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This study was jointly sponsored, through an Interagency Agreement (IAG), by the
Office of Noise Abatement and Control (ONAC), U.S. Environmental Protection Agency
(EPA), and the Federal Highway Administration (FHWA), U.S5. Department of Trenspor-
tation (DOT) The study was conducted by Wyle Laboratories under contract to FHWA
Contract No. DOT-FH-11-9455, Wyle Research of E| Segundo, Califaornia, and Wyle
Research of Arlington, Virginia, performed the study.

The object of the study was to investigate and study the noise associated with
highway construction activities. The study inveived the identification and examination of:
highway construction activities, noise characteristics associated with highway construc-
tion activities, availabliity of highway construction noise abatement measures, demon-
stration of construction site noise abatement measures, and development of a computer- i
based mode( for use as a tool to predict the noise impact of construction activities and to
plan mitigation measures. The model was developed for use on the FHWA computer
(1B 360).

The principal project officers for Wyle Laboratories on this project were Mr. Williarn 1
Fuller of Wyle Research in El Segundo aond Dr. Kenneth Plotkin of Wyle Rasearch '
of Arlingten, Virginiq.

The government praject managers for the study were Mr, Fred Romano of FHWA,
and Mr, Roger Heymann of EPA/ONAC,

The various technical reports completed by Wyle under this contract and submitted
to FHWA have been released for public distribution by EPA,
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PREFACE

This study involved a comprehensive review of the environmental nolse associated
with highway construction activities. A total of seven reports have been released for
publie distributien. These reports are:

i

2.

3.

4.

5

Analysis and Abatement of Highway Construction Noise, EPA 550/9-8/-314-A,
September 1981.

A Mode! for the Prediction of Highway Construction Noise, EPA 550/9-81-314-B,

September 1981.

IBM 360/System Batch Version of Highway Construction Noise Model, EPA
550/9-81-314-C, September 1981.

Appendix A, Highway Construction Noise Field Measurements, Site |1 1-201
(California), EPA 550/9-8/-314-D, September 1981,

Appendix B, Highway Construction Noise Field Measurements, Site 2:  {-205
(Oregon), EPA 550/9-81-314-E, September 1981,

Appendix €, Highway Construction Noise Field Measurements, Site 3: 1-95/
[-395 (Maryland), EPA 550/9-81-314-F, September 1981,

Appendix D, Highway Construction Noise Field Measurements, Site 4: 1-75
{(Florida), EPA 550/9-81.314-G, September 1981,

The flrst two reports (Part A and Part B) might be considered the principal reports
since they are rejatively self-contalned units on this study's efforts, the engineering
studles and the computer model, respectively, In this regard, if there is to be a limited
purchuse of the reports, one might consider obtaining either or both of Part A and Part B,
and obtaining the other reports as additional informational needs arise. '

8 6
7.
L ]

]

The first report (Part A) contains all of the information from the engineering
study phase of the project, [t gives information on highway construction
procedures, highway construction site noise characteristics, available abatermnent
measures, and results from field demonstrations on neise abatement.
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The second report (Part B) presents o complete description of the highway ralse
prediction model. The repart contains @ description of the model's formulation
ond constructlen, a deseription of the program, and a user's manual.

The third report (Part C) provides additional information to the Part B report on
the highway construction noise madel instailed at DOT's Transportation Com-
puter Center on an IBM 360 camputer. It delineates the differences between the
version of the model as installed on the IBM 360 and the two madels (HINPUT
and HICNOM) operating on the Wyle Computer (PDP-11). The report has
additional user's manual information for use on the IBM 360, a programmer's
manual describlng changes in going from the PDP-!| to the IBM 360, ond a

raintenance manual.

Reports 4, 3, &, and 7 (Part D through Part G) contain field data gathered at the
field demonstrations at highway construction sites int Route [-201, California;
1-205, Oregon; |-95/1-395, Moryiand; and 1-75, Flerida. They contain noise data
on single and muitiple pieces of equipment, provide general description of
highway site activities, and activity analyses of equipment.
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1.0 INTRODUCTION

This report contains the decumentation for HICNOM, the highway construction noise
model developed by Wyle Leboratories for the Federal Highway Administration, This
model permits the calculation of Leq in the vicinity of highway construction sites, It is
intended to be used by personnel involved in highway planning for the evaluation, analysis,
and abatement of noise during the construction phase. The model is designed for users
with minimal background in acoustics, and contains acoustic data for a large variety of
construction equipment, However, it has options which permit the entry of user-supplied
data bases and is therefore useful to acoustical specialists as well. While acoustic
expertise is not required to operate this program, some knowledge of highway construc-
tion procedures and equipment is needed, Those desiring more background information on
construction activities and noise, and on the field measurements used in the development
of this model, should recd the previous reports prepared under this contract, cited here as
References | through 5.

The computer program s presented here was developed on g POP | V03 computer
with 32K memory. It Is run in two partst HINPUT, an input and task activity module, and
HICNOM, the main acoustical caiculation. The memory size restriction permits the
program te be run en smail minicomputers or on larger microprocessor-based systems with
FORTRAN capabiiity, The programs were written in a way which makes them
straightforward to combine for single-unit running on a larger machine. The program is
written In a conversgtional mode, with data requested at the terminal as needed. This
simplifies operation for users who may not be experienced in computer programming.

Saction 2.0 of this report contains a description of the mathematical formuiation of
the model and the representation of construction activities, Section 3.0 is a description
of the computer program. Sectlon 4.0 is the user's manual, and gives complete
Instructions for using the program. Section 5.0 is the programmer's manual, It contains
descriptions of all subroutines, data eonflgurations, and pregramming conventions. Sec-
tion 6.0 is the maintenance manual, and describes the main data blocks and procedures for
updating them. A complete listing of the program is centained in Appendix A.

WYLE LABORATORIES
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2.0 MODEL FORMULATION AND STRUCTURE

A construction site may be viewed as a collection of acoustic sources of various
types, with the resultant nolse levels outside the site being of interest for the present
study. Where the noise is desired in terms of Leq or Ldn’ timing of equipment motion
does not matter: only the energy-averaged noise emission and the area covered are
required, Acoustically, a site may thus be modeled as a collection of fixed paint, line, and
area sources. The acoustic structure of the model has therefore been formulated as a
general method of hondling an erbitrary arrangement of these three source types.
Leading into this acouslic structure is a task model and system section which transforms
user inputs of construction activity into these three types of source. The modei accepts
data specifying equipment location and type of activity, and combines these with an
equipment noise level and duty cycle data base, Algerithms are included which generate
detailed motion parameters for mobile equipment {truck turnaroaund loops, acceleration
profiles, etc.) and which balance activit)} levels between pieces of equipment warking

tOQthEFn

2.1  Acousticgl Formulation

The model considers noise fram point, line, and area sources. Attenuation with

distance consists of geometrical spreading plus a power law excess attenuation repre-
senting ground plus air absorption, The mathematical representations are described in the

following subsections,

2.1, Paint Sources

For @ source and receiver separated by a distance r, the received sound pressure

level is:
L =Ly + 20log)g (dy /0! * " (1)

where L0 is the sound level measured at a reference distance dO’ and n is a number
between 0 and I, A value of n=0 corresponds to no excess attenuation, while n= |
corresponds to the excess attenuation of 6 dB per doubling of distance which occurs for
long-distance propagation at grazing angles aver ground of finite impedance. If L, is the
energy-average emission over some time period, then L in Equation {I) is Leq'

2.1.2 Line Sources

Consider a finite line source segment as shown in Figure [, which consists of point

source elernents moving at a unifarm speed. Leq is obtained by writing Equation (I} for

&

WYLE LABORATORIES
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Figure |. Geometry and Coordinates of Line Source Segment.
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each point element, combining, and integrating over time, This integraticn has been weil
established in the highway noise literature, Following the general formulation in
Reference §, Leq Is given by

Leg = kg + 010g)g dg N + IClogyq o/ ' T2 4 1010g)q Glny 8y, 8

eq

where L0 is the energy-average passby leve| of the point source elements (Leq(e))’ N is
the number of elements per unit length (equal to the number of sources passing per unit
time times their speed), d is the sideline distance to the receiver, and G is a function
given by:

tan 9&2
df 3)

ten ¢| (I + gz)l tn

where % and ¢, are the angles to the end points of the line segment, as shown in
Figure |, Equation (3) was first derived in Reference 6 for an infinite length road, and
closed~form solutions presented for arbitrary n. The generalization to o finite road was
presented in Reference 7, together with extensive tables of numerical values for one
value of n and a range of road lengths, in terms of the angles ¢, ¢,. For n=0,
Equation (3) reduces to fhe factar (92- ¢) /7 oppearing in the commonly used finite
road adjustment |0 !oglo (Ag/‘rr),a where 4¢ = ¢, - 9.

G (n, ¢|| ¢2) = Ifr

A closed-form representation of Equation {3) can be derived. The integral may be

written in two parts:

tan ¢ tan °I
© T UEL {4)
o (1 + £2) 6 (1 +2)
Each integrai has form similar to the incomplete beta funcrion:9
X
B, (a, b) = f e (5)
0

Letting t = §2l(| + EZ)’

B, {g,b) = 2

Vxi(] = x)
f Ezq- ! __dE_u:_B (8}

i (1+¢%)

(2)

&
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The integral in Equation (8) matches those in Equation (4) providing that
X = sin2 )

a= 172 )
b=z=na+ I/2

Thus,

Gin 9y, 90 = (/27 |B {1/2, n+ 1/2) - B (172, n+ 1{2) (8)
172 sinzsaz

sin 9]
The incomplete beta function may be evaluated from the following series:

LS U N EEITOEN
N DN ) A T

j=0 L =0

’ Equation (9) converges for x < | , and poses no computational difficulties, To include the

point x = |, the following inversion relation may be used:

B, (a,b) = Blo,b) = B _ (b (10)

where B {o, b} is the beta function, and may be written in terms of the gamma funt‘:h'c:m:9

_ TIfa) T(b}
B(q,b) = “T@&, 5] (n
To minimize computation time, Equation (9} is used only for x < 0.5 (the series converges
slowly near 1) and Equation (10) is used to obtain values in the range 0.5 < x < 1.0,

Equations (2) and (B} through (1 |) provide a closed set of relations for computing Leq
from a straight line segment, Curved lines can be approximated by a series of short
straight segments, It is applicable to eny line where the average source distribution is
uniform. In the model, line sources are input as q series of points defining a set of

straight sections.

2.1.3 Area Sources

Areas are described to the model in terms of a series of points defining a plecewise
straight centerline of the aren, plus the width of the area at each point, as illustrated in
Figure 2. In practice, greas tend to be quite regularly shaped, following the geometry of
lanes under construction, so that this representation is wvery good for highway

construction,

WYLE LABORATORIES
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Figure 2. Representation of Area By Centerline And Widths.
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Ne simple closed relationship exists for neise from an arbitrary area source with
excess attenuvation; some numerical integration is required. The approach taken here is to
divide an area into strips, each strip sufficiently narrow relative to receiver distance that
it may be modeled as a line., Each segment is divided into strips paralle] to the centerline
of that segment. One strip is the centerline, and the others are symmetrically defined on
either side. The number of strips token is based on the ratio between the strip width and
the distance to the nearest receiver. The ratio is adjusted such that each strip can be
opproximated by a line with a worst-case error of less thon 0.2 dB; this is essentially
negligible. Following the construction of strips, the source density N is tgken as the
nurrber of sources working the area segment divided by the total length of all strips in the
segment. Noise is then computed by combining Equation {2} for all strips.

2.1.4 Barriers
10

Shielding by barriers is handled by Maekawa's formulation for screens.’” Barriers
are specified by providing o series of coordinates defining the top edge as a series of
straight lines. Several barriers may be specified, The model checks each source/receiver
pair for shielding by each barrier. Double shielding is not considered; once a barrier Is
found to shield a given path, other barriers are neglected for that path, When there is
barrier shielding, ground attenuation is set equal to zero, In the event that this results in
an amplification (as might happen for a low barrier), the barrier section is neglected and
ground attenuation restored. This avoids a physically unrealistic caese, and also permits
the handling of barriers with a gap by specifying one section to have zero height.

For paint sources, Maekawa's methodology s applied directly, Each source type has
a nominal frequency aossigned to it which is used for computing the Fresnel number, This
procedure is a generalization of the use of 500 Hz to represent highway noise.a The
nominal frequency for each type of equipment is the pedk of the A-weighted spectrum.
This reasonably approximates the shielding which would be cbtained if an exact calcula-

tien were performed over the complete A-weighted spectrum,

Barrier shielding for line sources is computed by the methed of Kurze and Anderson,l !

wherein point source shielding Is Integrated along the line, A numerical integration
scheme Is used in the program. An initial mesh consisting of the line end and center
points is used. The mesh is successively doubled until the calculated shielding converges
within gbout 0.4 dB. This shielding calculation is carried out for each section,

Barrier shielding for area sources is carried out by applying the line source

methedology to each strip.

WYLE LABORATORIES



2.1.5 Source and Receiver Locations

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

For the nolse calculations described in Sections 2.1.1 through 2.1.3, only the
horizontal locations x, ¥y are considered, The difference between true three-dimensional
distance and the horizental component is generally negligible, In the field program,” no
elevation differences were found which would couse a difference of mare than a fraction
of o dB due to increased distance. The neglect of z in this analysis provided great
simplification in the program.

Vertical distances are of critical importance when barriers are involved, so that true
three-dimensional distances are used when computing the path length difference & as
described In Section 2.1.4. Coordinates specified for a barrier represent the spaticl
location of the top edge: the location of the ground at the barrier plus the height of the
barrier above the ground. Similarly, receiver locations specified by the user must
represent the actual height of the receiver.

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

acoustic source location.

2.2 Construction Activities

As described in References | through 5, highway construction generally tokes place
in seven phases, beginning with mobilization ond ending with finishing. Reference 4
contains a detailed list of activities end equipment involved in each of these phases,
Review of this list indicates a consideraghle overlop In equipment between phases, The
construction noise model is therefore organized such that the user specifies the equipment
present, rather than the phase or task being performed, This greatly simplifies the
operation of the model, and provides a direct means for the user to evaluate different
approaches to g given task,

The following subsections describe the modeling of various equipment, their acoustic

representation, and their coordination in multi-equipment tasks.

&
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2,2.| Censtruction Equipment

Table | lists equipment used in highway construction, organized by whether it is
typically operated at a point, along @ line, or over an area, Secaondary geometry is
indicated in parentheses for those pieces of equipment which may be operated in different
ways, Also indicated is whether the equipment has a volume capacity associated with it,
The equipment listing is based on References | through 5, with the categerization based
on the field data reported in Reference 5,

Construction equipment can be divided into two categories: haul equipment (trucks
and scrapers) and non-haul equipment. Haul equipment maeves in an orderly manner along
a specifiad path, and has definite positions at which it occelerates, decelerates, stops to
load and dump, and cruises. These different modes must be accounted for; noise next to
an acceleration section can be significantly lovder than deceleration. The following
medel, deveioped and validated for trucks,'2 has been used to represent the noise from

haul equipment:

L0 + slope » logIO(V/me) Coast, Cruise, and
L = Acceleration at V » Vcrit (12}
LG Acceleration at V < Vcrit

In Equation (12), L is Leq(e) at a refarence distance, and LD' slope, Vref’ and V., are

empirical quantities, Specific valves used in the model are based on the field data
reported in Reference 5, and are discussed later,

Non-haul equipment does not have its operating modes strongly correloted with
position; afl modes occur more or less equaily distributed along its operating crea. The
effective source level required by the program is the L, q averaged over several duty
cycles, which wouid be measured by o microphone moving at a fixed reference distance

from the equipment. In the program, this level is represented by

L = mex - A (13)
where Lmn is the maximum level end A is the difference between Lqu and Leq‘ The
nolse is presented this way because L‘mox is much more widely reported in the literature
{virtually all standard equipment noise measurement procedures obtain Lmax)' and A
for a given type of equipment. Both L and A used in the

The quantity & is equivalent to the

varies much less than Lmax

noise mode! are darived from the field data,
"acoustic max factor” introduced in Reference 13, but in this project has been measured

directly in the far field rather than from on-board instrumentation.

WYLE LABORATORIES
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Table |

Construction Equipment

POINT SOURCES CAPACITY
Backhoe {Area) Yes
Front End Loader (Area) Yes
Compressor No
Pile Driver No
Pump No
Crane Yes
Pavement Breaker (Area) No
Concrete Batch Plant No
Concrete Pours No
Hand-Held Equipment (Area) No
Pawer Shovel Yes

!

LINE SOURCES
Bulldozers (Area) No
Graders (Area) No
Trucks Yes
Scrapers Yes

AREA SOURCES
Compactors No
Spreaders No
Paving Trains {Line) No

Tt S B o PRI P
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2.2,.2 Task Models

A maojor section of the program converts the user Inputs of equipment, locatiens,
and activities inte the acoustical quantities required for Equations (I} through (I1) as
described in Section 2,I. The user specifies the type and model of equipment and its
location. The program assigns appropriate noise levels ond other parometers, including
the source density for extended sources. The program also computes production rates for
earthmaoving equipment where applicable, The rate is based on capacity per cycle and the
duration of a cycle, Where equipment works together, such as a shovel leading trucks, the
user may specify that the operation is coordinated, The prograrm then provides the
appropriate truck volume and/er shovel usage factor so as to match the production rate,
This permits the user of the program to specify activity levels in terms of the quantity of
work being performed.

As noted earlier, source data in the program dre essentielly for single pieces of
equipment, Exceptions to this occur when a number of pieces of equipment act in g
strictly coordinated manner, so that the entire task may be treated as a unit. in the fieid
progrom,s this was found to occur less often than might be expected, Cement batch
piants, concrete pours, and paving operations were found to be such tasks. The data for

these operations in the program represent lumped task noise |evels.

2.2.3 Haul Road Kinematics and Geometry

In most cases, source locations specified by the user are passed through the task
medeis directly to the acoustic section. A major exception is in the case of haul roads.
Based on the character of haul operations, detailed information is required as to the
location of stopping points and the speeds during acceleration end deceleration. It is alse
quite comman for trucks to turn on a loop through a looding/unicading area. The user can
specify all of this information, but very nften the labor involved is not justifiable in terms
of the importance of truck noise or the lack of precision of knowledge of the haul road
geometry, Haul roads are quite temporary in nature, and especially at loading points can
change from day to dgy. Often all that Is accurately known is the approach location of
the road, the leading point, end the approximate radius of a turnaround loep, The program
therefore contains routines which generate points defining a loop, and which generate
speed profiles around stopping points. Each option may be Independently specified.
Figure 3 shows optional return lagp shapes, A turning radius must be specliied for these.
Speed profiles are generated by constant acceleration ond deceleration from zero at the
stopping point to specified cruise values, The acceleration and deceleration values are

data quantities; values of 0.19 are currently In the program.
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2.3 DataBase

A key part of the model is the inclusion of en extensive data base of equipment
noise levels and operating parameters, The bulk of the data incorporated into the model
was gathered specifically for this purpose., The data collection program is described in
Reference 5. Some additional data were obtained from a review of the liferuture,3 but
this wos generally limited to maximum emission levels and manufacturer's specification of
capacity,

Table 2 lists the equipment types and models contained In the model, Values of data
guantities may be seen in the listing of block data program DATAZ in Appendix A.
Table 2 is to be used for input selections when running the program using this data base.
The mode! identification numbers used in the program are indicated in the table,

Each data item identified in Table 2 is an average of a number of similar pieces of
equipment, Items marked "nominal" are from the literature; the remainder are from
Reference 5. The descripticns in Table 2 range from quite specific to somewhat vague,
They are presented In the most descriptive manner which does not lead to over-
generalization. In some cases it will be necessary to examine the noise levels in the data
base and make o judgment as to which model is appropriote, A wide varigtion in noise
levels Is not uncommon, [t was found in the field program that nominaily identical pieces
of equipment could preduce noise levels which differ by 10 dB or more. Construction sites
generolly have small numbers of equipment present {small in o statistical sense), so that
caution must be exercised In any use of average leveis for a specific case, The data in the
program does provide a good selection of the range encountered, however, so thot
reasonable choices con be made in the absence of specific data,
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Table 2

Equipment Types and Models

Type

Mode| No.

Description

Backhoe

L2 DY —

Neminal
Caterpiller, Koehring
PaH

Loader

vy —

Nominal

3-yard capacity
S-yard capacity
1-yard capacity
|0-yard capacity

Compressor

Lo —

Nominal

Standard

Quiet, doors open
Quiet, doors closed

Pile Driver

NN —

Noeminal
Current data

Pump

NN —

63 dB @ 50 feet
76 dB @ 50 feet (-'s'

Crane

ol D —

Nominal
Quiet
Medium
Loud

Breaker

Lk S —

Rock Drill
Standard Jackhammer
Muffied Jackhammer

Concrete

B LI —

Concretfe Pour
Nominal Batch Plant
Patch Plant

Pump

Cement Mixer

Generator

~n —

Average
Neminal

Miscellon

S —

Grinder
Cancrete Saw
Fan

Welder

T S st e LS e i LT
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Table 2 (Conciuded)

Bulldozer

LS N —

Nominal

Caterpiller C§, D7, D8
Caterpiller D?

D9 with muffler

Grader

Average

Trucks

£ LN —

[Q-yard dump, quiet

+ 10-yard dump, naisy

Dual 20-yard trailers
Nomina!

Scrapet

W -

Caterpiller 631, muffled
Caterpiller 631, no muffler
Caterpiller 623

Caterpiller 637

Compactor

L) g —

Quiet
Medium
Loud

Paving

Wi —

Nominal
Concrete Paver
Asphalt Paver
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3.0 PROGRAM DESCRIPTION
3.1 Capabilities

The program has the following capabilities:

e Calculation of Leq for construction activities representing various point, line,
and area sources.

o Up to 10 receiver locations,

s Up to |0 point sources.

e Up to 6 line sources, each described by up to 20 points.

s Up to 5 area sources, each deseribed by up to |0 centertine points and widths.

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

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

o ECasy user-specification of additional data,

s Activity levels can be automatically balonced between equipment warking
together.

o Excess attenuation specified by user.

s Automatic generation of hau!l rood turnaround loops and occeleration/
deceleration profiles,

# Diagnostic cutput identifying the contribution of each source to the overall
noise,

The quantitative limits noted cbove are primarily due to the dimensioned size of

arrays. They can be increased hy changing appropriate dimensions, as discussed in

Sections 5.0 and 6.0, The equipment data base can be increased to about 300 types and
models within existing dimensions; only data statements described in Section 6.0 need

be modified up to this limit.

3.2 Logleal Structure

The program is divided into two main sections: an Input and task module which
accepts gearmetric inputs and task descriptions and generates acoustic source quantitles,
and the acoustical part which computes receiver noise levels. Yo fit within the 32K-word
memary of the PDP || system, these two sections are run separately, under control of

16
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main pragrams HINPUT and HICNOM, respectively, HINPUT accepts user data conver-
sationally from a terminal, prompting the user when various aptions are to be specified.
The caleulations deseribed in Section 2.2 are performed by HINPUT, which then creates a
data file to be read by HICNOM, HICNOM performs the noise calculations described in
Section 2.1, The data file created by HINPUT is annotated so that the user can review it
if desired,

The following subsections describe the logical structure of the two programs.

3.2, Input and Task Program HINPUT

Figure 4 is a flow chart of HINPUT, Indicated on the chart are the names of key
subroutines used in each section. The subroutines are described in detail In Section 5,

The user first enters the coordinates of receiver locations ond a value of excess
attenuvation. These values are possed directly through to the datg file. Construction
activities are specified by inputting the name of a particular piece of equipment. The
subroutine DECODE checks the input nume cgainst a list of allowable names. An internal
identification index s returned, together with an indicator os to whether the source is a
point, line, or area. User-defined equipment may be specified. The input equipment type
name is gppended with a sequential number, e.g,, the third bockhoe Tnput is called
"BACKHQE 3", for ideniification in the data file, -

Separate sections of code handle the remaining input and analysis for the three
geometry types. The source location Is inmput, then control Is transferred to the
oppropriate tosk subroutine: PTTASK, LMNTASK, or ARTASK, Eoch of these routines
looks up the emission level of the equipment and adds its effective source height to the
input location, If a user-defined plece of equipment is specified, the program requests the
appropriate data. These data ere stored so that this new equipment type may be referred
to later in the same run., The task routines compute the production rate for appropriate
equipment, and utilize this to obtain usage factors {fraction of time operating) when
equipment is coordinated. The line and area sections divide the number of sources by
total length or area to obtain source density.

The line task section (via subroutine LNTASK) additionally contains routines to
generate turnaround |oops and occeleration/deceleration profiles, The availabie options
are described in Section &4, and details of the computation aqre in Section 5., Briefly,
several options are available which resuit in the addition of a number of points to the
input line geometry and which cause the calculation of average speed, source density, and
emission level on each segment. These modified and/or computed values are returned to

the main pregram for inclusion in the output data file.
17
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Input Recejver Locations,
Excess Attenuation

i

Input Source Type,

Activity Level

hJ

Test For Valid Type, Internal ID Code
{DECODE}

Point, Line, or
2

Point Area

Input Location

Input Line

Geometry

]

I

Input Area

Geometry

Obtain Source Ermnission

Obtain Equipment Emission

Leve! (PTTASK) Level (LNTASK)

Obtain Source Emission
Level (ARTASK)

/

Generate Return Loop,
Acceleration Profiles, ete.
(HAULRD, LOOP, PASSBY, DECACC)

Yes

Input Barrler Geametry

y
ﬁvme Data File

S

Figure 4. HINPUT Flow Chart,
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Following input of saurce datq, the geometries of any barriers are then input. These
are passed through unaitered to the output data file, Writing the data file is the flnal step
of this program.

3.2.2 Acoustical Computation Program HICNOM

Figure 5 is a flow chart of HICNOM. The key subroutines parenthetically noted are
described in detail in Sectien 5.

Program structure is essentially linear. The data file created by HINPUT is read,
then the noise at each receiver is computed for the point, line, and area sources, When
barriers aore present, the noise contribution from edch source element is first computed
without barriers, then with barriers. The smailer value is taken, as discussed in
Section 2.1.4.

The point source calculation is quite straightforward, based on Equetion (1), and the
no-barrier case is handled entirely within the main program, The line and area cases are
somewhat more complex, In order to standardize the line source calculation, Equation (2},
each [ine segment is transformed to o local coordinate system oriented os shown in
Figure |. For a line between points i and i+ [, point i is placed at the origin and | + |
on the positive x-axis. . Each receiver location Is tronsformed to these coordinates, with
the y value taken as -Jy|. The quantities d, #;5 and ¢, are then directly cbtained for
use in subroutine LINSRC, which performs the calculation of Equation (2), The coordinate
transformation is performed by subroutine GEOM. GEOM Is a general-use transformation
routine which is used for a variety of purposes in both HICNCM end HINPUT,

The areq calculation requires division of areos into strips, as described in See-
tion 2.].3. This task is performed by subrovtine AREA. Each strip is trected as @
separate line element, as are the segments of line sources,

Running indices are cregted in paralle! to the main caleulation. These keep the
summation over subsources organized, and permit identification of subsource companents,
The Indices and the key to subsources are described in the user's manual, Section &,

3.3 Validation

Validation was performed at two levels: computational validation, where the
cormputer code was checked out, and application valldation, where predictions were
compared with field data. The latter includes effects due to non-ideal data, and is
discussed in the user's manual, Sectian 4, and in Reference 5.
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Read Data File —

Paint Sources

Compute Unshielded Noise Levels
(GEOM, LNSRC)

Test For Barriers And
Compute Shielded Levels
(LNWALL)

|
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| | -

Divide Area Into Strips
(AREA)

Compute Moise Levels From Strips
{GEOM, LNSRC, LNWALL)
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~

|

!

|

l
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!

!

-

Add All Noise Levels

1
Print Totals And Components

S

Figure 5, HICNOM Flow Chart.
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Extensive validation of the computer code wos carried out as the program was
developed. The procedure for testing subroutines was to use special input data through
the actual main program, rather than dummy driver routines, All options were exercised,
and results checked against hand calculations ond/or exact solutions. Particular attention
was paid to limiting cases of the algorithms used; for example, coordinate transformation
involving rotatien angles of exact multiples of /2. Temporary output statements were
used to check key intermediate results. The precisions noted in Section 2 were found to

be well satisfied. .
|
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4.0 USER'S MANUAL

4.1 Hardware Requirements

The program is written in FORTRAN IV and is configured to run on a
DEC PDP [IV03 computer with 32K words of memeory, dua! floppy discs, Decwriter
terminal, and RT || opereting system. The operating system and run modules are on one
disc in drive DX0. A second disc, for the data file created by HINPUT, is placed
in DX|. Each program requires most of the 28K memory allowed for user programs. The
terminal must be assigned to logical device 7. The progrom opens a file on logical
device 1; this must not confliet with other peripheral devices. Eighty-character-wide

paper is sufficient for all cutput formats,

4.2 Input Data Requirements

The following data are required to run the program:
e Cartesian coordinates of receiver locations.
s Excess gttenuation, expressed as dB per daubling of distance.

o Names of the equipment at the site, Table 2 is a list of equipment types and

models built into the program.
¢ Coordinates defining line and carea seurce gecmetries.

s Coordinates defining barrier [ocations.

Additional information which may be needed is speed and volume dota for hcul‘

operations, the nature of turnaround loops, activity level data, and source data for

equipment defined by the user,

4.3 Running The Program

To run the progrems, load the discs and bootstrap the system on DX0 os specified
above, Enter the RUN commend for eoch programi.

