMENSION XO~ 5 I 4 2 ) ,Y O 5 5 ( 4 2 ) , X O 6 b ( 4 2 ) , Y O 6 5 t 4 2 )
DIMENSION M A X ( 1 G )  ,T I M (4 2 ) ,X L I N ( 10 )  ,Y L I N( i 0 )
DIM ENSION SO UK C (2 )  

- --- 
D A T A  A L / ’ L ’ / , (G/ ’ L 0 ’ / , E QU A L / ’ ’ / , F F / ’ 5 5 ’ / ,S F / ’ 65 ’ / ,S O J R C / ’ S O U R ’ ,

1. ‘CE ‘I
DA TA BLA NK/ ’ ‘I ______

D A T A  TUL/.01/ ________

C READ T ITLE -

RCA O( 2 , 1 )  TITL 1 ,T IT L2 .  TITL 3
REAO(2 ,2)U (GRL,STCP ,XC I .YCI

IFLAG U _________

M~,AX :0 
________

XA SU M : 0.0
YA SU ’4 = 0.0
XSUM :0.0
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P A GE ~~ - - - -

F C.CkRS ...~~TN 0 .C . . . . .  F 0 K I K A N 
- 

S 0 U K C E 
- 

S I A  I C N £ ~1 I S -

YSU M : u ,O 
- -  —

W~ ITE (~~,21) -

11T C R A O  ON TA 
— — - — — -

100 ,IEAoc~~,3 , r z M E ,x , Y , A Lh -

I l A L ~~I 1 O 0 0 , 2 O O , 2 0 O  
-

200 M M+1 -
I LAG =U — .________

- - 
-

LS 4 M ,NI At~~ ___________________ ______
,~RIT ( (3 ,2 u ) T j M E , X , Y , A L W  

________________

GO TO 100 
_ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _

C (‘do CF 0414 SET 
_ _ _ _ _

1000 i~~1IFLNG) 11O0,1l0O ,120O -

1100 DLAG i __________

W -tITE (3 ,21) 
______

YSUM = YSUr ’ / M
XSUM = XS-J 4/M -

MAX N :M —

Ic1M— ’e~j 8 I11O’4,110*,l103
1103 +RITE IS.22)M 

________________

_ _ _ _ _  
CALL (AlT . 

________— 
1104 iF (M— r~MAX )111O ,111O ,11U5 

—

1105 MIAX=1l
1110 M=O

_ _ _ _ _ _  
XASU ~ = XA SUM + XS UJ M

_ _ _ _ _  
YA SU I~ Y A SU P’ + Y SUN -

_ _ _ _  
X S U M = 0 . 0
YSt ’ P’ = 0. 0

_ _ _ _  
GO T O 100 _ _ _ _ _

C (VU OF ALL D A T A  SE TS
1200 NC0NT s~~1

XA C = XuSL ’M / NCON T ______

YAC = YASU M / P.CONT 
_______

I INCO N T—5) 1210, 1. 1 0, 1205
1205 W~~1TE(~~,23) _ _ _ _ _ _

CA LL CA ll
1210 MCONT=mP ’AA

C B EOIPi L0M PUTAT IOf ~S OF CONT CUHS
- - - - 

ISTEP:sGO ./UEGRE 
--

1*55:0

1*69:0 _____________

1Y65z0 - - ______-

03 5000 IRAC : l , ISTE P 
_ _ _ _ _  -:

65
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C—E RRS ...STNL.C..... F 0 R j  R A N  S O U R  C (~~~~S T A T  C N C N LS

_~~_ X C XCI _ _ __ _ -

- -  _ __ _
_ _____ __Y :=YC I __ — - — -— —  --

-
_ -  — - - - _--—-— _

- 
- - -———

____________~~~_ A ’d~~~h1~~A D.1)*0E0~~  — - --

- - -  A ’ dG ste 5 * .0174 53293 
- - -   - 

~~~~~~~~~~ _ _~~~~ X INC :CU SIANG )*STEP
YINC S~ N( i~NC’ )*S T(~__ _ 1LL5 1 — — -~~~ - ____

C L3UP TO COM PUT E E~-ERGY AT 4 GIVEN PnINT
125O SJ~ L O.0  - —  - —

~_~~_ _ _D~ 1300 N 1,NCQ4-T ________

_____ _____________

_______________A 4 X P ’X  _____ ______________

03 1300 MM~ 1,t~CONT _______

~~~~~~~~

_ _  ______

_____ A I MM
- JEMP1 AP ’/AM X 

— -   _____ -- -—

T(MP2=MM/~IX
________ N: I TE NT- 1— IEF- P2 ) * A V X

1C(M ) 1~~6O ,126 O ,127 5
1Z60 M:MX -
1275 S J ML:SuP’L+10.* s ( L S C M , N ) / 10.) -

1306 CONTI NUE
SJR L S U M L / M C O N T / ( IX C — X A C ) * * 2 + ( Y C — Y A C ) * * 2 )

- SJ ML = 10.0 * AL OG (SL JM L) /A LOG ( 1O .0 )

- - BRA N C H TO CCRRECT SECTIONS bASED ON OB SERVER POSITIO l 
-

Go T o ( I4 f l O , 17OO . 1~~OO ,2O 0O, 3 000 ,q 1OO .41OO,15 7 5 p ,X L L G

C ILEG 1 O BSERV: R AT ORGIN ____________

_ _1I+CG - Zc ISUNL— 55 .)l550,1500 ,l600  —-

-- ~~~ 1500 _ I*5S=1A55+1 ~~~~~~~ _____

Iy ~ 5:1 Y5t ~+1 ______

_______ 
X35511A55 ):X C
13551 1155) :YC 

______

- 1LLG 2 - - -

63 10 ‘8900 - -  _ _ ._ _ _ _ _ _ _  - -  —-

155u ZLLG 8 ______________

— GD T O ‘8900

1575 I~~(SLi ML— 5S .)15bO ,I~ U 0,2020
1580 I ISUML SUMA )5000, 5000,4900

— 1c0o 1SISUML— 65.)1E-60 ,1650 ,1670
- IX-~’5 IA65+1 - - — -  

IY65:1165+1
X 3 6 5 ( L A 6 5 ) XC -
Y3E5(1Y65):YC

— —  I .LGa3 - -

63 TO ‘.900 —
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PAG E ‘. 
- 

- - - - - -

C.U~~S. . .STt .C.C... . .  F 0 K T K A F-. S 0 U K C C - - 
S T A T  I. N E N I S

1660 ILP-G :le

63 1C ’.900 . -

1670 ILEG:~, -

GO TO ‘4900 
-

C IL€6 2 ORSERV ER AT 55 LEV EL 
- -

170u 1 I SL,4E—5~ . )5OOO .I~- O0.172o
172o IL t5 44

- 63 TO ‘.9Ou

C ILEG=~ OBSERV ER AT 65 L EVEL
1POO l~~t S U N L — 6 , . ) 1 b 1 8 0 , 65O,1 b2 U
£820 ILT b:5 - _______

______ 
63 TO ‘i900

184O I . E-G:’4 
- -

63 TO 4900

C ILLG:18 OBSERV ER aLT~~EEfv 55 AND 65 LEVEL
2000 Ic IS UF4L—55. )2020, i500,2014 0
2020 T AK GT SS. -

IL(-G 6
G3 TO ‘4000

20’.0 IF(SUML—E ~~.)490O,165O.205O20 50 TAMG1~~~5. 
- - -

ILEG :7
GD TO ’.000 

-- - -

C -- I LLG:5 OV~ CRVER AT LEVE L GR E ATER THAN ~~ -— 
3000 I ISUNL—6 5 .)2050 ,1650 ,’490u 

- - 
- --

~~~~~ ______—

_____ 
C ITt-RAI l- AROUND TARGET POIVI 

- -

‘4000 X8:XC 
- —

• Y~~ YC -

SJMB SUML
‘40 10 X C : ( X B + X A ) / 2 .  

______

YC :(Ye+YA)/2. -
GO TO £25 0 -

C ILL G A  OP 7 ~J.~~~~A TINS A RDU N D TARGET LEVEL
‘i1 0~ IcIA8S(S (~-L,,,4ARG T)— TO L)45 ~ 0,4~ 0U, qi2Q

- 
‘4 120 IC(SUNL.T . C ,T) 4 13~~,4 130,181L~U  

- -  

- 

- -

‘4 130 IFIS Ij MU—Tl~RG T ) 18UOiJ .413 7 ,4 137   -

‘.137 X4 :XC
Y4 YC
S A: SO
63 to ‘4010 

—

k 1’80 I~~(SUNb .TARGT)’4137,’4137 .18OO0

67
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~~~~~~~~~~~~~~~~~~~~~ F O K I K 1- N S 3 U  R C  C — S T~~ 
• E M  ( N I S

- —  C CON TOUK P0It~T F OU r~O ~~~~~~~~~ -- -- - - - -

‘4500 ILt-G :Il-EG—5 -

133 T Q ( L 5 0 0 , 1 6 5 0 ) , I L E G  . - 
_ _  _____ _~~~~~~~~~~~

C STEP OU T ON RADIUS - -  _ - 

- ~.9oo XA :XC - -  _ _ _ _ _ _ _

- YA YC
S-J’A:5014L _______  _____________________

- - XC:XC +XIt.C ~~~~~~~~~~ •_ _  -

- - Y :YC +YII’~C - — _:_ _______  _ _ _ _ _

_ _.  63 TO 1250 . .  _ _  
-

5POQ C~ N1I,~~E~~~~~~~~ ____________________________________________

_ WR ITE IS ,6)   -

W RI T E ( 5 , 4 ) ( X 0 5 5 ( 1 ) , Y 0 5 5 ( l ) , I 1,1X55 )  ____________ - — — -  —

-— - - — — - —  
_ WR IT ((3,7) -  _________—— - -

_ _ _ _ _ _ _  _ _ _ _wR ITEt3 ,4J (

~~

065(I),YO65II) ,I

~

1,IX 65 —— - ——- - - - -- -

— 
C PR ODUCE PLOT OF RESULTS - — - -

PAUSE _ _ _ _ _

CALL RLCT (-.0.5,O .O ,ui.O ,8.5 ,0.0,3)
_ _ _ _ _ _  CALL SCAL t-1X 055 ,6.,1X55 ,1) _ _ _ _ _ _

- CA LL SCA Lt - (Y 055 ,6 . ,115 5 , 1)  _________

I F IRX =xv5SII X 5S+1 )
_ _ _ _ _ _  

DTX:X 0~ 5 UX Ea5+2 ) 
_______  _ _ _ _ _ _

FII’Y Y U55 ( 1Y55 +1 )  _________  
-

OIY :10,5(1155+2)
CALL AAI S IJ (  1 .0 .3.~~,B L A N K , — 1 , 6 . 0 , O . O , F I RX , DT X , 2 )
CALL AAIS ~~( 1.0 ,5.~~,b LANK , 1.6.0 ,9 0 .0 , F I RY , DT Y .2 )  

_______  

- XL IN I I I F IRX  - - _ _ _ _ _ _ _

- - 
XL1 N(2 ) FIRX+6 .0 * OTX -~~~~~ _________________—_______
X LI N(3 ) FIRX
XL IN(4 ) 01X _ _ _ _ _  _ _ _ _ _

- - -  
YLINII) 0 .O ~~~~YLINI2) 0 .O - —_________ _________-_____ _______--

Y L INI3) F~ RY ____________ __________ 

YLIN( ’4)=ory  _ _ _ _ _ _ _  __________ -

_~~~~~~~~_C4LL PLOT (1,0,3,5 ,-5) _______________________

-— 
CALL LIN ((XL IF - 1,YLXN, 2 ,1,O ,0) -  _ _ _ _ _

- -- - - X LINII ) 0.O - - -  ____________—-—

~~~~

——__—--—-—-- -

X~~I N ( 2 1 O . U  ___________

- -- - — YLIN (1) FI RY 
- - 

_______-— ______

- - -— YLIN (2):FIRY+6 .U*L TY - - —  _ _ _ _ _ _  

CALL L1N((XLI? ~,YLI f: ,2,i .O ,O) ______——

-  C 18LL L L ~~E ( X O 5 5 ,Y O 5b , IX b5,1, 1,O)  ____________

- X36 5(1165+1) FIRX — _ _ _ _ _ _

*365(IfEb+2) :OTX _________

_ _ _ _  
y065(11 65+1)=FIRY 

- -  —— 
Y D65I  I f 65+2 ) 01Y ____________

CALL L 1N((X C65 ,YOl 5~~IY6 5, 1, 1,1)

68 
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~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  
-—____________________ _____

PAST. 6 - -_  - - - --- -- -

C— E I R S . . . S T T - C . C . . . . .  F 0 P 1 R A N S a L  P C E  
- 

S I A I C N C N I S 
-

C PLOT SOURCE LO CAT L O F - S
X PA GE = ( X A C — F I R X ) / C T X  

—— - Y~~AG E : ( Y A C — F I R Y ) /CT Y  - - -  - -

I SYM = 2 -

— - C A LL S Y P - 1 B ( X P A G E , Y P A G E , . 10 5 , I S Y M . O . 0 . 1)

