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1. INTRODUCTION

This study is one part of the continuing effort to refine and

improve engineeri ng methods for the prediction and abatement of traffic

generated noi se from hi ghways. The model assumes constant speed traffic

condit ions and, as an opt i on, inc 1udes highway grade as a parameter in the

traffic noise generation. Traffic speeds are limited to the range of 50 to

100 km/h (30 to 65 mph) due to the data limitations upon which vehicle noise

emissions are based.

The FHWA Level 2 highway traffic noise emission model is an

evolutionary development of the TSC MOD~04 prediction program (1,2).*

Features of the FHWA Level 2 hi.ghway traffic noise emission model are

described in Section 2. The third section of this report presents the

input data format required to execute the program. Section 4 presents

example problems indicating the input/output format of the FHWA Level

2 highway traffic noise emissions model.

Appendices are presented describing the basic theory used, the

architecture of the program, and the .1 i sti ng of the source code.

* Numbers in ( ) denote references at the end of the report.
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2. FEATURES OF THE PREDICTION MODEL

The FHWA Level 2 highway traffic noise prediction model is an
evolutionary development of the TSC MOD-04 model (2). The FHWA Level
2 program features several refinements and options over the TSC MOD-04 model
that are expected to improve predict ion accuracy and ut i1 i ty of the mode 1.

The salient features of the FHWA Level 2 program include:

• Revised Vehicle Reference Noise Emission Levels:

Based upon analysis of field test data (3), the FHWA
Level 2 program utilizes revised speed-dependent noise
emission levels for heavy trucks (type 2 vehicle) and
for medium trucks (type 3 vehicle). Overall and
octave band A-weighted sound levels are predicted as
the user desires.

• Grade Corrections:

The user may specify, as an option, sound level adjust
ments for hea vy trucks dependent upon the roadway grade.
This adjustment is used to simulate highway sound levels
for heavy trucks moving up grades as defined by the road
way segment geometry.

• Excess Distance Attenuation~

The FHWA Level 2 prediction model allows the user to
specify a distance attenuation rate for traffic noise
propagation. The distance attenuation rate is speci
fied for each roadway/receiver combination. The atten
uation rate may vary from 3dB/Distance Doubling to any
hi gherrate desired.

• English/Metric and Metric/English Data Conversion:

The FHWA Level 2 prediction model will accept and/or
convert input/output data using either English (foot,
mile, hour) units or Metric (metre, kilometre, hour)
units as directed by the user.

2



• Input Data Annotation:

The user may include titles and/or other annotation with input
data for roadways, barriers, absorptive ground strips, and
receivers to identify these parameters on the output listings.

• Common Input Data Format with TSC MOD-04:

Exi st i ng data sets formatted for use with the TSC MOD-04 code
may be used to execute the FHWA Level 2 program with very little
change (See Section 3). Complex site data successfully executed
by the TSC MOD-04 code need not be changed to exe'cute on, the
FHWA Leve1 2 program.

• Bypass Reflection Calculations:

The user may elect to bypass all reflection calculations in
estimating receiver sound levels. This option is offered
as a time-saving option since reflections would rarely increase
the predi cted 1eve1s more than 3 dB ~

• Receiver Sound Level Criterion:

The FHWA Level 2 program provi des the user' with an estimate
of the overall equivalent sound level, LE(A), at each receiver.
The user, however, may desire to know the individual contribu
t ions to LE (A) from each roadway segment or from each segment
contributing traffic noise above a specified criterion level.
The FHWA Level 2 program allows the user to specify a criteri a
level that results in a tabulation of the sound level contribu
tions to LE(A) from each roadway segment exceeding the criterion
level. This option is useful in evaluating traffic noise
abatement at a receiver.

The revised vehicle reference noise emission levels used by the
FHWA Level 2 prediction model are presented in Table 2-1 as coefficients of a
regression equation of sound level varying linearly with the logarithm of the
vehicle speed. Figure 2-1 presents a comparison of the TSC MOD-04 reference
levels and the FHWA Level 2 reference levels as a function of vehicle speed.
The reference vehicle sound levels for medium trucks (2 axle/6 tire) are
presented in Figure 2-2. The reference vehicle sound levels for heavy
trucks (3 to 5 axle) are presented in Figure 2-3. Both the A-weighted
reference level and the A-weighted octave band levels are presented as
functions of vehicle speed. These results are from Reference 3.