4.3.1 Running HINPUT

All input data are promptea by requests from the program. The following is a list of
prampts, in the order they appear, and the required data. Specific input and output
phrases below are capitalized. Phrases printed by the computer are underlined. All deta
inputs are free format, separated by commas or carriage returns, and terminated by
a carrioge return. Some error checking is included in the progrom, but it is not fooiproof.
Rastrictions are noted below which are the responsibility of the user,

22
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Units are specified by the data base. The defoult units for input are distances in feet,

speeds in mph, capacities in cubic yards, duty cycle time in hours, and frequency in Hz.

HOW MANY RECEIVERS? Enter the number of receivers, fram | ta 10,

INPUT X, Y, Z OF EACH RECEIVER Enter the coordinates of the recejver
locations, The length of the list must be consistent with the number of receivers,

EXCESS GROUND ATTENUATION, DB/DD  Enter the ground attenuation factor,
A value of | to 1.5 was found to be typical ot cleared construction sites.5

SOURCE TYPE? Enter asource type exactly as spelled in Table 2. Enter USER
DEFINED to specify a new type, A blonk (carriage return only) signifies no mare
sources will be entered. Any other entry causes the program to respond
INVALID SOURCE TYPE, REENTER: until a valid type is entered,

MODEL NUMBER Enter a madel number from the choices in Table 2, Ta create
a new model, enter 0. To specify a previous user-created model, enter -1, -2, etc.,
to specify "last new model of this type", "next to last new model of this type", etc.
The total number of models of a given type (highest value in Table | plus user-
created models) must nat exteed ten, Note that the mode! number for USER
DEFINED is always O the first time, and zero or negative thereafter.

ENTER 1,2, OR 3 FOR WORKING OVER POINT, LINE, OR AREA: Appears
when there is a choice of geometries; enter the appropriate value. This always

appears for USER DEFINED type,

HOURS WORKED Enter the number of hours worked per day. A full day is
B hours, (This is a defau!t value; it may be changed. See Section 6.) Working at less
than full efficiency reduces this; far example, if there is a 75-percent use factor,
enter £, Entering o negative value indicates that the progrom is te compute the use
factor so as to match the production rate to the last equipment with a production
rate, Equipment for which a production rate exists are indicated in Table |, To
avoid errors, graup equipment together, For example, in ¢ load and haul operation,
first specify the activity level for either the trucks or the loader, then enter the
other with a negative number for hours worked, Nate that a negative input can be
used to specify separate activities with the same net production.

If the equipment specified operates at a point, the following is requested;

ENTER X, Y,Z OF SOURCE LOCATION Enter the appropriate coordinates,

23
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If a new piece of equipment is being defined which operates at a point, the following is

requested:

ENTER LMAX, DELTA, CAPACITY, CYCLE TIME, ACOUSTIC HEIGHT, AND
FREQUENCY: Enter these deta, LMAX and DELTA are Lo and A as defined in
Section 2.2.1. CAPACITY is the capacity per cycle (cubic yords), CYCLE TIME is in
haurs, ACQUSTIC HEIGHT is as defined in Section 2.1.5, FREQUENCY is the
effective frequency for barrier calculations. The last two quantities do not matter

if there are no barriers.

If an area source has been specified, the following are requested:

HOW MANY POINTS DEFINE CENTERLINE? Enter the appropriate number,
This Is normally at least two, One is meaningless, Entering 0 or negative indicates
that the last previous area is to be reused. This option is useful In cases where
different equipment types use the same area, for example, compactors and a water

truck in a fill area,

ENTER X, Y, Z AND WIDTH OF PQINTS Enter volues as defined in
Section 2,1.3 and Figure 2.

ENTER LMAX, DELTA, CAPACITY, CYCLE TIME, ACQUSTIC HEIGHT, AND

FREQUENCY: Requested if a new medel has been specified, Input data are the
same as described for point sources above,

HOW MANY? Enter the number of pieces of equipment operating in this area, [t
is common for several identical pieces to work in a given areq,

If a line source has been specified, the following are requested:

HOW MANY POINTS IN LINE? Enter the number of paints, usually two or
more, Entering 0 or negative means use the last previous line, as describe above for

areas,
ENTER X, Y,Z OF POINTS Enter the coordinates of up to 20 points defining the
line. Unless a standard turnaround loop is later specified, motion of haul equipment
is presumed to be one-way in the direction corresponding to the input order of
the points. {f a return loop is to be created, the last paint is the leading point
and the next to last point must be at least 2.5 times the loep radius away from it.
Additional points are generated by this option. Ne more than & points
should be specified If a loop is to be created by the program.
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Line source equipment may be either haul or non-haul, as described in Section 2,2,1. If
user-created non-haul equipment is specified, the following is requested:
ENTER LMAX, DELTA, CAPACITY, SPEED, ACQUSTIC HEIGHT, AND FRE-
GUENCY: Enter the same data as described earlier, except that average speed (in
mph) is required instead of cycle times, The cycle time is computed by the program
from the speed and total path length.

If user-created haul equipment Is specified, the following is requested:

ENTER LMAX, REFSPD, SLOPE, VCRIT, CAPACITY, ACOUSTIC HEIGHT, AND
FREQUENCY: Enter dato as described earlier. LMAX, REFSPD, SLOPE, and
VCRIT correspond to LO, v slope, and ch as defined in Equation (12).

ref?
The following is requested for haul equipment:

ENTER SPEED ON ALL SEGMENTS Enter the speed. If n line points were
specified, n-| speeds will be required, These are the average speeds on each
segment, |f program-generated acceleration and deceleration profiles are to be
specified, the speeds need only be approach ond departure speeds,

VEHICLES PER HOUR: Requested if HOURS WORKED is positive. Enter the

volume flow in one direction.

TYPE AND RADIUS OF RETURN LOOP Entering a value from | to 7 specifies
that a loop as defined in Figure 3 is to be generated by the program. Enter the
radius in feet; this is arbitrary for types other than | through 6. Entering a zero or
negative type indicates straight-through traffic on the input line with no program-

generated loop. A value greater than 7 will be treated as 7,

If a zero or negative loop type Is specified, the following are requested:

STCPMIMNG  AND DECELERATION PQOINTS  If the houl operation has a stopping
point {usuqily for loading or unloading), specify the haul road peint numbers
{counting from the first) correspending to the stopping paint end the point where
deceleration begins. The deceleration point must precede the stopping paint, and by
o distance consistent with the cpproach speed and deceleration rate. Specifying a

zero or negafive stopping point indicates no stopping peint, and gruise is presumed
at the speeds previously Input., Specifying a stopping point and a zero or negative
deceleration point indicates that the program is to generate acceleration and
deceleration profiles which extend sufficiently far as to match the input speeds; new
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speeds are created for the segments involved, Specifying positive deceleration and
stopping points indicates that actual average speeds have been input, and no

kinematies are to be generated by the program.

Following specification of all sources, the following are requested:

HOW MANY BARRIERS? Enter the number, up to 1.

For each barrier, the following are requested:

HOW MANY POINTS? Enter the number, up to 5.

ENTER X, Y,Z QF POINTS Enier the coordinates of the top edge of the barrier.
It should be kept in mind that shielding is computed only for the first barrier
encountered for each sourcefreceiver pair; this should be considered when entering
data for multiple barriers. The program was alse designed to handle straightforward
barrier arrangements, Complex shapes which intercept a particular line-of-sight

more than once may couse erranecus results.

Following the source and barrier data, the following are requested:
ENTER TITLE Enter a title line, up to B0 characters long. The first character is
non-printing, reserved for carricge control on line printers when the title is
subsequently printed by HICNOM,

DATA FILE NAME - FILNAM,DAT Enter a name for the data file to be created.
Any name and type allowed by RT || may be used, but it Is recommended that a

DAT type be specified.

Figures 6, 7, and 8 are sample HINPUT runs and the data files generated. Part a of each
figure is the input at the terminal, and part b is the data file created by HINPUT,

Figure & corresponds to a case from the field program. It is a cut area with two
identical load and haul operations. In each, two bulldezers push earth toward a loader,
which loads tandem trailer dump trucks. Four receiver positions ore specified, The first
and third receivers' Input were site boundary measurement points, while the second and
fourth were each close to one of the loading operations. The equipment inputs are the
loader, trucks, and bulldozers at one load operation, followed by the same at the other.
Note that balance-to-the-last is specified (negative hours worked) for both loader and
trucks at the second load operation. This is because both operations were known to have
the some production rote, even though they were not directly connected, The intervening
bulldozer data were irrelevant to the stored production rate, since bulldozers do rot have

production defined In this model.

o~
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ZMRUN HINFU
Y RECEIVERS?

HOW MAN
4

INFUT XsYsZ OF EACH RECEIVER
~300»-6104+9Q

=440 =300, 0

=200, 30040

0r0s0

EXCESS ATTENUATIONy LRB/LLD

1

SQURCE TYFET
LOANER

MODEL NUMEBER?
5

ENTER 1, 2» OR 3 FOR WORKING DVER FOINTs LINE OR AREA!

1

HOURS WORKED:

B

ENTER X:YsZ OF 'SOURCE LOCATION
~110s=45,0

SOURCE TYFE?
TRUCKS
MODEL NUMEBER?

]
HOURS WORKED?
1

: lsmw MANY FDINTS IN LINET

ENTER Xs¥Ys+Z 0OF FOINTS
~?00+-105:0

~450s=10%:0

=120+=25+0

ENTER SFEED ON ALL SEGMENTS
3535

TrFE AND RALIUS OF RETURN LOOF
1,100

S0URCE TYFET
LOALER
MODEL NUMBERT

bl

ENTER 1» 2y OR 3 FOR WORKING OVER FOINT: LINE OR AREAY
1

HOURS WORKEL:?

-1

ENTER X»Y+Z 0OF SOURCE LOCATION
~390,-355,0

J Figure 6. Example of HINPUT Run: Cut Area.
- a. Data Input at Terminal.
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SOURLCE TYPET
TRUCKS

MOREL NUMEERT
3

HOURS WORKED:

-l

HOW MANY POINTS IN LINET

3

ENTER Xe«¥YrZ OF FOINTS
~1000»~10T+0

~8%5Qs~105,0

~410s=340+0

ENTER SFEED ON ALL SEGMENTS
35,35

TYFE AND RADIUS OF RETURN LOOF

w1130

SQURCE TYFET
BULLDOZER
MODEL NUMEER?
3

ENTER 1r 2» OR 3 FOR WORKING OVER FOINT, LINE OR AREA!

n

HOURS WORKEL:

B

HOW MANY FOINTS IN LINE?T
a

ENTER Xe¥rZ OF FOINTS
~30r~B00
15¢~200,0

SOURCE TYPET
RULLDOZER
MODEL NUMEBERT
3

ENTER 1» 2y OR 3 FOR WORKING OVER FOINT: LINE OR AREA:
2
HOURE WORKEL:

8

HOW -MANY FOINTS IN LINET
2

ENTER X»Y3yZ OF FDINTS
~50+-80:0

~251=220¢0

Figure & a. (Continued)
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BOURCE TYFE?
BULLDOZER
HODEL. NUMEERT
3

ENTER 1y 2y OR 3 FOR WORKING QUER FOINTr LINE IR AREA!
-

HOURS WORKED:

8

HOW MANY FOINTS IN LINE?
2]

ENTER X:Y+Z QF POINTS
=355:-400+0
~200s=470:0

SDURCE TYFE?
BULLDOZER
MODEL NUMEERT

3
ENTER Ly 2y OR 3 FOR WORKING OVER FOINT, LINE OR AREA:

"

ﬁOURS WORKED ¢
B
HOW MANY FOINTS IN LINET

ol
7 ENTER X)YrZ OF FOINTS

~35%9=-410+0

~IBTs 5500
S0URCE TYFE®

HOW MANY BARRIERS?
0

ENTER TITLE

I-210 CUT AREAr RECEIVERS C3:C4,CE¢C7
DATA FILE NAME - FILNAM.DAT

CUT210.0AT

Figure 6 a, (Continued)
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fTYFE DIXLICUT210.DAT

I-210¢ CUT AREA»

4
~500.00
~4460.00
-200.,00

0.00

~110.00
~390.00

&

10 500
“900000
~45Q0.00
~-354.22
~229.29
-1487.,12

"91 129
"'46037
-37.83
-120.00
~354.22

i1 300

~1000.00

-B850.00

~728.87

-584.08B

-471.62

-378.20

-410.,00

-498.,54

-612.78

~a86.43

-728.087

00
=-30.00
15.00
S00
-50.00
-25,00
500

-335.00

-~200.00

2 300

-3%55.00

-285.00

r3

-

L]

o
0

RECEIVE
-410.00
~300.00
300.00

0,00
FOINT §
=65.00
~335.,00
LINE S0

-105.00
-105.00
-81.78
124,44
149,37
187.71
P73
19,91
~2%,00
-81.78

=1035.00
-105.00
-189.469

~125.22

~137.02
~325.57
~340.00
-413.45
-401.65
~313.10
~-146% .49

~B0.00
~200.00

RECEIVERS C3»

RS
0.00
0.00
Q.00
0!00
OURCES
4,00
4. 00
URCES
TRUCKS 1t
&6, 00
&64+00
6+00
46,00
400
6400
4400
6400
4,00
46.00
TRUCKS 2
6,00
6400
.00
4,00
6,00
6.00
4,00
4,00
4.00
4,00
4,00
BULLDOZER
46,00
400

BULLUOZER

-80.00
~220.00

~400.00
~420,00

~410.00
"'550 ] 00

4,00
6,00
BULLDOZER
6,00
4,00
BULLIODZER
4.00
6.00

AREA SOURCES

BARRIER

8

CAsCé&:C7

80,00
80.00

846.00
B4.00
B&.00
85,23
84.13
B2 .44

BO.34

72,49
B84.00
0,00

86.00
B84.00¢
B46.00
84.40
B2.10
74,45
86.00
84,00
846.00
845.00

0.00

83.00
Q.00

-y

83.00
Q.00

83.00
0.00

83.00
0.00

1,000LEB/00 EXCESS ATTENUATION

T T e e b ks

Figure §. b, Data File Created By HINPUT.

30

500
500

0.0003241
0.0003241
0.0001424
0.0001771
0.0002010
0.0002385
0.0003108
0.0007502
0.0004232
0.0000000

0.0003241
0.0003241
0.00014632
0.0001947
0.0002537
0.0004126
0.0006124
0.0002537
0.0001947
0.00014652
0.0000000

0.0078027
0.,0000000

0.0070314
0.0000000

0. 0055793
0.0000000

0.00638880
0.,0000000

LOADER 1}
LOADER 2

bnd
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e RUN HINFUT
HOW MANY REGCEIVERST
3
SINFUT XeYeZ OF EADH RECEIVER
Jr100r4
O0r»~1001 4
100401 4
EXCESS ATTENUATION, LE/OD
1

SOURCE TYFRE?

LOADER

MODEL NUMEBERT

o

ENTER 1, 2y OR 3 FOR WORKING OVER FOINTs LIME OR AREAZ
HOURS WORKEID?:

B8

ENTER X»YrZ OF SOURCE LOCATION

00,0

SOURCE TYFET
TRUCKS

MOBEL NUMBER?T
2

HOURS WORKETI

- 1 '

HOW MANY FOINTS IN LINET
o)

(\ENTER Xe¥sZ [F FOINTS
. ~500+0,0
T 0r00
ENTER SFEEN ON All. SEGMENTS
30
TYFE AND RADIUS OF RETURN LOOF

725
SOURCE TYFET
HOW MANY RARRIERST

~

HOW MANY FOINTS?
nd

ENTEFR Xy»'feZ OF FOINTS
" wl100,850,15
50+50915

HOW MANY FOINTS?

3

ENTER X»¥»Z OF FOINTS
~100,-50:15

0r=50,153

B0s~30 15

ENTER TITLE
EARRIER EXAMFLE CASE
llaTA FILE NAME ~ FILNAM.DAT

{j}nnex.nar

Flgure 7. Example of HINPUT Run: Fiil Area.
a. Data [nput at Terminals.
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+TYPE DX1:EAREX.IIAT

BEARRIER EXAMFLE [ASE

3 RECEIVERS
0,00 100,00 400
0.00 -100.00 4.00
100,00 0.00 4.00
1 FOINT SOURCES
Q.40 0.00 6:00 76.00 GO0 LOADER 1
3 LINE SOURCES
3 00 TRUCKS &
~500.00 0,00 £.00 75,39 0.0003710
0,00 0.00 6.00 81.00 0.0003710
-500.00 0.00 6400 ©.00 0,0000000
Q AREH SDURCESR
2 BARRIERS
2 FPOINTS
~100.00 50.00 15.00
80,00 50,00 15,00
FOINTS rm‘ .
~100.00  ~50.00 15,00 ,J
0.00 ~u0,00 15.00
50-00 "'50.00 15000 "
1., 000R/0D EXCESS ATTENUATION }
|
}
!
|
|
i
!
!
t
§
f
4
Figure 7. b. Data File Created by HINPUT, &9

e e SR i

ks e el Ty . L e,
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+RUN HINFUT
HOW MANY RECEIVERST
3
INFUT X+Y:2Z OF EALCH RECEIVER
01004
017014
~50:340+ 4
EXCESS ATTENUATION, LDR/DN
1

S0URCE TYFE?
TRUCKS

MODEL NUMEER?
3

HOURS WORKED!:
2]
HOW MANY FODINTS IN LINET
4
ENTER X»YrZ OF FOINTS
39027040
=340 2460+0
=340y 120,00
35091200
ENTER SFEED ON ALL SEGMENTS
30,20410
VEHICLES FER HOUR!?
1]
TYFE ANDN RADIUS OF RETURN LOOQF
'/"@ro
. STOFFING AND DECELERATION FOINTS
050

BOURCE TYFE?

EULLDOZER

MODEL NUMBERT

3

ENTER 1+ 2r OR 3 FOR WORKING OVER POINT, LINE OR AREA:

HOURS WORKED?:

g
HOW MA&NY FOINTS DEFINE CENTERLINET
a

ENTER XsYrZ AND WIDTH OF FOINTS
~2901140:,0.80

450,140,0,80

TDN MANYT

SOURCE TYFET

HOW MANY BARRIERS?
0

ENTER TITLE
1-210 FILL AREAs RECEIVERS F6»F7/F8
“TIATA FILE NAME - FILNAM.DAT

TTFIL210. AT

| Figure 8. Exarnpie of HINPUT Run With Barrlers.
a. Data input ot Terminal,
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«TYFE DX1IFIL2L0.DAT
I-210 FILL AREAs RECEIVERS Fé&>F7,FB

3 RECEIVERS
0.00 0.00 4.00
0.00 70,00 4.00
~50.00 340,00 4000
0 FOINT SDURCES
1 LINE SOURCES
4 500 TRUCKS 1
350,00 270.00 d.00 B&,00 0.0003454
~340.Q0 260,00 6400 B4.00 0.00035197
=340.00 120.00 .00 B&,00 0.00103793
350.00 120,00 4,00 0.00 ©.0000000
1 AREA SOURCES
2 500 BUILLDOZER 1
-290.00 140,00 G 00 20,00 83.00
450.Q0 140,00 400 80.00 -0.00 (“ﬁ
BARRIERS

1.000B/00 EXCESE ATTENUATION

Figure 8. b, Data File Created by HINPUT,

)
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Program-generated return loops were specified for both haul operations. Three road
points were sufficient to describe euch approach, with the last corresponding to the
loading point. The speeds input are the approach cruise speeds,

Figure 7 corresponds to the fill area for this same operation, The trucks passed to
one side of the fill area, turned around, and returned paraile! to the appreach but about
140 feet from it, They slowed through the area, A bulldozer working over an 80-faot-
wide area spread the dumped earth, The first two receivers are near the dump/spread
operation. The third is near the haul read approach,

Figure 7 shows a hypothetical operation with barriers. The two barriers inpu? ore
symmetric about the houl/load operation. They are physicdl!y identical, but are specified
with different numbers of points. A straight In-ond-out return loop is specified; the 25-
foot radius given is irrelevant, Twa of the receivers are shielded by the barriers, and one

is not.

The data file contains the input data converted to ‘acoustical quantities. |t is
presented in the order receiver datg, point source data, line source dato, area source dota,
barrier date, and excess attenuation, The quantities created and the FORTRAN formats

for the data items are:
e Title line,
& Number of Receivers: 13,
s Receiver coordinates (X, Y, Z): 3F10.2 for each,
& Number of point sources: 13.

& Source lecation (X, Y, Z), effective emission level, and nomingl frequency:
4F10,2, 110 for each, Note that the Z value has the effective acoustic height

added to the input Z. '
e Number of line sources: I3
s For each line source, the following:
- Number of points and nominal frequency: 13, 17,

- Point coordinates (X, Y, Z), vehicle passby level u"eq(l}))’ and source density
(M 4F10.2, FI10,7 for each, The coordinate points printed In Figures éb
and 8b are the loop points created by the program, as requested in Figures 6
ond 8o, The emission levels and source densities carrespond to the segment
beginning at the point on the same ling; there is one fewer of these than

there are points,
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s Number of area sources: [3.
s For eqch areq source, the following:
- Number of points and nominal frequency: 13, 17,

Center point coordinates (X, Y, Z), width, and effective source ernission
level: SF10.2, There is one fawer emission level than there are points.

& Number of barriers: 13,
e For each barrier, the following:

- Number of points: 13,
- Coordinates (X, Y, Z) of points: 3F (0.2,

e Excess aottenuagtion: F 0.2,

Various identifying information is also printed in the date files. These (obels are not
read by HICNOM, Their formats may be seen in the program listings, Appendix A, and are
available for use if it is desired to modify HICNOM to make use of them, Their main
intent is to make the data file readable, Experienced users of this model may want to
modify this file to make minor chonges, rather than reenter all the data through HINPUT.

4,3.2 Running HICNOM

Following the creation of a data file by HINPUT, enter the command RUN HICNOM,
HICNOM will request the data file name, It will then run and print the results, Figures 9,
10, ond 11 are HICNOM outputs coresponding to the HINPUT runs of Figures 6, 7, and 8,
The outputs consist of two parts: the total noise level at edach receiver point, and the
contribution of each source component to the noise of each receiver, Shown in
parentheses next to the total level in Figures9 and |10 are the measured levels,
Agreement is generally quite good, within 3 dB for most points. Larger errors are present
for one boundary point in the cut area, and for the receiver near the haul road approach in
the fill. The first is most likely due to the less precise definition of ac/t#/ities with regard
to more distinct receiver pointsy this is a general problem with any model of this type.
The overprediction for the truck opproach in the fill area is probably because the trucks
were decelerating there, rather than cruising. Again, this is due to availobility of less
than fully complete data: attention In the field was concentrated on the more complex

fill area itself,
The component contribution for each receiver consists of a source identifying index,
an intensity quantity, and the sound pressure level due to that source, The intensity

36
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SRUN HICNOM
FILE NAME - FILNAM.DAT

CUT210.0AT
I-210 CUT AREA, RECEIVERS C3»C4,C44C7

RECEIVER NUMEER

COMFONENT CONTRIBUTIONS FOR

INIEX
1

2

101
201
. 301
7 a0l
- 501
601
701
Bo1
201
102
202
302
402
502
602
702
go2
902
1002
103
104
105
104

()

= 0l

INTENGSITY

0.234334E4+04
0.183033E+07
0.222040E+04
0.524362E+05
0.387578E+0S
0.4673703E4+04
0.525143E+04
0. 4473756404
0.3797446E+04
0.203517E+04
0.117174E+06
0. 471751E4+05
0,655364E405
0+ 477432E+05
0.313760E+00
0.3082467E4+05
0.230731E+05
0.764877E4+06
0,403024E+06
0,150495E+04
0.700543E+00
0, A50208E104
0.42B875E4+06
0,3462092E4+07
Q.5P0728E407

LER
71.7 (76.8)
7747 (75.2)
67.7 (69.9)
774 (75.4)

LEVEL

53.7
6216
23T
47.2
45.9
38.3
37.2
346.5
34.0
33.1
50.7
4dh.7
48,2
446.8
45,0
4.9 '
43,6
a28.8
G641
51.8
48,5
5645
57.0
#S &
67,7

Figure 9, HICNOM Qutput: Cut Area.
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COMFONENT CONTRIBUTIONS FOR RECEIVER NUMEER! 2

INDEX
1

2
io1
201
301
401
01
601
701
801
?01
162
202
302
402
502
402
702
8oO2
702

1002
103
104
105
106

INTENSITY

0.&691125E104

+ 260327 4E+08
0.1146851E4+07
0.424737E4+06
0.177760E406
0.194491E4+05
0.1346428E+05
0,110588E4+0%
0.271402E4+04
0.542347E+04
0.53B33TGE+0s
0.,201511E4+05
0.174742E4+04
0.2337%STBE+04
0.300064E406
0.46238B4E+06
0.11494AE+Q7
0.1044507E4+08
0.100633E4+07
0.334250E+06
0.220828E4+04
0.101192E+07
0,118427E+07
Q. A71821E4C7
0.673944E4+07

TS A LI L - =2

LEVEL

B4
74.2
60,7
56,3
52,5
42.9
41,4
40,4
40.0
3745
57.3
49.5

92.9

83.7
54,8
8.0
s046
70.2
60,0

55,5

893.4
40,1
60.7
6843
48.3

o

Figure 9 (Continued).
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COMFOMENT CONTRIBUTIONS FOR RECEIVER

INDEX  INTENSITY LEVEL,

1 0,902972E4+04 59%.4

2 0.224954E+04 53.5

101 0.,172427E+04 52.4

201 0,7B91B0E+0S 49,0

301 0,312472E+04 55.0

: 401 0,33BB1BE+04 55.3
i 501 0.293B00E+04 54.7
; 401 0,1134642E404 50.4
; 70t 0,4534F0FE+05  4b.d
} 801  0,13771SE+0S5 41.4
{ 201 0,408403E+04 Sé.1
! 102 0,274792E+05  44.4
! 202 0,335577E+05  45.3
! I02  0.240054E+0S 44,2
] 402  0,237140E4+05 43.8
5 502 0,18493BE+05  42.7
@ 602  0.562813E+04 37,5
] . 702 0.55I991E405 47.4
7 BOZ 0,18A254E4+05 42,7
803 0,13F480E+05 41,4
1002 0,1B1719E4+05 42.6

103 0.104114E+07 60.2

104 0,105%42E4+07 40.2

105 0,340114E+046 G55.6

106  0,321589E+06 55.1

Figure 9 (Continued).
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COMPONENT CONTR

INDEX
1

2

101

201

31

401

501

601

701

‘ 801

i 301

| 102
: 202
102
402
502
402
n 702
i © 802
: Fo2
i 1g02
103
104
105
104

sTOF ~~

bt

INTENSITY

0.112013E+08
0.409B873E4046
0. 150200E+04
0. 943787E+0%
0. 2AFSTLEHQS
0. 10B8437E+04
0,144780E+06
0,310702E+06
0.?45282E+06
0.ILRQ72ELQS
0.146340E+07
0.212374E+03
0., 274941E+05

+23L2IAEHQT
0.237204E405
0. 2H1423E+00
0.7451B1E+D4
0.895524E+0D
0.,256098E+05
0.1464707E+05
0.+177854E+0%
0,224285E+08
0,178385E+08
0.817356E+06
0,663551E+06

S b, it

LEVEL

70.5
Bé.l
51.8
49 .7
54,0
50,4
SLl.b
54,9
59.8
55.0
al.7
43.3
A4.4
43.4
43.8
44,0
39.9
49.5
A4.,1
82,2
42,5
23.5
72,35
9.1

©B.2

ek

A oA vt i Al T - 0 i (g L B h S S G

IRUTIONS FOR RECEIVER NUMOER: 4

Figure 9 (Concluded) t
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+RUN HICNOM

FILE NAME - FILNAMJDAT

FIL2210.0AT

I-210 FILL AREAy RECEIVERS Fé:F7sFB

RECEIVER NUMEER LER
1 73.8 (72.4)
2 79,0 (76.8)
3 72,9 (63)

COMFONENT CONTRIRUTIONS FOR RECEIVER NUMEER!
INDEX INTENSITY LEVEL

101 0.,130033E+07 41,2
201 0.240B30E+04 G53.8
301 0.144147E408 71.6
10101 0.783708E+07 48.9

o

" COMFONENT CONTRIBUTIONS FDR RECEIVER NUMBER:

INDEX INTENSITY LEVEL

101 0.2214P4E407 &63.3
201 0.2BA10GE+QEL  T4a.6
301 0.511811E+08 77,1
10101 C.254787E+00 74,1

COMFONENT CONTRIBUTIONS FOR RECEIVER NUMBER?!
INUEX INTENSITY LEVEL

101 0.,944726E407 &69.8

201  0.342711E4046 55.4

301 0.534P70E407 &7.3
10101  0,420221E+07 &&.2
STOF -~

. Figure 10. HICNOM Output: Fill Area.

4l

8}

WYLE LABORATORIES



+RUN HIGNOM

FILE NAME — FILNAM.DAT
BAREX.DAT

BARRIER EXAMFLE CASE

RECEIVER NUMEER LEQ
1 a8.%
2 °8.9
3 494

COMPONENT CONTRIBUTIONS FOR RECKIVER NUMEERS 1
INDEX INTENSITY LEVEL

1 0.472843E+046 354.7
101 0.43B074E4+05 48,0 (“\
201 0,232204E4H06  53.7

2]

LUMFUNENT CONTRIBUTIONS FOR RECEIVER NUMBER:
INLEX INTENSITY LEVEL
1 0.472B43E+046 T46.7

101 0.638077E4+05 48,0
201 0.232204E+06 T3.7

COHFONENT CONTRIBUTIONS FOR RECEIVER NUMBER: 3 !