C PLOI TITLE
C ALL P&.OT (—1 .O,.3.5,— 3 1
CALL Ci -.T I l (T IT L 1,2j . .2)

_____ 
CALL C~~T R ( T I T L - ~~,21.2)
CALL cu.TRITIIL3,21.2)
CALL SYM B ( 1.06.2.75. .14.TITL1,O.0,3042)

______ 
C ALL sYMB (1.06,2. 1,7, .-14’TITL2.0.O.-3042)

____ 
- CALL STMFI(1 .06 .2 .19,.14 ,TITL 3 ,O .O,30’42)

______ 
CALL ST~ B (t.13.l.76. .105 ,0 .0.0 ,—li

_____________ 
CAL L SY I ’ F 34 1 . 34 . 1 .6 9 , . 1”  ‘A L.0 .0 .1)
CALL SYNB (1.4A.i. -’9, .07.E~~.O .Ui 2)
C A L L  SY~ B(1.76.1. f 9 .  .14.C~ UuL,0.0, 1)

_____ 
CALL SrM8(2.O’4,1.e9. . 14 . F F . O . O . 2)

CALL SYNp ( 1.13,1.~ê8 , .105,1.0.0 ,—i)
________ 

C ALL SYMR (1 .34 ,i.41, .i” ’AL.O .0 ,1I

______ 
CALL SYP-P(1 .48 .l.41, .O7O.EO .O,O ,2)
CALL SyMB(i.76,1,41,.1’4.C~ UAL .O.O,X ) 

______

_____________ 
CALL S18T312 .O’4.1.-+l. .l’4 ,SF,O .0.2)

N:1
Y 3AG( j .6 9—. 157b*(I~— 1)

- -  
C L L  SYMB ( 5 .95  .YPAGE , . 10 5 ,SO URC .O .O ,6 )  

-

_____ 
CALL s l t R ( 6 . 9 ’ 4 7 5 ,  Y PAG E+ .0525, . 1&5 ,XS Yf , , O . f l , 1)
CA LL P L O T ( 1 5 . .Q . O . 9 9 9 )
C A LL E X IT

1 FUKMA T (40M2 ) 
-

2 F3 K MA T ( B F 1O .O )
3 F JMMAT( 2A 1+.6 F12.O )

- 4 F OHMAT (4(.-9.2 ,2X .F9.2.6X) )
6 F0RM~ T I’ COCR UI NA IT S OF LEO = 55 LEVEL’ )
7 FO K MA T I/ / / ’  CO O RU IF -A T ( S OF LE.. = 65 LEVEL ’ )
20 F3HM A TIIX ,2A ’e, 3F 1t1 .2)

- - 
21 F3 HMAT I1HI) 

- — - - —

22 - - 
FOH MATI1X , 14( ’ * * * .CH ROM ’)/ ’  DAT A SET TO LA~ G (’/I5,’ P3I !1T ’//////

23 F3KMAT I1X ,14 (’*SSaERRON ’)/ ’ TOO M ANY DATA SLTS’////////I/////////
- 

(VU - 
-

• VARI ABLE A LLC CA TLON s
X DD5 ( N ) = O00 ~~— 0 0 O O  Y O~ 5 ( R  ) : 0 0 4 6 — O O 5 ’4  XOt.SI R ) : O O F A — 0 0 A 8  Y 0 6 5 ( R  ) :Oj ’+(.OuFC
YLI?’Hk )=01 7A ~~u1,,8 ~0U~ C ( R  )=0 17 1—01 7C LS(R ) = 1 5 0 b — O l e O  DEGREIR ) ijvS

YC I(p i  ) 1508 A AS U M( R  )1~ 1O YASU M ( R 1:1512 AS UM( R ) 131’4
- - 

1(8 ) 1E14 AL~~(R ):1~ 1C 
— X 4 C ( I~ ) 1S1C Y AC ~~ ) I~~-~0

- - A~IGlk ) 1 126 
- - X I I ICIR ):1528 Y INC ( R 1:1524 SUML(~ ) 1j ~ C

tEF - P 1 R  1:1552 T (P’P2 (R :1s3’4 SUf~A (R )=1536 
- - TA RG T ( - 1  :t ~~~6SU~ 8 (M )Z155E 

- 
XA( R ) 1b’4O lA IR )=15’42 TOL I~ ):1~ 4’8
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- - - — 

- -  

- 

- 

— 

- 

- -

FI RYIR )=15’4 A O TY IR )=154C PLA NKI R ) 1541  XPAG E (R )=t~~~0
- E Lm ) 1 ~~b~ LOUA L( R ) j ~~~8 FF( R ):15~~A SF (R ) 1 ~~,C• TITL 2U =1~~t~F—t ’9a TITL3U ) 1’-17—15 C0 NI! )=1~ E6  MI !  ) 1 ~~t .9
,CO i T I 1  ) 1SEC NCO~ TU )= 1~ E0 ISTE PI! ) 15(L 1x55(i ) iJc~~

- 1165 11 )= 15 F2  IKAO( I  ):15~-3 ILEG (I ) 15F 4 MX (I ) tSF 5 -

I S Y M I 1  1r1~~~D — -- - - —~~~- —~~~~~ -—— - .—— ~~~~~ — -

STATCr(~ T ALLOCA IJO N S 
- - - - — - - - - - -

1:1640 2 1 6~ O 
- 3=1653 ‘4:1658 6=165F 7:t ;7o ? u t

100:Llg fl 2J0 :173C 1000 176C 1100=1771 1103:1797 2104: 179E 1lo ~~=r
-- 1210=17E9 1250 1t~~1 - 1260:lr6C 

- 127~ =l070 13I~u=1 F8b 1’4U l~ C~ 1~i G u l
- - 1600 1911 - 1C.,0 191A 16EO 1~~3E - 1~,7O 1944 1700 ]R ’ A 172 3 l ~~~3 IA Q u l.
- - 2020:1~37 7 2040:150 1 2050=1’ -84 3O o ~ =199’4 ‘4000=199 F ‘4O1 O t~~A 3 ‘410u:I

‘4140 13 L7 ‘4500 1’4F O k9O O= 1~ Fh 5 000 1A 15

FEATURES SUPF-CRT EL)
ThA ~.SFET~ TR,~CE ________ _ _ _ _ _  _______  __________

A SSIG J,~E,~T T$ A CE ______________________ _____ 
-

ONE ~.Cthj It-i T EG E~ S 
__________________

STt~ DAK O DIft L-ISLON _______

_~1!OCS~ ~~~~~ _ _ _ _ _ _  __________ _ __ _ _ —_ _  - — — -  - - -
1132 PRIN IER _ _ _ _ _

DISK -

T YP C~ K A T C R
CARD _ _ _ _ _  -

CNLLED SU 8PP Ub RA~S 
-

FCOS FSX N FA L OO FA BS RECT SCALE AX IST. PLOT LIV: SY-4 B
Iv 

- - 
FLU - f L OX FST O - -- FS BR - 

FDV R FA X I SFA R SFAIX STA R
- SFIF 56010 CAROL PRN TZ SREQ SI~RT SCOM P SF10 S1DU 510A 4

SN R SDF1 O

R EAL CONSTANTS - - - -
.000000E OU:15;t. .36000 CC 0~ = i6OO .174532 E—O1=16fl2 • 100001(  O~~~j Af l 4 .
.200000E 01 150A . 50000CC 00 160C .11I’0U&C 32=16r E .85~) 0 0 D E  01=1610
.3SC000 L 0 1 1616 • 9v 0 0 0 3 1  O~-=1618 .1O5000E CO=1 6 1A .I O G Q Q 3 E O- ~=i c1C
.24700 0 c - Oi :1h22 .21900CC 01 162’4 ,l t3 000 E 01=1626 • 17A O 0~~ 0L 1620
.148000E 01 1&21 .700000 E..Oj=1650 .2t1’+OO OE 01=1632 .1’IlOODE 01:1434
.69475O~ n1 :163A .925000 (_Q1 163C - ,150000E 02=163E

iNTEGER CONSTANTS
_ _ 2:164.O - 

1:~~ 41 0:1642 3:16’43 ‘498=j6’4’4 5:15145 b:t
21:16(4* 30’42:16’8B 999 1~’4C

CORE R (WUIR(F --E -’4TS Pow — - 
- - -- -

- CO MM ON— C, VA lUA BLE S AND TCMP 3~ AR IES— 5630, CO NS T A F - TS AND ~R0G44 M~ - 15

(NO OF SUCCESSFUL COM PILATI ON _______  _______

70

~~~~L_ _ .  !~ 
—— ~1~~~—&_ - —I__2J~_ _ _ _ 

~ _ _ _ _~_ _____ _ _ _ ~_~~ — —- — —-—-—-—-—— - - —  — --S 
~~~~~~~~~~~~~~~~~~~~ 

--  - A  - ~~~~~~~~~~~~~~~~~~~~~~~~ _~~ ____ _ _ _ _ _ _ ~__ __ — ---- — — —--



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

PAGE 1 
- 

-

/ /  j JB n18I~ Ot ~~1 0~ 82 0183 O1t’M
— 0006 C18fl O l tO  CO~ Ct  __________-

~1s 1 GILl ~~31  _____ —

- O (C2 0162 0162 0002 _

0003 0143 01f3 0003
- 0004 015” 0184 000”  -  _____

V 2 Ni l A CT~~~L 32K CO ’JFIG 32K - ~~~
/1 4CR TRA ~ -

- - *F-,I~ I OCS - - _ _~~~~~~~ -

- z T O C S I I t 3 2 P~~IN1ER. CA R~~. DISK, TYP L l ~K IT C K )
•O F- L  .~ORU !NTCG L~1S - - -— - -

*LIST A LL~
c—ER P S ST~ C.C. F 0 R T K A N 5 ~ U R C C S T A I C  N C N I S .. -

- - - 

i
_
_i C**a’ *******st*****s***s*******,*********s***************ssss*s******s*

C
C P-~OGRAi1 TO PRODUC E A PLOT CF NOISE LEVEL CON TOURS. I-IT S PR3GRA ~ 

-- 
C - ~AS PRLPA ~ EC FOR G INEERING OYIJA~~ICS I;~c. uSIF~G E Q UATLO ~d5 - - —
C P’8OV IU~ D bY 1)-CM. —

C
C - - 

SIMPLIFICATIO N 4A — REPLAC E TIlL ACTUAL ~AMPLEO TIME H ISTORY -

- C - 61 A RECTA NG ULAR TIME HISTO RY FOR EMC~l
C -SOURCE
C
C** * *  * * * *** * * ***4**** * * ** ** ** ** .* *** S*** ** * * **** * * *** * *** * *,** * * * * ** ** *

- IVTEGC4 ( TITL 1(’ec j) .TITL2I(43 ) .TITL3 (40) - - -
REAL L~~(6)DIMENSION U16)
OI’4CNSLON XC5f ~I4 2 ) . Y O 5 5 I 42 ) .X C 6 5 I 14 2 ) ,Y O 6 5 ( 1 4 2 )  - _

Dt”ENSION MAX I1G ) . 11F E 2 ) ,X L I N I 3 O) . T L I N I 1 O)  —

~ lr~EN~~ ON SOURC 2) -
D A T A  A L /’ L ’/ . E 0 / ’ L O’/ , E OUA I / ’ ’/ ,FF/’b5 ’/ ,SF/’65’/,SDJRCI’5313R’ ,

1 ‘CL ‘I  - -—

- - DA TA GLAP-,c/’ ‘/ 
DATA T.IL/.01/ -   —

READ TITLE 
- —  -—

REA DI2, 1)T I1L1,T 1TL~2 ,T IT L3
RCA 0(2.2 )UEGRE. STI-P ,XC I.YC I - --

8:1 - - -- 
M:O - - 

- - 

- 

-

- — ______:__

~~~~~ 

____________

~~~~

j ; LAG u
MIAX :O __  _____ _- _—_

XA S U P’ = n.0
Y~ SUP’ : 0.0   ——
X SUM :0.0
Y5UPI: 0 .0 .