3
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TABLE 2-1

COEFFICIENTS FOR A-WEIGHTED REFERENCE ENERGY MEAN EMISSION LEVELS

f c . Automobiles (Type 1) . Medium Trucks (Type 3) Heavy Trucks (Type 2)

Hz. Co C, So Co C1 So Co C1 So
-

OAL*, 4.80 38.05 2.5 22.06 33.91 3.37 42.63 24.56 2.84

63 -2.14 27.18 2.5 44.88 5.48 4..72 80.61 -12.92 5.20

125 -3.17 32.61 2.5 52.39 6.90 4.76 56.94 6.19 3.73

250 -13.21 40.76 2.5 33.76 21.12 5.23 52.77 12.56 4.45

500 20.84 29.89 2.5 11 .01 36.18 4.23 28.22 28.70 3.82

lk 9.83 32.61 2.5 -1.86 44.67 4.39 .22.32 33.60 3.44

2k -18.26 48.92 2.5 -1.19 43.93 4.04 33.08 25.59 3.11

, 4k -7.20 38.05 2.5 3.49 36.54 3.82 35.46 20.61 3.42

8k -18.21 40.76 2.5 15.70 24.77 3.85 34.90 15.50 3.89

Lo = Co+Cllog(V) (- ) - 2'Lo E = Lo+0.115So V is vehicle speed in miles per hour

* OAL denotes the Overall A-weighted sound Level
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3. INPUT DATA FORMAT

The input data format used by the FHWA Level 2 prediction program
is i dent i ca 1 to that used by the TSC MOD-04 program (2). To exec ute the
FHWA Level 2 prediction program, the user may elect to use English/Metric
conversions and to bypass the reflection calculations. This option is
exercised by including an option card as the first card in the data set.

Additionally, the FHWA Level 2 program requires a data block, Alpha Input,

to define the excess attenuation parameters for each roadway-receiver

pair.

The sequence of cards and/or data bl~cks required to define
a problem for execution of the FHWA Level 2 program are indicated in Figure
3-1. The fol.lowing step-by-step instructions are provided to assist the
user in formatting input data to the computer program.

3.1

3.1.1

Input Data Format and Data Block Seguence

Input Data Format

The prediction code accepts input data from a card reader.
Three types of input data format are allowed by the code:

• Integer Format

A fixed point number written without a decimal point.
All integers must be right-justified within the
allotted field of the input card.

• Real Constant

A floating point number written with a decimal point.
Normally, the real number may be situated anywhere
with.in its allotted field on the card.

• Alphanumeric

Any combination of alphabetic and numeric characters.
Alphanumeric data may be located anywhere within the
allotted field on a card.
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3.1.2 Data Block Sequence

The input to the FHWA Level 2 program is composed of an optional
parameter card, followed by a title card, which in turn is followed by
up to six blocks of data. The input data format is indicated in Table
3-1.*

The option card is the first card in the input stream. It consists
of three parameters, each pertaining to a new option offered by the FHWA
Level 2 highway noise prediction program. An asterisk in column 1 identifies
the option card. A 'Y' in column 14 indicates Metric input units are to be
expected; and 'N' in column 14 denotes English input units. The letter 'Y'
or 'N' in column 28 specifies either Metric or English output, respectively.
The third parameter makes available the option to bypass all reflection
computations. To invoke this option 'N' is placed in column 42. This
parameter card is not a mandatory input. If it is not present, the program
will default to accept all input in English units, to produce output listing
in English units, and to perform all required reflection computations.

ENGLISH
Foot

Vehicles Per Hour
Miles Per Hour

METRIC
Metre

Vehicles Per Hour
Kilometres Per Hour

The input uni ts assumed by the program under the opt ions selected
by the user is as follows:

PARAMETER
Length

Traffic Flow Rate
Vehicle Speed

The title card is the second card in the data set and contains arbitrary
alphanumeric descriptive information in columns 2 through 60.

* Table 3-1 is presented at the end of this section so as not to
interrupt the text.