INIEX  INTENSITY LEVEL
1 0.78994%E+07 69.0
101 0.173481E406 52,4

201 0.431323E+06  SB.O
STOF ==

L}

Figure |1, HICNOM Output: Barrier Example. -M
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1
— quantity is IOL"ID, where L is the sound level. The identlfying index may be decoded as

follows:
s Point sources have one or two digits, line sources three or four, and area sources
five,

o The last two digits are the sequential number of the source, in the order it
appears in the Intermediate dota file. Separate counts, from |, exist for points,
lines, and creas,

& For line and area sources, the next two digits identify the source segment, in the
order they appear in the data file, Separate counts exist for each source, The

level corresponds to that segment only,
e Area sources are identified by a | in the fifth digit (lecding digit if present).

Note that the order of each source component list corresponds exactly to the order in
which the components appear in the data file read by HICNOM,

(U
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50 PROGRAMMER'S MANUAL

5.1  Conventions and Annotation

The programs are written in FORTRAN 1V. Standard default conventions apply to
variable types, All rea! varicbles are single precision, R*4, All fixed-point variables are
1*2.  Twe arrays in subroutine DECODE are declared LOGICAL*! o simplify string
manipulations, No proprietary routines, machine-dependent instructions, etc., are
utilized. The program Is fully transportable te other machines provided the data file
specification in HINPUT and HICNOM is changed ta confarm with available hardware,

Extensive use is made of subroutines in order to provide reasonably well-structured
code, Varicble names are reqasonably consistent between subroutines, although in many

coses the mnemonics are similar but not identical. Executable statement labels begin

with | in each program; format lebels begin ot 100, Variable names and formats are
identical in HINPUT and HICNOM. This was done so as to facilitate future merging of the
1wo programs for use on a larger machine, Executable statement labels were not made
non-conflicting between the twoj this is to discourage casual merging without a thorough
review of the combined program. COMMON blocks are consistent throughout both

programs.
All routines are heavily commented so as to facilitate review of code. A complete

variable dictionary is included in each program.

5.2  Subroutines

Figures |2 and |3 are subroutine hierarchy charts for the twe programs. The main

programs are described in Section 3.2, The following subsections describe each sub-
routine, presented in the order they appear in the hierarchy charts. The descriptions here

and in Section 1.2 are intended to be read together with the source listings in Appendix A

if @ detailed understanding of the code is desired,

5.2.1 DECODE (SRCNAM, IGEOM, INFO)

This subroutine checks an input name SRCNAM against a data list of allowable
narmes, The corresponding type identification number is ploced in INFO(2), The model
number is requested and placed in INFO(I). IGEOM is set to indicate whether it is a peint,
line, or area source. The Input name SRCNAM is appended with a sequential number.

b4
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HINPUT DECODE
PTTASK
LNTASK HAULRD | LOOP GEOM
DECACC
ELVEH
PASSBY ELVEH
ARTASK
DATAI
DATA2

Figure 12, Subroutine Hierarchy Chart, HINPUT,

HICNOM

CROSS
PTBAR DIFRAC
GEOM
LINSRC BX GA
LNWALL LNBLOK
CROS5
LINSRC BX GX
LNBAR CRQSS
PTBAR DIFRAC
AREA EDGES
GEOM
SMALL

Figure |3, Subroutine Mierarchy Chart, HICNOM,
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5.2.2 PTTASK (ELPT, Z, IFRQ)

This routine returns the Le emission level and effective source height (input height

plus acoustic height) for point sources. These data are obtained from data flles or Input
for newly created sources. The production rate per full workday is cemputed for
appropriate pleces of equipment, Hours worked per doy s then used to campute daily
production. This is saved as PROD. I[f a "balance to lost" case has been specified,
equivalent hours worked per day are computed by matching praduction to the value of
PROD left from the last piece of equipment, The matching procedure and value of PROD
here are shared in commen with LNTASK and ARTASK,

5.2.3 LNTASK (XLNSRC, NLMPTS, ELLN, EN, IFRQ)

This routine handles line tasks. It is divided into two parts, The first pert handles
non-haul equipment, and is logically similer to PTTASK, One piece of equipment is
considered, maving at a single average speed, and production is based on the number of

hours workad,

The second part of LMTASK handles haul operations., Production is reiated to
number of vehicles per hour, Speeds con vary from segment to segment, |f o loop is to be
generated by the program, this is done by a call to HAULRD which returns an increosed

value of NLNPTS and ah expanded array XLNPTS, Adding a laop can add 8 or more points
to the array. To ensure that the limit of 20 points is not exceeded, the input line arroy

should not exceed 6 points if a loop is to ba generated,
If a loop is not 1o be created, the acceleration/deceleration profiles are handled by @

call to PASSBY.

5.2.4 HAULRD (RDPTS, IRDPTS, RAD, ILOOP, SPEED, @, IVEH, EN, ELL)

This routine is called when a turnaround |oop is ta be generated, The loop paints are
added to RDRTS by subroutine LOOP, making the last input point the laading/unloading
point. Speed profiles are generated by DECACC, which may add additional points so os to
complete the acceleration/deceleration profiles if they extend beyond the loop points.
Emission levels are obtained from the function ELVEH, which accounts for operuting

mode and speed.

5.2,5 LOOP (RDPTS, IRDPTS, RAD, ITYPE, NRDPTS, NLOAD)

This routine generates turnaround loops as shown in Figure 3. Two baslc geometries
are stored: a half loop (types ! through 4) ond a full circle (types 5 and ), The loop data

4
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are stored in the orientation shown in Figure 2, Subroutine GEOM is called to determine
the angle of the last input road segment, The loop date are transformed through this
angle, so as to be aligned with the last segment, They are multiplied by the input radius
and then combined with RDPTS. Various details of adding the points, setting direc-
tion, ete., are described by comments in the listing,

5.2.6 GEOM (XI, X2, X0BS, D, PHI, ROTCS, OBSROT, RDLNTH, ISKIP)

This routine, used by bath HINPUT and HICNOM, performs a coordinate trans-
formation of a line segment defined by X!, X2. The transformetion is that described in
Section 3.2.2. Quontities returned are the cosine and sine of the fransformation rotation

angle, the transformed coordinates of one receiver position, d, B and @, a3 defined in
Figure 1, and the length of the line segment. A switch variable ISKIP permits the use of

only parts of this routine,

5.2.7 DECACC (RDPTS, NRDPTS, IRDPTS, NLOAD, IDEC, SPEED, V)

This routine computes average speeds on a turnaround loop. Kinemetics are based
on constant deceleration and acceleration rates stored in the two-element array
ACCRAT. Values of 0.1g are in data staternents. The kinematic calcuwlations begin at the
stopping point and continues unti! the speed on o segment matches the input speed on that
segment, If necessary, the segments outside the loop are split into separate occeleration
and deceleration segments, The exponded point array defining the lines and the computed

average speeds are returned.

5.2.8 ELVEH (IVEH, V, MODE)
This function subroutine computes the emission level of haul equipment from

Equation (12).

5.2.9 PASSBY {XLNPTS, NLNPTS, ISTCP, IDEC, SPEED, G, IVEH)

This routine prepares haul equipment speeds and emission levels when the houl road
has been directly defined by the user, l.e., a loop is not generated by the program. Where
kinematics are to be computed, the calculation is essentially the same as in DECACC.

5210 ARTASK (CLPTS, WIDTH) NCLPTS, ELAR, IFRQ)

This routine cornputes the emission intensity in each section of en area. The logic is
essentially the same as in PTTASK and the non-haul section of LNTASK, A number of

pieces of equipment can be specified.
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5211 DATAI
This block daota routine contains various data items described in Section 6.1,

including unit declarations and reference distance,

5.2.12 DATA2

This bleck data rautine contains alf equipment data. The program is commented and
tabulated so as to provide an easily read table of values, See Section 6.3 for a detailed

description.

5.2,13 CROS5 (X0BS, XSRC, Bl, B2, X, ICROSS)

This subroutine determines if a line between a source end receiver intersects with a
barrier segment, |If so, the crossing point and the barrier height at that point are

computed.

5.2.14  PTBAR (X0BS, XSRC, 5BAR, IFREQ, ATTEN)

Given the source and receiver locations ond the barrier height at the shielding point,
this routine computes path length difference, then obtains barrier shielding from

subroutine functian DIFRAC,

5.2.15 COIFRAC (IFREQ, DELTA)

This function routine computes Fresnel number from path length difference and
frequency, then obtains barrier shielding from Maekawa's curve, For Fresnel number
between -0J and |.0, a toble look-upfinterpolation scheme is used, Above [.0, a

logarithmie opproximation is used.

5.2.16 LINSRC (D, EYE, EN, PHI, GNDA, EYEEQ, OBS, RLEN)

This routine computes L., from a single straight line segment, using Equations (2)
and (8), The program centains an alternate expression for the case of a receiver directly
in line with the |ine source, and contains some error checking of input geometry,

52,17 BX_(XIN, AIN, BIN)

This function routine computes the incomplete beta function from the power series
Equation (9), using the methodolegy described in Section 2.1.2, A convergence criterion

of one part in |o‘* is specified as a data item.

5218 GX (XX, JER)
This function subroutine computes the Gamma function for real arguments, using a

polynomial approximation and @ recursion.
' 48
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52,19 LNWALL {OBSROD, XLNSRC, IFRQ, GNDA, EYESRC, EN, ROTCS, PHI,
RDLNTH, BARPTS, NBAR, NBPTS, EYE)

This subroutine computes the contribution of a line source In the presence of
barriers. The input parameters are one line source section, one receiver locatian, and the
set of barrler coordinates, Subroutine LNBLOK is called to test whether a barrier shields
the source/receiver combination. [f so, the line segment is divided into three ports: a
center shielded section and two unshielded ends. Any of these may have zero length.
LINSRC is used to compute noise from the unshielded sections and LNBAR Is used to
compute noise from the shielded part. Legic is included to properly handle multiple-
segment barriers. If no shielding is found, a very large number is returned to HICNOM,
The HICNOM logic which takes the smaller of the shielded versus unshielded caleulation
then selects the unshielded result from LINSRC,

52.20 LNBLOK (OBSROD, PHI3, X!, BAR, IEND, ROTCS, BROT)

This subroutine tests whether any of the input barriers shield a given line source
segment and receiver. If so, the line segment is divided into three segments as described
in Section 5,2.19. Each segment Is defined by a pair of angles #)+ 95 as shown in Figure |.
Setting the angles equal to each other indicates no segment. The program contains logic
to ensure that the sense of the angles  corresponds to the convention following the order

of line paints.

5.221 LNBAR (D, PHI, Z, RDLNTH, OBS, B, IFRQ, ATTEN)

This routine computes the barrier shielding of a shielded line segment, A numerical
integrating process Is used, utilizing point source shielding computed by PTBAR and
DIFRAC, This method Is described in detail in Section 2.1.4.

5.222 AREA (NCLPTS, CLPTS, WIDTH, OBSPTS, OBSROT, NOBS, EYETOT, EYESTR,
STRIPL, STRIPR, NSTR, CLLNTH)

This subroutine divides an area into strips, as described in Section 2.1.3. The widths
are positions such that they bisect the normals to the centerline segments on elther side,
Subroutine EDGES is used to determine the coordinates of the resultant corners. Each
area segment and all receivers are transfarmed into coordinates relative to the segment
centerline. Each segment is then divided into strips consisting of the centerline plus 0 to
3 strips each to the right and left of the centerline. The average source density on the
strips is obtained by dividing total strength in the segment by the length of all strips in

the segmeant.
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5.2.23 EDGES (NCLPTS, CLPTS, WIDTH)

This subroutine is used by AREA to find the coardinates of the edge points defined
by the width lines, as described in Section 5.2.22,

5.2.26  SMALL (A, N, J}

This routine finds the smallest value in an array.

5.3 COMMON Blocks

The foilowing COMMON blocks and their contents are used in the programs:

JCONSTS/ P1, TWOPIL, PIOV2

/EDGE/ EDGEL {3, 10), EDGER (3, 10)
[EQUIPT/ EQUIP (5, 10, 30}, IFREQ (D, 30)
/KINEM/ ACCRAT {2)

/NMODLS/ NMODS (30), NVTYP

{TSKARG/ INFOC (2), HOURS, PRODUC
/TYPES! IPROD (30), THAUL (10), IVEH (5, 5)
{UNITS/ DO, DQ2

fVEHLEV/ HAULEQ (6, 10)

/WKDAY/ DAYHRS

The variable names vary semewhat between subroutines, In particular, EQUIP in block
data routine DATA2 appears as a large number of smaller arrays, each nocmed for the

corresponding equipment,

Flgure 14 is a chart showing the location of the COMMON blocks in the programs.,
An open circle indicates the COMMON is in the program. A solid circle indicates that
some or all of the contents of the block are defined by dota statements within that
routine. Note that data statements for /UNITS/ are in both HINPUT and DATAL, If the
programs are merged, one set of these data staternents would have to be deleted,
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6.0 MAINTENANCE MANUAL

Program maintenance consists of modifications to the data statements as additional
data become aveilable andfor te change units and constants. Data are contained in two
block data programs, DATA| and DATAZ. Distance units for barrier calculations are set
by a data item in DIFRAC. Additional equipment types moy be defined, with names
incorporated into DECODE,

6,) BLOCK DATA DATAI

This routine contains several canstants which implicitly set units, They ares

¢ D0 and D02, the sound level reference distance and distance squared. Current
values are 50 and 2500, representing a 50-foot reference distance. Setting these
1o a reference distance, inputting coordinates in the same units, and providing
appropriate levels in DATA2 (described In Section 6.3} automatically set the

units for all non-barrier calcuiations.

e GRAV is the value of the geceleration of gravity in the units being used. A value
of 32.2 has been used, for ft/secz. GRAV converts the values of ACCRAT from
fractions of o g to physical units. |f ACCRAT is left as fraction of a g (0.] in
the program presented here), GRAV should be changed to the appropriate value
for other units. Alternatively, GRAV may be set equal to |.0 and ACCRAT
expressed in physical units.

e VELCON is a conversion factor from speed in units convenient for input to
consistent physical units. A value of [.47 has been used, converting speed in mph
to feet per second. If metric units are adopted, km/hr for input speed and
meters for distance, VELCON should be chenged to 0.278.

e DAYHRS is the number of hours in a full work day. The program computes Leq
based on this time, A valve of 8 hours Is in the program.

6.2 SUBROUTINE DIFRAC

The Fresnel number is given by 2&f/c, where ¢ is the speed of sound, The program
hos a data item VOV2, representing ¢/2, which sets the units, A value of 580 has been
used, setting the units as feet when frequency IFREQ is in Hz, To change units, replace
VOV2 with ¢/2 in the appropriate units, For meters, this is ]76.8.
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6.3 BLOCK DATA DATA2

This data routine contains the equipment data base, Definitfans may be found in the
variable dictionaries in PTTASK, LNTASK, and ARTASK. The data statements are
arranged and commented so as to form tables, with the main data lable corresponding to
Table 2. The annotation in columns 73 to 80 identifies the equipment., A * next to the
annotation indicates the level was ochtained from a review of the literature, Reference 3.

Modification of the basic data bases, HAULEQ and EQUIP {split into smaller
individually nomed arrays in this program) is straightforward., Additional lines for new
models may be added, up to a total of 10 for each type. The tabulor format should be
retained for ease in reading, When adding new lines, the zeros and the velue of NMODS
on the last continuation line of each set should be appropriately adjusted. New types may
be defined, making room by reducing the size of the dummy arrays EMPTY I, EMPTY2,
and EMPTY3. Carresponding new names must be cdded to DECODE, described below.
Default geornetries are palnt sources for the first |5 data blocks, line for the next 10, and
area for the last 5, where the block number corresponds to the third index of EQUIPT,
Alternate geometries may be specified in DECODE,

Haul equipment has its type numbers in sequence with non-haul, but the data ore
contained in the array HAULEQ. The array IVEH provides a mopping from EQUIP type
and model numbers to HAULEQ; see the listing of LNTASK for the specific relationship.
Up to 5 models are permitted for each type. Equipment types which are haul are listed in
array IHAUL. This is a grocery list arrangement, with type numbers listed in any order.
Array IPROD is a similar list which specifies which equipment have production rates
associated with them,

The spectrum frequency data required by the barrier caiculation is contained in
array IFREQ@, a two-dimensional array which serves as an additional column to EQUIP.
Haul and nen-haul data are in the arroy, The separate array -~ rather than dnother column
on EQUIP - is used to permit these data to ke in integer form. This will facilitate any
future replacement of DIFRAC with @ routine using exact calculations for particular
spectra. IFREQ may then be treated os an index with no other recoding.

6.4 SUBROUTINE DECODE

This routine contalns the list of equipment type names, Adding additional names is
simply @ matter of replacing the 'XXXX' blocks in the data statement for array ALNAMS.
Three 4-character blocks are permitted, In addition to checking the narme, an ordinal
index from array NTH is appended. [ts position Is determined by data In arrays IPOS and
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NPOS. They are set up so as to place the index in the thirteenth position of any added o
nermes, If it is desired to adjust the number of blanks (as has been done for the existing
names), values of IPOS and NPOS should be chonged. NPQS Indicates in which four
character block the the index is placed, and IPOS is the position,

As noted above, mode! types | to |5 are nominally point sources, |6 to 25 are line,
and 26 to 30 are area, The array NGEOM is a grocery-list of models which may have
alternate geametries. By adding a mode! number to the NGEOM data statement, the
program will request the geometry from the user,

Gl
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FROGRAM HINFUT
THIS FROGRAM ACCEFTS HIGHWAY CONSTRUCTION DATA CONVERSATIONALLY AT
THE TERMINAL AND FREFARES A DATA FILE TO BE REAI EY ‘HICNOM®.
ALL VARIARLE NAMES, LIMENSIONS, AND FORMAT LABELS ARE COMFATADLE WITH
HICNOM. THIS WILL FACILITATE ANY FUTURE MERGING OF THE TWO FROGRAMS
FOR USE ON A LARGER SYSTEM.

[HaTA RERUIRED BY THE FROGRAM ARE REQUESTED AT THE TERMINAL. TASK

DATA ARE INFUT IN TERMS OF THE NAMES AND LOCATIONS OF ERUIFMENT INVOLVED,
THE FROGRAM LOOKS UF NOISE AND OFERATIONAL DATA FROM & BUILT-IN DATA
EASE. THE END FRODUCT OF THIS PROGRAH IS8 AN ANNDTATED DATA FILE TO

EE READ DY HICNOM:» CONTAINING THE ACOUSTIC SOURCE EQUIVALENT OF THE
CONSTRUCTION ACTIVITY DESCRIBED BY THE USER,

VARTABLES :
ARNAM(45T) = NAMES OF AREA SOURCES
DARFTS(3,5,3) = COORDINATES OF FOINTS DEFINING EBARRIERS
ELAR(10,5) = EMISSION LEVELS OF AREA SOURCES
ELLN(20s4) = EMISSION LEVELS OF LINE SOURCES
ELNAM(4,46) = NAMES OF LLINE SOURCES
ELFT(10) = EMISSION LEVELS OF FOINT SOURCES
EN(20,4) = VEHICLE LENSITY ON LINE SOURCES
FILNAM(A4) = NAME OF QUTFUT FIILE BEING FREFARED FOR ‘HICNOM'
GRI'A = EXCESS ATTENUATION FACTOR
HOURS = HOURS WORKED IN A TASK
I = D0 LOOP INDEX
IARFRR(S) = SFECTRUM ILENTIFIER FOR AREA SOQURCE ("5
ILNFROQ(&) = BFECTRUM IDENTIFIER FOR LINE SO0URCE
IFTFRACLO) = SFECTRUM IDENTIFIER FOR POINT SOURCE
IGEOM = INDEX DEFINING SOURCE GEOMETRY
IT = D0 LOOP INDEX
N= [0 LOOF INLEX
NARSRC = NUMBER OF AREA SOURCES
NHAR = NUMRER OF HARRIERS
NEFTS(3) = NUMEBER OF POINTS DEFINING BARRIER
NCLPTS(S) = NUMEBER OF FDINTS DEFINING CENTERLINE OF AREA SOURCES
NLNFTS(6) = NUMBER OF FOINTS DEFINING LINE SUURCES
NLNGRC = NUMEER OF LLINE SOURCES ‘
MOBS = NUMBER OF RECEIVER LOCATIONS
NPTSRC = NUMBER OF FOINT SOURCES
OBS(3,10) = COORDINATES OF ORSERVER ILOCATIDNS
FRODUC = DAILY FRODUCTION OF LAST TASK
"FTNAM(4» 10) = NAMES QF FPOINT SOURCES
SRCNAM(4) = INFUT SOURCE NAME
TITLE(20) = TITLE TO EE WRITTEN ONTD QUTRUT FILE
WIDTH(10.5) = WIDTH OF AREA SQURCE SEGMENTS
XCLFTS{3+10r%) = COORDINATES OF AREA SOURCE CENTER LINE FOINTS
XLNERC(20+4) COCRDINATES OF POINTS DEFINING LINE SOURCES
. XFTSRC(3+10) COORDINATES OF POINT SOURCE LOCATIONS

DIMENSTION TITLE(Z20)»FILNAM(A)YsORSFTS(3210) ¢ XFTSRE(IS10)ELPT(LO)
DIIMENSTON NLNFTE(S) 1 XLNSRE(39s20,6) rELLN(20046) s EN(Z2096) s NCLFTS(S)
DIMENSION XCLFTS(3,10e3) yWINTH(10rS) rELAR(L10:5) rSRCNAMC ) ‘.
DIMENSION FTHAM(Ar10) »ELNAM(4» &)Y s ARNAMC 42 5) » FLNAM(I) Qg’

i n

A-2

WYLE LAODORATORIES

bl e e e T s R .
N e e N R g e BRI i B P IR




e ANN e sep e fara e e ey s e e e .

B R P T

N DIMENSION NRBFTS(3) »HARFTS(I» Sy 3) » TARFRO(TY » ILNFRA{AS) P IFTFRR(10)
EQUIVALENCEC(FILNAM(2) +FLNAM(L))
DATA FILNAM(L)Z7DX13'/
COMMON /TSKARG/INFO(2) yHOURS (FRODUC

0o

INFUT RECEIVER LOCATIONS
WRITE(Z r%)'HOW MANY RECEIVERST'
REAL(7 s X )NDRS
WRITE(Z +%) "INFUT X»¥yZ OF EACH RECEIVER'
REATCZ v k) (COBBPTSCIyNY » =193y N=1NOHS)
C INFUT GROUNLD ATTENUATION
WRITE(? » %) "EXCESS ATTENUATION, LOE/DD
REALIC7 s XIEXATY

C SOURCE INFUT SECTION. AN EQUIFHENT/TASK NAME IS REQUESTED FROM THE
€ USER. THIS NAME IS FASSED TO ‘DECOLE’, WHICH RETURNS AN INDEX IGEDM
C SFECIFYING WHETHER IT IS A FOINT (1)s A LINE (2), OR AREA (3) SOURCE.
C A SMALL ARRAYs INFOr IS ALSO RETURNED» PROVIDING ADLGITIONAL INFORMATION
€C A8 TO THE TYPE OF SDURCE. THE NAME SUFFLIED BY THE USER IS5 RETURNED
C WITH A SEQUENTIAL INTEGER AFFENDED TO IT. THIS IL 1S INCORFORATELD
C INTD THE FINAL DATA FILE CREATEL,
e
C INITIALIZE SOURCE TYFE COUNTS:

NFTSRC=0

NLNSRC=0

NARSRC=0

~.C_REQUEST SOURCE TYPE:
7 WRITE(7»k)
WRITE(7 %) ‘SOURLE TYFE?’
5 READ(7,110)SRCNAM
IFCSRENAM(L) (EQ, ¢ /360 TO 10
CALL DECOLE(SRENAM» IGEOM, INFO)
C TRAF FOR INVALID NAME, SIGNALLED BY IGEOM=0:
IF (IGEOM.NE,Q)G0 TO 4
WRITEC75%) ‘INVALID SOURCE TYFE, REENTER:“
60 TO 5
4 CONTINUE
c
€ INFUT HOURS
WRITE(79%) 'HOURS WORKEL:’
READ (7 s k)HOURS
C TRANSFER TO AFFROFRIATE GEOMETRY CASE SECTION:
G0 TO (1,2,3)IGEOM
C_FOINT SQURCE SECTION
1 CONTINUE
C INCREMENT COUNTER AND SAVE NAME
NFTSRC=NFTERCH1
0D & II=1,4
4 PTNAMCII/NFTSRC)=SRCNAMCIT)
C INFUT LOCATION
MRITE(7 %) ‘ENTER X»YsZ OF SOURCE LOCATION'
READI(7 %) (XFTSRE (JyNFTSRE) »J=1»3)
~C G0 TO SUEROUTINE ‘FTTASK’ FOR REST DF INFORMATION. THIS SUEBRUUTINE
‘X CONTROLS ALL FOINT SDURCE TASK MODELS, IT INCLULES RUN-TIME OFTION
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C REQUESTS,0FTTONS SETTAILE THROUGH DATA STATEMENTS/CONTROL FILESs AND
C REAL STATEMENTS CORRESFONDING TO DATA REQUIRED FOR THE SELECTED
C OPTION(S), THE EFFECTIVE SOURCE HEIGHT I8 ADLED TO THE INFUT Z.
CALL FTTASK(ELFT(NFTSRC) rXPTSRE(3rNFTSRC) » IFTFRA(NFTSRE))
GO TO 7
C ENI' OF FOINT SOURCE SECTION
c
C LINE SOURCE SECTION
2 CONTINUE
C INCREMENT CDUNTER ANI SAVE NAME
NLNSRC=NLNSRC+1
TF (NLNSRC.GT & WRRITE(7,%)*TOO MANY LINE SOURCES -
1 DIMENSIONS DVERRUN’
0O 8 11=1,4
B ELNAM(IIrNLNSRE)=SRCNAM(II)
C INFUT FOINTS DEFINING LINE
WRITE(7,%) HOW MANY FOINTS IN LINET’
READ(7 2 X) NLNFTS (NLLNSRC)
C TEST FOR ‘USE LAST’ CASE .
IF (NLNFTS(NLNSKRC>.GT.0)G0 TD 14
NILNFTS (NLNSRC)=NLNFTS (NLNSRC-1)
GO TO 22
16  CONTINUE
WRITE(7¢%k) ‘ENTER XsYrZ OF FOINTS’
» READN 7 r %) ( (XLNSRE (Jr Ty NLNSRC) rJ=193) r I=1/NLNFTS(NLNSRC))
C STORE IN NLNSKRC+1 IN CASE NEXT TASK USES SAME GEOMETRY. THIS WILL
C BE OVERWRITTEN IF NEW COORDINATES ARE INFUT. £
22 CONTINUE
IF (NLNSRC.ER.4)G0 T0 17
DO 18 I=1sNLNFTS(NLNSRC)
00 18 J=1+3
XL.NSRC (Js 1 NLNSRE+1)=XLNSRC ¢ Js I» NLNSRC)
18  CONTINUE
17 CONTINUE
C GO TO SUFROUTINE ‘LNTASK‘ FOR REST OF INFORMATION
CALL LNTASK (XLNSRC(1r1sNLNSRC) sNLNFTS (NLNSRE) » ELLN
1¢17NLNSREC) s ENC 1y NLLNSRC) » ILNFRQ(NLNSRC) )
GO TO 7
g ENI' OF LINE SOURCE SECTION

C AREA SOURCE SECTION

3 CONTINUE
C INCREMENT COUNTER AND SAVE NAME

NARSRC=NARSRC+1
IF (NARSRC.GT.S)WRITE(Zs%)/TQD MANY AREA SOURCES -
10IMENSIONS OVERRUN'
o 9 II=1.4
9 ARNAM{IIyNARSRC)=SRCNAMIII)

C INPUT GEOMETRY
WRITE(7 %) “HOW MANY FOINTS LEFINE CENTERLINET
READ(?7 » XINCLFTS{NARSRE)

C TEST FOR ‘USE LAST‘ CASE
IF (NCLFT5(NARSRC).GT.0)GO TD 17 QM
NCLFTE(NARSRC»=NCLFTS{(NARSRC-1) ﬂj
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GD TO 23

12 CONTINUE
WRITEC(7» k) "ENTER XrY¥Ys»Z AND WIDTH DF FOINTS’

READ(T7 #4) ((XCLFTS (e TeNARSRE) » J=1p 3) s UTHTHC I s NARSRED o
11=1»NCLFTS (NARERC ) )
C STORE IN NARSROC+1 IN CABE NEXT TASK UBES GAHE GEOMETRY
23 CONTINUE
IF(NARSRC.EQ.S)GO TO 20
00 21 I=1,NCLPTS(NARSRC)
WIDTH(Is NARSRCHL) =WIDTH( I NARSRE)
L0 21 J=1+3
XCLPTS () Iy NARSRCH1) =XCLETS (e I s NARSRE)
21 CONTINUE
20 CONTINUE
C GO 7O SUBROUTINE ‘ARTASK’ FODR REST OF INFORMATION
CALL ARTASK(XCLFTS(L s LyNARSREI »WIDTHCL +NARSRE) s HCLFTS(
INARSRE) » ELAR{ 1s MARSRC ) » IARFRA(NARSRE) )
GO TD 7
C END OF AREA SOURCE CASE
c
C RARRIER TiaTA SECTION
10 CONTINUE
WRITE(7»% ) HOW MANY HRARRIERS?T’
REALI{7 X)) NHAR
IF (NEARLEQ.0XGO TO 24
00 25 N=1sNBAR
WRITECZ»%) ‘HOW MANY FOINTS?’
READI( 7 » XY NEFTSIN)
WRITE(Z7» %) ‘ENTER X»YrZ QF FOINTS'
READC(7 v %) ((BARPTS(Jr I sNY »J=1:30 s Is1 o NEFTEIND)

CONTINUE

+3
i

c

CONTINUE
C CREATE A DATA FILE FOR HICMOM. FIRST REQUEST A TITLE AND DATA FILE

C NAME., THEN WRITE FILE USING SAME WRITE FORMATS»AS HICNOM’S READ

C FORMATS,
WRITE(7+%)
URITE(?» %) 'ENTER TITLE’
READ(Z100)TITLE
WRITE(Z»X%)’DATA FILE NAME - FILNAM.DAT”
REALCZ»110)FLNAM .
OFEN(UNIT=1)NAME=FILNAM» TYFE="NEW’)
' REWIND t
C NOW WRITE ONTO FILE, FOLLDWING HICNOM DATH FORMATS EXACTLY. SOURCE
C NAMES HAVE BEEN ADDED TO RIGHT OF LATA FILES HMERE: HICHOM FORMATS
C WILL BE ADJUSTED TD READ THESE AS WELL FOR FINAL FRINTOUT FURFOSES.
WRITEC(1s10Q0)TITLE
WRITE(1» 1 12)NOES, ‘RECE’ s *IVER’» ‘S
WRITECI» JO2H{(ORSFTSCJrNY s d=123) s N=1y NOESG)
WRITE(L» L12)NFTSRC‘FOIN/»‘T SOy’ IURCE’+’S
IF(NFTSRELEQ, OGO TO 11
WRITEC(I» 111 CLXPTSRECAIN) 2 =2l e ) sELFTIN)Y y IFTFRACNY r (FTNAMCII NY »
1I1I=1,4)»N=1sNFTSRED)
11 CONTINUE

&2
EY

¢

¢
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13

12

15

14

az
24

WRITE (I LIZINLNSROCy “LLINE »© SOU’ r"RCEE
IF(NLNSRCL,EQ.0XGD TO 12

N 13 N=1rNLNSRC

WRITEC(L» LOLINLNFTS(N) y ILNFRAG{N) » (ELNAMCLIT o N) # X121 5 4)
WRITEC1,104) CC(XLNERC(IsIsN) » =130 rELLNCI s NI PENCIIND Yy
1I=1¢NLNFTS(N)Y)

CONTINUE

CONTINUE

WRITE(1y112INARSRCy "AREA'»* GOU'»'RCES”
IF(NARSRLC.EG.0)GO TO 14

00 15 N=1rsNARSRC
WRITEC(Lr10L)NCLPTS(NY » IARFRO(NY » (ARNAM{TI NI #TT=1,4)
WRITEC(L1+103) CO(XCLFTSCIrIoNI pJ=1s3) s WILTHC(I NI ELAR(IIN) D »
1I=1,NCLFTS(N))

CONTINUE

CONTINUE

WRITEC(L,112)NBAR» 'FARR s ' TERS”

IF{NBAR.EQ.0)GD TO 24

IO 27 N=1sNBAR

WRITEC1»L12INBFTS(N) v “FOIN'» TS ¢

WRITECLr202) ((BARPTS(JrI Ny I=1+3)»I=1sNEFTSI(N))
CONTINUE

CONTINUE

WRITEC1,1030EXATT

C FILE COMFLETE - CLOSE IT AND STOF

' C FORMATS

100  FORMAT(20A4) -
101 FORMATC(IZ,I7,10Xs4A4)
102 FORMAT(IF10.2)
103 FORMATCSF10,2)
104 FORMATC(4F10.2+F10.7)
105 FORMAT(FL10.2:‘DB/0D EXCESS ATTENUATION’)
110 FORMAT(4a4)
111 FORMATCAF10,2,T110510X9404)
112 FORMATC(IZ 10X14A4)

CAlLL EXIT

END

)

CLOSE(UNIT=1»DISFOSE='SAVE"}
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FROGRAM HICNOM

THIS COMPUTATIONAL MODEL READS SOURCE LEVELSy NUMEERS: AND GEOMETRIES
FROM A DATA FILE FREFARED BY HINFUTy THE TMFUT AND SOURCE MODULE.