71
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PAGE 2 _- -_ _ - - - - - - - --- - -

C—C RR S . . .STI .C. C. . . . .  F 0 P T R t  N S 3 U K C C S T A T  C P1 C N V S .......
C READ LATA --

- 99 RCAD (2 ,2 )UU --),LS (’)  -~ -— 

— 
100 REAO 2.3 11MC ,X,Y .ALW

I~~( A L w ) i 0 u 0 , 2 O O , 2 0 O
200 M:M+1

IFLAG:U -

X5UM:X, UM+X -

YSU M Y ~ UM +Y
w R I T ( I 4 , 2 0 ) T I M ( . X , Y , A L W  

_______

63 TO 100 _____

C (VU O~ C A I A SET
1000 IFIIFLU G )11D 0 .1l0O ,1200
1100 IFLAG I

YS UM : YSUPYM 
_______

XSUM/M  
_______

~iA X I N ) M -

ICIM—498111 O ’4,1tO’4.1103 
-

- - 
1103 w4iTEI5 .2~~)M ________

CALL (A lT -
-- - -- - 1~~O’4 IS IM—M r IAX) 111O.111 0 ,1105  

- -

- 1105 MM AX:M 
_______ _____ _____

1110 P1:0 
_______

;~:N,1 
-

XASUN = XASU P’ + X SUM 
______ ______

• 

- Y4SL)M = Y .SUM + YS UN -

XSUM 0.0 — _____

Y SUPI : O. u 
-  —_______

63 T0 99 —

C Eva OF ALL DATA SETS
- - 

1200 NCONT:~,—1  ______

______-- -- 
KA C = XA SIIM / N CO N T - _________

- YA C = YASLI M / 1~CONT _____ ____________________

WRI TE(~,,25)XAC,YAC - - —— —
Ir INCo~ T~ 5)12 1D,1~UO, 12OS - - -  _______________________• 1205 W RI TE I~~,23) 

- - ________ ______

— - 
CALL EXIT ____

1210 MCONT MMAA 
- ______

- 
C BCbIN COMPUTATIONS OF CON TOURS

- 
IS EP:460 ./OCGRE 

- — - 

AL1O :iO .O /M LOG(10 .C) 
______

I~ 5 5 O
IYSO:0 

- ______________-- —- —
1I~65:o ____________

--  1v65a0 - _ ___________________ ——  -

03 5000 IRADsI,I STLP 
_____ _______

72
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PAGE 3 _  - - -  
-

- - - -  - - - -  - - - - - - — -- - - ----

• C.E(- PS ...STNC.C.. . . .  F 0 N I K A ~. S 3 U P C E S T A  I C f . ( N T S  .......
XC XC ! -  — -  - -  -

- - - Y C Y C I  - - -
Av(, IIKAC .1).UEGRL - _ _ _ ~~_ .   ________ : _ _ _  

AVO = b4 PJ G s .017te53293 -
xLN C=c o S ( l~r~r;).sIEp 

- —  — 

- - - yIr IC=S~ N(MNG sSILP - _ - - —~~~~ — - - - — - —  — - -  - - — —

- - ILEG 1 — —— -- - - -  - —-- --- -

C LOOP TO CUr PUTE EP (ROY AT A GIV EN POIf~T 
- - —  -

1250 SJ L :o .O 
- - - - - -

33 130u l~=1.NC0N T _____

SJML:5uML + U ( F ) ~~10. 0* * ( LS ( , )/ 1 O .0 )  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

1300 C0’JTIr,UE ______ _~~~~~~~~~~~~~~~~~ _ —--- — ———

SJ~ L:So’~L /((X C—X AC) **2+ (YC~ YA C) * *2) -
__ SJML~~ LCSISUt- ~L) *A L 10 _~~~~~~~~_ 

- - - -

- — 
C B-IANCI-~ TO CO NNE CT SECTI O NS bAS ED ON OBSE R VER POS IT IO N 

—

- GD T 0 I l 4 0 0 , 1 700 . i & O U .2 0 0 0 ,3000. 100 .4100.1D 75) .ILCG — —

C It LG:1 O BS ERV E R AT ORGIN
1400 j ; (S UML—55 .)1550,1500 ,1600
i~~o u 1x5S : IASS+1  --

1, 55:1,55+1  - -  —
X 3 55( 1 A 5 5) XC
Y~ 55(I ’V55) YC— 
ILL-G:2
GD TC 49OIj _ _ _ _ _ _ _ _

1550 X LLG 8 
- - - -

133 TO ‘.900  _~~~~~~~_ -

1575 I (S L M L — 5 5 . ) 1 5 8 0 . 1 5 0 0 , 2 0 2 u  
-

1580 1 (SU ~ L SOMA )50OO .5C00 ,’490fl

1600 I~~(SU ~ L—6b ) 14 bO,1650, 1670 
— 

— —

1~ 50 1X~ 5 I A 65+1
- IY 6 5: 1Y6 5 + 1 _________ - - -

X 3 6 5 ( 1A 6 5 ) : X C   _ _ _ _ _

1365 (1165):YC _ _ _ _ _ _

ILt.G:5 ______  
—

63 TO ‘.900

1660 I_ EG:’4 
-

133 TO ‘.900 -— -

1670 1L16 !, 
- - -

GD  T~ ‘+900 - - -—_________

C IL t G 2  O Ei-~V FR A T ~5 LEVE L —- 
170u i ISUML—5 .)5uO0 .~~5O0 ,172~j - - - -
1720 ILt.G: (.

63 TO ‘4900 -
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-

PASC ’4 — — - -

C—C RRS ...STNO.C..... F 0 P I P A N 
- 

S D U  R C E  
-

- 
S l i T  C N C N V S

~~~~ ILLG 3 OBS ERVER AT 65 LEVEL _____ 

1600 1~~IS L—6b .)l~ ’eO,1650, 162U ______ 

- - - 1620 ILLG S- -

GD To ‘.900 -

1640 1LC6 1+
- - 63 T0 ’I900 

- -

C ILEG:’. OBSERV ER $ET~.E EN 55 AND 65 LEVEL 
__________

2n00 1~~ISUM L—55 .)2 O2O,150O. 2D’40 _____________________________
2020 TAHGT=~ 5. _____ ___________________________

- ILEG 6 
_____ __________________________

63 TO ‘+000

______ 
201+ 0 I (SL.~L.-65.)4e9Oi,,i65O,2O5O - - 

- 
- -  ________

2050 TAHGT=65. 
__________________ _____

__________ 
ILEG 7 

______ _______________________— 

~) TO 4Ooo

C tLEG~ j OVSERV(R AT LEVEL GREATER T~-4*N 65
3000 Ic(SUM~—65.)2O5O,165O.’490O

C~~~ ITERAT E AROUPJO T4 p~G(T POINT
‘.000 X 3:Xc

_______ 
y ~: IC ______________________________

— - _ _ _ _ _ _ SJPIB Su?

~

L - - _________ ______

‘+ niO X C : ( X N +X A I /2 ,  — - ________

— YC :( 113+YA )/ 2 .  
_____ _______

____  
63 T0 1250 -

~~~~~~~~~~~ 
ILCG:6 OP 7 ITERATING AR 3t)ND TARGET LEVE~~~~~~~~

‘4100 I IAB$(S 1~M L— TAR GT )—TOLl45uO ,’450O,L+120 
-

‘4120 I~~ISUML—T MH GT ) ’ .13C ,413O ,U1 ’4 O 
________

- ‘4130 I (S UMtS — TkRG T) ’4000. ’+131,4137 
______

— ‘+137 XA :X C 
_____________

_________ 
Y 4 YC 

______

— $JMA SUML 
_____

63 TO ‘+010 _____

- 4tqU x ;ISUNb— TNRGT)4137.4131.4000 
—

C C3NTOU r+ POINT FOUP~(’- 
‘+500 IL CG :I I~E C-—5 

—
63 TO (i500.16501.LLCG

- STEP ~UT ON RAO~ US 
—

‘+900 X4:XC 
_____

YA YC
SJPIA:SUIIL _____

XC :X C+AINC

74
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PAGE ~~5 - -- -

C—ERR S ...ST~ C.C..... F O R T R A N  S 3 O R  C E  
- 

S T A T E N  C N r s -  .......
YC:YC .YII C 

- —

- TC I2Su -
-- 

- - - 
_ 5000 CO~ T 1NU E - 

- - — - - - - -

- - +- MIT EI~~,6)  — - -  - -

, R 1 T E ( e . 4 ) ( X 0 ~ 5 ( I) ,Y O 5 5 I ! ) . 1 1,IX55I - -

- - - ~RITC(~~,4)(XO 65(I),YO 65II) ,1 1.IXb5 ) - - -

C - - P4OD&j ~~E PLOT OF RESULTS
PAUSE
CA LL k~-C T ( — O . 5 , O . ~~, 1 1 .0 ,8 .5 . O . & . 3 )  - 

-

- _ C4L L S L A L L (X O ~ 5 , b . , I X 5~~.1) -
_ _ _ _~~~~CA LL SCALL (Y055 ,6.,1155.1)  _ 

-- 
FIRX=~~ 55IIXb5+1 ) - - - ~~~~~~_ 

- 3TX:XO~ 5UX 55+2) _ __  _~~~~~~~~~~~~ -

- FI RY YU 5 SIIY SS+ 1) 
- - - - -— — 

DTY:Y u~,S( IYS5 +2 )
- - - CALL A~ lSI.I1.O.3.~~,bL4 N~~._ ~~,6.O .0.O,FIRX,DTX.2)

CALL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

- XL XNI 1) F IRX -- - - -
XLIN (2J :FIr+X+6.0*1,TX -

X L I N( 3 ) FIPI X
XLINI ’4~~ D1X -

YL I~’I1 ) O .O
YL INI 2) 0.0

+ YLINI3 I:FIRY
Y L I N ( 4 ) O I Y  - -

CA LL P,OTI1 .O ,3.~~.— 3 ) -

- -  - — 
CA LL L 1NE(X L th.Y L 1~~,2,1.O,fl)
X LX N I1) 0 .O
XL XNI 2 ) 0. +J - -- - -- 

- 
-

YLIN(1I FIRY
YL IN(2) F IRY+6 .O*JTY
CALL L1NEIXL 1t .YL I~~,2 .1,O ,0) 

_ _ _ _

- CALL L~ NE( XO~ 5 ,YC~ 5 ,IX55,t, 1,0) _ _ _ _

X 3 6 5 ( 1 f 6 5+ i ) F ! R X

‘~~ Y3G5I1Y 65+1) FI+~Y - --
Y365(I165+2) DTY

r CA LL L i N L I X C 6 ~~.Y Oc5 . I Y 65 , L . —1.1 I  -:
C PLOT SoL INCE L(’CMIIc- IJS

X ’AGE = ( ) +A C F I P X ) / , j I ’~
IY A C—F I RY )/L TY

- - lSYI’ l = 2 - -
CALL SVP1B (X PA C , ( ,YPAGE, .10~~, ISY M. 0 . 0 ,— 1) 

- - -

C PLOT T IT L E
CA Ll. P~.OTI—1 . 0 .— 3.5 ,—3 )

~~~_ C ALL ci~TRI T IT L1 ,2i .2) -- ~~~~~~_ .  _

75

- — - - — - - - - -~~~~~~~~~ -~~~ -~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- ~~~ 
— -- ~~~~~~~~~~~~~~~~~~~ - - —

~~~~~~

—

PA6(~~~~~~~~~~ . - .  - - - - -

C—L PRS ...STN C.C..... F O R  T R A N  S O U R  C i  S T A  I C P I E  N VS ....... 
- 

CALL CI~TKIT !TL2,21.2) 
- — 

- - -  

CALL CI~TRI T ITL3. 2 A. 2) - - 
- 

- 
-

— — 
C A LL .s’+ M~~( 1 . O 6 , 2 . 7 5 . . 14 , T 1T L 1 . O . O . 3 O 4 2 )  

- - - - - - 

- _  - -  CALL SYMK( 3.O6.2 .+7 ..14uTITL2 .0.0 ,3L ,’ .2) -

- CALL S 1 P e l 1 . C ~~,2 . 19 , . 1 4 .T i T L 3 . C .0 , 3 O 4 �i  
-

- - - C ALL SYrRll .13.1 .76 ..10s.0.U .O.—1)
C’+LL SYP ~~I1.3’4 u 1.. 9. • 14 • A L u C  .0.1)
CALL STP ’9 ( 1.4 d ,  1.69. .aT , E~~.O.0. ?)
CAL L ST MBII.76,1.E9 , .I’e.E..UAL.O.U.l)
CALL 5YMRI2.O ’ .. 1.69. .14.PFiO.0i2)

CALL S’lPB (l.13 ,1.’+A , . 1 0 5 , 1 . 0. O,— 1)
________ 

C ALL SY”BI 1.34,1.41. • 1” .AL.U. 0~ 1)
CALL ST PBI1. ’+B.1.’.1. .070.Er’ ,O.0. 2)
CALL SYMBI1 .76,1.L1 ,.1’& .E tAL .O.C ,i )

_ _ _ _ _  
CALL sTPIBI 2.04,1.41. .1’4.SF.O.O.2) 

N~ i 
- - --

- -  

y~ AG( 1.69— . 157 5s IN—1)
—

— CALL s t rP s 95 ,T PAG E . .103 ,S OU RC .O 0 ,6 )
CALL SYMBI 6.9475 .YPAGE+ .0525. .105, ISYfi ,0.O ,— t)

— 
C4LL PLOT(15 .,O.O ,999 )