10



Data blocks following the title card may be arranged in an

arbitrary sequence. Each data block is identified by an index as follows:

INDEX

1

2

3

4

5

6

DATA BLOCK

Program Initialization Parameters

Roadway Parameters

Barrier Parameters

Ground Cover Parameters

Receiver Parameters

Alpha Input

Each data block is preceded by a control card containing the data block

index in column 5. The end of a data set is denoted by a control card

with the integer 7 in column 5.

Multiple data sets may be run in sequence with each data set

being initiated by the title card and ended by the control card with the.

integer 7 in column 5. Once a data set has been defined for execution

of multiple data sets, it is sufficient to modify only the data blocks

in the previous data set, as requi red, to defi ne the new data set. Any

data bloc ks not redefi ned by the new data set wi 11 remai n unchanged from

that in the preceeding problem.

The first data set must specify, as a minimum, the following

data blocks:

INDEX

1

2

5

'DATA BLOCK

Program Initialization Parameters

Roadway Parameters

Receiver Parameters

11



If either the barrier parameter data block or the absorptive
cover ground cover data block are omitted for the first data set~ all
calculations involving barriers or ground cover are bypassed by the code.
Subsequent to the execution of the first data set, the user may redefine any
data block desired to create a new problem. Any data blocks unchanged will

maintain their initial values in subsequent data sets. (See Section 3.7,
Alpha Input).

3.2 Program Initialization Parameters

The data block containing the program initialization parameters
is preceeded by a control card with the integer 1 in column 5. Following
the control card, six or nine cards are used to complete the program
initialization parameter data block.

The following five parameters must be specified in the indicated
sequence with the parameter value entered as a real constant in columns
1 through 10 and the parameter index i ndi cated as in integer in column
15.

PARAMETER
(Real Constant: Cols. l.through 10)

Recei ver He; ght Adj ustment
N.umber of Frequency Bands
Source Height A~justment for Passenger Cars
Source Height Adjustment for Heavy Trucks
Source Height Adjustment for Medium Trucks
Source Height Adjustment for New Vehicles*

*Only if new vehicles are defined

12
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(Integer: Col. 15)
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2

3

4

5

6



If desired, the user may include alphanumeric information in

columns 31 through 80 for convenience or specific information on each of the

above cards. I f no a1phanumeri c data is entered, the above tit les wi 11 be

printed by the program to identify the parameters in the output listing. If

the user does not desire to define a lI new ll vehicle, column 20 of the medium

truck source height adjustment card must contain the letter L denoting the

last card in the data block.

3.2.1 Definition of Type 4 Vehicle

If the user defines a lI new ll (Type 4) vehicle, three additional

cards are required to complete the Initialization Parameter data block.

The first card of this set defines the source height adjustment for the

Type 4 vehicle. The second card defines the Type 4 vehicle sound level

spectra and the third card defines the standard deviations for the sound

level spectra. The source height adjustment card for Type 4 vehicles con

tai ns the source hei ght as a rea 1 constant between co1umns 1 through 10; the

parameter index, 6, in column 15; the letter L in column 20; and the desired

alphanumeric information in columns 31 through 80. The next card is the

vehicle sound level spectra card. This card defines the Type 4 vehicle

sound level at 50 ft. (1S.2m). The last card defines the standard deviation

of the Type 4 vehicle sound level spectra. Both the sound level card and the

standard deviation card use identical input data formats: nine real constants

located in columns 1 through 5, 6 through 10, etc. The constant in columns 1

through 5 corresponds to the A-weighted overall sound level or standard devia

tion. Each subsequent constant on each card corresponds to the A-wei ghted

octave band sound level or standard deviation for the octave band center

frequencies from 63 Hz to 8000 Hz inclusive. The user needs to define

constants only for the number of octave bands specified in the program

initialization parameters.

The user is reminded that the overall A-weighted sound level

calculations are independent of the octave band calculations.
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3.3 Roadway Parameters

The data block containing the roadway parameters is preceeded
by a control card with the integer 2 in column 5 and another integer in

col umns 6 through 10 to indicate the number of roadways defi ni ng the site.

(The present version of the FHWA Level 2 program allows the user to define a

maximum number of 20 roadways).