ALL VARIARLE NAMES, DIMENSIONS: AND FORHAT LAKELS ARE COMPATARLE WITH
HINFUT. THIS WILL FACILITATE ANY FUTURE MERGING OF THE TWO PROGRAMS
FOR USE ON A LARGER SYSTEM.

THE NOISE CALCULATION CONSIDERS THREE TYFES OF SOURCE GEOMETRY!

FOINT: LINE: AND AREA, FOINT SOURCES ARE HANDLED BY SIMPLE GEOMETRIC
SFREADING PLUS POWER I.AW EXCESS ATTENUATION. LINE SDURCES aARE

HANDLETY DY AN ANLYTIC ALGORITHM FOR AREITRARY LENGTH LINE SOURCES WITH
FOWER LAW EXCESS ATTENUATION; THIS CALCULATION 1S CONTAINED 1N

THE SURROUTINE ‘LINSRC‘. AREA SOURCES ARE TREATED RY DIVILING THEM
INTD A SERIES OF FARALLEL STRIFSs THEMN TREATING EACH STRIF AS A LINE
S0URCE, USING ‘LINSRC’. THE NUMEER OF STRIFS IS DECIDED BY THE FROGRAM,
EASED ON THE FRECISION AS A FUNCTION OF RATIO OF AREA WINTH TO
RECEIVER DISTANCE.

BARRIER SHIELDING I8 HANDLED BY MAEKAWA'S FORMULATION, NUMERICALLY
INTEGRATING THIS ALONG LINE SOQURCES. THE DIFFRACTION CURVES FOR
VARIOUS SOURCES: OBTAINELD BY INTEGRATING MAERAWA’S OVER NOMINAL
SFECTRAs ARE CONTAINED IN A SURROUTINE AND ARE TDENTIFIRED

EY AN INDEX FOR EACH SOUREE

INFUT UARIABLES!
BARFTS(3,3,3) = CODORDINATES OF FOINTS REFINING BARRIERS
ELARCL10,5)= TOTAL EMISSION LEVEL OF SOURCE IN ONE AREA SEGMENT
ELLNC(20:4) = EMISSION LEVEL OF LINE SOURCE, FER VEHICLE
ELFT(10) = EMISSION LEVEL OF FOINT SOURCE
EN(20s4) = SOURCE DENSITY (NUMBERZUNIT LENGTH) ON LINE SEGMENT

EXATT = EXCESS ATTENUATION DUE TO GROUND ANIY AIR, DE/DOUBLING OF DISTANCE

FLNAM{3) = NAME OF DATA FILE FREFARED EY HINFUT
IARFRA(S) = SFECTRUM TDENTIFIER FOR AREA SOURCE
ILNFROCS) = SPECTRUM IDENTIFIER FOR LINE SOURCE
IFTFRQA(10) = SFECTRUM IDENTIFIER FOR FPOINT SOURCE
NARSRE = NUMBER OF AREA SOURCES
NEAR = NUMBER OF BARRIERSUF TO 3
NEFTS{3) = NUMBER OF FQINTS NEFINING FARRIERS, UP TO 5
NCLFTS (S = NUMEER OF FOINTS DEFINING CENTERLINE OF aREA SOURCES
NLNFTS(A) = NUMBER OF PQINTS DEFINING LINE SQURCES
NLNSRC = NUMBER OF LINE SOURCES
NORS = NUMBER OF RECEIVER FOINTS

. NFTSRC = NUMEBER OF POINT SOURLCES
OBSFTS(3r10) = COORUIMATES OF RECEIVER FOINTS
TITLEC(20) = 80 CHARACTER TITLE STRING TO HEAD QUTFUT
WILTH{10,5) = WIDTH OF AREA SOURCE AT EACH CENTERLINE FOINT
XCLFTS(3,10,5) = COORDINATES OF AREA SOURCE CENTERLINES
XLNSRC(3,20+4) = CONORDINATES DEFINING LINE SQURCE
XFPTSRGC(3r10) = COORDINATES OF FOINT SOURCES

QUTFUT VARIABLES

ELEQC(10) = EQUIVALENT SOUND LEVEL AT RECEIVER FOSITIONS
ELVEL = COMFONENT LEQy CORRESFONDING TO EYECHM
EYECMF(180,10) = INTENSITY CONTRIBUTION OF EaACH SOURCE AT EACH RECEIVER
INDEX(180) = COINE IDENTIFYING SOURCE/RECEIVER

A7
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ATTEM = RARRIER SHIFLDING FACTOR

CLILNTH{10) = LENGTHS OF AREA CENTERLINE SEGHENTS

D= DISTANCE FROM RECEIVER TO LINE SOURCE

00 = EMISSION LEVEL REFRRENCE DISTANCE

Do2 = DoXxx2

DX+LY = DIFFERENCES BETWEEN COORDIMATES

EXFON = EITHER 1.0 OR GFLUS1 (SEE BELOW)

EYE(10) = INTENSITY OF TOTAL RECEIVELD S50UND» CORRESFONDING TO ELEQG
EYEAR(CLIO0S) = INTENSITY OF EMISSION FROM AN AREA SEGMENT
EYERAR = COMFOMENT SOQURCE CONTRIEBUTION WITH BARRIER SHIELDING
EYELN(Z20+&) = INTENSITY EMIBSTION FER VEHICLE ON LINE SOURCE
EYEFT(10) = INTENSITY EMISSION OF FODINT SOURCE

EYESTR(10) = INTENSITY EMISSION DENSITY ON AREA STRIFS
EYETEM = TNTENSITY CONTRIBUTION OF A ETRIF

FILMAM(A) = DEVICE ANLD NAME OF INFUT FILE CREATED BY HINFUT
GNIA = ATTENUATION EXFONENT = EXATT/é.

GFLUS1 = GNIA+L,

ICRNOSS = TEST VARIARLE TO SIGMNAL WHETHER A BARRIER ELOCKS A SOURCE
ISKIF = OFTION FARAMETER FOR SUBRQUTINE ‘GEDM’¢ SEE GEOM

NN = RUNNING INDEX OF SOURCE COMPONENTS

MNSTR(20) = NUMBER OF STRIFS EACH AREA SEGMENT I5 DIVIDED INTO

OBSRODR(3) = RECEIVER COORDINATES TRANSFORHED RE:! LINE OR STRIF SEGMENT
ORSROT(3,10,10) = RECEIVER COORDINATES TRANSFORMED' RE: AREA CL SEGMENT
FHI(2)Y = AMNGLES FROM RECEIVER TO ENLS OF LINE SEGMEMT

ROLNTH = LENGTH OF LIME SEGMENT
RDLNTL = LENGTH OF STRIF SEGMENT, LEFT SILE -
RELNTR = LLENGHT OF STRIF SEGMENT, RIGHT SIDE

RLENT (3} = ARRAY DEFINING SEGMENT ENLD IN SEGMENT ORIENTEDL COORDINATES
ROTCS(2) = COSINE AND SINE OF TRANSFORMATION ROTATION ANGLE
ROTNO(2) = ROTCS FOR NO ROTATION

R2 = SOUARE UF SOURCE-RECEIVER DISTANCE

STRIFL(3y2:5,10) = END FOINT COORDINATES OF LEFT SIDE STRIFS
STRIFR(3,2+5¢10) = ENDI FOINT COORDIMATES OF RIGHT SIDE STRIFS
XCROSS(E) = COORDINATES OF BARRIER/LINE OF SIGHT CROSSING

ZERO(S) = COORDINATES OQF SEGMENT END IN SEGMENT-ORIENTED COORLINATES
LOOF INDICES

[ = SEGMENT ALONG LINE OR AREA CENTER LIKRE

IbBAR = BEGMENT ALONG A FARRIER

J = RECEIVER MUMEER

JEAR = BARRIER NUMEER

K = X1Y»2Z INDEX

I = INDEX OF STRIF IMN AREA SEGMEMT

N = NUMEBER OF SOURCE

DIMENSION TITLE(Z0) »FILNAM{A) »ORSFTS(3I,10) s XFTSRC(I»10) 1ELFTILO)
DIMENSION EYEFRT(10) +NLNFTS(OHY o XLNSRC(3+20r 6 rELLN(20¢4) »FLNAML(T)
DIMENSIOM EYELNC(20r6)ENC20¢6) sNOLFPTS(S) » XCLFTS (3910, 35)

DIMENSION WINTH{(10:35)yELARCLIQsS) »EYEARCLO»Z) » INDEX(1B0) »ROTNO(2)
DIMENSION EYECHF(180r10)sFHI(2)Y yROTCS(2) yDESRONCS) s QBSRAT(3,10:10)
DIMENSION EYESTRC10)+STRIFL(322,5,10) STRIPR(Z,2+5510) o NSTR(10)
DIMENSTON CLLNTHC10)sZERO(I) sRLENT(I)PEYE(LQ)»ELER(LI0) v XCROSS(I)
DIMENSION BARPTS(3:0r 30y IPTFRAC10) s ILNFRACE) » TARFRO(S) s NEFTS(3) Q;#
EQUIVALENCE (FILNAMCZ2)sFLNAMCL)) o]
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COMMON /UNITS/DO,002

DATA FILNAMCL1)/ DX14*/
TIATA DOrDO2/504 92500,/
DATA ZEROPRLENT/6X0./
I'aTA ROTND/L .90/

WRITE(7,109)
READCZ» L1O)FLNAM
OFEN(UNIT=1y NANESF ILNAMN TYFE=0OLD)
REWIND 1
READM 11003 TITLE
C RECEIVER FOSITIONS. UF TO 10, LOCATED AT ORSFTS,
READCLy101) NOBS
READ (1,102YCCOBSFTS(K»J) s K=1+3) 1 J=1>NORG)
C POINT SOURCES. UF TO 10,
READ(1r10LINFTSRC
IF(NFTSRC.EQ.O)GO TOD 2
DO 1 N=1:NFTSRC
READ(1s2111) (XFTSROCC(K N P K=1p3) sELFTI(NY P IFTFRO(ND
C CONVERT LEVEL TO INTENSITY
1 EYEFT(N)=10, %X (ELPT(N)/10.)
2 CONTINUE
C LINE SQURCES. UF TO 10 SOURCES, EACH DEFINED' BY UF TO 20 FOINTS.
C NUMBER QF LINE SOURCES?
READ (1 101INLNSRE
IF(NLNSRC.EQ, 0G0 TO 4
00 3 N=1sNLNSRC
READH L, 10LINLNPTS(NY r ILNFRG(N)
OO 3 I=1NLNFTBN)
REAL{L1s LOZ) (XLNSRCIKy TN =1 3) rELLNCI NI PENCT NI
3 EYELNCIsN)=10. k% (ELLNCI/NY/10,)
4 CONTINUE
C AREA SDURCES. UF TO S» EACH DEFINED BY UF TO 10 CENTERLINE FDINTS
C AND WILITHS.
C NUMBER OF AREA SOURCES!
READCL,101INARSRC
IF(NARSRE.ER,0) GO TO &
[0 5 N=1sNARSRC
REALC1» L1OLINCLFTS(NY » TARFRA (N)
D0 S I=lsNCLFTSI{N)
READCLr 1030 (XCLPTS(RKy TN s K=1,3) hWIDTH(I N) rELARCTIAND
EYEAR(ToN)=10, kK (ELAR(INI/10.)
CONT INUE
C RARRIER INFUT SECTION. UF TO 3. EACH DEFINED EY UF TD 5 FOINTS
C NUMBER OF BARRIERS:
REAL (1, 101)NEAR
IF(NEAR.EQ.Q)GO TO 21
0 22 N=1sNEAR
REALCI101INBFTS (M)
READCL2102) ((BARFTS(K» JeNY oK=L +3) r S=1NEFTS{N))
CONTINUE
CONTINUE

[0 4 ]
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READ FROFAGATION EXFONENT. SECTION WILL RE EXFANDER LATER TO
ALLOW MORE THAN ONE VaLlUE.

READC(L P 102)EXATT

GNIN=EXATT /4,

GFLUS1:=1,+GNDA

CLOSE(UNIT=1,0ISFOSE="8AVE") ,

CALCULATION OF SOURCE CONTRIBUTIONS., SURSOURCE COMFONEMNTS ARE
STORED' SEQUENTIALLY IN EYECMF(NNsJ). KEY BACK TO ORIGINAL SOURCES
IS THROUGH IMNDEX(MN) WHICH CONTAINS FACKED VALUES OF I (SEGMENT
NUMEER) AND M (SDURCE NUMBER)Y IN THE FORMAT N + 100%I (+10000

IF AREA SODURCED).

INITIALIZE TINDEX MN. IT IS INCREMENTED BEFORE ANDING EACH SOURCE
NN=Q

FOINT SOURCE SECTION

IF(NFTSRC,EQ,0) GD TO 15
0 7 N=1iNFTSRC
NN=NN+1
INDEX(NNY=N
Do 7 J=1yNOES

COMFUTE UBSHIELIED MNOISE
DX=0BEFTS(1yJ)-XFTSRCC 1N
DY=0BSFTB(2sJ)~XFTGRC(Z ¥ N)
R2=NXNR2+H0Y X0k2
EYECHF (NN, )=EYEFT(N)K(DO2/RIIKAGFLUS1
IF(MEAR,EQ.0)GO TO ?7

HARRIER BECTION. TEST FOR ANY BARRIER SHIELDING THE LINE 0OF SIGHT.

ONLY ONE BARRIER - THE FIRST ENCOUNTERED -~ IS CONSILEREL.
o0 17 JEAR=LsNEAR
00 19 IBAR=1,NBFTS(JEAR) -1
CALL CROSS(OBSFTS(1r )2 XFPTERC(LsNI»BHARFTS (1 y TRAR Y JHAR) » BARFTS
1<¢Ly TBARTL» JEAR ) » XCROSS » ICROSS)
IFCICRDSS.EQ,1YG0 TO 20

19 CONTINUE

H} BARRIER SHIELDS THIS SOURCE

GO 10 7

20 CONTINUE

A SHIELUING BARRIER HAS BEEN FOUND - OBTAIN BARRIER SHIELDNING ‘ATTEN’

CALL PTHARC(OBSFTS(1+J) s XFPTSRC{I NI+ XCROSSIFTFRA(N) »ATTEND

TARE SMALLER RESULT
EYECHMP (NN» J)=AMTHL(EYEFT (NI RATTENK(DIO2/RA) yEYECHF (NN» J) )

7 CONTINUE
15 CONTINUE

LINE SOURCE SECTION
IF(NLNSRC.EQ.0) GO TD 14

00 8 N=1yNLNSRC
0 8 I[=1,NLNFTS(N)-1

A-10

&

-

WYLE LABORATORIES




—~ NN=NN-+1
| INDEX (NN) =100%T+N
ISKIF=0
00 8 J=1yNOBS
C OBTAIN GEOMETRIC FARAMETERS FOR SEGMENT I AND RECEIVER J
CALL GEOM(XLNSRC(17IsN) rXLNSRC(LsI+1sN) s ORSFTS(11J) sDyFHI,
1ROTCS » OBSROD s RILNTHy ISKIF)
C SET ISKIF TO USE SAME ROTANG AND ROLNTH UNTIL NEXT I
ISKIP=2
€ OBTAIN LINE SOURCE LEQ
CALL LINSRC(IyEYELNCIsN)sENCI/N) yFHI»GNDAEYECMF (NN »J)
11 OBSROD (1) yROLNTH)
C TEST FOR ANY BARRIERS
IF (NEARLVEQ,0)GOD TO 8
C GET BARRIER I.EQ
CALL |LNWALL(DRSROIYXLNSRCC 1y I/NY » ILNFRO(N) » GNDAIEYELNCIIND
1EN(IsN) sROTCS sy FHI»ROLNTH ) BARFTS s NKAR s NEF TS » EYERAR)
C TAKE THE SMALLER - EBARRIERS ARE FRESUMED NOT TO AMFLIFY
; EYECHF (NNyJY=AMINL (EYECMF (NNyJ) rEYEFAR )
; 8 CONTINUE
: 14 CONTINUE
C
C AREA SOURCE SECTION
c

: IF(NARSRC.EQ,0)GO TO 17
: [0 @ N=1,NARSKRC
: CALL AREA(NCLFPTSINI f+XCLFTS(L, 1o N)Y hUIDTHOL Ny ORSFTS, ORSROT »
v INOBESEYEARrEYESTRSTRIFLSTRIFRsNSTRCLLNTH)
T C ROTANG 1S ZERO RE: TRANSFORMED COORDINATES
ROTCEC1)=1.
ROTCS¢23=0.
C CALCULATE AND ADD STRIF CONTRIEBUTIONS IN ONE SEGMENT AT A TIME
I 2 I=1/NCLFTS(N)-1
C INCREMENT NN
NN=NN+1
INODEX(NN)=10000 + 1QO0%I + N
OBTAIN CONTRIBUTIONS OF CENTERLINES
SET UFP (RDLNTH+0) END OF CENTERLINE
ROLNTH=CLLNTH(I)
RLENT{(1)=RDOLNTH
LOOF THROUGH RECEIVERS
D0 10 J=1,NOES
Cl. END FOINTS ARE AT (0:0) AND (RILNTH:0)i RBLNTH FIXED THROUGH J LOOF
ROTNO IS USED IN THIS CaALL TO GEOM BECAUSE GRSROT ARE ALREADY ROTATEDF
GEOM NEED ONLY SHIFT THESE (A ZERO SHIFT HERE) TO GET QESROD
CALL GEOM(ZERORLENTrOBSROT(1sJsI) v Dy FHI rROTNGD OBRSRODyROLNTH»2)
OETAIN LINE SOURCE LEQ
CALL LINSRC(O/EYESTR{(I) 1. »FHI(GNDAIEYECHFP(NNrJ) »O0RSRON(L) »RILNTH?
TEST FOR BEARRIERS
IF(NBARWER.Q)GD TO 10
QETAIN BARRIER EYEEQ: AND TAKE SMALLER VALUE
CALL LNWALL (OESRODy XCLFTS(1r I N) r TARFRR(NI s GNDAPEYESTR(I)»1 .y
LROTCSyFHIsRULNTH e BARF TS NEAR s NEF TS EYERAR)
C:) EYECMF (NN+ J)=AMINI(EYECHP(NNsJ) +EYEBAR)

Tl e s e L P T
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10 CONTINLIE ~~

OETAIN CONTRIBUTIONS OF OTHER STRIFS

NOTE: LOOF NESTING IN THIS SECTIOM (USTNG TWO J LOOFS) I8 DESIGNED T
FPERMIT MAXIMUM USE OF ISKIF=2 ENTRY TO GEOM, AND TD FACILITATE
SKIFFING L LOOF IF NSTR(I)=

IF(NSTR(I)LEQR.0)GD TO 9

1.0OF THROUGH STRIFS
D0 11 L=1¢NSTRCI)
SET ISKIF TD COMFUTE NEW RILNTHS FIRST TINE THROUGH J LOGF
ISKIF=1
LLOOF THROUGH RECEIVERS
IO 11 J=1,NOES
LEFT STRIFS
USE ROTNO HERE EECAUSE STRIFS AND OBSROT ARE ROTATED ALREALY; ONLY
A SHIFT RE:STRIFL 1S NEEDEL
CALL GEOM(STRIFLCLrdoLrI) pSTRIFL(Ly2rLsI) rQBSROT(Lrds )
190y FHI s ROTND s DESROD,ROLNTL » ISKIF)
CALL LINSREC(IEYESTRCI) ris ePHY »GNIAsEYETENORSROD(L) r ROLNTL)
C TEST FOR BARRIERS
IF (NDAR . EQ. 0O GO TO 23
CALL LNWALL (ORSROMNSTRIFL(1s1yLy1) s TARFROCN) yCNDA)EYESTRCI) 11,4 5
1ROTES s FHI » ROLNTL y KARFTS s NEFTS » EYEERAR )
EYETEM=ANINL(EYETEM EYERAR)
22 CONTINUE
C ADD TO TOTAL ¢
EYECHF ( NNy JI=EYECMP (NN J) +EYETEM
C RIGHT STRIF
CALL GECM(STRIFR(Ls1vlsT1) sSTRIFRCLy2sLrT) s QRSROT(Lrdr 1)
10y FHI s ROTNG» OBSROD  RULNTR » TSKIP)
CALL LINSRC(DrEYESTRCI)r1,+FHI+GNDAsEYETEM DESRODCLY » RELNTR)
C TEST FOR BARRIERS
IF(NBAR,EQ.0)G0D TO 24

C DOBTAIN BARRIER EYEEQR
CALL LMUWALL(DBSROU,STRIFR(1s1,Ly 1) IARFRO(NY »GNDASEYESTR(I) 71,y

IROTCS yPHIYROLNTR » BARF TSy NEFTS s EYERAR)
,EYETEM=AMINI(EYETEM:EYERAR)
24 CONTINUE
C ALD TO TOTAL
EYECHP (NN )=EYECMF (NN, J)+EYETEN
C SET ISKIP TO USE SAME RDLNTHS IN REST OF J LOOP
ISKIP=2
11 CONTINUE
? CONTINUE
17 CONTINUE
G

C ALL SOURCE INTENSITIES AT ALL RECEIVER LOCATIONS ARE NOW COMFUTED
€ SUMMATION/QUTFUT SECTION BEGINS HERE
c

o0 o 0o o0 O0onpoDoo

DO 12 J=1,NOES
EYE(J)=0.
00 13 N=1¢NN Q;y

A-(2
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13

12

EYECD=EYECDYEYECHP (Ny J)
IFCEYRECD JLEWDOEYE( =10,
ELERCJ)Y=10.¥ALOGLO(EYE(J))

CONTINUE

C OUTFUT SECTION

14

100
101
02
103
104
105
104
107
108
109
110
111

WRITE(Z7, 104X TITLE

WRITE(Z,105) GHYELERC Y »J=1/NORS)

DO 14 J=1,NOBS
WRITE(Z72108)J
WRITE(7:107)
00 14 N=1,NN

IFCEYECHP (N, )W LEVOIEYECHMP (N LY =10,

ELVEL=10.¥ALAG1O(EYECHF (N, J) )

WRITE(7,108) INDEX(N) +EYECHMP (N, J) »ELVEL

CONTINUE

STOF

FORMAT (20A4)
FORMAT(I3,I7)
FORMAT(3F10.2)
FORMAT(SF10.2)

FORMAT(20A4//y’ RECEIVER NUMEBER’»10X:’LEQ'//)

FORMAT(IL2:13XsF 6012

FORMAT(//* COMFONENT CONTRIBUTIONS FOR RECEIVER NUMRER: 2 I3)

FORMAT(/ ' INDEX‘r3Xe ' INTENSITY »aX, 'LEVEL /)

FORMAT(I&+ELT.4sF &, 1)

FORMAT(’ FILE NAME - FILNAM.DAT)

FORMAT (444 )
FORMAT(4FL1Q.2»I10)
END
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SUBRCUTIME DECODE(SRCNAM TGEOMy TNFO)
THIS SUBROUTINE ACCEFTS ‘SRCNAM’» THE NAME OF THE EQUIFMENT OR OFER-
ATION: THE NAME IS COMPARED TO A LLIST OF AVAILAERLE NAMES: ‘ALNAMS‘.
THE LIST ALLOWS FOR UF TO LD FOINT SOURCE TYFES, 10 LINE TYFESs ANN
9 AREA TYFES. THE CORRESFONDING ID NUMBER IS DUTFUT A8 “INFOCL1)‘. ’IGEQM’
IS SET TO 1y 2 OR 2 TO DEMOTE WHETHER THIS I8 A FOINT: LINE DR AREA
SOURCE., A DEFAULT VALUE OF IGEOM FOR EACH SOURCE TYFE MAY RE QUERRIDDEN
FOR A DESIGNATED' LIST OF TYFES WHICH CAN HAVE ALTERNATES., ONE QF THE
FOINT TYFES ALLOWEL, ITYFE=13, IS ‘USER DEFINED''., ALTERNATE GEOMETRY
MAY BE SFECIFIED, AND THE MODEL TYFE MUST ALWAYS BE ZER(O OR LESS., ‘INFOD(2)°
HAS A MOLEL TYFE (INCLUDING TO-BE-DEFINED FLAG) STORED IN XIT.
THE INFUT “SRCNAM’ HAS AN INTEGER AFFENDET TO IT TO DISTINGUISH IT
FROM QTHERS OF THE SAME TYFEF THIS AFFENDED MaMi I8 USED FOR ALL
FUTURE IDENTIFICATION OF THE SOURCE IN QUTRUT COMMUNICATIONS.