_ _ _ _ _  
CALL EXIT

1 FO MM AI I ’ 40A 2 )  
- - -- —

2 FDW MA T ( 8F10 . O l
3 FD PIMAT (2A’+.6 F12 .0) 

- -

1 ‘4 F3NPiATI’ I IF9 .2 ,2X .F9.2 ,GX) )
6 FOMPIAT I’ COORCINATES OF LEG 55 LEVEL.) 
7  F3MMAT I///’ COO,,DLt~ATE S OF LE~ = 65 LEVEL’) 

- - - -

20 FDNMATI1X .2A4.3F1.+.2)
22 F 3HMA T I1X ,14I ’s. *,ER RDR ’),’ DA TA SET TO LARG( ’/I5 ,’ POINTS’//////

_ _ _ _  
23  F3KMA T I1X .l4(t*** *CRR ON I)/ ’ TOO MANY OA TA S~ TS’//////~ ////////e//
21+ F3MMA T (1HI ,2F10 .’I) -

25  FD M M A f l ’  SOURCE LOCATED A T ’,F1 O.3.’,’.Fl0. ) -

C NO
VA R ZA8L ( A L L LCATLONS

U(R ~: VA ..~J tJ OO X 05 5(R )=o OSE—000c YO55~R ) uOB2—O~)&0 XOGSIR ) :OLu6~~OU~~Ie
- -  

XL IN IR ) 0172—.))6O YL 1NI R ) 0186—017 (4 SU)J++C (R ):t~18A— ’~188 LS (R ):0196—O18C
-- 

XC I(K ) 01-C  
— 

YCT (R ) O1~ L XASU M(R ) O1A O  Y A S U M ( R  ):0142
- - -  

X IR  )~~O1~~B 
-- 

Y IR ) O 1 AA A LW I R ) O1AC XA C I~ ):3l~~- 

~C (N ):Cl~~’4 
- YC~ R ):01b6 ANG E R ) 01B8 X IN C(R  ) : OL~~A

SLPMA IN ) C ~iC0 TAR13T (R ):01C2 - Xe (R ):(1C4 
- - 

Y R ( R  J :OICS
lAIN ) O 1CC 

- 
TCL (R ) 01CE FIR X (R 1:0100 QTX IR )=~~~ j~ 

- -

GL A N K IR ):O1DB API +GE (R ):O1(A YPA GEIR ):C1DC 
- AL (R ):01u~ 

- -

FF~~ ) 01E-+ SF (R ):01E6 
- M A X I I  ) 01F 9— O1 F O TITL1(I ) 0 2 ~ t~ 01F~

14(1 ) -0272 P~(I ) Q ~ 73 !FLAGI I 1:0274 MM A X I I  1=0475
ISTE P U ):O~~~5 1X55( I )=0279 LY 5SII ):02?A 1*6511 1:0273 -

~ -

IL EI I I1  ):021( 
- 
III ):027F 1SY M I 1  1:028 0 

- -— - 
-

S1A TEM(;~T A LLO CATI O + + S
1:0205 2:0206 5:02DB ‘+ 02C0 

- 
6 02E7 1:O’F5 2u :u

76 —
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PAGE 7 ~~~~~~~ ._  . _:  - _~~~~~~~ .

- 25:~ 3o1 99=03C1 100:0307 200:03E8 1000=O400 1100:0 11 11O3=i~
- 12OO~-0463 12.~5: O4b5 12 10=O” A A - - 1250 0’4Og . l~ OO=O’F 7 1400 p52 ’  lSOO:u

1COO U SbC 1650 o515 16bO 0~ 99 167e=059F 1700:0545 - 1720 35AE IROU=u
202O :U5~2 20*0:051— C 205u:05E5 3000:05LF ‘.O0Q=O’~FA .1+olo:OGOS ‘4tou :o
‘e140 06’.2 1.500:06’.B_ 4900=Ot57 5000 0b71

FEATU RES SII PPCRT EU  - -

ONE ~ONJ I P T P G C R S  -

ST A IId..AKs) PREC IS iON - - ~~~_~~~~~~~ __ 

IOCS- - — - - -~~~~~~~~~~~

.

- - - - - - — - - - - - - -- — - —  — —
1132 PP+INTC R -

DISK -

TYP EwN I TER
CARD _______________________ ___________________

CALL ED SUB~ R06 RA’tS -

FA LOS 
— 

FCOS 
- 

FSIN FA8S RECT 
- - 

SCAL E AXI S N PLOT LINE SIMS
FNPTX F(~IV FLO FLOX FSTO FSTOX FSBR 

- - 
F3VR FA KI IFIX

SW R T sco~~ _ FJO~~~~~SIpAI _ !IOAF - 
SIOFX SlOE — 

SIOI — - SU3SC -- PAUSE -

‘~CAL CO NSTANTS 
- -  -—

.000000L 00:0 256 ,3á0000( 03=0288 •j 00000E 02:fl28A .17’453?C.01:028C
- ,200000E 01 0292 .5000 0CC 00:0291+ .110000E 02=0296 

- - •8 5000’E O1:029i,
— 
.5bO 0~ OE 01 029E .90000CC 02 :02A0 ,105000E 0O=o282 .106001C ol=o~ Aue -

- 
.247000E 01 024A 

- - 
,21900CE OI Ø2AC .I13000E 01 024E 

- 
.176000E 01:3280

— - 
,i’+8000E 01 0246 .70000OE O~ =O288 •20’4000E 01:O2RA - - •1’41000E O1 O2BL 

-

,69’4750f. 01 02C2 .525COOE— O 1~~~2C’+ .1S0000E 02:02C6 - 

- - - —

I’4TEGCR CON ST~~NTS -

2 02C8 1:0209 O:02C* 5:02C5 ~e98:02CC 5:O?CD 
21:0202 - 3042 :0203 999:020’.  -

OGRE RE~ ULRt P-E’ +TS FOR —
COP+~ ON— __ G , — 

VA ,~LA ~ LCS AND TEMPO RAR IES— - 6’46, - CO NS TANTS AND 3GR- A~ —. 15

£‘+D OF SUCCESSFUL CONPILAT ION

77
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r T-~~~
Computer Program for Model 5: Base Equation Plus Barrier Attenuatio n

PaGE .. 1 -

/ /  ~OB OlEC 0t ’~1 0182 0183 01~’ - ________

0000 01Sf) (~18G 0000 — ___________

O0~ l 0151 0181 - 0001
000 2 0132 C102 0002 -

0003 Q163 014+3 0003 -

0004 (p 14(4 0164 000” _____

V2 ru A CT LR L 32K ~CNF I6 32K

/ /  FOR T RA N _______

sPiC 1~~C5 -
• JOL S ( 1 1 3 2  P , s ! P I E N .  CA R L , C I 5 ’~. TYPE.~K jTER) _____

sOg~j~ ~ 3RU 1- IEG EKS -

.L IST ALL

C— ERRS ...ST NC.C . . .. .  F C R I K A N S 0 U N C E S  T A T E  M~~~~N I S

— _ - - -

C
-- - 

C 
- PROGRA M TO PRO DUCE A PLOT OF NOISE LEVEL CONTOURS. T4IS Pi~ 3tjRu M

- -- - - 
C dAS PH~- PA ’~ED RON ¶J:GI’iLER1RG DYNAP1I CS INC. USING EQ U4T I3N~
C PRO V1U ~.D ~Y ThEM. 

-

C
- C++.. s*.****.+****.*****

I N TE GER TLTL 1I O ) ,TITL2 (’eO) ,TITL3 (’eO) 
_____- 

REAL L~~(5U 0.S) 
________

JIMENS1ON X S ( 5 O 0 , 5 ) . Y ~~I5O0,5 )
DIMENSION X 0 5 5 ( 4 2 ) , Y 0 5 5 1 4 2 ) .X O 6 5 ( 4 2 1 , Y 0 6 5 1 4 2 )  

_________- - 3L!”ENSIOt4 ? ‘P* I1O) ,1 I~~C ( 2 ) ,X L I N C 1 0 ) , Y L I ~~(1O)
OIMENSION SOUN C ( 2 )  -

DA TA AL/’L ‘/ .LV/ ‘c-~- ’/ ,EOUA L/ ’ ’/ ,FF/ ’SS’/ ,  SF/ ’6 5 ’/ . S3J RC/ ’SO uR ’,-

~ 

- 

1 ‘CC ‘i -
3A TA +3LANP+ / /

• D ATA ruL/.O1/

- . 
C READ TITLI 

-

K~ Ao (2 ,1) r IiL1 ,rI1L 2 ,TITL3 
______

RE A D (2 ,2 ) ~~T4 ’9 G —
S E F I O I 2 ,2 ) L L G N E , S T L P ,X CI .Y C1 

______

REAO( 2 ,? )AH1.YU 1,Ab2 ,Y ’2 ,41 ,H2. l - + 3
- — 

N:j 
-

‘1;O
I~ LAG:0

WRI T C ( i ~.21)

C R EA U OMTA -
100 RE AD I~~,3)TxrE ,x , y .ALw 

________- - 

1c(AL ,.)l000,200.200 
- - - -— _________

200 j :PI+j 
_____
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 
- -

~~~~
- - -  _ _ _

P&GC _2 - __—---_-- — ——---- - - - -— - -  --- - — - - - —  — -— —  - -- - -

C—ER RS. 4+TtlC C. • F 0 R I R s. N S 0 U K C C - S T _ A T C r £ N I S

- I~ LAG 0 _ ~~~~~ _ .  -
X$lN ,t~) X  ________________ ________ _ _ _ _ _

_____________ Y S IM .NI Y _ _____

_ _ _ _  L SIM,N J AL~ 
—

-~~~~~~~ -

4RITE(3 ,pO) TIM E ,X .Y,A LW  _ _ _ _  

- 133 TO 100 -

C EN!) OF DA IA SET _ _ _ _ _  ________

1000 I~~IIFLA G)j 1O0.110O, 12O0
11QC I~ LA6:1  - _  

- —  - -

R R IT E I S .2 1) 
- - ~ 4X (~~ ) M   ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ______-

IClM —4 ~I8 )11O’4.110’4.1105 ______________ ______

________ 1103 W4ITEI ~~,22)M
- -  -— - - CALL CA IT 

- -  - 
-

_ 1,04 I~~IM ~~ liA xl 1110,1110.11P5 . - -

110 5 -IIA X: f4 _ _ _ _ _

1110 M O  _________________

~1 N+1 _________

63 T0 100 -

C ENIJ OF ALL DATA SETS -

1200 NC0NT:~ — l - _________

1F(NCO 9T — 5 ) 12 1O, 1~ 1O.12O 5 ________

1205 W UT E I5 ,2 3 )
CALL E X I T

1210 MCONT :MMAX 
_ _ _ _ _ _

C BEGIN COMPUTATIONS OF CONTO URS
ISTE P:360./GEGRE 

- -  - 1~ b5:0   - 
_ —~~~~ 1155:0 _ _ _ _  

- 

- - 
1165:0 _ _ _ _ _

I1CNT = 0

C DEFINE SLOPE OF BA RR IER _______

1~~(X8 1—XB ~~)122 O ,1225 ,1~ 20
1220 15N 1 - -

$RAR ~~ YB 1— YE2) / IX 01—X82) -
13010 i~ 3O

1225 15+3:0
S3AK :O -

—- 
123 0 - - CONTINUE _____ —- —~~~~~

03 b OGu IRA O 1.ISTEP
X C:XC I  - —  

TC YC 1
- A d6:lIkAt ~— 1)s OE6 RC -- —  - —  

A Nb:~ N.- :~~~4r4G  
— —
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-
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~~~~~~~~~~~~~
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~~~~
-

~~
--

PA6E ~~ ~~~~~~ _.  ____  
_ _ -

C—E RRS SYNC C. • F 0 R V R A N 
- S 0 U P  C C S T A I C R £ N r S ....

12 FJKMATI ’ A r ib L C = ‘FlO 2) 
A~ 6 UNG ..01 745 3 293 -  _ —~~~~ - - 

XL f ’ IC :C OS IUN G)s STEP .   — 

- -  
YC MC = S 1NIAN G ) * STCP  _ 

-  - - -

ILEG I -

C LO OP TO CC~-P IiTE E :,CRGY AT A GIVEN PO I4T 
- -

1250 Si~ L:o.0 
-

03 l3ou N=1.UCONT
Ma ~:M AXtN)
AIX :MX
03 130u MM :1.M CONI -

_________ 
TEMP1 :AM /A+ 4X

- TEPIP2:rLM /iiX 
________

__________ 
M :lTErPl— TEMP 2 )*A X
I lM)1 ~ 60,t26&,1275 ______

1260 M:MX -

1275 XSC X S ( M , f J )
YSC :YSIM.N )  -

1c(X SC— X C) 127 8, 1279 , 127 6  - 

-

-  
1 i76 IS L 1  

- - -

- — S L I N : ( Y S C — Y C ) / ( X S C X C )
- 

GOTO 1480 -

1275 SL IN:o 
- -

- -  

ISL O
3~~8O I; S2AR—SL INU282 .1281.1282 

____________________

1281 
- - FAC :1.Q —

6310 j~ 99
1282 Ir ( ISe)12a ’ 4 .12e3, ’~2e’4 

-

C SS A R : INF _____ _____________ 

1283 X 1 X B1 
- -

TI:SLI..* (*I—XC)+YC --

- 63 T0 1287 - _

1~ 8’4 I~~( ISL )12d6 ,128~~,1286 
________

C 
- 

SL IM = Ii~F-- 1285 X I XC
- y I :Se A K *I x I~ X B1 ) + y P1

G3T0 1287 -

1 ,86 X L : ISL IF I* ( C — SuAR * * B1 — IC + Yt~1) / IS L I N— S B A R ) 
- I

Y I :S 2Ar ~*X I  — SGA R*Xu l  + y~~
1287 CALL $~ G (XB1 ,XE 2 ,X I .IO )_ 

133 TO (1288,1261).IO - - - 
_

1266 CALL S+G lXC. X SC,X ~~.ID) _ - -  - -
— GOTO IL 29 0 .12 81) , 1O

C DcFINL PARA METERS FuR BA RR IER CO NDITION
1290 E T T : ( C V I — Y C ) * . 2  + (X I — X C ) * * 2 ) * * .5 

-

= I I Y I — Y SC ) .s 2  + ix1— ~+SC)**~~l **.5
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PAGE 1+ - -

C—E- RS ,.,STNC.C..... F o R I  K A N O  UlKIC C - S T A  T E  M L  N T  S
- 

- ~ CR Y = ( U11— M3)**2 + (EM1+ OMT) **2 )s* ,5  - -

- - - - - 13.;? ( ( l42 — ~-’3 ) *2 + C1T**~~)** ,5 - - _ _ _ _ _ _

A~1T = ( ( 1 2— b l ) *w 2  + O-” T s * 2 ) .* .5 _~~~~~~~~~~~~~~~~ _ —

- ~~4~~MA A~ T +  OMI - — C~iT ~~~~~~~~~ . 

- - I~~
( GA1-~1A— ,0514)12 ~~7,1298,1298 - - _  - -

1297 GA MMA: .O 51’. - - - - _    - - —

- 12~ 8 - FA C = .0514 /GA M MA - - -