For each roadway, the user must specify a data block defining

the traffic flow conditions on the roadway and the geometric alignment

of the roadway. To define the traffic flow conditions for a roadway, the

user may define up to a maximum of five (5)' combinations of vehicle flow

rate, vehicle speed, and vehicle type.

For each traffic flow condition on a roadway, the user specifies

(using two real constants) the traffic flow rate in vehicles per hour

in columns 1 through 10 and the mean vehicle speed in appropriate units

(km/h or mph) in columns 11 through 20. Vehicle type is specified using

an i-nteger 1 through 4 in column 25. One card is used to specify each

traffic flow condition up to a maximum of 5 cards per roadway. For the

last card defining a traffic flow condition for a :~!)adway, the user must

specify the letter "L" in column 3L If the user desires, 40 alphanumeric

characters may be placed on the last traffic flow card to identify the

roadway. This input begins in column 41 and may continue through column 80.

Following the data cards defining the traffic flow conditions

on a roadway, the user must define the straight line roadway segments speci

fyi ng the roadway ali gnment. For each poi nt defi ni ng an end poi nt of a

roaday segment the user specifies the x-coordinate in columns 1 through 10,

the y-coordinate in columns 11 through 20, and the z-coordinate (elevation)

in columns 21 through 30. Each coordinate value is specified as a real

constant expressed in appropriate units (metres or feet). The end points of

each segnent are soecified on one card, sequentially, beginning with the

initial point defining the roadway. Each roadway alignment may be approxi

mated by up to ten (10) straight line segments (eleven points or data cards).

14



The FHWA Level 2 program allows the user to adjust the noise

emissions for heavy trucks (type 2 vehicle) moving up grades. The program,

however, does not allow the user to define a traffic flow direction. To

include grade adjustments, the user must decide if a straight line segment is

an upgrade segment. If the strai ght 1i ne segment is upgrade, then the uS,er

may include the grade adjustment by placing 111 11 in column 33 of the first

coordi nate card (poi nt) defi ni ng the strai ght 1i ne segment. Doi ng thi s,

causes the FHWA Level 2 program to calculate the grade of the straight line
I ,-

segment to increase the noise emission levels of heavy trucks appropriately.

Detai 1s of the grade adjustment are presented in Appendix A. If the user

does not desire ~ grade adjustment for upgrade segments or for level or

downgrade segments, either a 110 11 or a blank space is placed in column 33.

The grade adjustment specified for each segment is printed during output.

For each roadway coordinate card, the user may include an alpha

numeric title beginning in column 41 and extending through column 80.

This title will be printed with the output for the coordinates of the

point. The title may be used to define either the coordinate point or the

segment defined by two consecutive coordinate points.

The number of data blocks specifying roadways must correspond

to the number of roadways specifi ed on the control card for roadway para

meters.

3.4 Barrier Parameters

The data block containing the barrier parameters (i.e., poten

tial diffractions of sound) is preceeded by a control card specifying the

integer 3 in column 5 and a right-justified integer in columns 6 through 10

speci fying the number of barri ers. The user may defi ne a maximum of 20

barriers using the present version of the FHWA Level 2 program. As discussed

in Reference 2, the user defines barriers to model site topography, noise

abatement barriers, and buildings. The top contour of a barrier is approxi

mated by a s~quence of straight line segments. Each barrier segment is

assumed to be totally impervious to sound transmission through the barrier.
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The coordinates of points specifying the top of the barrier are defined

utilizing the same format as that for roadway segments (see Section 3.3).

The last card (coordinate point) defining a barrier contains in addition to

the three real co~stants defining the point either the letter A (absorptive

barrier) or the letter R (reflective barrier) in column 31~ The user must

define one set of barrier coordinates for each of the total number of barriers

specified in the control cards.

The letter A in column 31 of the last card defining a barrier

indicates that the preceeding points describe an obstacle that reflects

sound weakly and can hence be approximated by a totally sound absorptive

surface. This acoustic characteristic applies to both sides of the barrier.

The letter R in column 31 of the last card defining a barrier

indicates that the preceeding points describe an obstacle that totally

reflects sound. The prediction code considers reflections from vertical

surfaces only. See option card format.