INFUT AND QUTFUT VARIABLES)
SRCNAM({4) = BOURCE TYFE NAME
IGEOH = 1,2+3 FOR FOIMT: LINEr AREA SOURCE
INFO(2) = MODEL AND ITYFE

OTHER VARIABLES]
ALNAMS (3,300 = LLIST QF ALLOWARLE SOURCE TYFE NAMES
COFY = WORD FOR TRANSFERRING ‘NTHY TO ‘SRCNAM’
I = U0 LOOF INDEX .
ICOFY({(4)> = RYTE ARRAY» ERUIVALENCED TO "COFY’y FOR FOSTITIONING ‘NTH-
IFOQS(30% = FOSITION IN 'COPY’/7ICOFPY’ WHERE ‘NTH’ IS TO HE FUT
ITYFE = TASK TYFE
J = 00 LOOF INDEX (m\
MODEL = MODEL NUMBER OF SOURCE '
NGEOM(30) = ARRAY CARRYING LIST OF 'ITYFE'S WITH ALTERMNATE GEOMETRIES
NFOS(30) = FOSITION IN SRCNAM INTO WHICH ‘COPY’ IS FLACEI
NTH{10) = LITERAL VALUES OF INTEGERS ,
NUMBER(I0) = COUNT OF HOW MANY SOURCES OF EACH " ITYFE’ !
NMODS{30) = NUMBER OF MODELS OF EACH TYFE IM DATA RASE

DIMENSION SRCNAMCA) »ALNAMS(I» 30) 1 NUMEBER(IQI sNTH(LO) yICOPY (4D .
DIMENSION IFDS(30) NFOS(30) yNGEOM(IO)»INFO(D) J
COMMON /NMODLS/NMODS(30) !
LOGICALXL NTH:ICOFY H
EQUIVALENCE (ICOPY{1),COFY)

DA'rﬁ NTH/‘I"':"’a"’a”‘E"‘6"!’7‘"B"’?"‘o‘/
DATA NUHMEER/3040/

DATA NGEOMAZ1s2+8215v16/9172723%0/

ODATA IFOS/29108929301vle2y30b6K1p1s2019206K1y 113K/
UATA NFOS/3:314:4922303r31306KA941 350 39328%4949 32 3%4/

DATA ALNAMS / HACK! v *HOE *»* ‘pfLOALIYYER Ty ’y
1/COMF’ y"RESS +'0OR  *r’FILE’s’ DRI‘»/VER ‘' /FUMF’»’ ‘! “y
2/CRAN’»‘E ryt y SHOV +'ElL ‘9 *y 'BREA’» *KER * ‘Y
3'CONC’ +y'RETE’ ‘y/BENE’ s *RATO’ 'R "y 'MISCY v ELLAY N ‘y !
4 PRIANXX'» YUSER’y’ LEF‘s"INEDL’, :
SYRULLY » ‘LDZE’ ¢+ 'R Yy ‘GRADP'ER ‘1’ e 'TRUC'»'KE  * ¢ ‘y
6SCRAY +'PER "¢’ )
7 1BR/XXXX ‘s
G/COMF/ ¢ "ACTE ¢+ 'R LYFAVIY NG ‘et ‘)
B 9K XXXX '/ b
Aall
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! ~~C SEARCH ALNAMS FOR NAME

00 1 ITYPE=1+30

Do 2 J=1.3
IF{SRCNAM )Y JHE ALNAMG () ITYFE) Y GO TOD 1
CONTINUE

GO TO 3

CONT INUE

IGEOM=0

RETURN

} C INCREMENT NUMBER COUNT FOR SOURCE

3

NUMBER(ITYPE)=NUMBER (ITYFE) +1

C SET IGEOM TO NOMINAL VALUEs EKASEDR ON ITYRE

N e IR P

Tooo0oo0o0onon

o

A A MUY X o AR 7T s )

O

i

IGEOM=1

IF(ITYFE.GT,15) IBEQM=2

IF (ITYPE.GT.25,) IGEON=3
APFEND NAME

COFY=‘

ICOFY (IFOSCITYRE) )=NTH(NUMBERC ITYFE))

SRCNAM(NFOSCITYFE) ) =COFY
DETAILED SOURCE TYFE IS5 INENTIFIEN HERE. 'MODEL’ IS INFUT. IF THIS
IS AN INTEGER GREATER THAN ZEROD, THIS CORRESFONDS T A SFECIFIC
CATALOGED MODEL. IF ZERD IS INFUT, THEN A NEW MODEL WILL KE CREATED
IN THE AFFROFRIATE EQUIFMENT SUEROUTINEs REQUESTING LEVEL ANID
CAPACITY [ATA FROM THE USER. ENTERING ~1,-2y ETC.s SIGNIFIES ‘SAME
AS LAST NEW MODEL OF THIS TYFE’, ‘SAME AS SECOND FRUM LAST NEM MODEL
OF THIS TYFE‘s ETC. NOTE THAT ITYFE=1% IS ALWAYTS ACCOMFANIED BY A ZERD
MODEL NUMEER THE FIRST TIME IT 1S SFECIFIEDs AND ZERO OR NEGATIVE THEREAFTER

WRITE(7+%) ‘MONEL NUMEER?

READI(7 %) MODEL
SET UF TRUE MODEL NUMBER IF ‘SAME AS LAST’ CASE:

IF (MOLEL 4 LT, 0)MODEL=NMODS (I TYFE) +1-+MOLEL
SAVE ITYFE AND MODEL

INFOC1)=MOLEL

INFO(2)=ITYPE
TEST IF THERE IS A CHOICE OF GEOMETRIES

10 4 1=1:30

IF(ITYPE,EQ.NGEOM(I))GO TO 5

CONT INUE

RETURN

WRITE(7,%) ‘ENTER 1, 2, OR 3 FOR WORKING OVER FOINTy LINE OR AREA}’

READ (7, %) IGEOM

RETURN

ENI
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SUBROUTINE FTTASK(ELFT.Zy IFRQ)
THIS SURROUTIME ACCERTS THE TASK DESCRIFTION ‘INFO’ (TYFE aMD
HMODLEL OF EQUIFMENT) AND RETURNS THE LEQ SOURCE LEVEL AT THE REFE-
RENCE DISTANCE. THE TIME WORKED EACH DAY ~ ‘HOURS® - I3
COMPAREL TO THE WORKDAY TO aDJUST LEQ TO THE FULL WORK DaY,
THE DAILY PROGUCTION RATE ‘PRODUCY IS ALSO COMFUTED FOR USE IN
HALANCING EQUIFMENT USAGE WITHIN A TASK., EMIGSIDN LEVELS,
DUTY CYCLES» AND CAPACITIES ARE LOOKED UP FROM
DATA FILES FOR SPECIFIC FIECES OF EQUIFMENTS THE USER MAY LEFINE NEW
TYFES., THE DATA FILES ARE MAINTAINED IN A SEFARATE BLOCK DATA ROUTINE.

INFUT VARIAELE?

Z = INPUT SOURCE MEIGHT. RAISED RY ACOUSTIC HEIGHT FOR RETURN
OUTFUT VARIAELE?

ELFT = NOISE LEVEL OF TASK
DTHER VARIARLESS .

DAYHRS = WORK LAY LENGTH ZURDAY /

EQUIF{3+10»30) = EQUIFMENT LATA RASE JEQUIFRT/

EQUIF(L1sMsY) = LMAX
EQUIF{(2:M,1) = LMAX-LEQ(CYCLE)
EQUIF(3IsM:I) = CAFACITY
EQUIF(4sM+I) = CYCLE TIME

EQUIF(SsM,I) = EFFECTIVE ACQUSTIC SQURCE HEIGHT
HOURS = HOURS WORKED IN TASK sTGKARGY/
IFRQ = SPECTRUM IDENTIFIER OF SOURCE
IFRER¢10,30) = EQUIFMENT SFECTRUM DATA BASE /ERUIFT/ (uw
INFOC(Q) = MODEL AND TYPE
IFRODC30) = LIST OF TYPES WHICH HAVE FRODUCTION RATES /TYFES/
J = DO LOOF INDEX
K LD LOOF TNDEX
H MOLEL NUMEER
NMODS (302 = NUMBER OF MOLELS OF EACH TYFE ZNMODLS/
FROD = FRODUCTION RATE
FRODUC = DAILY FRODUCTION, SAVED FOR NEXT TASK /TSIKARG/

o

COMMON 7WKIDIAY /LAYHRE

COMMON /TYPES/IFRONCIO) » THAUL(10) » IVEH(E 5D
COMMON /NMONLS/NMOTIS (30) » NUTYF

COMMON ZEQUIPT/EGUIF(S,10+302»IFREQA(L10,»30)
COMMON /TSKARG/INFOC(2) +HOURSFRODUC

M=INFO(1)

I=INFO(2)

IF(M.GT.060 TO 1
SECTION 70 AND NEW MODEL LATA
INCREMENT NMODS

NMODS (T =NMODS (1) +1

M=NHODS (1) ,

WRITE(7» %) ‘ENTER LMAX DELTA)CAFACITY (CYCLE TIME, ACOUSTIC

1 HEIGHT, AND FREGUENCY:’

READ(7+ %) (EQUIF(KsMr I3 K=1r5)» IFREG(Ms I)

CONTINUE _
CALCULATE LEQ(CYCLE) -

ELFT=EQUTF (1 sMy 1)~EQUIF(2,Ms 1) e

A- 18
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C TEST TO SEE IF A PROTUCTION RATE IS ASSOCTATED WITH THIS EQUIFMENT TYPRE
0o 2 M=1,30
IFCIFRODCYY EQ, 1080 TO 3

2 CONTINUE
GO TGO 4

3 CONTINUE

C CALCULATE DATLY FROTUCTION
FROO=EQUIF(IsMr DIXIAYHRS/ERUIF (49My 1)

C COMFUTE EFFECTIVE ‘HOURS* IF EBALANCED TO LAST!?
IF(HOURS,L.T. 0. YHOURS=IAYHREAFRODUC/FROL

C COMFUTE DAILY FRODUCTION FROM HOURS AND DAILLY RATE - NOTE REDUNDANCY

€ 0OF THIS CALCULATION FOR “BALANCE TO LAST’ OaSE
FRODUC=FRODXMOURS/DAYHRS

4 CONTINUE

C ADJUST LEVEL BY USE FACTOR

. ELFT=ELFT+HLO . %ALOGLO (HIJURS/TIAYHRS)

C ADJUST Z TO ACOQUSTIC HEIGHT
Z=ZFEQUIF(S M 1)

C GET FRERGUENCY IDENTIFIER
IFRAG=TFREG(M» I)
RETURN
ENI

A-|7
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SUBRQUTINE LNTASKCALNSRE »NLNFTSyELLNENy IFRQ)

THIS SUBROUTINE ACCEFPTS EQUIFMENT DESCRIFTION ‘INFO’ AND
LINE SOURCE GEOMETRY “XLNSRC‘, IT RETURNS ‘ELLN‘ AND ‘EN‘y THE CYCLE
AVERAGED EMISSION LEVEL AND NUMBER OF VEHICLES FER UMIT LENGTH, FOR
MOST FIECES OF EQUIFMEMT THE CALCULATION IS5 ESSENTIALLY THE SAME AS
IN 'PTTABK’s EXCEFT THAT THE SOURCE IS DISTRIRUTED OVER A LINE.
ONE FIECE OF EQUIFMENT OFERATES ON THE LINE. FOR HAULING OFERATIONS
(HAUL. ROADS» SCRAFERS, ETC.) THE CALCULATION IS SOMEWHAT DIFFERENT.
THE TASK IS SET UF WITH A HIGHWAY-~LIKE FORMULATIONs AND MULTIFLE
VEHICLES ARE EITHER SFECIFIEL BY THE USER Ok INFERRELD FROM FROU-
UCTION RATES. TRAVEL SFEED AND ACCELERATION/DECELERATION AT LOAL/DUMF
FOINTS ARE ACCOUNTED FOR., RETURN LOOF GEOMETRY AND SFEEDS ON ACCEL-
ERATION/DECELERATION SEGMENTS ARE GENERATEL AS AN OQFTIOM: USING THE
‘HAULRD’ SET OF ROUTINES.

INFUT VARIARLES!
XLNSRC(3+20) = COORDINATES OF LINE
NLNFTS = NUMBER OF FOINTS DEFINING LINE
QUTEUT VARIABLES!
ELLN(1%9) = EQUIFMENT EMISSION LEVEL ON EACH LINE SEGMENT
EN(19) = EFFECTIVE NUMEER OF VEMICLES PER UNIT LENGTH ON EACH SEGMENT
(THE CONTENTS OF COMMON BLDCR /TSKARG/ ARE ALSO TREATED A% I/0 )
OTHER VARIABLES:
CYCLE = EQUIFMENT CYCLE TIME
DAYHRS = LENGTH OF WORK DAY ZURTAY/
DXeDY = X AND Y EXTENT OF LLINE SEGMENT
DS = LENGTH OF LINE SEQMENT rﬁ\
El. = NOISE LEVEL
EQUIF{5,10,30) = NATA EASE FOR NON-HAUL EQUIFMENT ZEQUIFT/
EQUIP(L1rMs1) LMAX
EQUIF(2sMsI) LHAX-LEQCCYLLE)
EQUIF(I 1M1 CAFACITY FER CYCLE
EQUIF(4sMs 1} CYCLE DURATIONM
EQUIF(SeM, I EFFECTIVE ACOUSTIC HEIGHT
HAULEQ{&+10) = DATA BASE FOR HAUL ERUIFMENT /VEHLEV/
HAULEQC1,IVEH) = EMISSION LEVEL

it Kl oH

ii

HAULEQ(Z2,IVEH) = REFERENCE SFEED
HAULEQ(3y IVEH) = SPEED UEPENIENCE SLOFE
HAULEG(4,IVEH) = CRITICAL SFEED
HAULEQ(S» IVEHY = CAPACITY

HAULER (& IVEH) EFFECTIVE ACOUSTIC HEIGHT
HOURS = TIME WORKED' FOR TASK /TSKARG/
‘"I = EQUIFMENT OR TASK TYFE NUMEER
IFRO = SFECTRUM ILDENTIFIER OF SQURCE
IFREQ(10,30) = EQUIFMENT SFECTRUM DATA BASE JEQUIFT/
IT = I-15
IHAUL(10) = LIST OF HAUL TASK TYFE NUMBERS /TYFES/
ILLOOF = TYFE OF RETURN LOQF FOR HaAUL TASKS

INFO(2) = MODEL AND TYPE /TASKARG/
IFRODC3Q) = LIST OF EQUIPMENT/TASK TYFES WITH FRODUCTION RATES /TYFES/

IVEH(S,3) = TABLE OF HAUL TASK TYFE/MUDEL NUMEBERS, IVEHM,II) /TYFES/

J = D0 LOOF INDEX _
R = DO LOOF INDEX ¢
M = MOLEL NUMEBER e

A-18
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C N = L0 LOOF INTEX

c NMODS (30) = NUMEBER OF MODELS OF EACH TYFE /NMONLS/

C NVTYF = NUMBER OF HAUL TaASK TYFES /NMOIILS /

C FROD = FRODUCTION RATEr FULL WORK DAY

c FRODUC = DAILY FPROODUCTIOM, SAVEL FOR NEXT TASK /TERARGS
c RAD = RADIUS OF RETURN LOOF

c SFEED(1?) = SPEED OF VEHICLES ON EACH SEGMENTy INFUT UNITS
c SUM = TOTAL LENGTH OF LINE

c SUMINYV = 1./SUN

c VELCON = VELOCITY CONVERSION BETWEEN INFUT ANI CONSISTENT UNITS
c VELOC = EQUIFMENT SFEEID's CONSISTENT UNITS

c VOL = ONE-WAY VOLUME, VEHICLES FPER HOURs, ON HAUL ROALD

c

DIMENSION XLMNSRC(3,20) »ELLN{(1F)yEN(L?)sSFEEN(1?)
COMMON /EQUIFPT/EQUIF(S5+10,30),IFREQ(10+30)
COMMON /NMOLLS/NMODS (30) s NVUTYR
COMMON /TEKARG/INFO(2) »HOURS, FRODLC
COMMON /TYFES/IFROD(IO) s THAULC10) » IVEH(S 5)
COMMON ZWKDAY/DAYHRS
COMMON ZUNITS/00 002 ,GRAV,VELCON
COMMON /VEHLEV/HAULEOCA+10)
M=INFO(1)
I=INFO(2)
II=I-1% )
C TEST FOR HAUL OR NOT. HAUL SECTION STARTS AT LABEL 2y AND IS ESSEN-
C TIALLY A SEFARATE BLOCK.
DO 1 K=1,10
IFCILEQ,THAULCKY GO TD 2
1 CONTINUE
c
€ NON-HAUL ROAD SECTION - LOGIC FARALLELS ‘FTTASK’
IF(M.GT.0)GO TD 3
C SECTION TO INFUT NEW NON~HAUL TDATA
NMODS (1) =NMODS(I)+1
M=NMODS(I)
WRITE(7»%)’ENTER LMAX»DELTACAPACITYSFEED, ACOLSTIC HEIGHT:
1 AND FREQUENCY:
EQUIFCA,M,I) IS SFEED, IN INFUT UNITS, CYCLE TIME I8 COMFUTED FROM
THIS ANDI TWICE THE TOTAL FATH LENGTH, FRESUMING A CYCLE TO BE A
ROUND TRIF
REAL(Z» X)) (EQUIF (K MsI) +Ks1sS)»IFREQ(Ms 1)
3 CONTINUE
€ CALCULATE LENGTH OF FATH - EN IS THE RECIFROCAL DF THIS
SUN=0,
D 4 N=1,;NLNFTS-1
DX=XLNSRCCLyN+1)~XLNSRE(1N)
DY =XLNSRC (2o N+1)~XLNSRC(2N)
LDS=GART(IXOkR2+0Y X %2)
SUM=5UM+DS
4 CONTINUE
SUMINY=1,/5UM
00 5 N=1lpNLNFTE-1
S EN(N)Y=SUMINV
EN(NLNFTS) =0,

000
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C TEST TO SEE IF FRODUCTION KATE IS ASSOCIATED WITH THIG EQUIFMENT TYFE

00 & J=1y30

IF(1,EQ. IFRADCS)IGO TO 7

&  CONTINUE

GO TO B
7  CONTINUE
C CALCULATE DAILY FRODUCTION

VELQC=EQUIF (4» My 1) KVEL CON

CYCLE=SUM/ (VELOC¥1800. )

PROD=EQUIF(3+Hr 1) KDAYHRE/CYCLE
C EFFECTIVE HOURS IF ROLANCED TO LAST!

IF CHOURS. LT+ 0. ) HOURS =LA YHREKFROMYC /FROD

C COMFUTE FRODUCTIONS

FRODUC=FRODKHOURS/DAYHRS
8  CONTINUE
C COMEUTE LEVEL AND ADD ACOUSTIC SOURCE HEIGHT!

Z=EQUIF (5¢Ms 1)

EL=EQUIF (11HyT)~EQUIFC2sMsT) +10, KALOG10(HOURS /IAYHRS)

[0 9 N=1:NLNFTS-1

XLNGRC ¢ 29 N) =XLNERC (2 yN) 42
9  ELLN(N)=EL

XUNSRC ¢ 37 NLNFTS) =XLNSRC (3 s NLNFTS) +2

ELLN(NLNFTS) =0,
GET SFECTRUM IDENTIFIER

IFRO=IFREQ My I)
END OF NON-HAUL SECTION

RETURN . g

HAUL OFERATION SECTION. TASK I8 VENICLES MOVING ON & ROAL. FROD-
UCTION IS ACCOUNTED FOR RY VERICLLE VOLUME, NOT WORK FERIOL. VARYING
SFEED IS PERMITTED. RETURN LOOF GEOMETRY AND ACCELERATION/LDECELERATION
DETAILS MAY BE COMFUTED RY THE FROGRAMr AS OFTIONS UNDER SUBROUTINE
'HAULRID’, VEHICLE EMISSION LEVELS ARE FROVIDED BY FUNCTION ‘ELVEH’.
RATHER THAN DATA ARRAY ‘EQUIF”

OOOoocon0n0On o w]

2 CONTINUE
IF{M.6T.0)GO TO 10
C SECTION TO INFUT NEW HAUL DATA
NUTYP=NUTYF+1
NMODS{T ) =NMOLS (I)+1
M=NMOLS(I)
IVEHC(H» T1)=NVTYR
WRITECZ k) "ENTER LHMHAX+REFSFDSLOPEVCRITCAFACITY,» ACOUSTIC
1 HEIGHT» AND FREQUENCY:’
READ(Z » %) (HAULEQIKyNUTYF )Yy K=1+4) » IFREQ{M» I
10 CONTINUE
C AID ACQUSTIC SOURCE HEIGHT
Z=HAULEQ( &y NVUTYF)
C GET SFECTRUM IDENTIFIER
IFRO=IFREQ(M,I)
DO 13 N==1 yNLMNFPTS
13 XLNSRC(IsN)=XLNSRC(I/yNI+Z
WRITE(Z %) 'ENTER SFERL ON ALL SEGHMENTS’ fﬂ,
READ(7 s %) (SPEED(N)Y sN=1»NLNFTS-1) B

A-20
WYLE LABORATORIES

T et ettt s e 4 g e h et




C NEGATIVE HOURS INDICATES HALANCE TO LLAST - NO NEED TO READ VOL
IF(HOURG.LT.0.)G0 TO 12
WRITE(7+%)VEHICLES FER HOUR:'
REALI(7» ¥3Y0L
11 CONTINUE
WRITE(Z+%)'TYFE AND RADIUS OF RETURN LOOF’
c READC? » %) ILOOF » RAD

C COMFUTE FRODUCTION
IF(HOURS.LT.0.)VIL=FPRODUC/ (HAULEG(S» IVEH(MrI1)) XDAYHRS)

FRODUC=VOLXHAULEQ(TS » JVEH(M»II))XDAYHRS

C SCALE TO HOURS WORKED
IF(HOURS .GT .0 YFRODUC=FRODUCXHOURS/DAYHRS
Q=V0oL/3400,

C CALL HAULRL OR PASSEY» AS INDICATED BY ‘ILOOF/
IFCILOOF.LE.Q)GOD TO 12
CALL HAULRI(XLNSRC NLNPTS»RADy ILOOF»SFEED/Q» IVEHC(H s II) r ENsELLNY
RETURN

e CONTINUE

WRITE(7 %) 'STOFFING AND DECELERATION FOINTS®
READCZ» ¥ ISTOF » TLEC
CALL FASSHY(XLNSRC/NLNFPTS, ISTOFyIDEC: SFEED»QrIVEH(H»II) »
1ENYELLNY
RETURN
END

A-2|
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SUBROUTINE HAULRDROFTS+ IRDFTSRAD, ILOOF » SFEED, QY
1IVEHSEN(ELL)
FROGRAM TO CONVERT INFUT ROAD POINTS, SFEEDy AND VOLUME TO ROAD
WITH RETURM LOOF AND ACOUSTIC SOURCE QUANTITIESTHE INFPUT RDBFTS
AND IROFTS ARE MOLIFIED. OTHER QUANTITIES ARE NEWLY CREATED.

INFUT VARIAFLES:
RIFTS{3+20) = COORDINATES OF FOINTS DEFINING ROAD
IRDFTS = TOTAL NUMBER OF POINTS IN ROAD, AFTER ‘LOOF’ AND

BEFORE RETURN, UENDTES INDEX QF LOOF RRANCH FODINT.

RAD = RADIUS OF TURMAROUND LOOF, IF ONE 18 SPECIFIED
ILOOF = TYFE OF TURNARQUND LOOPi SEE “LOGF’ FOR OFTIONS
SFPEED(19) = SFEED OF VEMICLES, IN INPUT UNITS
Q@ = ONE-WAY VOLUME OF VYEHICLES FER SECOND ON ROAD
IVEH = INDEX IDENTIFYING TYFE OF VEHICLE

OUTFUT VARIABLES!
EN(12) = NUMBER OF VEHICLES FER UNIT DISTANCE OM EACH SEGMENT
ELL¢19) = EFFECTIVE LEQ(E) DF VUFHICLES ON EACH SEGMENT
ROFTS AND IRDFTS ARE MOLIFIEN TO INCLUDE LDOF FOINTS

OTHER VARIARLES!
I= ROAD SEGMENT INDEX IN DO LDOPFS
IDEC = INDEX OF DECELERATIDN FOINTs CALCULATED IN ‘DECACC’
NLOAD = INDEX OF LOADING FOIMT,» CALCULATEL IN ‘LOOFY
NRIFTS = NEW TOTAL NUMEBER OF FOINTS» AS EXTENDED RY ‘LOOF*
V{1?) = SFEED OF VERICLES ON EACH SEGMENTy IN CONBISTENT UNITS

CoOOo0OooONOO00DD0OOO0nON0oO0a000

DIMENSION RIOFTS{20),SFEED(LP)sEN(IP) yELLCL1F)V(19) (*\
CALL LOOF (RDFTS,IRDFTS,RAD, ILOOF NROFTS  NLDADD
CALL DECACC(RDFTS,NROFTS»IRDFTSs NLDAD IDECy SFEEDV)
NOW HAVE RODFTSE WITH LODF WHOSE START, LOAL. AND END FDINTS ARE
LEFINED BY IRDFTSs NLOAL, AND NRDPTS. DECELERATION STARTS AT IDECEL.
COMFUTE EN. NOTE THAT THE ACTUAL VOLUME IS TWICE @ BEFORE THE LOOF.
SINCE Q@ IS THE NUMBER JF VEHICLES LDADED FER HOUR,
0 1 I=1,IRNPTS-1
1 EN(I)=2.%Q/V(1)
DO 2 I=TIRDFTS)NRDFTS-1
a EN(Ii=QrVU(I}
C OHTAIN VEHICLE LEVEL FOR EACH SEGHENT.
C THE THIRD ARGUMENT OF THE FUNCTION SUBROUTINE IS ODFERATING
C MODE: 1=CRUISE AND ACCEL» 2=DECEL.
0o 3 I=1.IDEC-1
3 ELL{(I)=ELVEH(IVEH V(1)) 1)
o0 4 I=sILEC,NLOAD-1
4 ELL{I)=ELVEHC(IVER V(I 2)
0Q 5 I=NLOAD»NRIFTS-1
S ELL{I)=ELVEH{IVEH V(I),1)
C FUT ZEROES INTO EN AND ELL OF LAST FOINT
ELL(NRLFTS)=0,
EN(NRDFTS)=0,
C COFY NRDFTSs NUMBER OF ROAD FPOINTS WITH LOOF EXTENSION:
C INTO IRDFTS!
IRIFTS=NRIFTS
RETURN Cm)
ENI] iy

ooOnoon
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SUBROUTINE LOOFP(ROFTSs IRDFTS »RADY ITYFE s NROFT S, NLOALD
FROGRAM TOD FROVIDE END LOOF FOR A HAUL ROALL. THE LAST ROAD FOINT,
ROPTS(NRIFPTS)y IS THE STOPFING FOINT. SIX TYFES OF ENI LOOFS ARE
LEFINELD': 1,2=L00F ON ARRIVALy 3s4= LOOFP ON DEFARTURE: Seé= LOOF ON
BEQOTH, CODOI=CLOCKWISE, EVEN=COUNTERCLOCKWISE, A 7 CONFIGURATION IS
STRAIGHT IN AND DUT, NO LOOF.