~~~ 1299 S JML = SUI~L+FAC*1O. ,O**ILS (r,N)/1O .0)/ ((XC—X SC)**2 + (YC-YSC )~~*2)
-- - 1300 CONT ICJLE —

SJML Iu.O .ALOGISU L/tiCONT)/ALOGI1O, ) _ _  - -  —  - 

~~ RITE(A,3C)SU~L .XC,YC _ 
—-— - - - - — - - _ _ _ _ _ _ _  _ _ _ _ _  

30 - .F~~MAT (3F12.4) _ _ _ _ _  _ 

C 3RANC I-I 10 CORRECT SECTIO NS BASED ON OBSERVER P0SITIO~63 TO ( 0O,17CO ,1~ 0O ,20U0,~ OO0.4100,41OO,~~ 75),ILEG

C ILEG:1 OBSERVER AT 0RGI~
‘.OO~ I (SUM L— 55 .)155 0,1500 ,1600 ________

1500 I 55:I*55+1 _______

IYb5-=1Y55+1 _i: _ _ ~ ———--—-—-_______ 

X3 55( 1A5 5 ) :X C  
- _ _ _ _ _  

Y 3 5 5 I 1 + 5 5 ) YC — —---
. 

— —~~~~~~~~~ 

_ _ _  __________  _ _ _ _ _

_ _ _~ 3 T O  Q0 _ 
——— -- — —---—-—

1550 ILEG:8
~~~~~~~~~~~~~~~~~ _ G 3  0 ‘.900 - - _ 

— -  

- 1575 I (SUML—55.)1580,1500,2020 
-- 

— 

1580_ I (SUNL SUNA )~ O00,500O,(490O 
- - -

1600 I~~(SL ~’-L— A5. )166O ,165O ,1670
1650 I~~65:IAA5 +1

1Y 65 1,65+1 _ 

X365 (1X65):XC -

- - 
_ - Y 36 5 I1165 ) Y C - - - — --  

— ILLG:3 ______ —-
GO TO ‘4900 _ _ _ _ _

• 1660 ILCG:4 _ _ _ _ _

- - GO TO ‘4900 -—

1~ 7O 1L L 6 5
63 10 (4900

- - C ILCG 2 OBSERVER AT 55 LEV EL 
— -

1700 I SUK L— 5~ .)5~ 00,1500,1720 - —
172 0 1LLG II -

GO TO 490 u - - -~~~~

C ILL6s ~ OBS ERVER AT 65 LEVEL
- - ~~OO Ic 4SUP~L—6ta .)1b1+0 .1650,1820
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PAG( . _5 _ _  ~~~ - - _ _______

C—E R RS ...ST NC.C. . .. .  F 0 K T K A N S 0 U K C C S T  A T  C N E N  T S . ~~~....

1820 ILLG 5
133 10 .900 - ___  - _ ___

_____ 1840 l EG:’. 
- -

GO TO ’+900 - 
- — -

C jLtG:4 Or’SERVER BETNEEI 55 AND 65 LEVEL 
______

2000 I ISWI L— 55 .)2020 ,1500 ,20’+ 0 _________-

2020 TARGT=~ 5. 
-

ILLG :6 ____________ ______

G~) TO ‘4000 _______________________________________

_____ 
2040 I (S L iRL— 65 . )49 00 , 165O ,20 5 0  __________________ ___________

_____ 
2050 TARG T=Q 5. -

IL(G:7 __________________

63 TO 4000 ______________ ______

C ILEG S OVS ERV ER AT LEVEL ~PEAT ER THAN ~~~~~~~~~ ________

~~3OO D I (S UML—6b .)2O50 ,~~650.49O0 
- -

C ITLR A T L AROUND TAR GET POI NT 
__________ _____

4000 XS XC ______________

y~ :yC _____ _____________

SJMB:SUML - - ______

$010 X:= XB+XA !/2 . ______

YC (Y N + T A ) / 2 .  
_________________

W RITE ( 1 , 1U)T ARG T __________________________

10 F3 K R A T ( ’ S TAR T OF 1T EH4TI O ’ ~e ’ ,F1D,2)
133 TO 1250

______ 
C 

- —  ILEG : 6 OR 7 TERATING AROUND TARGET LEVEL
‘+ 1CC ITCNT = ITC ~. T +1 _________________

IG I T C 4 T — 1 5 ) 4 1 0 5  ,‘.1~~5 .4 50 0 -

(4 105 IPlABSIS Ur ~L— T AR ~~T . — T O L ) ’ . 5 O O , 4500,4120
‘+120 IF1S UML— T i- RGT )4 13u , 1#130,41 ”0 

____________

- 4 130 1~~I S U l - + 3 — T A R G T ) 4 0 0 C . 4 137, ’4137 - _______________________

4 137 X A XC _____________ _____- 
Y A Y C  

-

S-Jf~A:SUML ___________________________

63 TO ‘+010 
-

‘+ 140 I ISUM B—T AN GT )1+137 ,’4137 ,4000 
_______

C CONTC UM POINT FOUNC - ______________

‘4500 ILLG ILEG S
ITC NT 0 ______ ______

WRI TE(1,u )  
_____________

11 FO H4A T ( ’ E I . U  OF ITEF AT I0~4 ’ I  
-____________

GO TQ(1500,1650),1LEG _______

111 STLP OUT ON RADI~~S 
— 

- 
1
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r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 

~~~~~~~~~~~~~~~~~~~

PAGE 6 _ _ __  - -

C—EKR S ...STNC.C..... F C K T K 4_ N S 0 0 R C C S T A I E~~ E N I S

‘+900 X4 XC -

Y A YC - - - - _ _  _ _   

SJ~ A SuML _ _~~~~~~~~ — —- _________——

~~~~~~~

—-—_

~~~~~~~~

-

- X :=XC +XIN C
Y~~~YC + i ir- ~C~  ~~~~

6

~ 

TO 1250 -  -  - -- - _

- -  - 
5 0 0  CONT II UE 

- 
- 

- -

.1RIT E c 5 ~ 6) —  

w R I T E l ~~, 4 ) ( X O 5 S ( I ) , Y O 5 5 ( I ~~,L 1,1X5 5) 
_ _ _ _

.-~ITE(3 ,7)-liii 1TE~ .~,4)(X 06b(I),YC65II),1 1,IX65)

C - - PRODUCE PLOT OF RESULTS 
- 

_ _ _ _ _  _ _ _ _ __

_ _ _ _  - PAUSE -

-- - - C A LL FaCT (—0.5,O.0,11.0.8.5’O.0,3)— 
CA LL SCALC(X055,6 .,1X55,1) - 

- 
-

_

CALL SLALéIyO~ 5.á.,1Y55,1) - _ - -

FIRX : iOS5UXS5 +1) 
- - - -  _ -—-----—— - _ _—- - - - - - -—- - - — -——-—-— - — 

_
~ -

- 
OTX :X O b5 (~~~55+2)  

- - -  -- 

-

- 

- F IR Y :Y~i 5 5 ( I Y ~ 5+i )  - _ _
_ -

- _ -- - 
DTY Y Oz ~5 ( IY55 +2)

- - - 
CALL A A I Ss , ( 1 .0 , 3 . - - , B L A~~R , — 1  ,6.0,0.0,F I RX , OT X , 2 )  

—~~~~ -
XLIN I1 ) F1RX - — 
CALL lSI~(1.0,~~.~~,0LAM (,1,6.O,90.0,FIRY,’TY,2) 

ii - I x LIN 2 = F i H x + 6 . o * : T x  _ - -

X L IN(3 ) F IR X -  - _ - - 

XL INI1+ ) D TX _ _ _ -- - 
TL IN ( 1) 0.0 

- - - - —-—- — --——~~~~~~~----—__—----— --—-—-_

- - YL I E ( 2 ) = 0 . 0  — -_ —-—---— —-——______ -—-

- - Y LINI3):F~ RY  —~~~~~~~~~~-
.
-—-— —_____

- - TL IN (4 ) DTY -
CALL P L O T ( 1 , 0 , 3 . 5 ,— 3 )  — -
CALL L i N E (X L I F J , V L J ~ .2 .1,0,0) 

— 

- - - X L3N(1~~~0.O _ - -  - -

- XL I I 4 ( 2 ) 0. -) -  _______

- 
Y LIN( I) FIRY - - - _ _ _ _ _ _

YL IN(2 ) F I RY +6 .Q * J T Y  
- - - ——-- -- —- —--— -- - ---—-- I 

-

CA LL L~ N E(X 1 P , Y L ) ’— ,2 , 1 ,0 , O )  - 
CALL L I N E t X O 5 5 , Y Q ~~5, I X b 5 , 1 ,— 1 . O )
X345(1T€5+1) FIHX - 

- -—-—- -— —-~~~~~~ -
X3AS(L! 65+2):I TX _

Y )€ ~5 ( l T G 5 + 1) F IRY - _

Y 3 S 5 ( 1 1 6 5 + 2 ) : CT Y  
- -

C A LL L I h L t X C 6 ~~,Y C~~5 . IY 6 5 , 1 , 1,1)