As an opt ion, the user may include a 40 character a1phanumeri c

title on the last barrier coordinate card. These data begin in column 41

and may extend through column 80.

Barrier segments are not allowed to cross a roadway segment.

3.5 Ground Cover Parameters

The data block containing the ground cover parameters is pre

ceeded by a control card containing the integer 4 in column 5 and a second

integer right-justified in column 6 through 10 indicating the total nun:i>er

of absorpt i ve ground stri ps defi ned for the data set. The areas defi ni ng

absorptive ground strips are specified by the centerline and the width of

the rectangular patch. Two data cards are required to describe each ground

strip. The first data card contains the X-, y-, and z- coordinates of one

end point defining the centerline and the width of the strip in sequence.
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These four numbers, in the indicated sequence, are specified as real constants
in the fields between columns 1 through 10, 11 through 20, 21 through 30, and
31 through 40. The second card contains the x-, y-, and z- coordinates of
the end point defining the centerline between columns 1 through 10, 11
through 20, and 21 through 30, respectively. Following these three real
constants, the user specifies the letter G (low ground cover) or the letter T
(high ground cover) in column 31.

The letter G in column 31 of the second data card defining a ground
strip identifies the ground strip as high grass or shrubbery and the letter T
in column 31 identifies the ground strip as trees. The computer code checks
to see that the centerl i ne defi ni ng a ground stri p does not cross a roadway
segment. The user, however, shou ld ensure that the defi ned ground cover
stri p does not intersect a roadway especi ally if one is attempt i ng to defi ne
a wide strip.

As an option, the user may define a
title on the last ground cover coordinate card.
41 and may extend through column 80.

3.6 Receiver Parameters

40 character alphanumeric
These data begin in column

The data block containing the receiver parameters (location)
is preceeded by a control card with the integer 5 in column 5 and a second
integer right-justified in columns 6 through 10 to indicate the total number
of receivers defined for the data set. Each receiver location is defined by
a single data card specifying the x-, y-, and z-coordinates as real constants
in the fields between columns 1 through 10, 11 through 20, and 21 through 30
respectively.
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As an option, the user may specify a criterion level and a title
for each receiver. These data are included on the receiver coor9inate card.
The criterion level is a real constant located between columns 33 through 38.
The ·receiver title is a 40 character alphanumeric description beginning in
column 41 and extending through column 80. Both the criterion level ~nd the

receiver title are printed during output.

The specified criterion level for a receiver instructs the FHWA
Level 2 program to print a tabulation of selected roadway segments and the
levels contributed by those segments for the receiver. The program does this
selection for each segment contributing a sound level 5 dB below the criterion
level for the receiver. For example, specifying the criterion level as 50 dB
would result in a tabulation of all roadway segments contributing sound
levels of 45 dB or greater at the receiver. This option does not increase
computing time.

The present vers ion of the FHWA Level 2 traffi c noi se predi ct ion
program allows the user to define up to 15 receiver locations. Each z-coor
di nate value speci fi ed on a recei ver locat i on data card wi 11 be altered by
the value specified for the receiver height adjustment in the program initial
ization parameters.

The FHWA Level 2 program does not explicitly check for receiver
locat ions on ali ne segment defi ni ng a roadway, an absorptive ground stri p
centerline or a· vertical plane defining a barrier segment. However, such
·locations would cause the code to attempt the consideration of a zero
distance between the receiver location point and a line segment or plane
whi ch wou ld resu lt in one of the error messa ges descri bed inSect ion 4.
As a rule-of-thumb, the user should always specify receiver locations
two feet (0.61 metres) away from a line segment defining a roadway or
ground strip centerline or from a vertical plane specifying a barrier
segment.

18



At each receiver location the highway traffic sound level
predictions will be computed as specified by the number of frequency
bands defined in the program initialization parameters. If the number
of frequency bands requested is specified by the integer 1 only the
overall A-wei ghted sound level descriptors are calculated. If the
number of frequency bands is specified by an integer between 2 and 9,
the appropriate A-weighted octave band levels beginning at 63 Hz will
be calculated up to the band index specified.