INFUT VARIABLES!
ROPTS(3»20) = COORDIMNATES OF FOINTS DEFINING ROAD
IRDFTS = NUMBER OF INFUT ROAD FOINTS
ITYFE = TYFE OF TURNAROUNID LOOFF SEE LEFINITIONS AROVE
RAD = RADIUE OF TURNAROUND LOOF
OUTFUT VARIARLES:
NRIOFTS = NUMEBER OF FOINTS IN ROAD EXTENDED BY LOOF
NLOAD = INDEX OF LOANING FOINT: CORRESFONDS TO ORIGINAL LAST POINT
ROFPTS I5 ALSO EXTENDED/MODIFIED TO INCLUDE LOOF FOINTS
IRDPTS IS MODIFIED TO IDENTIFY BRANCH FOINT
OTHER VARIABLES:
I = ROAD! FOINT/SEGMENT INDEX IN DO LDOFS
J = X2 INDEX IN DO LOOFS
XLOOF(2,14) = XyY CODRDINATES DEFINING LOUF SHAFESS TWO SHAFES
ARE STOREDr EACH ALIGNED FDR AFFROACH ON X AXIS
IROT»ITOF = FAIR OF INDICES (EITHER1:4& DR 7:14) IDENTIFYING XLOOF
DATA REING USED
11 = YRODPTS~IEBOTH+1 # SET UF S0 THAT 1141 STARTS AT IRDFTS+1
WHEN 1 STARTS AT IROQT
X0rYO0»20 = TEMFORARY STORAGE OF LAST ORIGINAL ROAD FOINT AT IRDFTS
XY = TEMPORARY STORAGE OF LOOP FOINTS WHEN TRANSFORMING FROM LOOF
SHAFE COORLINATES TO ALIGNMENT WITH LAST INPUT ROAD SEGHMENT
ROLNTH = LENGTH OF ROAL SEGMENT
ROTCS(2) = COSIMNE ANII BINE OF ANGLE BETWEEN LAST ROAD SEGHMENT AND
X AXIS
SIGN(2) =1,1 TO USE LOOFP SHAFE AS STOREDF# 1,~1 TO USE MIRROR IMAGE
TEMF(2) = TEMPORARY STORAGE OF LOOFP FDINTS WHEN INVERTING ORDER FOR
LOOF ON AFFROACH CASE
IUMMY ¢3) = DUMMY VARTABLE TO FILL UNUSED RETURN ARGUMENTS OF GEOM

DIMENSION ROFTS(3+20)» XLOOF (2,140 » DUMHMY (3)
DIMENSION ROTCS(2)rSIGNC(2)fTEMF(2)
DATA XLOOP/ .71 r~0290109=1.29,219=1.,72+040y=2,y=719=1,71+-2,41+0.
1-1,717,714 —1lerlr -y 29971 Q.r0.r =423F =471
2 ~1ir=1.» "'1171?"071! =2.4110./
NROFTS=IRLFTS
NLOAD=IRIFTS
TEST FOR LOOF OR NOT LOOF CASE
IFCITYFE.GE.L.ANLLITYFE.LE+4)G0 TO B8
STRAIGHT IN AND OUT CASE! HRIFURCATE LAST SEGHENT
NREFTS=NRDFTS+1
IRDPTE=1IRIFTS~1
0 9 J4d=1,3
k4 ROFPTS(Js NROFTSI=RIFTS (L IRIIFTS)
RETURN
8 CONTINUE
IFCITYFE JLEWOLORVITYFE.GT.6) RETURN
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c SELECT SINGLE OR DOURLE SIDED LOOF ~
IB0T=1
ITOP=4
IFCITYFECLT.S) GO TO 1
IRQT=7
ITOF=14

1 CONTINUE

C XLOOF DATA CORRESFOND TO CASES 3 AND 5. SET UFP TO CHANGE SIGN OF Y

C FOR CASES 1+4 AND 4. CASES 1 AND 2 WILL REQUIRE INVERSION DOF ORLER

L AS WELLs» 80 THAT ARRIVAL POINTS COME BEFORE DEPARTURE, INVERSION

C IS DONE AT END OF THE SURROUTINE.

r3

3
c

SIGN(1)=1,

SIGN(2)=1,

IF(ITYFEZ.EQ. L1, OR+ITYFE+EQ.A.ORZITYFPE,EQ.,&)ISIGN{2)=~1.,
I1=IRLFTS-THOT+1

MULTIFLY XLOOF BY RAD

oo 2 =12

po 2 I=IRQTITOF

ROFTS(Je I1+I)=RANKXLOOP(Js TYXRSIGN(I)

CONTINUE

OBTAIMN ROTATION ANGLE OF LAST SEGMENT

CALL GEOM(RDFTS{1sIRDFTS-1)Y+ROPTS(L e IROFPTS )y DUMMY
LDUMMY » DUMMY s ROTCS » DUMMY » ROLNTH 3)

IF{ROLNTR LT (2. SXRADDIURITE(Z v %) 'LAST SEGMENT TOO SHORT
1FOR SPECIFIED END LLOOF

ROTATE LOOF FOINTS AND FLACE RE?! END FOINT
XO=RIFTS{1s IRDIFTS)

YO=ROFTS (2 IRNPTS)

ZO=RLUFTS{3+ IRLFTS)

0o 3 I=IBRQT.ITOF

X=RDFTSC(1I141)

Y=RODFTS(2,I141)

ROFPTS(Ly T1-HI)=X¥ROTCS (1Y ~YHROTCS(2)+X0
ROFTS(2,T14+I)=Y¥ROTCS (1) +XKROTES(2)+Y0
ROFTS(3s1314+1)=20

CONTINUE

ADJUST Z OF LAST NEW FOINT

ROFTS (3 L1+ITORY=(2, 41¥RALI/ROLNTH)X(RIFPTS(3, IROFTS-1)~Z0)Y+20

C SHIFT ALL LOOF FOINTS UP ONE TO MAKE ROOM FOR INSERTED FOINT IN
C HALF-LOOF CASE. SKIF THIS FOR FULL CIRCLE CASE,

SR . e e s s bt bk ket DT g s e gt

IF(IBOT.NE,12GOTO 4

0o 5 J=1+3

00 & I=791,-1

RIPTS(Js IRDFTSHIX=ROPTS(J+ IRDFTS+I~1)
INCREASE ITOF TO MATCH

ITOP=ITOR+1

CONTINUE

INSERT NEW FOINT/MOVE OLD LAST FOINT
U0 & J=13

RUFTS (Jry IRDFPTHY=RDFTS{Jy IL4+ITOF)
DEFINE NEW NUMBER QF PUINTS
NRIFTS=I1+ITOF

IDENTIFY LOADING FOINT
NLOAL=NRLFTS-&+(IEQT/3)
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e FINISHED EXCEFT FOR CASES 1 AND 2
IFCITYRE.GT.2)RETURN

c
C INVERT ORIER OF LOOF FOINTS S0 THAT LOOF COMES FIRST. THIS INVOQLVES
C FOINTS IRDFPTS+1 THROUGH NRIOFTS—-1 (=IRDFTS+4&). ONLY X AND Y NEED
C BE SHIFTED} Z IS THE SAME FOR ALL OF THESE.
g 7 I=1,3
Do 7 Jd=1.2
TEMF (J)=RIPTS(J» IRDFTSH+I)
ROPTS(Jr IRDFTS+I)=RUPTS (I NRDFTS~I)
ROFTS(Jr NRIFTS-1)=TENP{J)
7 CONTINUE

c CHANGE LOADIING FOINT INDEX
HLOAD=NRDFTS-1
RETURN
END
~
,*}
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SUBROUTINE GEOMIX1 X2y XORS D FHIROTCS OBSROT,RILNTH, TSKIF)
THIS SUDROUTINE FERFORMS A COORDINATE TRANSFORMATION FROM THE INFUT
COORDINATES TO COORLINATES RELATIVE TO A LINE DEFINED HY TWd FOINTS,
THE TRANSFORMED COORDINATES ARE CENTERED' ON THE FIRST ENU FOINT OF
THE LINE AND ARE ROTATED S0 THAT THE SECOND END LIES ON THE NEW
X=-AXIS., THE SUBROUTINE RETURNS THE COSINE AND SINE OF THE ROTATION ANGLE,
TRANSFORMED COORDINATES OF THE RECEIVER FOSITIONy ANGLES FROM THE RECEIVER
TO THE LINE END FOINTS, FLUS SEVERAL OTHER FERTINENT FARAMETERG, A
SWITCH ‘ISKIF‘ FERMITS REUSING CERTAIN FARAMETERSs RATHER THAN CALCULATING
THEM: WHEN THERE ARE REFETITIVE CALLS TD GEOM. THE TRANSFORMATION TAKES
FLACE IN THE X» Y FPLANE{ Z FROM THE RECEIVER FOSITION IS TRANSFERRED 1O THE
TRANSFORMED CODRDINTES.,

INFUT VARIABLES!
ISKIF = SWITCH VARIABLE., Of COMFUTE ALL FARAMETERS, 1: USE INFUT

VALUES 0OF ROTCS. 2! USE INFUT VALUES OF ROTCS AND ROLNTH.
3} COMPUTE ROTCS AND RILNTH QRNLY.
X0BS(3) = RECEIVER LOCATION
XL(2),X2¢2) = FIRST AND SECONDI END FOINTS OF LINE
OUTFUT VARIARLES!
Il = NORMAL DISTANCE FROM RECEIVER TO LINE
OBSROT(3) = TRANSFORMED' COORLINATES OF RECEIVER
FHI(2) = ANGLES (RE! NORMAL) FROM RECEIVER TI ENDS OF LINE
ROLNTH = LENGTH OF LINE SEGMENT (INFUT IF ISKIF = 2)
ROTCS(2) = COSINE AND SINE OF TRANSFORMATION ANGLE C(INFUT IF ISKIF=1,2)
OTHER VARIARLES:
DELTX,DELTY = X AND Y DISFLACEMENTS BETWEEN X1 ANI X2 fm\
ROTANG = TRANSFORMATION ROTATION ANGLE

DIMENSION X1(2)rX2(2)sX0ES(3) sFHI(2) »OBSROT(3) s ROTES(2)
COMMON /CONSTS/FI,TWORI ,PI0V2
NATA FIsTWORI/FIOV2/3,141592654,64,28318531+1,570796327/

ISKIF=1 ! USE LAST ROTANG AND ROTCS

ISKIF=2 ¢ USE LAST ROTANG:ROTCSs AND RDILNTH
IFCISKIF.EG.1)G0 TO 4
IF(ISKIF.EQ.2)G0 TO §

COMFUTE ANGLE TO END' OF RDAR
DELTX=X2(1)~X1(1)
DELTY=X2(2)-X1(2)

TEST FOR 90 DEGREE CASE
IF(DELTX.NE.0.)G0 TO 2
ROTANG=F10U2

TEST FOR -90 DEGREE CASE
IFCOELTY . LT.0. ) ROTANG=ROTANGHFT
60 TO 3

2 CONT INUE

FRINCIFLE VALUE
ROTANG=ATAN(DELTY/DELTX)

TEST FOR SECOND OR THIRD QUADRANTS

3 CONT INUE
IF(LELTX LT .0, ) ROTANG=ROTANG+F T

COSINE AND SINE
ROTCS(1)=C0S(ROTANG) ¢
ROTCS(2) =SIN(ROTANG) e
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o 4 CONTINUE

C LENGTH OF ROAI
ROLNTH=(X2(1)-X1(1)Y¥ROTCS(1)+{X2(2)-X1(2) ) %ROTCS(D)
IF(ISKIF.EQ, 3)RETURN

S CONTINUE

C TRANSFORM RECEIVER FOSITION
DELTX=XOBS(1)-X1(1}
DELTY=XOBS(2)-X1(2)
CERSROT(1)=DELTXKROTCE(1 ) +IELTYXROTCS(2)
CESROT(2)=DELTYXROTCS(1)-LELTXAXROTCS(2)

C ANBLES FHI

C FIRST COMFUTE MAGNITUDE

C TEST FOR IN-LINE CASE
IF(ORSROT(2) ,EQ.0.)G0 TO &
FHIC(L)=ATANCARS(ORSROT(1)/0BEROT(2)))
FPHI(2)=ATAN(AES({(OBSROT(1)~ROLNTH) Z/ORSROT(2)))
GO 70 7

C IN-LINE CASE

] FHI(L)=FI0OVZ
FHI(2)=FIOV2
7 CONTINUE

C ASSIGN CORRECT SIGNS
IF(OBSROTCL) . GT.0IFHI(1y=~FHI(1)
IF(OBSROT (1) WGT.ROLNTHIFHI(2)=-FPHI(2)

C MAGNITULE OF DISTANCE

o L=AES{ORSROT(2))
. L TRANSFER Z TO ORSROT
ORSROT(3)=X0RS(3)
RETURN
END
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SUBROUTINE DECACC(ROFTSHRIFTS IRDFTSy HLDAD IDECSPEET W)
FROGRAM TO PROVIDE AVERAGE SPEENS ON HAUL RUAD ALCELERATION AND
DECELERATION SEGMENTS., SPEEDS ARE CALCULATED FOR CONSTANT ACCEL-
ERATION, BEGINNING AT THE LOARING FPOINT. THE CONSTANT-A
SFEED FROFILE I& CONTINUED UNTIL THE SFEED AT THE FAR ENI
OF THE SEGMENT EQUALS OR EXCEEDS THE AFFROACH SFEED VTERM.

VTERM IS INITIALLY SET AS THE INFUT SPERD AT THE LAST

ROAD SEGMENT. IF THE LAST SEGMENT (DR THE SEGHMENTS FROM THE
LOADING FOINT TO THE END OF THE LOOF) IS5 NOT LONG ENOUGH TO
REACH VTERM, THE LOOF SECTION IS EXTENDED BY A BIFURCA~

TION OF THE AFFROACHING SEGMENTS. VTERM IS5 THEN TAKEN AS

THE SFEEDN ON THE EXTENDED SEGMENT. AFPFROACH ANl DEFARTURE
SEGHENTS ARE EXTENDED EQUALILYr S0 THAT THE DIFFERENCES IN SDURCE
LEVELS CAN KE PROFERLY HANDLED., VTERM IS5 MODIFIED (IF

NEEDELD) SEFARATELY FOR EACH. BFEENS ARE FILLED IN WITH VTERM

IF THE LOOF IS MORE THAN LLONG ENOUGH.

INFUT VARIARLES!
REFTS(3:20) = COORDINATES OF ROAD FOINTS
NRIFTS = NUMBER OF ROALD POINTS
IRDFTS = INDEX OF LOOF BRANCH FOINT
NLOAD = INDEX OF LOADING FOINT
SFEED(19) = SFEED ON SEGHMENTSy IN INFUT UNITS
QUTFUT VARIABLES:
IDEC = INDEX OF FOINT WHERE DECELERATION BEGINS
V(19) = SFEED DN SEGHENTS, IN LONSISTENT UNITS
IROPTS: NRIFTS ARE MODIFIEDR TO INDICATE NEW INDICES IF EXTENSION
TO LOOF WAS NECESSARY TO ACCOMODATE ACCELERATION OR
LECELERATION
ROPTS 1S MODIFIED TO INCLULE ADDED FOINTS IF LOOF WAS EXTENDEL
OTHER VARIARLES:
ACCEL{2) = LECELERATION/ACCELERATION IN COMSISTENT UNITS
ACCRAT(2) = GECELERATION/ACCELERATIONy IN G
I = ROAD PODINT/SEGMENT INDEX IN DO LOOFS
J o= XeYeZ INDEX IN DO LOOFS
DX:DY = X AND Y SFANS OF SEGMENT
S = LENGTH OF SEGHENT
V1,U2 = SPEEDS AT EBEGINNING AND END OF SEGMENT UNDER CONSTANT A
UTERM = AFPROACH SFEED, AS DESCRIEED AROVE
IACCEL, IDECEL = INDICES MARRING ENI' FOINTS OF ACCELERATION AND
DECELERATION ERANCHES. THESE ARE TEMFORARY
WORKTNG VALUES INCREMENTED ONE STEF AT A TIME
AND TRANSFERRED INTC NROFTS AND IRDFTS ON RETURNM
VEUF (19) = TEMFORARY STORAGE OF CALCULATED SFEEDS, TRANSFERRED
INTO V BEFORE RETURNING

DIMENSION ACCEL{(2)»SFEED(19) 'VBUF(19)
DIMENSION RODFTS(3,20)V(17)
COMMON/UNITS/00 D02 GRAV/VELCON
COMMON /KINEM/ACCRAT()

CONVERT ACCELERATIONS FROM G‘S TO CONSISTENT UNITS
ACCEL ¢ 1)=A00RAT{ )L I XGRAV
ACCEL (2)=ACCRAT(2)%GRAV

MAKE DECEL AND ACCEL FOINTS CORRESPOND TO LOOF ENDS

1
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IACCEL=NRILFTS
IDECEL=IRDFTS

C CONVERT SPEEL TO CONSISTENT UNITS
DO 1 I=1yNRDFPTS-1
V(I)=SFEED(I)XVELCON

1 CONTINUE

C

C SFEED CALCULATION SECTION

[
VTERM=V(IRDFTS-13
IF{IRIFTS.EQ,1)VTERM=V(1)

C IO DECELERATION LOOF FIRST
Vi=0, ’
D0 2 I=NLOAD~1sIROFTSe=-1
C TEST FOR V ALREADNY FAST VUTERM
IF(V1.GE,VTERM) GO TO 3
C TAKE IDEC AS I THE LAST ONE THROUGH WILL BE LEFT AS IDEC
IDNEC=T
C LENGTH OF SEGMENT
DX=ROPTS({1s I+1)-ROFTS{(1s1)
DY=RDPTS(2s I+1)-ROFTS(2:1)
S=SART(LXXX2+DYRK2 )
C SFEED AT END
V2=SART(VIke2+2, XSKACCEL (1))
€ TEST FOR MERGE WITH VTERM
IF(V2.6E.VTERM) GO TO 4
€ AVERAGE SFEED
VRUF(I)=(V1+V2) /2,
Vi=y2
GO TQ 2
4 CONTINUE
C EXFRESSION FOR SECTION WHERE V MERGES INTO VTERM
VEBUF (T )=(VTERMXV2- (UTERMAR2+V1AX2)%.5) /{(V2~-Y1)
C DE~DECREMENT ILEC IF MOST OF THIS SEGMENT IS CRUISE
IFC(VE-YTERM ) +GT . (VTERM=V1))IDNEC=IDEC+1
Ul=y2
B0 TO 2
3 CONTINUE
C FILL VTERM INTO REST OF LDOF
VEUF (I )=VTERM
2 CONTINUE
C DECELERATION VELOCITIES ARE COMFLETE WITHIN LOOF. THE FOLLOWING
C SUBSECTION COMTINUES THE FROCESS IF THE AFFROACH VELDCITY HAS NOT
C YET REEN MATCHED'e SUCCESSIVE ELEMENTS EEFORE THE LOOF RRANCH ARE
C SPLIT AND INCORFORATED INTO THE LOOF.
c
c

SKIF IF VTERM HAS BEEN MET OR ND MORE GEGMENTS
IF(V1,GE.VTERM.OR,IRIFTS,.EQ.1)G0 TO &
0 7 I=IRDFTS-1s1s-1
VTERM=Y (1)
C TEST FOR COMFLETION
IF(YL1.GE.VTERM) GO TO &

IREC=I
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C LENGTH OF SEGHENT
IX=ROFTS(1,I14+1)-RIFTS(1,I)
DY=RIOFTE(2: I+1)-RIFTS(2, D
S=8QRT (OXkK24+DYK¥%D)
C SPEED AT ENI!
V2=SORT(V1%kx2+2 . kS¥ACCEL (1))
L TEST FOR MERGE WITH VTERH
IF(V2,GE.UVTERM) GO TO %
C AVERAGE SFEED
VEUF (I1=(V1+V2) /2,
vi=va
GO To 10
? CONTINUE
C MERGE SECTION EXFRESSION
VEBUF ()= (UTERMAV2-(UTERMXXQ+V1%42) % .51/ (V2-V1)
C DPE-DECREMENT IDEC IF MOST OF THIS SEGHMENT IS CRUISE
55(622-UTERM).GT.(UTERM~U1))IHEC=IDEC+1‘
10 CONTINUE
C EXTEND LOOF SECTION
IDECEL=IDNECEL -1
IACCEL=IACCEL YL

Lo 11 J=1,3
11 ROFTS(Jr IACCEL)Y=RIFTE(Jy IDECEL)

V{IACCEL-1 )=V (IDECEL)

7 CONTINUE

é CONTINUE
: ™
C DECELERATION VELOCITIES ARE NOW COMPLETED., THE LOOF SEGMENT IS FROM
£ IDECEL TOQ IACCEL, WHICH WERE INCREASED (IF NECESSARY) FROM IRDFTS
C AND NRDFTS, VELOCITIES ARE STORED IN VEUF. INFUT VELOCITIES.
C Ve REMAIN INTACT. THE START OF DECELERATION IS RECORIED AS IDEC.
c
C ACCELERATION VELOCITIES WILL NOW BE COMFUTED, USING ESSENTIALLY THE
C SaME LOGIC.
c

VTERM=V(IRDFTS-1)
6§(IRDFTS.EG-1)UTERH=U(1)
=0,
00 12 I=NLOADsIACCEL-1
IF(I.GT.NROFTSIVTERM=V{I)
IF(VL1,GE.VTERMIGD TO 13
DX=RIFTS(L » I+1I-ROFTS(1 1)
DY=ROFTS(2,I+1)-ROFTS(2,1)
S=SORTI(DXkX2+DYXRD)
VO=SART(VIk¥2+2, XSKACCEL (D))
IF(V2,GE.VTERM) GO TO 14
VEUF (1)=(V14+V22 /2,
Vi=y2
GO TO 12
14 CONTINUE
VEUF (1)=(VTERMKV2~(VTERMKXR2+V1X42)%.5) /(V2=-Y1)
vi=y2
GO TO 12 g;’
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13 CONTINUE
VELF (T)=VUTERHM
12 CONTINUE
C ACCELERATION COMFLETE WITHIN LOOF AS EXTENIED
C EXTEND FURTHER IF NEELIEDr A5 REFORE.
TF(VLL,GE WWTERM) GO TO 14
o0 17 I=IACCEL-19
VTERM=V{I)
IF(V1.GE.VTERM,OR, IDECEL.EQ.1) GO TO 14
DX=RDFTS(1,yI+1}=RIFTS(1,1)
DY=RUFTS(2, T+L)-ROFTE(2,1)
S=GART (LIXKE2+DYKKD)
V3=8QRT (V1kk2+2 . kSKACCEL (2))
VEUF (1)={utl+v2) /2,
IF(YR.GE.VTERM) GO TO 19
Vi=y2
G TO 20
19 CONTINUE

EY DECELERATION.

VRUF (T = (VTERMRV2- (VTERMXX2+V 1420 %, 51/ (V2-V1)

V2=y1
20 CONTINUE
IACCEL=TIACCEL+1
IDECEL=IDECE!l -1
ng 21 Jd=1,3
21 ROFTS(J» TACCEL ) =RIDFTS(.Jy INECEL)
V(IACCEL=-1)=V(ILECEL}
iz CONTINUE
14 CONTINUE
o

C CALCULATIONS COMPLETED. TRANSFER IACCEL AND TDECEL TO NRDFTS AND
C IRDFTS TO DEFINE TOTAL NUMEER OF FOINTS AND LOCATION OF ERANCH

C FOINTS, COFY VHUF INTO Vs AND RETURN.
IRDFTS=INECEL
NROFTES=IALCEL
0 22 I=IIECEL,IACCEL-1

22 VIT)=VEUF({I)
RETURN
ENL
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FURCTION ELVEHC(IVEH YV MOLE)

THIS FUNCTION

AT DISTANCE

SFEED Uy

A LOG SFL RELATION IS FOLLOWED,

b0 FOR VEHICLE TYFE IVEH

BELOW SFEED VCRIT FOR MODE 1. FARAME
LEFINING THE FUNCTION - SLOFE.LEVEL
AND VCRIT ~ ARE CONTAINED' IN THE BLOCK DATA FROGRAM,
COMHMON ZUNITS/DO»002,GRAV)VELCON
COMMON /VEHLEV/HAULEQ(S,10)

HAULERCL 1)
HOULEQC(Z,I)
HAULEQ(3, 1)
HAULEG{(4,1)
HAULEQ(S, 1)
HAULEQ(&r )

W

EMISSION LEVEL AT LO
REFERENCE SFEED

SLOFE

VCRIT

CAFPACITY

EFFECTIVE ACOUSTIC HEIGH

AT

DURING MODE L(CRUISE AND ACCEL) OR
WITH & FLATEAU

TERS

2 ¢

-~

AT VREF r

T

DATA IN COMMON BLOCK ARE IN INFUT UNITS.
INFUT V IS IN CONSISTENT UNITS. |

VEE=V/VELCON
1IF (MODE.EQ. 1)VEE=ANAXL (VEE'HAULEQ{ 4 IVEH)?

SUBROUTINE COMFUTES SOUND FRESSURE LEVEL

DECEL)

ELVEH=HAULEQ( 1 IVEH) +HAULEQ( 3 IVEH) XALOGIO(VEE/HAULER (2 IVEH)

RETURN
END
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SUBROUTINE PASSRY (XINFTSsNLMFTSISTOF, INECSPEED»Qy IVEH

LrENCELL)
FROGRAM TO COMPUTE LLINE SOURCE QUANTITIES £N AND ELL FOR A STRAIGHT-
THROUGH HAUL OPERATION» WITH ND MODIFICATIONS TO XLNFTS. A USER-DIEFINELD
LOOF MAY BE CREATED BY USING THIS OFTION WITH AFFROFRIATE INFUT
VALUES OF XLNFTS.

ACCELERATION/DECELERATION SECTIONS MAY BE INFUT BY THE USER OR

COMFUTED AS AN OFTION. A STOFFING FOINT 1S INDECATED &Y A POSITIVE VALUE
OF ‘ISTOF’i & NEGATIVE VALUE INDICATES CRUISE (N ALl SEGMENTS., ONLY

ONE STOFFING FOINT MAY BE SFPECIFIED, WHEN A STOFFING FOINT IS SFECIFIED:.
‘IDECY DEFINES THE FOINT WHERE DECELERATION BEGINS. FROVIDING A

FOSITIVE ValLUE OF ‘TDEC’ INDICATES THAT AFPROFRIATE AVERAGE SFEEDS

ON THE DECELERATIONAACCELERATION SEGMENTS HAVE BHEEN FROVIDELD AS

INFUT DATA. A NEGATTIVE VALUE OF “IDECY INDICATES THAT THE FROGRAM IS

TO COMPUTE THESE. CONSTANT-ACCELERAFION SFEED FROFILES ARE COMRPUTED
USING THE SAME ALGORITHMS A5 IN ‘DECALC’, THE FROFILES ARE CONTINUED
UNTIL THE SFEED MATCHES THE INFUT VALUE OF SFEED ON THE SEGMENT BREING
CONSIDERED» OR UNTIL THE END DF THE ROAL IS REACHED, WHICHEVER COMES
FIRST. THE SFEEDNS INFUT BY THE USER SHOULD BE THE AFFPROACH AND DEFARTURE

CRUISE SPEEDS.

INFUT VARIARLES:
IDEC = INDEX OF DECELERATION FOINT (MAY RE OUTFUTF SEE ABOVE)
ISTOF = IMDEX OF STORFING POINT
IVEH = INENTIFYING INDEX OF VEHICLE
DIMENSION XLNFTS (3,201 »SFEEDCLI?I»ENCLI?)SELL(L?)»V(1R)
DIMENSION ACCEL(Z)
COMMON AUNITS/DO.102rGRAVVELCON
COMMON /RINEM/ACCRAT(2)
ACCEL(L)=ALCCRAT ( 1) XGRAV
ACCEL (2)=ACCRAT(2)XGRAV
CONVERT SPEED 10 CONSISTENT UNITS
00 1 I=1+HLNFTS
V(T =SIFEEL(I)XVELCON
TRANSFER TO EN/ELL CALCULATION IF NQ STOFFING POINT
IFCISTOF.LE.0)GD TO 2
ALSO TRANSFER IF DECELERATION FOINT IS5 SFECIFIEL
IF(IDEC.GE.1)GD TO 2
COMFUTE DECELERATION VELOCITIES
V1=0.,
DO 3 I=ISTOP-1rs1ls~-1
VTERM=V (L)
IF NEW V{I) IS SLOWER THAN END OF LAST SEGMENT, DECELERATION FINISHEID.
IF(VL1.6E.VTERMIGD TO 4
SET ILEC
IDEC=I
LENGTH OF SEGMENT
DX=XLNPTS (L T+1)=XLNFTS(1+1)
IY=XLNFTS(2y I4+1)-XLNFTS(Z2,1
[S=80QRT(DXKkk2HTYKRXD)
SFEED AT END
V2=8GRTIVLXX242 . % DSHACCEL (L))
TEST FOR MERGE WITH VTERM
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IF{V2,GEWVTERMIGO TO S ~

C AVERAGE SFEED
VT = V14272,
Vi=y2
GO TO X

=i CONTINUE

C MERGE SECTIDN EXFPRESSION
VT = (UTERMRVZ = (UTERMXKZHVLRR2IX, 5/ (U2-V1)
IFCCUZ-VTERM) GT (VUTERM-V1) ) IDECSIDECHL
Ui=y2

3 CONTINUE

4 CONTINUE
C DECELERATION CALCULATION COMPLETE. CALEULATE ACCELERATION SEGMENT

C SFEELNS, USING THE SAME LOGIC,

Vi1=0,
DO & I=ISTOP,NLNFTS-1
VTERM=U{T)

IF(V1,.GE.VTERMIGO TO 27
DX=XLNFTSCLy THL)=XINPTS (L 1D
DY=XLNFTS(2,I+1)-XLNPTS(2, 1)
DE=SART{DXkX2+IIYERD)

VA=50QRT {V1%k2+2 . XISKACCEL(2))
IF(VI.GEWTERMIGD TO 8
WiIy=(V1+u22/2,

Vi=y2

G0 TO &

8  CONTINUE
-

3(I&:(UTERM*UQ*(UTERH**E+UI**E)*.5)/(UE—U1)
1=3
) CONTINUE
7 CONTINUE
C ALL ACCELERATION/DECELERATION SFEEIS ARE COMFLETE
c
2 CONTINUE
C COMPUTE EN
L0 2 I=1yNLNFTS-1
g ENCII=Q/V(I}
ENC(NLNFTS)=0.
C ORTAIN VEMICLE LEVEL FOR EACH SEGMENT. THERE ARE THREE DOMAING!
C1l TO IDEC-1, IDEC TO ISTOF~1r AND ISTOF TO NLNPTS-=1, SET UF DUMMY
C LIMITS IF IDEC AND/OR ISTOF ARE NEGATIVE.
INEC=MAXD{IDEC 1)
ISTOF=MAXO(IBTOF, 1)
C IF ONE OR BOTH OF THESE aRE SET TO 1» ELL{1) COMFUTED IN 10 AND/OR
g 11 LAOF WILL EE OVERWRITTEN IN SUBRSEQUENT LOOFCS)
oD 10 I=1,I1DEC-)
10 ELLCIY<ELVEHCIVEH U(T) L)
D0 11 I=fTHECISTOF~1
11 ELLCII=ELVEHCIVEH W (T) 92
N0 13 1=ISTOFNLNFTE-1
12 ELLCDY=ELVEHMC(IVEHV(T) s 1)
ELL{NLNFTSY=0,
RETUR o
ENDUF\N Qﬁa
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P SUBRDUTINE ARTASKICLPTS sWENTHy NCLF TS ELAR» IFRA)

THIS SUBROUTINE AGCCEFRTS THE TASK DESCRIFTION — GEOMETRY AND ‘INFO’ -
AND RETURNS AN ARRAY ‘ELARY OF LEVELS IN EACM SEGMENT., EOQUIFMENT
LOOK=UF AND FRODUCTTON MATCHING ARE HANLLER EXACTLY AS IN PTTASK.
HULTIPLE BOURCES ARE FERMITTED, AND TOTAL NOISE EMISSION IS
AFFORTIDONED ALONG THE SEGMENTS BY AREA.