~~ UT SOCPCL LOCATI O NS 
- - —

03 63uU N =L ,N~ O.,1

-- -

83



~~~~~~~~~• 
__ _

. __

_

~~~~~~~~~~~~~~~

_

~~~~~~~~~~~~~~

__ _

PAGE 
- 

7 T~~~~~~~iIi~~~~ _
: 

-

-

C.- ERRS ...S1I-JC.C..... F U K I K A N S 3 0  K C E  S T A T E N C N T  S .,.....

TS (MCONT +1,N) FIRY -

XS (MCO, T+2,N) OTX -

T~~IMCC iT .2 , P- ) ~~U T Y
C4L L Ll t .E (J( S( 1,1J ) .YSC1, ’4),’~CONT,1,O,O)
X~ AG E= (XS (1,L)— FI-~X )/0TX
Y GC= (YS 1,ffl—FL--~YJ/0TY
ISYM:N+i
CALL SV ~B IXFAG E .Y~ A GE. .1O5.I SYM ,0 .Oi— 1)

600 0 CONTI N uE

_____ 
C PLOT RARP1ER POSIT ION -  

-
15G 4 = ( Y b l — 1 0 2 ) / s . B S ( Y + 3 1 — 1 92 )  

— -  -~~~~

x~~iIsR 523o,51 Q,—200 
______

510~~~ Y3 1 Y ~ 1+ISGN*H2 
- — — - — ______

Y ~2 Y  b2— I SGE *h2 ______

- — -  GO TO ~3OQ 
- 

-
5200 Is6NX =t XB1—Xt 32)/ A 1-S X t31 — X~ 2)
_____ 

y - ) I F =A o S ( Y B 1— Y B 2j / ( E M T +DMfl*H2
XOIF AOS (A01—XE?)/(CMT+ORT)*H2

- - 
YS1=Ya1+1~ c;N *YoLc -

T32 Y8.~— IsGN * fC I F
X31 Xoj+IS~~ X*XuIF
X 32 XU~ — ISGN X *XOIF

5300 X~ A GE=+XB 1- FIRX )/UTX
y ?A GE t Y R 1 — F I F I Y ) / L ) T Y

— 
CA LL pLOT (XP AI -E ,Y ~ AC,E,3)
X ’AGE:1X 82—F INX)/ U TX

CALL p~ O T ( X P A G E , y P A G E , 2 )

C PL OT TITLE
— 

— - 
CALL PLOTC-1.0.-3 .5,-3) - 

—

CALL Ce.TR(T ITL1, 21,2)
- 

CA LL C’ .T RCTIT I2 .2 1 ,2)  
- -

CALL C RIR(T I IL 3 .2 1,2 )  - --

CALL SIM ~~(1.O 6.2.75,.~ ’+ ,TJTL1,0.O ,3042~
CALL syr p(1.o6 ,2.47,.1tI ,T~ TL2 ,o .o ,3o42~

_ _  - 
CALL SI?~O (1.O6 ,2 .19,.14,T1TL3,0.0,30’2 )
CALL sYrB(1 .13,1 .?E , .j 0 5 , O , 0 , 0 , — 1 )  -

CALL SYMb( i .34 ,1.i 9, .14,AL.Q.0.1)
CALL SY~~~~1.4~~,1.~~9,.O7.E~~.O .U.2)
CALL SY~ B (1•7 6,1.~~9,.j4,E~ UAL ,fl,0 ,1)

- - 
CALL STKB (2.O’4,1..9,.1’ê,FF,0.0,2) -

CALL SIMB(1.13,1.’40,.105,1,0.C,—1) 

- 
CALL 51~~BIl.3’+,t.’l,.1”,AL .O .O,l)
CALL SIf~B+1.4M ,1.,1,.07O,EO,O.O,2)
CA LL ~ y r F- (1.7b,1.~~1,.14,Ea1’AL,O.C,1)
CALL S !M B+2 .01+ ,1.’+1,.1’+,SF.0.O,2)

oo 7oou N:1,NCONT
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paG( ~ -

C-t~RR S ...4+TM .C..... F O R T R A N  S O U R C E  S I A T E R E N I S  
~~~~~~~~~~ 

4 9 N  — -    -  

- ISY~~ N+1
TP AGE 1.G9-.1575* (h-1) — —

— _ - - — CALL MB(5. 635.YPAGE ,.105 ,SOURC.0 .0 ,6)  - -  _ -- -

CA LL No r-b16.3 7 , YP~ GE. .10~~,AN. O .O.—1 )
CALL SI~’ R ( b . 9 ’ + 7 5 , T P A G C + ,0 525 . . 1O5 , I SY -R ,.O . O , — 1 )  - —  —

--  7 000 - Cot~TIR UE _ -

_ - CALL l - ’ .-CTC1S .,O.C ,999) _ .

CA L L + X I T  -

F K M A T C 4 O A 2 )  - - _  - _

2 F~ Mr AT (e F 1 o . 0 )  
3 F3’4 MAT I2A ’ + ,6 F 12.O )  - _ 

‘4 _ _ _ _ _ _

6 F ) KMA T I ’  C G C R E I N A T E S  OF L E+~ : 55 L E V E L’ )  -
7 - F~ WM AT~ ///’ COCaU1NATES OF LEO = 65 LEVC L’ - 

20 — F3 N-~AT I 1x ,2A ’ ..3F1CJ .2) - - —
21 F)MMA T(1H1. ) -

_~~~~~~~~ _22 _ F) K MA T ( 1X , 1 4( ’ * * * . E R RO R’ )/ ’  DATA SET TO LnRc,E ./1o ,’ ~3 INT S’/ / / / / /
- - - 

23 F3!’MATI1X,14 (’****ERRON’l/ ’ TOO MARY DATA SLTS’//////////////////

V MRI.~BLL ,~LLCC4TIONS 
- 

- 
-

-- 
)iSIR ) 13t~b~ Uf l0O iS (R )= 2701—j 56 8 X 055(R ) 2762~ 271O Y055(R ~~21t~6.276’4

T IMECR )=2o~~2—2 A6 0  XL 1N( R ) 2è- 76— 266 ’ .  YLIf~( R ) 289A~ 2678 SCJ URC ( R  ):2ó8E~~2U6C
0E6V -E Cp ~ ) 3C1A STL-P (R ) 3L1C XC IIR ) 3C1E Y C X I R  )3 C ~ 0

X82 (H~~~~3C26 
- — - 

Yb2(R ~~3(26 H1(R ) 3C2A 
- _  

H2 (R ) 3 ~~.
Y~~ ) 3C52 A LW (R ) 3C34+ SBA R IR )~~~C36 -  

XC~ R ):3C35

- 
XI NC(i-c ):3C3C 

- 

- 
Y~~sC(R ):3C40 SUKL (R ) 3C42 AM X (R ) :3 C+4

TEr F2(R ) 3 C IA  XSC (R )=3C4C . Y SC IR )=3C4E SLI’i (R ) 3 ~~ Q 
-

- - YI~ N ):3C~’& C~ T~ R ) 3C58 DF4T(k 3:3054  CMT (R )=3L.C
— GAI- ’~A (K )3C ~~2 - 

- 

- 
SU+1A(R ) 3C6’+ T A K G T ( R  ) 3C6E  I  X

8
(R ~~ 3~~~3

)~A IN ):3C6E lA IR 3=3070 TOL (R 3:3072 F IR X (R ):3C7 4 -

E T Y I R  ) 3C74 b L A I K I R  ) 3C7C X PA(,EIR )=3C7E Y PAG ( ( R ):3L60
- _ A L I3, ) :3C66 EQIR )=3C68 EG.UAL R ) 3084 FF(R ) 3 * ~ ’C

- - - 
MAX~ I J:3CA3.3C94 TITLI(1 :3CCb—3CA4 TITL2~ I J:3CF3~ 3CCC TITL3 (I )=3J~~~~3CF.

I F L A G U  ):3L1E MMAX( I )~~~~1F +0011111 )3020 ~CONT(I ) 3 U ~~j
IY S S I I  ) 3 i .24 1Xb5(I ):3~ 25 ~~65 (I 3=3026 - 

ITC+JT (I 3=3 027
11(611 ) 3C2A 

- M X I I  ):3~ 28 
-  

M M C I  ) 302C - ISLII ):3U4) 
-

- - 
ISyM ~ I ) 3 ~~3Q IS(,t4 11 ) 3031 TSC’NX (I 3=3032 - -- __ — 

STATEMEN T ALL O CATIONS - - 

- 

-
30 3L~~3 

- - 
1 0 3~~96 11:3042 1 30AC 2 334 F - _

20 :3UE3 2 1 ’~~t.9 22=3 )EC 23:3LOE 100 3E90 2O0 3~ 41 lf)0u 3
1105:3EF9 Ii i0 :— ~~FD 1200=3F09 1205 3F15 1210=3F1A 122fl 3~ 40 

-

1275 3F~~4 12?A 31 LC 1279:’4~~OO 125(’ 4009 1201= ’4 Q1~ 1282 411€ ~~~~~~i2t 7:’+~~~8 1~~~~~~’4~~74 1290 4f++ 0 i2’,7 ’+tF4 jp9~ =~4r F~ 129~~~’41 FE 
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ONE w O A C  INT CSER S 
-

STA t 1~AI-~~ PRIC ISLON - 
-

- 
locs— — -- _ ---——---- _ -

1132 PR INTER
DISK
TYP E’ .RIT ( k -—
CA R D

CALLED $u~ PRCbRARS - 
- 

_ -

FCLS 
- F~~IP SEG FALOG FAR S PECT SCALE AXIS ’ . PLOT L IPE

- 
FSLIB FMFY FDIv FL O 

- 
FLUX F STO FSTQX FSBP FoR FA KI

~o ~WkT SCC+’ SF10 $1041 SIOAF SIOFX 
- 

S IOF S lO T SUBSL

REA L COI.SIANT S 
--- 

.3bOOuU E 05 3038 .171+532E.O1:303A 
- - .000000E O0=3 0’C 4O lDO0~~C O~~~3O3~. 

-

— • I000uOE 02 301+l+ ,5buOOS E 0 :3046 .65000CE 02:304+3 .20O0O~ E 01=3 )1+. -

.6000ijOC 01:~,0iO .35300CC 01=3r32 .9O!~O 0OE C~:~~~~’+ .1O590)E 0o=3n5..

.1’.C003E 0G~~~u5C .2’.700rE 01:305E .2 1900 0C oL:30A0 .1130O~ E C1=fl6~

.169000C Q1:304M 44800CC 01:3064 .700000C—01 :304C •20400)E 01:31)6..
L._5635ocE 01:~~~7’4 .65700CC 01=3076 .691+75CC c1:3076 •s2soolC .oL=5o 7.

INTEGER CONST AN TS
2:SO7E 1:307F - 

Q=3LBQ 3:3061 1+98:3062 5=3)63 
-

— 15~ 5Ob8 21:30o9 30’+2=3u8A 999:3086 -

CORE REQU1~ 1rE’+Ts FOk - 
_ _ _ _ -

C0M~’ON. t - , VA MIA R L ES AN O TE M POR A RIF S— 15672. C0~~S TA NTS E1O ‘ROG~ aM. ~~

END OF SUCCESSFUL COMI ILAT ION - -  - - -
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APPENDIX C: and (Eq CS)

ACCURACY OF A SINGLE-POINT-SOURCE I5~ 2 x 1oLg /1O~ 1502 x 10Lgf 30 I
MODEL X= 10 1og 10[ D~ J 

_ l o l o s~O [  D~ j
Nomenclature From Eqs C4 and C5 , the following relationships can

be derived:L,~ sound level of noise source at distance D

L, - -sound level of source at 50 ft ( 15 m) 
- 

D 1 = Dr JlO
X/~O (Eq C6)

-distance to noise source D2 = Dr /V!l0)(II0 (Eq C7)

D1, D2 —distances
If values of X are substituted into Eqs C6 and C7 , the

Estimation of the degree of accuracy sacrificed by following relationships of D 1 and D2 to Dr may be
adoption of a point-source model as a function of the derived:
amount of vehicle motion perpendicular to an observer
point may be calculated by assuming an arbitrary refer- 011~~ D2ID
ence sound level (Lor) at an observer point located an
arbitrary reference distance (Dr) from the source which i.o 1 122 .891
produces a reference sound level ( L )  at 50 ft ( 15 m). L5 L189 .841
Given these variable definitions , the following relation- 2.0 1 .259 394
ship is true: 2.5 1 ~334 750

10 L4 13 .708
502 X 10L~ /Io 

(Eq Cl) 15 1.496 .668L = 10 1og10or
D2 4.0 1.585 .631

r 4.5 1.679 .596
The question may then be asked: at what distance 5.0 1378 562

2 D will the sound level at the observer 5.5 1.884 531D 1/D or D I
poin t be less than or grea ter than L

01 
by X amount?