3.7 Alpha Input

The data block for alpha input begins with a card with the
integer 6 in column 5, and the number of cards to follow in columns 9
and 10. In the succeeding cards, a value for alpha is assigned to

each roadway relative to 'each receiver, (hereafter referred to as
roadway-receiver pair). Each card contains an alpha value, a roadway
number, and one or more (up to 15) receiver numbers.

Each roadway-receiver pair thus defined must be unique,
i.e., may not be repeated in the same or succeeding cards. When a 'a'
is placed in column 7 instead of a valid roadway number, the specified
alpha value will be assigned to all roadway-receiver pairs for the
specified receiver(s).

The values of alpha for all roadway-receiver pairs are
initialized to zero. Consequently, the alpha values for all undefined
roadway-receiver pairs are zero.

Once alpha is defined, its values for all roadway-receiver
pairs are preserved throughout each problem in the same input stream.
Thus, alpha input is not mandatory for each problem. However, whenever
there is a change in receiver definitions, alpha must be redefined.
Otherwise, the execution of the program will be terminated.
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The alpha input applies only to the prediction of the

overall 'A-weighted sound levels. For the octave band sound level
predictions, the program utilizes the frequency dependent attenuation
mode11 ed by the absorpt i ve ground stri ps and atmospheri c absorpt i on
(2). In conducting the overall A-weighted sound level calculations,

the prediction code assumes that the alpha value is zero for any

subsegment of a roadway-receiver geometry that is shielded by either a

barrier or a ground strip. Unshielded subsegments of a roadway-receiver

geometry are treated using the alpha value specified for the roadway

recei ver pai r.
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TABLE 3-1
INPUT DATA FORMAT

• OPTION CARD

COLUMN
NAMt

N
--'

* Format is (80Al) hence, descriptive material may be included between columns
2 through 13, 15 through 27,29 through 41, and 43 through 80.

I~PT must be an asterisk (*) in column 1 if option data is to be read.
METIN = Ydenotes input data in metric units; = N denotes English units
METOUT = Ydenotes output in metric units; = Ndenotes English units
IREFL = Ydenotes reflection calculations desired;. = N denotes no reflection calculations.

See Section 4.3.2 for example~

• TITLE CARD

Column
NAME

2(79Al)
PROBLtMiITn: --6U-A1phanumerlcC-haraeters-Oescrioi rl9 the Pr~obl em



N
N

TABLE 3-1
(CONTI NUED)

DATA BLOCK 1: PROGRAM INITIALIZATION PARAMETERS (MANDATORY)

• Control Card (Fi·rst Card In Data Block)
I

COLUr4N

Parameter Title

Parameter -Tit Ie

* Integer formats are right justified in the indicated field. i.e •• 15(15) denotes a field from
Column 11 through Column 15 with the integer night-justified at Column 15.



N
w

ROIN (I) (I ~ 2) Must be expressed in feet (METIN = N)
TOIN (I) (I ~ 2) Must be expressed in metres (METIN = Y)



TABLE 3-1 (Continued)

DATA BLOCK 2: ROADWAY PARAMETERS (MANDATORY)

• CONTROL CARD (First Card in Data Block)

COLUMN (FORMAT) 15(I5)* 1 10(15)
NAME 2 NR

• TRAFFIC FLOW DATA CARDS (ONE CARD FOR TRAFFIC FLOW CONDITION: 5 MAX PER ROADWAY)

COLUMN (FORMAT) Il(El0~0) 11(Elo.0) 12505) 13l(Al) 14.1(5A8)
NAME VEH XMH or XKH lTY L* TRD(ID,J)*

N
+:>

• ROADWAY COORDINATE CARDS (TEN SEGMENTS (ELEVEN CARDS) MAXIMUM PER ROADWAY)

COLUMN (FORMAT) IHE10.0) 1 11(ElO.0) I 21(ElO.0) I 3l(A1) 1.33(I1}
NAME IRX(J.NSECl 11{l(J,N:>l:.l,;} IKLLJ,N:>l:.l,;} I L* IIGOO(J,NSEC)**

or or
TRY(J,NSEC) TRZ(J,NSEC}

41 (5A8) .