IN THE FOLLOWING VARIARLE DICTIONARYs NOTE THAT S0OME DATA ARE PASSED TO

ANTt FROM OTHER ROUTINES THROUGH COMMON RLOCKS. ALL DEFINED VARIABLES WITHIN
COMMONS ARE INFUT OR QUTFUTS THEIR ROLE VARIES DEFENDING ON WHETHER

NEW INFORMATION IS BEING CREATED FOR A FARTICIH.AR TASK

INFUT VARIARLES!
CLPTS(3,20) = COORDINATES OF CENTERLINE FOINTS
NCLFTS = NUMEER OF LENTERLINE FOINTS
WIDTHC20) = WIDTH OF AREA AT EACH CENTERLINE FOQINT
[ATA INFUTS!
EQUIF(S,10-30) = EQUIFMENT NOISE AND FRODUCTION FARAMETERS /EQUIFT/
EN = NUMBER OF FIECES OF EQUIFMENT IN AREA
IFREQC10,30) = EQUIFMENT SFECTRUM DATA BASE
OUTFUT VARIABLES:
ELARC1?) = TOTAL EMISSION LEVEL OF EQUIFMENT IN AREA SEGMENTS
IFRQ = SFECTRUM IDENTIFIER OF SOURCE
OTHER VARIARLES!
AREA(1?) = AREA 0OF EACH AREA SEGMENT
AREAT = TOTAL AREA DVER ALL SEGMENTS
DAYHRS = NUMBER OF HOURS INMN FULL WORK DAY /UWRDAY/
0S8 = LENGTH OF CENTERLINE SEGMENT
DXeDY = X AND Y DIFFERENCES RETWEEN CENTERLINE FOINTS
EL = TOTAL EMISSION LEVEL OF ALL FIECES OF EQUIFMENT IN AREA
HOURS = EQUIVALENT FULL TIME HOURS WORKED FER DAY /TSKARG/
I = EQUIFMENT TYFE INDEX
IHAUL{10)» IVEH(T,3) = (NOT USELl HERE)Y /TYPES/
INFO(2) = EQUIFMENT MODEL AND TYFE (MsI) /TSKARG/
IFRODC30) = VALUE OF 1 INDICATES A FRODUCTION RATE EXISTS /TYFES/
Jel = DO LOOF TNDICES
M = MOLEL NUMBER OF EQUIFMENT
NMODS(30) = NUMBER OF DEFINED MORELS DOF EACH EQUIFMENT TYFE /NMOLLS/
FROD = PRODUCTION RATE FER FULL WORKDAY
FRODUGC = LAILY FRODUCTION, ACTUAL ACTIVITY LEVEL /TSRARG/

nnnnnnnnnnnnnnnhnnnnnnnnnnnnnnnnnnc—nnnnn

ODIMENSION CLFTS(3,20)+WIDTH(2Q)sAREA(19) rELAR(ID)

COMMON ZWRKAY/LAYHRS
COMMON /TYFES/IFROD(30) s THAUL (10 y IVEH(S,S)
COMMON /EQUIFT/EQUIF(Sr10+30)IFREQC10,30)

COMMON /NMODLS/MMODS(30) s NUTYF
COMMON /TSKARG/INFO(2) »HOURS FRODUC

iz

M=INFO(L)
I=INFO(2)
IF(M.GT.0)G0 TO 1
C SECTION TD Al NEW MODEL DATA
. INCREMENT NMODS
™ NHODS(T) =NMOIS(I) +1
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M=NMODIG(T)

C READ NEW DATA

1

WRITE(7+%) *ENTER LMAXsDELTA»CAPACITY,CYCLE TIMEs ACDUSTIC

1 HEIGHT» AND FREQUEMCYS’
READ(Zy X)) (EQUIF(KsM» 1) sK=145) ) IFREQ(Ms 1)
CONTINUE

£ CALCULATE LEQ(CYCLE)

EL=EQUIF (1M, 1)~EQUIF{2sMs 1)

€ TEST TD SEE IF THERE IS5 A FRODUCTION RATE

2
-

Lo 2 J=1,30
IF(IFRODCYYLER.IVGOD TO 3
CONTINUE

GO TO 4

CONTINUE

3
C CALCULLATE DAILY FRODUETION

FROD=EQUIF CZrty I)KDAYHRS/EQUIFCA:M, 1)

€ COMFUTE EFFECTIVE ‘HOURS’ IF RMALANCED TO LAST

IF (HOURS LT, 0YHOURS=DAYHRS*FRODUC /FROD

C COMFUTE FRODUC

4
c

FRODUC=FRODXKHOURS/DAYHRS
CONTINUE

 WRITE(Z %) 'HOW MANYT’

REALC 7y X YEN
EL=EL+10.¥ALOGLO(ENKHOURS/DAYHRS)

c
. COMFUTE AREAS FOR APFORTIONMENT

]

AREAT=0.

0 9 J=1/NCLPTS-1
DX=CLFTS5(1rJ+1)-CLFTS(1, )
DY=CLETS{2»J+1¥-CLPTS(2,:.))
DS=SART (DX RKI LY ERD)
AREACHI=DSK{WIDTHC I+ 1Y HWIDTHC I Y /2,
AREAT=AREATH+AREA(IY

CONTINUE

C AFFORTION EL AND ALD ACOUSTIC HEIGHT T0O Z

C GET

Z=EQUIF(SyMe T

00 & J=1«NCLPTS-1
ELARCII=EL+10.¥ALOG10CAREAC) /AREAT)
CLFTS{3» J)=CLFTS(3rJ)+2

CONTINUE
CLPTS(3s NCLFTS)=CLPTS(A/NCLFTS)+2Z

SFECTRUM IDENTIFIER
IFRA=IFREQ(M-I)
RETURN

END

A-36

T b N b By R g S EAR I : _
e S T S i

(el

WYLE LABORATORIES




e S AT e P B s m

SPierE a1

M s

(‘\
BLOCK DATA DATAL

C THIS DATA BLOCK CONTAINS VARIOUS MISCELLANEOUS DATA ITEMS SUCH AS

C UNIT DECLARATIONSs WORKDAY LENGTHr ETC.
COMMON /KINEM/ACCRAT(2)
COMMON ZUNITS/TO 102y GRAV s VELCON
COMMON 7WKDIAY/ DIAYHRS

DATA ACCRAT/+1s.1/
DATA D002, GRAV Y VELCON/S0. ¢ 2500, 932,241 .47/

IATA DIAYHRS/8./
END
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BLOCK DATA DATAZ
THIS DATA BLOCK CONTAINS ALL EQUIFMENT AND TASK DATA - NOISE LEVELS

C
C CAFACITIES, ETC -~ REQUIRED RY THE TASK MODELS, EMPTY SFACES ARE
C LEFT IN THE ARRAYS FOR FUTURE EXFANSION. NUOTE THAT WHEN MORE DATA
C ARE INSERTEDLs THE COUNTS FOR EACH MODEL (NHODS AND NVUTYF) MUST BE
C ADJUSTEL AS WELL.
c
COMMON/EQUIFT/RACKHOC(S » 10 »FLOADE (S 10) yCOMPRE(T10) s PILEDR(S,10)
IFUNMF (G 10) yCRANE(S 2 10 » SHOVEL (5 10 f RBREAKE(S 10Dy
ACONCRE (S 10) s GENERA(T s 10) sFHISCE(S 1) v EMPTYL(S, 10,4 ),
SBULLDOCS 10 »GRANER(S y10) r TRUCKS (S LO) » SCRAFE (S 102 »
AEMFTY2(5+10+4) rCOMPACCS»10) P FAVING(S ¢ 10) rEMPTY3(3,10+3)
Sy IFRERC10,30)
C
COMMON /VEHLEV/HAULLEQ (&1 0)
COMMON /NMOLLS/NHQIIS{30)  NYTYF
COMMON /TYPES/IFRODC3I0) » THAUL(10) » IVEH(G D)
[
C HAUL EQUIFMENT LEVEL. VREF SLOFE VCRIT CAF HEIGHT
DATA HAULEQY 76, y 35, » 20. r 35, ¢ 104 8. ' 10YTRUCK
1 g1, v 35, 20, 2 35, o« 10, 8. ’ 1GYTRUCH
2 B6y » 35+ o 20, ¢ 35. » 40, s Be 2%20Y TR
3 P0O.7 ¢+ 3T, v 20, r 35, » 10, & 8. ’ NOM TR ¥
4 84, v 30. 0. y 30, ¢+ 25, » &, ' CATSI1ML.
3 2. r 30, O, » 30, » 285, & ' CAT&I1INR
& 0. y 30, 0. ¢ 30, v 17, & ' CATH23
7 21, ! 30, ! 0. ’ 30, ¢ 25. L b L CﬁTﬁ
8 12%0./
LATA NVTYF/B/
c
C ERUIFMENT LATA LMAX LELTA CAF CYCLE HEIGHT
DATA BACKHOD/ 84.5 K 1. » 00833, &y 1 NOMINALY
‘ 1 g8, 3. 1. » 00833, . 0 CaTsKOEH
: 2 ?2. r 3. ' 1. r 00833, & ' FH :
! 2 35%0./NHODS (1) /37
: oAaTA FLLOADE, 8%+ e r .+ 400833, &, oy NOMINALA
’ 1 81. 1] S ’ 3. r Q0B33, -p * 3rn :
2 B:o ] 50 y 50 ? 1008337 60 ' 5‘([' :
3 83, . 7+ 2 400833, be oy ZYD
4 850 ’ T ’ 10. ? u00833l -1 ? 10‘1‘!' ‘
S 2540,/ NMODS(2) /57 :
DATA COMFRE/ 91.3 o 20 Q. » 0. 4 r NOMINALY
1 88, ’ 2. r O. [] [+ » 4. ’ STANDARI: !
2 77 P 0. 0. 4. QUIET.DD
3 &7, ’ 2, ’ Q. r 0. ] 4. ’ QUIET,LC
4 J30%0 ./ NMOLS(3) /47
nATA FPILEDR/ %7.3 » e 4 Q. ’ Qs + 20, » NOMINALA
1 103- L3 e ! 0. ’ Q. ] 20- L F'ILE]:'R
2 4040,/ NMOLG (4 /37
I'ATA FUMF /7 43, 0. O o Q. v 4, 1 FUMF1
1 74, 0, 0, » 0. 4. FUMF2 '
2 40%0 .,/ NMODS(S)/ 2/
LDATA CRANE /7 8%, o 7.5 0., » 0, + 15, NOMIgM
1 73, 4 7.5 4 0. 2 0. v 15, QUI B
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2 B1.5 » 7.5 O v O » 15 »
3 B8%. 7.5 0. » O 5 13,
4 J0K0 . /P NHMODS( &)/ A/
DATA BEREARE/ 26+ v 7 s 0. » O » 2. »
1 87. e v 0, 0s » 2e
2 - y 7- L4 0. r Q. ’ EI ?
3 35%0 .,/ NMDLIS(B)/3/
DATA CONCRE/ 78+ G 0. O, » 10.
1 20, » O, » 0.y G v 10. »
2 B2y » O ¥ Qs 0 v 10.
3 BB. ’ 0. L} Q. r Q. ’ 61 ?
4 82.8 » Gy r O, 0. ’ 8. »
g 2A5%0 ./ NMODOS(?)/5/
DATA GEMERA/ 73.5 0, r O, 0. v 4,
81, Q. » Qs 1 0. 1 4.
2 40%0 ./ NMOUS(10)/2/
DATA FMISCE/ 71. » 1+ » 0. ¢ S 2.
1 13210 ’ Ol r 0. ’ 0, 1) 1. 1]
2 830 ? [ r 0. 1 0- ’ 4, L}
3 71. 1 0, » [+ PO 0. » 4, »
4 30%Q ./ NMODDS(11)/4/
DATA RULLDO/ 90.1 » 20 0. 0. G ot
1 80, ’ 20 r Oo 1 [V r -1 ?
2 8S. » 2, » O v 0y & »
3 L I-TE 20 Qv 1 0, G 1y
4 J0%0 ./ NMADS(14) /4

D'ATA GRALER/Z 83, » 0, [o 0, 8.
45%0 .,/ NMOLS(17)/1/
LATA COMFAC/ BO. » O, » [+ PR 0, » B,
Bé& ., ? Q. L} 0. ’ 0, r 3. !
3. 7 0. 0. 0. v 8. v
I5K0 /T NMODS(26)Y/3/

DATA PAVING/ 83.8 » 0. » Q. Qv 4y
82.8 » Q. r 0. ] O, 4 4, ?
82.9 Q. 4 C. 14 [+ ] 4, ’

J5%0 ./ NHMODS(27)/3/

fay

HRe

L3 -

C FRERUENCY DATA

DATA IFREQ/20%500/,10%100010%1500510%X800
20%S00»10K1500 LOXTO0» 20X1200
A0K0r A0KS500r KO0 10%ETBO 10KT0030X0Q/

1) -

DATA IFROD/1 92946722, 1817+23%0/

DATA IHAUL/18,1%:8%0/
DATA IVEH/SXOrSR0+112539490¢528¢7:8:/0,5%0/

END
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SUBROUTINE CROSS(XOBE, XGRCyBL Ik Xy ICROSE)
FROGRAM TO FIND THE INTERSECTION: Xy BETWEEN A BARRIER BL~B2 AND THE
SOURCE TO NBSERVER LINE OF SIGHT XORS-XSRC. IF SHIELDIMG OCCURS
ICROGBE I8 SET EQUAL TO ti IF MOT. IT IS SET EQUAL TO ZERO. ICROZSS
IS INITIALIZED AT Or AND RETURNS DCCUR EACH TIME A NECESSARY CONDIITION
IS NOT SATISFIED. THE CROBSING FOINT IS FIRST LOCATED IN THE X-Y
FLANE. ONCE FOUNDy ITS Z VALUE IS TAKEN AS THE BARRIER

HEXGHT AT THAT FDINT

INFUT VARIABLES
B1(3).B2(3) = COORDINATES OF EARRIER SECTION END FOINTS
A0E8(3) = COORDINATES OF RECEIVER LOCATION
KERCCAY = COORDINATES OF SOMRCE LOCATION
QUTFUT VARIABLES?
ICROSS = TESY FLAGI =1 IF A CROSSING FOINT HAS BEEN FOUNDy 0 IF NOT
X{3) = COORDIMNATES OF CROSSING FOINT: X{(3) IS ON BARRIER
OTHER VARIABLES!
CRSO = RIGHT HAMD SIDE OF RECEIVER~SOURCE EQUATION
CR21 = RIGHT HAND SINE OF RARRIER LINE EQUATION
DELSO(2) = DELTAX AND LELTAY OF RECEIVER-SOURCE LINE
DEL21 (3 = DELTAX AND DELTAY OF BARRIER LINE
DET = DETERMINANT OF THE TWQ LINE EQUATIONS
pO¢2) = DISTANCE FROM RECEIVER TO CROSSING FOINT X
0S¢2) = DISTANCE FROM SOURCE TO CROSSING FOINT X
0142 02¢2) = DISTANCES FROM BARRIER END FOINTS EB1,82 TO X

K= INDEX OF DO LOQFS f*ﬁ

DIMENSION XOBS(3)»XSRC(3)»B1(3)sBR(3Y» IELSO(2) »DEL21(2)
DIMENSION X{3) UO(2) 08(2) v 0123 1242)
ICRO§E=0

SET UF COEFFICIENTS FOR EQUATIONS OF THE TWwd LINES., EQUATIONS ARE

OF THE FORM XADELTAY -~ YADELTAX = X1¥Y2 - YL¥X2

0o 1 K=1,2
DELSO(KY=XSRC(K)-X0ORS(K)
DEL21(R)Y=B2(K)-R1(K)

1 CONTINUE
CREQ=XOQES (1) ¥XBRC(2)-XOBS(2)XXSRC{ 1)
CRII=PLOLIKRA(2)-BI(LIRREL(R)

L COMFUTE DETERMINANTy TEST FOR ZERD

IET=DELIL (DI XDELSOL 1) -DELSO(2)RDEL2L (1)

IF(DET.EQ,0, JRETURN
C SO0LVE FOR CROSSING FOINT, USING CRAMER’S RULEs AND SET UF DIFFERENCES

C FROM END FOINTS
00 2 K=1,2
XK= (DELSO(K)RCR21~DELZ1(K)*CRSO) /LET
ORI =X (K)=XORS{K)
DS{RI=X(KI~XSRC (K
DL (R =X () ~B1<ID)
DE{RY=X(KY=BI(K)
2 CONTINUE
C TEST FOR CROSSING FOINT EEING RETWEEN END FOINTE OF ROTH LINES. EXACTLY
C TOUCHING THE RND FOINT COUNTS AS CROSSING.
C X EFETWEEN SOURCE AND RECEIVERY {f,
g 3 K=1.2 et

- onnnnnnnnnnnnnnﬂnnnnnnnnnrz

a0
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JE S ey

~

IECTOCKIFDG{R) o LE. OV JANDL DELSOCK Y W NELOIGD TO 4
3 CONTINUE
RETURN
4 CONTINUE
C X BETWEEN HARRIER ENI' FOINTS!
O0 3 K=1,2
IF (DL (R RDACK) W LE. Qv JANDLDEL21(K) W NE,O)GD TO &
5] CONTINUE
RETURN
& ICROSS=1 ‘
C NOW OBTAIN Z BY INTERFOLATING ALONG EB1-B2, NOTE THAT INTERFOLATION IS
C ALDONG B(K)» K REING THE INDEX EMERGIMNG FROM [0 T LOOF AND IS A
C DIRECTION ALONG WHICH THE DIFFERENCES ARE NOT ZERO.
X(IH=(RACIIRNL K ~BLIRD2(K)I/DELRLIK)
RETURN
END

Al
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SUBROUTINE FTRARCXORS (XEREXBARY TFROA, ATTEN)
SURROUTINE TO COMPUTE DELTA AND BARRLIER ATTENUATION FROM SOURCEs
OESERVERy AND BARRIER LLOCATIONS. A SEPARATE FUNCTION SUBRDUTINE
'DIFRAC 1S USED TO COMFUTE SHIELDING FORM & MAERAWA-TYFE CURVE,

0

(3 OoOooOoNOoNoOCE OO nDonG oo

INFUT VARIAKL.ES !
IFRQ = INDEX IDENTIFYIMG SFECTRUM OF SOURCE
XEAR () = COORDINATES OF HBARRIER TOF
XOBS(3) = CONRDINATES OF RECEIVER
XBRC(3) = COORDINATES OF SOURCE
OUTFUT VARTABRLE!
ATTEN = HARRIER ATTENUATION FACTOR
OTHER VARIARLES!
ArEBrC = DISTANCES USED IN MARKAWA®S GEOMETRY
DEO X-DISFL. (Y~ IF X~DISFL. IS ZERD) FROM HARRIER TO RECEIVER
LEs X-DISPLACEMENT (DR Y- ) FROM BARRIER TO SOURCE
LELT = X~LISFLACEMENT (OR Y- ) FROM SOURCE TO RECEIVER
DELTA = FATH LENGTH DISTANCE, A+E-C
HEIGHT = HEIGHT OF SOURCE-RECEIVER LINE OF SIGHT AT BARRIER

I = 00 LOOF INDEX

HH

DIMENSION XOBS(3)» XSRC(3) » XBAR()
COMFUTE As»E»C
A=S0RTC(XOBS (1) -XBAR(L) Y kX2 +(XORS (2)-XBAR(2) I kX2+(XOBG( 3 )~
1XBARCI) Y k2
E=SQRT( (XERC (1) =XBAR(L) )XKIH(XSRC(2)-XRAR (2D ) kk2+ (XBRC(3) ~
IXEAR(3) I R%2) f““
C=8RRT( (XERC(1)~XORG{1)IKK2H(XSRO (2)-XORG (23 ) k%2+(XSRC(F) -
1ADBS (33 ) k%2)
LELTA = At+R-C
C TEST FOR BREAK IN LINE OF SIGHT
0O L I=1,2
DELT=XOBRG(I)-XSRC(1)
IF(RDELT.NE.Q.}GO TO 2
CONTINUE
CONT ITHUE
DES=XBAR(IY-XSRE(I)
DEQ=LELT-LERS
HETGHT= (XORG(3) K[IEG+XGRC(J ) *DED) ADELT
¢ ASSIGN SIGN OF BREAK TO DELTA
DELTA = SIGN(LDELTA»XBAR(I)~HEIGHT)
C GET ATTENUATION FROM FUNCTION ROUTINE
ATTEN=DIFRAC{IFRQ. DELTA)
[ CONVERT FROM DE TO FACTOR
ATTEN=, 1 kX (ATTENX.1)
RETURN
ENI!

[

&,
@*’
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N FUNCTION DIFRACYIFREQyDELTA)

80 A5 TO FACILLITATE ANY SUCH FUTURE CHANGE.

TNFUT VARTABLES?

DELTA = FATH LENGTH DIFFERENCE

IFREQ = FREQUENCY OF SOUMI» HZ
QUTPUT?

HIFRAC = SHIELDINGe: IN DECIRELS
OTHER VARIALLES!

ATTEN(14) = TARLE OF SHIELDING VALUES

FREN = FRESNEL MUMRER OF IMFUT FREQUENCY AND
I = DO LOOF INDEX
vova = SOUND SFEED DIVIDED BY TWO

DononoooOoOoOonOoOooOCoOCO00

MUST BE GIVEN IN FEET)
DIMENSION ATTEN(14),EN(L4)

THIS FUNCTION SURROUTINE COMFUTES BARRIER SHIELDING
CURVE FOR A SINGLE FREQUENCY ‘IFRER’ AND FPATH LENGTH DIFFERENCE ‘DELTA .
THIS IS A MINIMAL ROUTINE: A MORE GENERAL ONE WOULD HAVE DIFFRACTION
CURVES RBASED ON SHIELDING OF ACTUAL A-WEIGHTED SPECTRAy WITH IFREQ

BEING AN TDENTIFYING INDEX OF THE SFECTRUM FOR A FARTICULAR SOURCE.

THE FREQUENCY IS INFUT AS AN IMNTEGER 'IFREG‘’ RATHER THAN A REAL NUMEBER

FROM MAERKAWA 'S

EN(14) = TARLE OF FRESNEL NUMBERS, CORRESFONDING TO ATTEN

(DIATA ITEM -~ VaALUE STORED RELOW IS IN FT/SECy SO DELTA

IATA ATTEN/O.vLes 240 3ordvTerber74rB,174910.5,11,5¢12.4+13./
IIIM'H EN/"'.:‘!"‘.EI"‘.1".05!“001!0-!0011 N ETER Y RYIRLE .6;.811./

DATA VOV2/580./
™ C COMFUTE FRESNEL NUMRER
' FREN=DELTAXIFREQ/VOVD
SET UF AND TEST FOR ZERD ATTENUATION CASE
DIFRAL=0,
IF(FREN.LE. -, 3)RETURN

o

by

00 1 I=iysi4
IF(FREN.LE.ENCI))GO TO 2
1 CONTINUE
£ LOG FORMULA FOR FRESMEL NUMBER GREATER THAN 1.}
DIFRAC=13,+ALOG10 (FREN)
RETURN
2 CONT INUE
C INTERFOLATION FORMULA
TIFRACS ( (FREN=EN(I=1))/(ENCI)=EN(I=1)))%
1(ATTENC D) -ATTENCI=1) Y+ATTENCI~1)
RETURN
END

T
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SUERDUTTME LINSRC(DEYEsEN FHI GNDAPEYEER»DES r RLEN) ~
THIS SURROUTEME COMPUTES THE INTENSITY CONTRIEBUTION FROM A LINE SOURCE
WHOSE GEOMETRY IS DEFINED EY A DISTANGCE I AMD ANGLES FHIy AND WHOSE
STRENGTH IS GOVERNED BY EN VEHICLES FER UNIT LENGTHs WITH AVERAGE
EMISSION INTENSITY EYE., POWER LAW EXCESS ATTENUATUION IS INCLUDED.

INFUT VARIARLES!
D = NORMAL DISTAMCE FROM LINE TO RECEIVER
EN = SOURCE DENSITY: NUMRFER FER UNIT LENGTH !
EYE = INTENSITY EMISSION LEVEL OF SOURCES
GNIA = GROUND ATTENUATION EXFONENT
OBS = X CODRININATE OF RECEIVER RE! LINE SEGMENT
FHI(2) = ANGLES REINORMAL FRUM RECEIVER TO LLINE SEGMENT ENDS
QUTFUT VARIABRLE:
EYEEQ = INTENSITY CONTRIRUTION OF SEGMENT
OTHER VARIARLES:
G = FINITE LIME LENGTH FACTOR
IRR = ERRQR FLAG
SIGH1ySIGH2 = SIGNS OF ANGLES FHT
SILy85I2 = SOUARES OF SINES OF FHI

TNL = 1.+2%GNDA
X1/X2 = DISTANCES FROM RECEIVER TO ENL FOINTS (USED IN COLINEAR CASE)

oOoDoCcoOoDOOnDOAAnDOGOCoO0O0OD

LIMENSION FHI(2)
COMMON/CONSTS/FI,TWOFI»FIOV2
COMMON/UNITS /DO D02

TEST FOR DRSERVER IN LINE WITH SOURCE CASE (ﬂﬁ
IFCARS(D) LT, 160 TQ §

TEST FOR VALID VALUES OF PHI AND L. IF ERRORS ARE UETECTELr A
MESSAGE IS FRINTED AND EXECUTION STOFS.
CLEAR ERROR TRAF

IRR=0

IF(FHI(2)LGTWFHICL)Y)Y GO TO 1 _

WRITE(?»10) ;

10 FORMAT(’ ERROR - FHIZ2 IS LESS THAN FHI1’) ;

IRR=1 :

CoDDoDo o

1 IF(~FI/2,LE.PHI (1) AND.-FI/2.LE,FHI(2)) GO TO 2 _
WRITE(7,20) :
20 FORMAT(’ ERROR - FHI1 OR FHI2 IS LESS THAN ~FI/27) 5
IRR=1 :
2 IF(FI/2, .GE,FHI(2) ., AND,FI/2,GE,FHI(1)) GO TO 3
WRITE(7130)
30 FORMAT(’ ERROR - FHI1 OR FMIZ I8 GREATER THAN FI/27)
IRR=1
3 IF(D.GT.0.) GO TO 4
WRITE(7740) .
40 FORMAT(’ ERROR - U IS LESS THAN OR EQUAL TO ZERO.’)
IRR=1 o :

4 IF(IRR.EQ.1) STOF
C ENDN OF DATA CHECK SECTION
c
BI1=SIN(PHEI(L)) ¥x%2, Q?J
SI2=GINCFHI{2))*%%2, ¥
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SLOHL=STIGN(L. v PHI (1))
SIOHZ=GIGN(L. »PHI(3))
A=GNIAY .G
G=(OX(SI2r  SrMKSIGHZ-BX (ST, Sy ) AEGIGHL) /2,
THE AROVE STATEMENT CALLS/COMFUTES THE BETA FUNCTION.
EYEEQ=EYERDQOKENK (LO/D) Xk (2KA) AG
RETURN
CONTINUE
OBSERVER IN LINE WITH SOURCE CASE
TEST FOR OBSERVER BETWEEM END FOINTS
IF(OBS,L.T.+0.+ OR.0BS.6T RI.LENJGO TD &

WRITE(?:50)

0 FORMAT (* ERROR - RECEIVER WILL GET RUN QUVER’)
CONTINUE

COMFUTE COLINEAR LINE SUOURCE CONTRIEBUTION
X1=ARS (0BG

X2=ABS (RLEN-DES)

THI=2, %GHDA+L,
EYEEQ=ABS(EYEXDOKENK ( CDO/X1)RKTNL-(DO/X2)RXTNL) /TNL)
RETURN

END
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FUNCTION DX(XINsAIN BIN)
THIS FUNCTION SUBROUTINE COMPUTES THE INCOMPLETE BETA FUNCTION. IT
USES » FOWER SERIES S0LUTION DIRECTLY FOR OX<.3y REVERSION RELATION
TO EXTENLD TO RANGE +9uX«1. X=0 CASE IS TRIVIAL» AND X=1 CASE IS
EXFRESSED A8 GAMMA FUNCTIONS.
PARAMETERS 3
XIN = SUBRSCRIPT UARIARLE
ALMN = FIRST VARIABLE
EHIN = SECOND VARIAEBLE
aTdé CRITER/ .OQOL/
SOBRING XIM WITHIN RANGE O TO 1, THE SIN FUNCTION USED IN LINSRC
TO FRODUCE XIN SOMETIMES GIVES A VALUE ONE OR TWO BITS OFF.
IF(XINGGT + 143X TIN=1,
IF(XINGLT 0, Y XIN=0,
5 X=XIN
C SET FOR X<.5
ALFHA=L1 .,
BETA=C.
A=AIN
H=EBIN
IF(X.LE. .8 GO TO |
G X»e G CASE
AlL.FHA=-1,
BETA=GX (A IER) ¥GX{H, IER) /GX{A+E IER)
IF(IER.EQ.0) GO TO &
WRITE{S 10 IER
102 FORMAT( ERROR‘»I2y¢ IN GAMMA FUNCTION') (“ﬁ
& CONTINUE
X=1,-XIHN
ASBEIN
B=AIN
1 CONTINUE
c INITIALIZE SUM
StM=0.
¥ TEST FOR X=0. CASE
IF(X.EQ+Q4) GO TO 4
C COMFUTE EX FROM FOWER SERIES
AFE=A+R
AF1=A+1.
Al=1,
g 3 J=0,100
Al=(AFE+J) /(AP L+D) %AL
. A2=ALRXKK(IHL )
; SUM=SUMTAR
IF(AZZSUMLT.CRITERY GO TO 4
3 LONTINUE
(M ERROR - DID NQT CONVERGE
WRITE (S, 103
103 FORMAT(’ ERROR ~ SERIES DID NOT CONVERGE’)
A BY=XRRARCL =X RRBER(L,+5UMY /A

X

o0 OoOoO0COoOoOo00O0

S,

EX=RDETA+ALPHAXEX
RETURN
END
A-46
WYLE LABORATORIES
Ml s A L e i AR e e R L A e iy




A Y R e

i 3

Y

Kl

DoooOoooanGoOn

b -l o |

oon

FUNCTION GX(XXeIER)
HISG FUNCTION COMPUTES THE GAMMA FUNCTION GX FOR A GIVEN ARGUMENT
ARAMETERS
XX = THE ARGUMENT FOR THE GAMMA FUNCTION
IER = RESULTANT ERROR CODE» WHERE
IER=C NO ERROR
IER=1 XX IS WITHIN 000001 OF REING A NEBATIVE INTEGER
IER=2 XX GT 34.5, OVERFLOW: GX SET TO 1.0E38H
METHMQL}
THE RECURSION RELATION AND FOLYNOMIAL AFFROXIMATION
BY CJHASTINGSrJR, » "AFPROXIMATIONS FOR LIGITAL COMFUTERG’ s
PRINMCETON UNIVERSITY PRESS, 19568

IF(XX=34,:59)4¢é04
4 IER=2
GX=3 ,E38
RETURN
6 XuxXX
ERfi=1.0E-4&
IER=0
GX=1.0
IF(X-2.0350:,50¢ 13
10 IF{X-2,03110,110,15
19 X=X-1.0
GX=GXKkX
GO TO 10
S50 IF(X~-1.0260+120+110

SEE IF X IS NEAR NEGATIVE INTEGER OR ZERD

&0 IF{X-ERRI&62,62:80

43 Y=FLOATCINT(X)) X
IF(ABS(Y)-ERRY130r,130:44

&4 IF(1,0-Y-ERR)130»130,70

X NOT NEAR A NEBATIVE INTEGER DR ZERD

70 IF(X~1.0)80:,80,110
BO GX=GX/X
GO TO 70

110 Y=X-1.,0

GY=1,04YX(-0,T7710174Y¥(+0. POEBS404+Y R (-0, B76421B+Y%(+0.8326212+
YR (-0, 346B47294YR (+0, 2548205+ X (-0, 0314923020332 0
GX=0GX%GY

120 RETURN
130 IER=1

RETURN
END
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SUBRROUTINE LNWALL (ORSROD XILNSRE » TFRQAy GNTAEYESRCsENROTCS»#HI »
1 RIN.NTHBARFTE s NEAR NBF TS EYE)

FROGRAM TO COMFUTE THE LINE SOURCE CONTRIBUTION WITH BARRIERS, ALL
BARRIERS ARE CUECKED FOR THE FIRST ONE THAT ELOCKS LLIME OF SIGHT FOR
THE LINE SOURCE SEGMENT, PBARRIERS ARE CHEGCKEDL IN ORDER OF STORAGE
AND ONLY THE FIRST ELOCKING ONE 15 CONSIDEREIL.