From these relationships, the degree of accuracy sacri-
502 x 10L ,~/ 1O ficed by the point-source model may be provided as a

X = L0~. - 10 log (Eq C2) function of the amount of movement relative to a~ D2
1 given distance to observer position (Dr) in feet ~

and

1502 x 10Lsr/ 10’ 
Movement Acceptable

I - L (Eq C3) Accuracy Around Center PointX 1 0  log
30 { D~ j °~ ± I dB .347 1)

2 dB .5)43 I)
Substituting the equality set forth for Lor in Eqs C2 3 dB $27
and C3 gives: 4 dB I 0)42 I)

(Eq C4) 5 dB  1 45 2 1),

[502 X 10Lg/ lO l  1502 x 10L~ / i o l
X =  l0l08

30 [  D~ j
~ 

10lag
30 1 D~ j “I ft  ~~3O48 rn

87

~

--- . - -- - --—-- — - _ - - - —-_- -~~---- - - -— ---—-- - - - - - - -  - - -



- - ,._s 
~~~~~~~~ ~- ~~~~~~~~~ - —m —

~----~~~~~ --~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

APPENDIX D: If LA and LB are the A-weighted sound levels at the
observer position without and with a barrier , respec-

DEVELO PMENT OF A SIMPLIFIED t ively, and A1 equals the A-weighting correction for
BARRIER EQUATION AND ASSESSMENT each frequency f, then the following relationship is
OF ITS APPLICABI LITY TO A POINT- true:
SOURCE MODEL 

—

LA = 10 log 10 ia” - - A 1 - L BA ) / IO ILi 03J

Nomenclature Substituting the equa l ity presented for in Eq 1)2
a constant equal to 20 into Eq l)3 gives:

6 difference in sound path distance wit h and 
~ — A~~) / I O  28 251without barrier LA = 10 log

10 ~~ FR1 
X 
~
-
~
—-j [E q D4J

A —wavelength
Eq D4 can be rewritten as:

LBA —barrier attenuation
12825 F 10(L1— A 1)/lo]

FR1—frequency f LA I0Iog1O [_~
_
~~~ FR1 i [Eq DSJ

L —A-weighted sound level at observer position
with barrier At this point the assumption is made that all Construc-

tion vehicles have a frequency spectrum which is similar
L - A-weigh ted sound level at observer position enough to allow acceptance of a single representative
A 

wi thou t barr ier spectrum (which can be weighted to yield the total
sound level measured for each vehicle). Given this as-

A A-weighting correction for frequency f sumption , a new variable (FS1) is defined as that valueI whlch when added to the total A-weighted sound level
L —sound pressure level at frequency f~ 

(LA), will yield the quantity of the sound level (L1) off 
frequency I minus the A-weighting component (A1):

Barrier Equation Developm ent -

A barrier equation was derive d from a simplified 
L + FS = L A ~E D6form of Makawa ’s equation: A I I — 

I i q

1a2.5 \ Substituting this relationship into Eq D5 :
LBA lO log ,o~~~— ) [E q Dl]

r28 25 F l0(L A + FS1)/lO1
L = 10 log {— 

~~ J [Eq D7Ja = a constant which equals 20 B 30 6 
~= FR1

A = (1130 ft/sec [344 1../sec] )/FR from which Eq D8 can be derived:

& = the difference in sound path distance travel with [Eq D8J
and wi thou t the barrie r (Figure AS), 8 = a+b—c. -