TRS(ID,J) **

Note: NR sets of Traffic Flow Cards and Roadway Coordtnate cards are required tn above sequence

NR is the number of roadways
VEH is the vehicle flow rate tn number of vehicles per hour
XMH is the vehicle speed in miles per hour (METIN=N)
XKH is the vehicle speed in kilometres per hour (METIN=Yl . ..
lTY is the vehicle type (l = automobiles, 2 = heavy trucks, 3 = medium trucks,

4 = optional vehicle)
RX, RY, RZ are the (X,Y,Z) coordinates of a roadway segment end point tn feet CMETIN=Nl
TRX '. TRY, TRZ are the (X, Y,Z) coordinates of a roadway segment end point in metres (METONT=y)
TRD(ID,J) is the 40 character comment for roadway J
IGOO(J,NSEC) is the grade parameter: no grade correction = 0; grade' correction = 1)
TRS(ID,J,NSEC) is the 40 character comment for roadway J, segment flSEC

* See Footnote to Data Block 1 * Last Card Only ** All Cards Except Last' Card



N
<..n

TABLE 3-1
(CONTINUED)

DATA BLOCK 3: BARRIER PARAMETERS

• CONTROL CARD (First Card in Data Block)

COLUMN (FORMAT) 15(15)* 110(15)
NAME 3 NB

COLUMN
NAME

Note: NB sets of Barrier Coordiante Cards are required in above sequence

NB is the number of barriers
BX, OY, BZ are the (X,Y,Z) coordinates of a barrier segment endpoint in feet (METIN=N)
TBX, TBY, TBZ are the (X,Y,Z) coordinates of a barrier segment endpoint in metres (METIN=Y)
A in column 3l.denotes an absorptive barrier . "
R in column 31 denotes a reflective barrier (ignored if IREFL=N, accepted if IREFL=Y)
TB(ID,J) is the 40 character comment for barrier J

* See Footnote to Data Block 1 ~ If Last Barrier "Segment Coordinate Card



TABLE 3-1
(CONTINUED)

"DATA BLOCK 4: GROUND COVER pARAMETER~

• CONTROL CARD (First Card in Data Block)

COLUMN (FORMAT) I5(15)* 1 10 (15)
NAME 4 NG

• GROUND COVER COORDINATE CARDS (2 CARDS REQUIRED FOR EACH STRIP DEFINED. TEN STRIPS MAXIMUM)

N
O"l

Second Coordinate Card
COLUMN (FORMAT)
NAME

4l(5A8)
TG(1D,I)

Note: NG sets of Ground Cover Coordinate Cards are required in above sequence

NG is the number of ground strips
XXG1(I,J), YYG1(I,J), ZZG1(I,J) are the (X,Y,Z) coordinates of the Jth end point

of the Ith ground cover strip in feet (METIN=N)
TXXG1(I,J),TYYG1(I,J),TZZG1(I,J) are the (X, Y, Z) coordiantes of the Jth end point

of the Ith ground cover strip in metres (METIN=Y)
BGS(I) is the width of the ground strip in feet (t1ETIN=N)
TBGS(I) is the width of the ground strip in metres (METIN=Y)
T in column 31 of the second coordinate card denotes trees
G in column 31 of the second coordinate card denotes high grass or shrubbery

.TG( IO,I) is the 40 character comment for ground stri p I

* See Footnote to Data Block 1



TABLE 3-1
(CONTINUED)

DATA BLOCK 5: RECEIVER PARAMETERS (MANDATORY)

• CONTROL CARD (First Card in Data Block)

COLur1N
NAME

10(15)
NRC

• RECEIVER COORDI~lATECARDS (ONE CARD FOR EliCH RECEIVER LOCATION, 15 r1AXIMUr1)

COLUMN (FORMAT)
NAMT

41(5A8)
TRC(tD,n

N
"'-J

NRC is the number of receivers
XRC, YRC, ZRC are the receiver (X, Y, Z) coordinates in feet (METIN=N)
TXRC, TYRC, TZRC are the receiver (X, Y, Z) coordinates in metres (METIN=Y)

NOTE: ZRC(I) and TZRC(I) are altered by the receiver height adjustment specified
in Card 2 of DATA BLOCK 1.