IMNFUT VARTIARLES!

BARFTG(3,5,3) = COORDINATES OF FOINTS DEFINING RARRIERS
EN = NUMBER OF SOURCES PER UNIT LENGTH ON LINE SOURCE
EYESRC = INTENSITY EMISSION LEVEL OF SOURCES ON LINE

GNDOA = GROUND ATTENUATION EXFOMENT
IFRQ = IDENTIFIER OF SOURCE SFECTRUM
MEAR = NUMBER OF BARRIERS

NEFTS(Z) = MUMBER OF FOINTS DEFIMING EACH BARRIER

OBSRODI(3) = RECEIVER FOSITION RE! TRANSFORMED LINE SEGMENT

FHI(2) = ANGLES TO END FOINTS OF LINE SEGHENT

ROLNTH = LENGTH OF LINE S0URCE SEGMENT

ROTCS{(2) = COSINE AND SINE OF LINE SEGMENT TRANSFORMATION ROTATION ANGLE
XLNSRC(3,2) = COORDINATES OF END FOINTS OF LINE SEGHMENT

QUTFUT VARIABLE!

EYE = INTENSITY CONTRIBUTION OF LINE SEGMENT

OTHER VARIABLES!:

ATTEN = SHIELDOING FACTOR FOR SHIELDED FART OF LINE

BROT(3) = COORDINATES OF BARRIER SECGMENT ENI FOINTS RE: LINE

O = NORMAL DISTANCE FROM LINE TO RECEIVER

EYETEM(3) = INTENSITY CONTREIBUTIONS FROM THREELINE SECTIONS (’ﬁ

GNIAR(I) = GNDA FOR UNSHIELDED SECTIONS. O FOR SHIELDED

IBAR = INDEX OF DO LOOF THROUGH BARRIERS

ICROSS = TEST FLAG FOR RBLOCKAGE

IEND = PARAMETER DEFINING WHETHER RARRIER SECTION IS AN END SECTIONG
SEE LNRLOK VARTARLE DICTIOMARY FOR FULL. DEFINITION

ILEFTy IRIGHT = USED IM SETTING UF IEND

ISHELD = PARAMETER TO KEEF TRACK 0OF WHETHER SHIELDING HAS OCCURRED

JEAR = INDEX OF DO LOOF THROUGH BARRIERS

K = INDEX OF DO LOOF THROUGH THREE SECTIONS OF LINE SEGHENT

TEST = TEMFORARY VARIABLE USED IN COMFARING SIZES OF AMNGLES

FHI3(2,y3) = SETE OF ANGLES TO END FOINTS OF THREE LINE SECTIONS

X(3) = DUMMY ARRAY USED IN CALL TO CROSS

X843) = FOINT ON LINE POTENTIALLY SHIELDED

Z(2) = HEIGHTS OF ENDS OF LINE SOURCE SEGMENT

DIMEMNSION OBSROD{(I) » XLNSRC(I,2) »yROTLS(2) yFPHIL2) yBARFTE (325530
DIMENSION GHDAB(I)»BROT(I22) s PHIZ(Z2,3) rEYETEM(I Yy NEFTS(3) 4 2(2)
ODIMENSION X(3) ¢ XS5(3)

GMIAR{1)=06NDA

GNINAR(2)=0,

GNDAK{3)=6GNIIA

ISHELID=0
EYE=0,
[=AKS(OBSRON(2) )
00 3 JRAR=1,NEAR
C JUMF OUT IF SHIELDTMG HAS OCCURRED - ONLY ONE BARRIER CONSIDERED: o
g ¥

jl
i

A il e e s - =

IFC(ISHELD.EQ.1)YRETURN
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00 1 TRAR=LeNRF TS (JRARY~1

' C OBET UF LEND AND FHIZ

ILEFT=0
IFCIRAR.GT, 1) ILEFT=1
IRIGHT=0
IFCIBAR LT NEFTE(JEARY ~1) IRTIGHT =2
IEND=TLEFTHIRIGHT
FHI3 1y 1) =FHI (1)
FHEZ {2y Ly==FHI (2}
TEST FOR LINE OF SIGHT BLOCKAGE. ‘LNBLOK® RETURNS THREE SETS OF
ANGLES [EFINING RI.OCRET AND UMBILLOCKED SEGMENTS» PLUS TRANSFORMED
COORDINATES OF BARRIER SECTION,
CaLL LNELOK(ORSROLyFHIZy XLNSRCrBARPTS (1y IHAR Y JBAR) »
1TENDROTCS BROT)
IF NO HLOCKAGE IS5 FODUND (BASED ON ANGLE DIFFERENCE FOR BLOCKED CEMTER
SEGMENT)» [0 ON TO THE NEXT RARRIER SECTION. IF THERE I8 RLOCKAGE,
COMFUTE NOXSE CONTRIBUTIONS AND SET ISHELD=L1, IF THERE I§ NO
HLOCKAGE AND ISHELD IS SETy THEM THE SHIELIING FART OF THE BARRIER
IS FAST: JUMF OUT,
TEST#FHIZ(2¢2)-FHI3(1s2)
IF(TEST.EQ. Q. .AND L ISHELLWEQ, LIRETURN
IF(TEST,.EQ.0.,) GO TO 1
ANGLES ARE 0.K, NOW MAKE SURE BARRIER 1§ RBETWEEN SOURCE AND' RECEIVER.
CHECK ALDNG FATH FOLLOWING FHI3ZC1:2). IF PATHS DON'T CROSS GO
TD THE NEXT BARRIER. ANY SUBSEQUENT SEGMENTS OF THIS ONE CHECKING
0UT CAN HARFEN ONLY EBECAUSE DF EAD DATA.
FafFHIZ (1.2
XS (1)=0QRSROD( 1) +ARSCONSROTIC2) IXSINCF) ZAMAXL(COG(F )Y » . 00001 )
X5(21=0.
CAlLLL CROSS(OBSRODYXS,yBROTC(1» 12y BROTCL 22 X» ICROBEY
IFCICROSS.EQ.O)BO TO 3
ISHELD=1
OBTAIN UNSHIELDED LINE SOURCE CONTRIRUTIONS FOR THE THREE SEGMENTS
ng 2 K=1.,3
EYETEM(K)=0,
IF(FHIZ(R»K) W GTFHIZ (LI I0ALL LINSRC(DyEYESRCPEN,
IFHIZ (LK) » GNDARC )Y P EYETEM(K) » OBSROD Y ROLNTH)
2 CONTINUE
C DBTAIN FARRIER SHIELDING FOf CENTER SECTIONM
ZE1)=XLNSRE (I 1)
Z{2)=XLNSRC(3 P2
CALL LNEARC(IDFHIZI(Ly2) v ZyROCNTH ORSROD EROT» IFRAATTEND
C ADL COMFONENTS TO SOURCE SEGMENT TOTAL
EYE=EYE+EYETEM(1)+EYETEM(3I+EYETEM(2)KATTEN
1 CONTINUE
3 CONTINUE
C IF NO ELOCKAGE WAS FOUND, RETURN A VERY HIGH vaALUE OF EYE.
C THE MAIN FROGRAM WILL REJECT THIS THROUGH THE LOGIC THAT REJECTS
G AMPLIFICATION OF BARRIER RE! NO DARRIER
IF(ISHELDLEQ,OYEYE=1,E37
RETURN
END

oo

ooony

(9]
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SUBRDUTIME LMNBLOW (ORSROLOGFHIE XL RARy TENI ROTCS BROT)
SURROUTEME TO TETERMINE WHETHER A BARRIER SECTION CAN BLOCK A
LINE SOURCE SEGMENT. THE ANGLES TO EACH END OF THE BARRIER ARE
COMFUTEDy AND COMMARED TO FHI. THREE FALRS OF ANGLES ARE RETURNED
IN FHI3Y LEFT UNSHIELDED END (REGINNING AT FHIL1)y THE CENTER SHIELOED
FART> AND THE RIGHT UNSHIELDED END (ENDING AT FHIZ), IF ANY OF THESE
SEGMENTS DD NOT EXISTy THE FAIR OF ANGLES ARE BET EQUAL TO EACH
OTHER. ALL ANDLES ARE LIMITED EBY THE INPUT YaLUES OF FHI.

ONLY THE ANGLES ARE CREATED IM THIS FROGRAM. THE FINAL TESTS
BOTH ON ANGLE AND IMTERFOSITION: ARE MALE IN LHWALL.

INFUT VARIARLESG!
BAR(3,2) = ENI FOINTS OF BARRIER SEGMENT
IEND = FLAG INDICATING WHETHER THIS IS A CENTER OR END SEGHENT
O: BOTH EMNDE ARE END POINTS (ONE-SEGMENT RARRIER?
12 BAR(K»1) IS AN END F{OINT
2% FAR(K 2} IS AN END FOINT
3% NIETHER END IS5 AN END POINTITHIS IS5 A MIDDLE SEGMENT
OBSROD(2) = RECEIVER LOCATION RE! LINE SEGMENT
FHI3{(2,3) = END PDINT ANGLES ON INFUT: ALSO &N QUTFUT, SERE BELOW.
ROTCS(2) = COSINE AND SINE OF LINE SEGMENT TRANSFORMATION ANGLE
X1(2) = HBEGINNING END FOINT OF LINE SEGMENT
OUTFUT VARIABLES:
BROT(3¢2) = HARRIER SECTION EMD FOINTS TRAMSFORMED RE? LINE SOURCE
FHI(3,2) = ON OUTRUT, THREE FAIRS OF ANGLES LEFINING FARTS OF LINE
OTHER VARTARLES!
ALFHA(R) = ANGLES FROM RECEIVER TO END FOINTE OF BARRIER SEGMENT f”ﬁ
DELTX,DELTY = X AND ¥ DIFFERENCES BETWEEN FOSITIONS
I = DO LOOF INDEX IDENTIFYING END FOINTS DF SEGHMEMTS
IFLIP = SIGNAL VARIABLE INDICATING WHETHER BARRIER ORIENTATION
I8 G§AME OR OFFPOBITE THaAT OF LINE SUOURLE

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

DIMENSION FHIZ (2,31 BAR(Z 2) pROTCS(2)»X1(2) »OBERON(2)
i DIMENSION ALFHA¢2)yRROT(3,2)
: COMMON /CONSTS/F Iy TWORT,FIOUR
[ TRANSFORM BARRIER END POINTS TO ROTATED COORDINATES
DO L I=1+2
DELTX=RAR(L,y I)=X1(1) ;
DELTY=BAR(Z» T ~X1 () ;
EBROT (1 D) =DELTXEROTCS (O HDELTYRRATCS (2)
BROT (2 T)=DELTYH¥ROTLS (L) -DELTXKROTESE () ;
BROT{3,1)=BAR(3, 1) :
1 CONTINUE !
C COMFUTE ANGLES TD RARRIER ENDS |
D0 2 I=i,2 :
DELTX=EROT(1s I Y-0BSRON(L) ‘
DELTY=EROT(2, I)~ORBERODCD)
IF(OELTY.EQ.0., G0 TN 3
ALFHA (L) =ATAN(ABS(IELTX/TIELTY))
60 TO 4
3 ALFHA(I)=pI0OV2
4 CONTINUE '
C TEST FOR SECOND QUADRANT ~ BARRIER POINT FURTHER THAN RECEIVER FRUM!MN{;;; ;
C AND ON THE SaME SIDE by
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TF (ARG (DRSRODC2 V) L LT SABRSCRIRGT 2 1)) cANTL (ORSROTC2) XBROT (2510

1,GT. 00 ALFHA( LY =FI-ALFHA(I)
{ ASSIGN AFFROFRIATE SIGN
ALPHACI) =8TIGN(ALFHACT 3 y DELTX)
b} CONTINUE
C STORE ALFHA IN MIDDLE OF FHI3, IN STZE FLACE
FHIZ(L2)=AMINL(ALFHACL Y rALFHACD))
FHIZ(2y2)=AMAXLLALFHA CL ) rALFHACZ YD
C LIMIT BY ORIGINAL ANGLES
FHIZ Ly 2y =AMAXL (FHIZ (L » L) PHIZC(Le 2
FHIZC(2:2)=AMTHL (FHIZ(2, L)Y » FHIZ(292))
C FILL OUT MATRIX TO MAKE THREE PAIRS
FHIZ{2+3)=FHIZ(241)
FHI3C(1»3)=FHIZ(2:D)
FHI3(2y 1) =PHITC)L 2
C DELETE UNSHIELDED ENDS IF HRARRIER CONTINUES BREYOND THIS HECTION
IF(IENDEQ. OYRETURN
IFLIF=0
IF(ALFHACL) JGT . ALFHA(R) ) IFLIF=1
IF(CIEND=-IFLIF) JEQ.1.ORVIENDEG.IIFPHIZ (1 L)=FH13(2, 1D
IF{CIENDHFIFLIF)Y dEQ2.0R. IENILER.IIFHIZ(23)=FHI3(1,3)
RETURN
END
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SUBROUTTINE LNBARCIOFHLy ZeRULNTH ORG» B [FRA AT TEN) —
FROGRAM TO COMPUTE THE SHIELDING FACTOR ATTEN FOR & LINE SOURCE SHIELLED
BY A BARRIER, IT IB RASED ON KURZE ANL AMNDERGON'S INTEGRAL OF FOINT
SOURCE SHIELIING., THE INTEGRATION MESH USED HERE COMNSISTS INITIALLY
OF THE ENO POINTS. THE MESH I8 SUCCESSIVELY DOURLED (ADDING 1929
4rBry oo, FOINTS, THE END POINTS RECEIVE A WEIGHTING HALF THAT OF
CENTER FOINTS) UNTIL THE INTEGRAL CONVERGES TOD WITHIN
10 FER CENT. THE MESH FOINTS ARE EQUALLY SFACED ON X. THE [NTEGRAND
IG AXCOS(FHIY KDy WHERE A I8 THE FOINT ATTENUATION. THIS INTEGRAL
IS MORMALIZED EY THE INTEGRAL OF COSC(FHIY®¥2 FOR THE FINAL ATTENUATION.

INFUT UARTABLES:
B(3»2) = COORDINATES OF EARRIER SEGMENT ENK FOINTS
D = NORMAL LISTANCE FROM LINE SOURCE TO RECETVER
IFRA = SOURCE SFECTRUM TDENTIFIER
OKS(3) = RECEIVER COORDINATES RE! LINE SEGMENT
FHI(2) = ANGLES FROM RECEIVER TOQ ENDS NF SHIELLED FART OF LINE SOURCE
ROLNTH = LENGTH OF LINE SOURCE SEGMENT
Z(2) = MEIGHT OF END FOINTS OF LINE SEGMENT
QUTFUT VARIAKLES
ATTEN = LINE BARRIER SHIELDING FACTOR
OTHER VARIARLES!
A = ATTENUATION FOR FOINT SOURCE
ATT = ATTENUATION INTEGRAL IN CURRENT ITERATION
ATTOLD = ATTENUATION INTEGRAL FROM MEXT TO LAST ITERATION
ALyA2 = SHIELDING FROM END FOINTS DF SHIELDED SECTION
CI = INTEGRAL OF COSINE - USED TO NORMALIZE ATT &
CIOLD = CI FROM FREVIOUS ITERATIOM
COSFH2 = COS(FHI)¥X2, WHERE FHI IS ANOLE TO CURRENT X
DELX = DISTANCE FROM X1 TO FOINT ON SOURCE
DX = DISTANCE BETWEEN FOINTS ON SUERDIVIDED SUURCE
FK = FLOAT(K)
FM = FLOAT(MFTS)
ICROSS = SIGNAL VARIAELE FROM SUBROUTINE CROSS (NOT USED HERE)
K = INDEX OF 00 LOOF THROUGH FOINTS OF SUBDIVIDED SOURCE
M = INDEX OF 0D LOOF SUCCESSIVELY DOUELING NUMRER OF FOTNTS
MFTS = NUMBER OF ADUED FOINTS M'TH TIME THROUGH M LOOF
SLOFZ = LZ/NX ON LINE SEGMENT
X(3) = FOINT ON LINE
XC(3) = CROSSING FOINT OF BARRIER ANI LINE OF SIGHT
XILEN = LENGTH OF SMIELLED FART OF SOURCE
X1(3)5%2¢3) = END FOINTS OF SHIELIEL SECTION DF LINE SQURCE SEGMENT
DIMENSION FHI(2),0ES(3),B(3¢2)9XCI3) o XLI3)hX2UIIv2(2) 9 XD
UF END FOINT COORDINATES
X1(1)=DKkSINCFHI(1))/AMAXLCCOS(FHI (1)), 000004) +0ES(1)
X2 (1) =DXSINCFHI(2))/AMAXE (COS(FHIC2)) 000001 +OBS (1)
X1(2)=0,
X2(2)=0,
SLOFZ=(Z(2)-Z(1)) /RILNTH
X1(3¥=Z(1)+X1 (1)KSLOFZ
X2(3)=2 (1) +X2( 1) KSLOFZ
C GET ATTENUATION FROM END FOINTS

U

oy nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnncnnnnnn

L7 I
m
—

CALL CROSS(OBS»X1 B(1+L12»B(L.2))XC:ICROSS) "
i CALL FTBAR(OBS XL XCsIFRQrALY ‘ tgﬁ
E _
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PN CALL CROSS(DRS «X2sh(1y L) rE(1+2)yXCs ICROHS)
CALL FTHAR(OES s X2 AC s IFRGr A2
ATTOLIN (ALRCOS (FHICL ) ) KR2HADKCOS (FHTI (2D ) KE2D K, 5
CIOLDm(COSCFHT (1) )KX24COB(FHI (2) ) %k2) /2,
CI=CIOLD
ATTOLD=ATTOLD/CIDLE
C SET UF FARAMETERS FOR INTEGKATION
XLEN=X2(1)-X1(1)
X(2)=0,
C SELIT SOURCE LINE AND GET ATTENUATIONS
ID 1 M=1,8
METS=2X% (H~1)
IX=XLEN/MFTS
ATT=0.
LO 2 K=1sMFTE
FK=K
DELX=0XHK (FK=,5)
X¢1)=DELX+X1¢ 1)
X(3)=X1(3) +DELXKSLOFT
CALL CROSS(DESsXrE(1s1)sB(1s2) yXCy ICROSS)
CALL FTEAR(OESs XrXCrIFRRrA)
COSFH2=1,/¢1,+C (X{1)~0BSC1)) /0 KkD)
ATT=ATT+AKCOSFH2
. CI=CI+COSFHZ
2 CONTINUE
£ COMEINE WITH LAST
ATTENSCATTHATTOLIXCIOLI) /CT
TG TEST FOR CONVERGENCE
o IF CARS(1 . ~ATTEN/ATTOLLY (LT .+ 1 YRETURN
ATTOLD=ATTEN
CIOLD=CT
1 CONTINUE
RE TURN
ENT!
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SUBROUTINE AREANCLFTS CLFTSeWITITH GLEFTH

JOESROT NORS EYETATEYESTR e STRIFL ySTRIFRyNSTR » CLLNTH)
DIMENSION STRIFPLCIv2y3x200 v STRIFR(I 295 p20)Y EYETOT (20

1EYESTR(20)
COMMON /EDGE/ EDGEL(3r20)s ENGER(Ir203
DIMENSION ROTGER(I»2)yROTGEL (3,2)
DIMENSION DESPFTS(3y L) LOLCL0,20)0REROT(3,10,20) ¥
DIMENSION SLOPE(R) r JSHALL (20 1 IHEMI20)
DIMENSION CLFTS{(3s202 rWINTHC(Z0) »FHI(2I P ROTLS (2,200
DIMENSION WSTRIF(20) s ILG(20) yNSTR(Z0)» NEHRT(Z0}
c OBTAIN EDGE FOINTS
CALL EDNGES(NCLFTS CLFTS WIDTH)
D 1 I=1syNCLFTE-1
DETAIN SIDELINE DISTANCES AND TRANSFORMATION
ANGLES RE! CENTERLINE SEGMENTS FOR ONE OBESERVER.
CALLL GEOQM(CLFTS(1l¢I) fCLFTS(LyI+1 3 OBSFTS TICLOL e L),
1IFHI +ROTCS (1, 1) »ORSROTCLr 1 1) pCLLNTHCT) ¢ 0D
c SIDELINE DISTANCE
OCLC1y TY=ARS(ORSROT(2:1,1))
[ TRANSFORM REMAINING OFSFTS RE! CENTERLINE
00 2 J=2sNOES
IF¢(NOFS.EQ.1) GO TO 2
IX=0ESFTS (L D -CLFPTS(1s1)
OY=0RSFTS (2, H~CLFPTE(2y 1)
OBSROT(LrJ» 1) =DXkROTCE (1, T2 +0YRROTCE (2, 1D
ORSROT(2» Je D) =DYEROTCS( L, D) ~DXKROTCS (2, I
QESROT(Zy J» II=QRSFTS {3, 1)
C SIDELINE DISTANCES
DCL ¢y 1) =ARS(ONSROT(2s 0 1))
CONTINUE
c FIND CLOSEST OBBERVER TO CL
EaALL SMALL(DICL (L1 NOES, JEMALI-(T))
c CALCULATE TRANSFDRMED EIGES I AND I+41 AROUT EACH
C SEGMENT I
g 3 III=1.,2
II1=11I-1
DXL=EDGEL (1sI+II)-CLPTS{1,1)
IXR=EDGERC1I+II)-CLETS(L, 1)
DYL=EDGEL (2, I+II)-CLFTS(2:1)
DYR=EDGER(2y T+I1}-CLFTE(2, 1)
ROTGEL {1y ITT)=DXL¥ROTCS(Ly I} HDYLKROTCS(2 1)
ROTGEL(2, ITI)=DYLXROTES (1 1) -DXLKRDTCE (2410
ROTGER{1» ITT)=DXR¥ROTCS(Ly I)FOYRYXROTLE (20 1)
3 ROTGER(Z2,III)=DYRYROTCS(1,1)~DXRKROTCS(2510
C ROTGEL (2)=~ROTGER(2Y=NORMAL WIDTH OF SECTION
ILG(TI) =1
IFCROTGEL (2,1 LT ROTGEL(2, 20 ) ILGLE ) =2
ISMCI)=3-ILG(T)
C DETERMINE NUMBER OF STRIFS: RATIO HETWEEN NEAR ANI FAR
C NEAREST STRIF SHOULD EE 1.1 (ROUNDED DODWN TO NEXT SMAL
WOV2=ROTGEL (2+ILG(I))
DIST=NCL(JSMALLCTY I
NET=WOV2/ (. 14(DIST-WOV2))
C CASE 0OF ORSERVER BETWEEN ELGES: WOVZHDIST

o0

r
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F

IF(NST LT 0INGT=%

C NO MORE THAN % STRIF&G. [UE TO DIMENSION LIMITS

C

c

1

?

1

NETRITY=MINOIMNST » &)
WSTRIFCIY=ROTHEL ¢y DLLGCIN )/ (NSTROI Y +.5)
HOW MaNY STRIFS GO TO SHORT END

NSHRT( I =ROTGEL (2, [SMII) I /WSTRIF(I)
NSHRT (T )=MIMO(NSHRT(I) v 5)

SET UF TO COMPUTE FULL LENGTH STRIFS
SLOFECLY=ROTGELS1» 1Y /ROTRBEL (2, 1)
SLOFE(2)={ROTGEL ¢ 1+ 2)=CLLNTHCID ) Y /RQTGEL (2,2)
DO 5 N=1,NSTR(I}

COMFUTE ¥ VALUES

00 & K=1+2
STRIFL(2»KeNyD)=NKkWSTRIF(I)
BTRIFR{Z s KNy I u--STRIPLL2,KyHNy 1)

X VALUES~FULL LENGTH STRIFS

STRIFLCLe L oNe DI=STRIFLDy LN IIXSLOPE(L)
STRIFR{1» 1Ny I)=~GTRIFLILyLyNe L)
ODELX=STRIFLL{2s 29 M Iy XSLOPECS)
STRIFLCLe 2Ny D)=CLLNTHCD) +DELX
STRIFR(L+2/NsI)=CLLNTH(I)-DELX

BTRIFS FINISHED IF ALL ARE FULL. LENGTH
IF(NSHRTC(I)LEQ.NSTR(I)) GO TQ 7

SET UF TO COMPUTE X FOR SHORT ENR
LIES ON LINE AY+ER CONNECTING CORNERSG
HL=(ROTCGEL (L »2)~-ROTGELC(L1r1))
1/(ROTGEL(R2y2)-ROTGEL (251)2
AL=ROTGEL{ 17 1) ~BL¥ROTGEL (2,1
ER=(ROTGER (1Le2)-ROTGER(L, 1))

L/ (ROTGERC(2,2)-ROTGER (291 )2
AR=ROTGERC Ly 1) ~BRARDTOGERC2, 1)

COMFUTE X FOR SHORT END

DO 8 M=NSHRT(I)+HLsNSTR(I)
STRIFL(1yISMOI) pNe I} =AL+RLANRWSTRIFP(I)
STRIFRCLy ITSMOL) PNy I)=AR-BRENXNGTRIF(T)
CONTINUE

CONTINUE

COMPUTE TOTAL LENGTH OF STRIFS
SUM=CLLNTH(I)

00 2 M=1sNGTR{I)
QUM=SUMISTRIFL{Iy2¢Ns D) -STRIFL(1s1e M, 1)
1+STRIFRCLy 2y NsI)=-STRIFRCL 1o NI

LINE SOURCE DENSITY RE: TOTAL
EYESTR(I)»=EYETOT(I)}/85UM

CONTINUE

RETURN

END
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SURRDUTING ENGES(NCLFTS+CLETE»NTLTID

COMFUTES LEFT AND RIGHT EDGE FOINTS FOR AN

AREA DEFIMNED BY NCLFTS CENTERLINE FOINTS AND WINDTHS,
COMMON/EDGE/EDGEL (3 20) »EDGER (39 209

ODIMENSION CLPTS(3y20) r THETACLP) »WIDTH(20) yFHI(Z0)
COMMON/CONSTS/FI TWORT FIOVZ

COMFUTE SEGMENT ANGLES THETA.

[0 1 [=1:NCLFTS-1
DELTX=CLFTS (L T4+1)-CLFTS(L/ 1
DELTY=CLFTE(2»I4+1) -CLFTE(2,1)

TEST FOR %0 DEGREE CASE.

IF(OELTX NE.Q.) GO TO 2
THETA(L)=FIQV2

GO TQ 3

CONTINUE

CALCULATE FRINCIFLE VALUE OF ANGLE
THETA{I}=ATAN(IMELTY/DELTX)

CONT INUE

THIGS IS CORRECT FOR FIRST ANDI SECOND QUALRANTS.
TEST FOR SECOND OR THIRD QUALDRANTS.,
IF(DELTX LT 0 THETA(I Y =THETAC(T) +FI
CONTINUE

COMFUTE LATERAL ANGLES FHI.

END FOINTS P

FHICL)=THETA{1)+FI0OV2
FHI(NCLFTS)=THETA(NCLFTS-1)+FPI0V2

LONE IF ONLY ONE SEGMENT

IF(NCLPTS5.ER.2)GD TO 4

MILDLE POINTS

D0 4 I=2/NCLFTS-1
FHICI)=(THETA(T)+THETA(I-1)+FI)/2.
TEST FOR FROFER QUANRANT.

ANGL 1=AMOD (ABS (FHI(I)~THETA(L) )y TWOFT )
ANGLE2=AMOLCABS(FHIC(TI)-THETAL(I-12)» TUOFI)
ADJUST QUADRANT

FHI(I)=FHI(I)+FI

CONTINUE

CONTINUE

COMPUTE LEFT AND RIGHT ENGES

DO 5 I=1sNCLPTS

DEL=WIDTH{I»/2,

IELTAX=0ELXCOS(FHICI))
DELTAY=DELXSIN(FHIC(I))

EDGEL (1 I)=CLPTS(L:I)+DELTAX
ENGER(1I)=CLFTS{1,I12~DELTAX

ENGEL (2, I)=CLFTS(2r I)+DELTAY

ENGER (22 I)=CLFTS(2, 1)-DELTAY

Z AT EDGES = Z ON CENTERLINE

ELNGEL(3r I1)=CLFTSCI,I) ——
ENGER(Z» I)=CLFTS(3 1) o’
RETURN
END
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SURRDUTINE SHMALL (At ))
C THIS ROUTINE FINDGS THE SMALLEST ARSUOLUTE VALUE IN ARRAY A{N) AND
C SETS J EQUAL TO ITS INDEX

LIMENSION adl)

J=1

[0 1 I=2sN

Al=ARS(A(I))

IF (ARS(ACIN) . LT ALY J=I

1 CONTINUE
RETURN
END
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