L~ =l0logj0[
~~~ 5X lOLAIto

± 
l0~~1/t0}

FR = frequency in Hz 1=3 
~

Given the above definitions, the equation can be re- Since it has been assumed that the same relative spec-
written as: trum applies to all construction vehicles, then the

quantity
FR F

LBA = 10 log
30 ~~~~~~~~~ + 10 log 10 6 [Eq D2J 

FR1
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is a constant , which is calculated to equal 0.00 1 when Der ivation of a Simple Table of Barrier Attenuation
the spectrum depicted by Figure Dl is selected as Levels
representat ive . Substitut ing this value into Eq D8 we In order to derive a simple table of barrier attenua-
have : Lion levels , a program was developed to calculate the

L / 3 0  excess attenuation resulting from several combinations
L = 10 log ~~~~~ x iO A 

E 1~q D9J ot~ barrier and vehicle heights , for various distances
B 10 ~ from barriers to vehicle and to observer , for various

fractions of vehicle path shielding, and for two condi-
Eq lY-~ can be rew ritt en as : tion s of vehicle noise levels. From these scenarios (2400

in all), three tendencies were observed:
L1) L~~+ l0 lo g

30
0
~~

514 
[E q DlOJ

l) ijf crem-e Between Ha rrier and Vehicle h eights
The llrst trend which became apparent was the ex-

Given that the difference in the A-weighted sound cess attenuation onl y range d a maximum of I - I dB for
levels at the observer with and without the barrier any given difference between barrier and vehicle heights ,
equals the excess attenuation due to the barrier LBA. regardless of the actual barrier and vehicle heights. The
then- relationship held for all barrier-to-vehicle and barrier-

LBA 
= LA 

— L B [E q D l i i  to-observer distance s modeled.

Replacing the term LB in Eq D l i  with the equality Distance Between Barrier and Observer
presented in Eq DlO gives: Another relationship investigated was excess attenu-

ation as a function of the distance between barrier and
L 10 log (6 /0.0514) (E q Dl 21 observer for a constant barrier-to-vehicle distance. For

BA 1 0 
• any giveii barrier to vehicle distance , excess attenuation

Application of Barrier Equation to a Point-Source was found to be relativel y constant (within I .2 dB) for
Model barrier to observer distances of 2500 ft (762 m) and

A procedure was developed for applyin g this barrier beyond. Excess attentuation increases as the distance
Eq Dl 2 to a point-source construction-site model. A from barrier to obse rver decreases from 2500 ft (762 m).
series of simple hypothetical situations was postulated No simplifying relationship was found for these shorter
where a vehicle was moved in discrete , equally spaced distances.
steps behind a barrier. The variables investigated were
the distance from the observer to the barrier , the closest Percentage of Vehicle Path Shielded by Barrier
vehicle approach to barrier , the far thest distance from The third relationship investigated is excess attenua-
the barrier to the vehicle, the median distance of the tiot~ as a func tion of the percen tage of the veh icle path
vehicle to the barrier , and the total distance of vehicle shielded by the barrier. It was determined that for every
movement. 25 percent decrease in the percentage of the vehicle

path shielded by the barrier , the excess attenuation
The results of the analyses of these hypothetical situ- values provided in Table Dl should be halved. This pro-

ations indicate that a fixed-point-source model located cedure is accurate within 1 dB for all conditions inves-
at the median position of vehicle trave l behind a barrier tigated (vehicle distance from 50 to 400 ft ( I S to 122
will estimate the barrier-attenuated sound level to with- m) behind the barrier and barrie r-vehicle height dit-
in approximatel y 1 dB given that the quotient of the ferences rang ing from 0 to 13 ft (0 to 4 m)) , except
total distance of vehicle movement divided by the dis- when the vehicle was 50 ft (I  5 m) behind the barrier
tance from the observer to the barrier is 2 greater than and the barrier-vehicle h&ght aas greater than 10 ft
the quotient of the nearest approach of the vehicle to (3 m). In these cases , wh~ri this procedure is used , the
the barrier divided by the distance from the observer to excess attenuation is overestimated by as much as I .9
the barrier. dB.
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Table Dl
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 8 m b ,  (It)
Vehicle Ht

(ft)~ 50 100 ISO 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~S L5
10 11.0 8.0 6.5 5.0 20
11 12.0 9.0 7.0 6.0 3.0
12 12.5 9.5 8.0 7.0 4.0
13 13.0 100 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

- —

/- —

/

--

- N- -

3(5 63 125 250 500 1000 2000 4000 000 ~Q0O

FREQUENCY ~4 Hz

Figure Dl. Relative spectrum for typical engine
powered construction equipment.
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APPENDIX E: Donaldson Tests
Donaldson Company, Inc ., of Minneapolis , MN , has

EQUIPMENT NOISE LEVELS conducted numerous noise level tests on construction
equi pment. More than 90 noise-level measurements of

Construction Equipment at Fort Hood and construction equipment with varying machine siLes and
Fort Carson Construction Sites noise control features were made. A summary of the

N oise m easurements ol cons imu ct ion  equipment  weic lest results is presented in Table I~2. Lut ear regressions
made at Fort Hood and Fort (‘arson cons truc t ion sites. of l Ime m a X i m um soun d level versus engine horsepower
Table El  summarizes data r ela t i mm g to these pieces of (L 1~ = 80.8 + .01 h p) and sound level versus Ihe loga-
equipment , such as equi pment types , manufac turers . r i lh m of the eng ine horsepowers (L~ = o4.l + 9.05
model numbers , modes of operation , noise levels , and log 10 h p) are presented in Fi gures E l and E2 respec-
usage factors . tively.

Table El
Equipment Noise Data

L~ (dBA)
Eq u ipment at IS m Usage
Type Manufacturer Model No. Operation (50 It) Factor

Backhoe Case 530 Used as trencher -—filli ng in telephone trench 80
58013 Filling in plumbing trench using front loader 66

Idli ng 59-70
Setting up in sandy soil 68
Ditching and emptying shovel 69-7 1
Ditchi ng with faster idle 7 2-74

Joh n 1)eere 4 10 l)igg ing trench for sewer line 82

ll u lkknie r (‘are 45ti Moving u g h I sand 8th
Idling 68
Backin g 74

Caterpil lar 1)3 82.5
1)41) 81.5
D5 83.5
D6 Moving forward and backward 88

Pasaby 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

1)8K Digging furrows 814
Backing up 89
Passby 79

D9H 888
International TD-15C 87

Harvester TD-20E 87
TD-25C K’)

John Deere 350-B Fo~ward 141 .1 mm
Backward 7’)

450-B 82.5

91
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Table El (Cont ’d)
Equipment Noise Data

L~ (dBA)
Equipment at IS m URBe
Type Manulacturer Model No. Operation ISO It) t acttw

(‘ompact or Caterpilla r DW2O R,,jtl pr cp.m r a I IoIm SI -82
815 91 .10

Com pressor Ingersoll-Rand l)KA I- le sting pl u mn bimmg lor leaks $2
160 cfmu *

Unidentified Idling 69-70
Rear 75-146
Rigl mt side 67-68

Concrete Loading truck 95.5
Batch Plant

Concrete Mixing mortar  lor brick lacade 67-68
Mixer (small )
(oncrete truck 69-79
Crane Skyhook 5-section Raising framed lrurs es to second story 75-714

- telescope
l-o rk l i l t  John Deere 480 Passhy no load $1
I-runt-End Caterpillar 9 10 80.5

Loader 920 85.5
930 Removing piles of ha rd dirt 87

Forward 79-88
Leaving rite 83
Scooping dir t from pile- near idle 84
Backing 79-83
Scoopi ng di rt from pile, the n leavi ng 81
Dumping dirt into dump truck 81

930C Picking up dir t 73
82

931 81.8
94 1B 82.3
950 81.5-82.5

Handling 4-ft . tile sections 78
Backing--no load 80
Picking up ti~ 82
Backing 74

951C 82.3
955L 85
966C 86
977L 83.5-85.9
98013 89
988 905
992B 89.5

Clarke M6 10 Picking up sand 73-75
Forward 73
Passby 72

John Deere 644B Removing piles of hard dirt—lifting 89
- lifting 85
- backwards while scrap ing 82-89
- leaving site 73

Excavator Caterpillar 235 84.8 .10
Grader Allis Chalmers M65 Forward -road preparation 7 1-72

Backward— r oad preparation 70-76
Caterpillar 12F Grading —road preparation 85

Road grading—moderate load 80-82
- Backing 79.81 .8‘1 cfm 35.31 m 3 /mmn
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Table El (Cont ’d)
Equ ipment Noise Data

L~ (dBA)
Equipment at 15 m U sage
Type Manufacturer Model No. Operation (50 It) Factor

1-orward 88.4 .04
Backwards 95.5

12G l orward - - leveling sandy soil 75
llackwards 86
Idling 67-74
Road grading - finishing 82

l4 F Leveling sandy soil 73
80
65

Gradi n g ro. m dway So
Slow 79
Idl ing 78

120 80 33
lly Hoes Caterpillar 235 l ’rcndi ing i n ha rd clay 80

Steady 76
l)igg ing . cla n ki ng SI
Idli ng 65

John Deere 690A Digg ing p lumnbing trench - scooping 73
Impulsive 87
Movi ng 79
Scraping

Hydraulic BMC Tamping fill over sewer line—peak 99-105
Hammer

Self Propelled Ingram Flat Passby upgrade 86
Roller Passby downgrade 72

Finishing roadbed—slow 77
Fin ishi ng roadb ed 84

Ingram Passby 80
Pneumatic Downhill 5

0 grade 75
Uphill 71
Uphil l - r evvi ng engine 81
Downhill 78

- 
- 

Uphill f ull speed 80

Scraper Allis Chalmers 260B Fully loaded traveling down 10° slope 83
Unloaded traveli ng up 10° slope 89
Backi ng 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
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
Shielded 85

Trenchers Ditchwitch R65 Tr enching for telephone cable—hard clay 81-83
subsoil

Continuous 81 1. 0
85

Rock 83
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Figure El. Equipment sound level (at 50 ft 115 ml )  as a function of engine horsepower (Donaldson tests).
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APPENDIX F: No. sq ft = No. sq yd X 9 sq ft/sq y d

EQUIPMENT SUBSTITUTION No. sq ft = No . acre X 43~ 6O sq fl/acre
COST-ESTIMATING PROCEDURES*

6. Select the appropriate equation for estimating job
t ime (iT) for each vehicle type from among the follow-

This section presents procedures for estimating the ing subsections. Average travel speed(s) in mph for a
increase in construction cost associated with equipment two-way cycle , without allowance for fixed time opera-
substitution. Many cost-estimating procedures are avail- tions (loading, du mping, etc.) may be calculated as fol-
able. One such proced ure , derived from Internationa l lows:
Harvester publications ,** is outlined below. This pro-
cedure would be completed for each substitution see- 

— 
2 X F X R

nari o to determine the cost of each. T u e  procedure is — F + R
specific to earth inovin g and excavation processes.

where F and R are the selected forward and reverse
Procedure for Estimating Costs Associated travel speeds in mph , respectively. Cycle time may be
with Vehicle Substitution Choices estimated using the product of the average travel speed

I.  Gather speci fication sheets on the equipment for times the two-way distance traveled and then adding
which esti mates for production times and costs are re- fixed time factors. (See Tables F2 to F5 for common
quired. cycle times and fixed times.)

2. Determine the amount of material which must crawler Dozer Job Time
be hand led (AM I I) by each vehicle. For grading and
plowing activities , esti mate the area to be graded or JT(hr) = AMH Net Power X EF X IBCF
plowed. D + 50

3. Determin e the type of material to be moved or where AMH = total amount of job material to be
excavated , handled in in-bank cubic yards (Step

5)
4. Refe r to TaMe Fl and select the in-bank correc-

tion factor (IBCF), and in-bank weight (lb/ IBCY). Net Power = net horsepower at flywheel of power
shift tractor engine

5. If the unit of measure for AMH is not in-bank
cubic yards ( I BCY) and/or if the unit of measure for EF = efficiency factor , use 330 if 100 per-
area is not in square feet , then convert them to IBC Y cent efficiency is expected (60 mm
and square feet , using the appropriate conversion equa- of operation/hi), 220 for 83 percen t
t ions below: efficiency (50 mm operation/hi)

No. IBCY = No. compacted cubic yards -r (No. lbs/ IBCF = in-bank correction factor (Step 4)
IBCY)

D = distance dozed one way in feet.
No. IBCY = No. loose cubic yards X ICBF

crawler-Drawn Scraper Job Time
No. ICBY = (No. tons X 2000 lb/ton) ÷ (No. lbs/ The following equation assumes that the crawler has

• IBCY) at least 12.5 net engine horsepower at the flywheel and
2700 lb of maximum pull per cubic yard of struck ca-
pacity.

tSee conversion tab le pg 104 of this Appendix for SI con- JT(hr) = AMH ÷ H X IBCF X S X E  X 5280
versions. D ( FT 88)

55Basic Estimating, Constructio n Equipment Division (In-
ternationa l Harvester). EarthmovlngPrinctpks: A Guide to ~~~ AMH = total amount of job matenal to be handled
duction and Cost Estimating (Internationa l Harvester, 1975). in in-bank cubic yards (Step 5)
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H = SAL heaped capacity in loose cubic yards NP number of passes required to achieve the
desired grade

IBCF = in-bank correction factor (Step 4)
= blade length in f t

S = travel speed in mph ; a suggested speed is
4.9 mph , which requires 12.5 net tlywheel AA = blade angle adjustment factor (Table F7)
horsepower per pay yard of scraper capacit y
at approximately 200 lb/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

mm 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
(exa mple: 55 mm 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

Pa y Loader Job Time
FT = fixed cycle time related to loading, dump-

ing, acceleration , turni ng; an estimate of 
- ii x IBCF X E X 60

1.85 mm per cycle is suggested JT(hr) = AMH — c
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 mm /hr.

- H = heaped capacity in loose cubic yards
Tractor Ripper Job Time

IBCF = in-bank correction factor (Step 4)
- 

AMHTthr) — 

DP X W X S X E X 196 E = efficiency ; fraction of hour that vehicle is
operated productively (example : 55 mm

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 mm /hr.

S = travel speed in mph , usuall y 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 ÷ H X IBCF X SX E X 52$0
(example: 55 mm of productive operation I’
out of every clock hour would equal 0.92).

AM II = tota l a niou u t  of pi ,h ma I i I;, I 14, t,i~ l,;,nil kit
•11 ’to r 6rade’r J ob Time in in-hank cu bic yank (Slip ‘ j

JT t hr l  = 
Area X NP II = heaped capac ity oP scrap i’i howl i i ,

BL X AA X S X E X 3520 cubic yank

Area = job to be graded in square feet (Step S) 18( 1- in-han k corre cil ini  lacl in (Sli p 4j
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S = trave l speed in mph : 22.7 m p h  is suggested; AMI I = t otal amount of j ob m aterial to he corn—
this speed requires I S  lip /ct , yd oP Scrape , pacted in in-b auik cubIc yards (Step 5)
capacily at (iS It ) 75 lb/ ton tif gross vehicle
weight rolling resistance. S may he rep laced W = cfli~ct i ve width ut roller iii Peel (Pin coin-
by the product of the inaxunu ,,, speed pactors. U equ als 2 (u tica (li e wkl$li al h u e
ti me. Th e  speed adjustnicn t is provi ded in wheel). II . two rollers are pulletl .on~ heliiutl
Table Fo (lie other , W equals t h e  width of just one

of’ the rollers : what changes is that half the
E = efficiency, fraction of hour that vehicle is number of passes which must be made to

operated productivel y (example: 55 mm 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, F = efficiency ; fraction of each hour that ye-
acceleration , turning and dumping; 2 mm hid e 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
JT(hr) = 280 X C  - and moisiure content of soil and weight of

S rol ler

Area = job are a to be pu.i~. in square feet (Step 16.3 = conversion factor = 5280 ft/mi ÷ 12 in. / ft
5) ÷ 27 ft 3/ cu yd.

S = travel speed in mph Job Time for Wheel Tractor Backhoe Produc tion

W = effective width of implement in feet 
— 

AMHJT(hr) - E X H X IBCF X DDF X SAF X MLF X 8.3
E = efficiency ; fraction of each hour that vehi-

cle is operated productivel y (example : 55 AMH = total amount of’ material to be handled in
mm of productive operation out of every in-i,ank cubic yards (Step 5)
clock hour would equal 0.92)

E = efficiency ; fraction of each hour that vehi-
5280 = conve rsion factor = 5280 ft/mi. d c  is operated productively; (example: 55

mm of productive operation out of every
Job Time for Sheepsfoot Compactors or for Tractor clock hour would equal 5 5/60 or 0.92)
Drawn Sheepsfoo t Rollers

Drawbar Pull necessary to pull a sheepsfoot roller(s) H = heaped capacity of bucket in cubic feet
= total weight of roHer(s) X .25

IBCF = in-bank correction factor (Step 4)
. W X D X S X E X I 6 . 3JT(hr) = AMFI SHF X NP DDF = digging depth factor, see Table 8
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SAF = swing ang le factor, see Table 9 CT = total cycle time in hours and equals the
sum of the time requ ired for each road sec-

MLF = material loadability factor, see Table 10 tion as defined above

8.3 = conversion factor equal to 225 cycles/hr ÷ H = heaped capacity in loose cubic yards
27 cu ft/cu yd. 2_ = the standard number
of cycles per hour; deviations from this IBCF = in-bank correction factor (Step 4)
standard are adjusted for by the variable s:
DDF, SAF, and MLF. E = efficiency; fraction of each hour that the

vehicle is operated productively (example :
Job Time f i r  Truck-Type Excavator 55 mm of prod uctive operation out of every

clock hour would equal 0~92)
AMHJT(hr ) = 

H X IBCF X E X DDF X SAF X MLF X 155 D distance of each road section in feet

A MH = total amount of material to he handled in MS = maximum speed in mph
in-bank cubic yards (Step 5)

SF = speed factor , Table F6
El = heaped capacity in cubic yards

5280 = conversion factor = 5280 t’t/mi.IBCF = in-bank conversion factor (Step 4)

7. Determine the hourly costs associated with own-E = efficiency; fraction of each hour that vebi- ing or renting and operating each vehicle (HC~ ) includ-cle us operated productively (examp le: 55 ing hourly operator ’s wages. Procedu res for estimatingmm of prod uctive operation out of every these costs can be obtained from equipment manufac-clock hour would equal 55/60 or 0.92) tu rers.

DDF = digging depth factor , see Table F l I
8. Determme the hourl y operato rs  costs (HC0).

SAF = swing angle factor , see Table F 1 2
9. Multiply the job time (iT) calculated for each

MLF = material loadibility factor , see Table F l 3 vehicle by its hourly costs (HC~ ) an d sum t he resu lts
to get t he tota l job cost associated with each vehic le

155 = standard number of cycles per hour; devia- (iCy).
tions from standard are accounted for by
the DDF , SAF, and ML F variables. 10. Multiply the job time (iT) calculated for each

vehic le (iT) times the hourly wages pai d to each vehi-Job Time for Off-Highway Haulers cle’s operator (HC0) to calculate the total job cost as-
sociated with the operator of each vehicle.AMH X CT D

IBCF X E - whCre CT MS X SF X 5280 -

I I. Add the iC0 and JC~ calculated for each vehi-
AMH = total amount of material to be handled in d c  to get the job cost of each vehicle (JC) and sum the

in-bank cubic yards (Step 5) results to get the total job cost (Tic). —
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Table Fl
Material Type Correlation Factors

In-Bank
Correction Fac tor In-Bank Unit Weight

Materia l Ty pe (I BCF) (lb/IBCV)

Ashes (hard coal) 0.93 700-1000
Ashes (soft coal) 0.93 1080-I 2 15
Bauxite 0.75 27004325
Clay, dry 0.85 23 (X)
aay . lig ht 0.80 2804 )
Clay. wet 0.75 3000
Coal , anthracite 0.74 2450
Coal . bituminous (1.74 2000
Coat , steam (compacted) 0.72 1890
Copper ore 0.74 380(1
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 0.45 6500-8700
Limestone , blasted 0.57-0.60 4200
Loam 0.83 2700
Mud , dry 0.83 21 60-2970
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 0.6 1 5075

‘The material presented in Tables Fl throug h F 13 is taken from Earthmoving
Principles: A Guide to Production and Cost Estimating, with permission of Inter-
nation al Harvester.

Table F2
Pusher Cycle Time (mm )

Condition
Favorable Average Unfav orable

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 (miii)

Open Bowl F levat ing
Single Dual Pay Single Dual

Condition Engine Eng ine Mate Engine Engine
Fav o rable 0.40 0.35 0.90 0.70 0.45
Average 0.60 0,50 1.20 1.00 0.60
Unfavor a b ’e 0.8(1 0.70 1 .50 1.30 0.75
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Table F4
Front-End Loader Cycle Time (mm)

Rubber-Tires Crawler
0-5 5+

Conditions cu yd Cu yd All

Favorable 0.30 0.42 0.42
Average 0.33 0.50 0.50
Unfavorable 0.42 0.66 0.58

Table F5
Turn and Dump Time (miii) for Haulers and Scrapers

Haulers Scrapers
Conditions Bottom Dump End Dump Open Bowl Elevating

Favorable 0.3 0.7 0.3 04
Average 0.6 1.0 0.4 0.5
Unfavorable 1.5 1.5 0.6 0.7

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

400-1000 0.33-0.51 0.56-0.80
1001-2000 0.43-0.67 0.65-0.83
200 1-3000 0.53-0.75 0.78-0.90
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
7001-above 0.71-0.95 0.95-1.00

Table F7 Table F8
Blade Angle Adjustment (AA) Factor Digging Depth Factor (DDF) for Backhoes

Blade AA Depth
Angie Factor (In ft) DDF

90 1.00 4 1.00
80 .98 6 0.95
70 .94 8 0.90
60 .87 10 0.85
50 .77 12 0.80
40 .64 14 0.75
30 .50
20 .34
10 .17
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Table F9 Table FlO
Swing Angle Factor (SAF) for Rackhoen Material Loadabllmty Factor (MLF )

For Backhoes
Angle of Swing

in Degrees SAF Conditions MLF
40-60 1.00 Fa vorable 1.00
60-70 0.95 Average 0.85-0.95

over 70 0.90 Unfavorable 0.50-0.80

Table F it Table F12
Digging Depth Factor (DDF) for Track Swing Angle Factor (SAF) for Track

Excavators Excavator s

Depth in feet DDF Angie of Swing

1 .00 (degrees) SAF

10 .95 45 1.00
15 .87 60 .95
20 .78 75 .90

90 .86
120 .81
180 .71

Table Fl 3 SI Conversion Table
Material Loadability Factor (MLF ) for Track

Excavators i in. = 25.4 mm
l f t  .3048 m

Condition s Type of Material MLF 1 yd .9 144 m
u n .  6.S4 cm

Favorable loam, sand , grave l 0.85-1.00 1 ft 3 .092 m 3
Average general earth , clay 0.65-0.85 1 yd3 .836 m2
Unfavorable rock , roots , gumbo 0.50-0 65 1 y~1’ .764 m 5

I m i  = 1.609 km
I sq ml = 2.589 km 9

I acre = .404 ha = 40.46 m 3

l I b  .4S3 kg
1 ton 907 kg .907 tonne
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Kessler , Fred M
Construction-site noise control : cost-benefit esti-

mation technical background / F. M. Kessler ... [et al.].
-- Champaign, Ill. : Construction Engineering Research
Laboratory ; Springfield, Va. : for sale by National
Technical Information Service, 1978.
104 p. : 27 cm. -- (Technical report - Construction

Engineering Research Laboratory ; N-37)
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1. Construction industry - noise control . 2. Con-
struction equipment - noise. I. Schomer, Paul D. II.
Chanaud, Robert C, III. Rosendahi , Eugene. IV. U.S.
Construction Engineeri ng Research Laboratory. V. Title.
VI. Series: U.S. Construction Engi neering Research
Laboratory. Technical report ; N-37.