BLEV(I) is the criterion level for receiver I
TRC(ID,I) is the 40 character comment for recelver I

* See Footnote to Data Block 1



N
00

TABLE 3-1
(CONCLUDED)

DATA BLOCK 6: ALPHA TABLE

11 is the number of alpha cards to be read
ALPHA is the excess distance sound level attenuation parameter (0.0 to 1.0) that applies

to roadway IR and receiver numbers IRC{K).
IR is the roadway number. If IR is specified as zero (the optional form) the value of

ALPHA will be assigned to all roadways for the receivers indicated.
IRC(K) are the list of receiver numbers for which the value of ALPHA applies for the

declared roadway(s). .
IF ALPHA is not specified for a roadway-receiver pair it is assumed to be zero.
If more than one value for ALPHA is specified for a roadway-recoiver pair execution

is terminated.

• END CARD (MANDATORY)
COLUtlN (FORMAT) I 5( 15 )*
NAME 7
This card denotes the end of a data set and initiates the program execution.

* See Footnote to Data Block 1



4. PROBLEM FORMULATION, ERROR MESSAGES, AND EXAMPLES

4.1 Problem Formulation

As indicated in Section 2, the FHWA Level 2 highway traffic noise
prediction program is an extension of the TSC MOD-04 program. Generally, the
details required to model accurately a traffic noise prediction scenario
apply equally to both programs.

4.1.1 Roadways and Roadway Segments

The program describes a roadway by the traffic flow conditions
defined for the roadway. Each roadway may be defined by a maximum number

of five different traffic flow conditions. The model allows a maximum
number of twenty (20) roadways to be defi ned. Roadways may intersect or
coi nci de geomet ri ca lly.

The ali gnment of each roadway is defi ned by a connected seri es
of straight line roadway segments. No increase in prediction accuracy
is achieved by defining a straight line roadway by a series of .straight
line roadway segnents. Computing time is directly related to the number
of combinations of roadway segment/receiver configurations.

For upgrade roadway segments, heavy truck noise emissions may
be increased as specified by the user. Using the concept of an equi valent
lane, the user must group lanes and according to the traffic flow ~irection

when including grade as a parameter in the noise Rrediction. The appropriate
usage is illustrated in the example problem in Section 4.6.

4.1.2 Traffic Flow Conditions

The program describes a traffic flow condition as a combination
of vehicle speed and vehicle traffic capacity for each of the four vehicle
types recognized by the code. Vehicle speed is expressed in either miles
per hour or kilometres per hour and vehic le traffi c capacity is expressed
as the number of vehicles per hour. Hence, the predicted energy mean levels
and percentile levels are associated with an hourly time period.
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Each roadway is defi ned by a maxi mum number of fi ve traffi c
flow conditions. A roadway can be used to model a multi-lane highway usi'ng

the geometric mean distance from source to receiver,VDnDf, based upon
the near lane (On) distance and the far lane distance (Of) as the user
might deem appropriate. When using grade adjustments for heavy truck noise
emissions, equivalent lanes must be determined from groups of lanes with
identical traffic flow direction.

It is difficult to state guidance as to which traffic flow coni>i
nat ions may resu lt in the "worst hour" sound levels at a recei ver, especi ally
for multi-roadway models. Generally, traffic flow mixes comprising a signifi
cant percentage of heavy trucks moving at high speed result in higher sound
levels.

4.1.3 Diffraction of Sound

The prog~am considers only the most effective diffraction of
sound from a subsegment of a roadway segment to a 'recei ver for source
receiver paths containing multiple diffractions (i.e., barriers). The
user should attempt to r.ecognize this characteristic so that the available
number of barriers that can be defined (twenty maximum in the present version)
are utilized efficiently. For example, a barrier placed on top of a berm

. should be modeled as a single barrier at the maximum elevation points rather
than as two barriers.

The program defines a barrier by its top edge and does not recognize
a bottom edge for the barrier. For example, a barrier defined for an elevated
hi ghway is si mp ly a high screen from the defi ned top edge to the i magi nary
ground level.

The top edge of a barrier may be defined by up to a maximum nuni>er
of ten (10) straight line segments. Barriers may intersect themselves or
other barriers. Barriers may be specified as perfectly reflective or perfect
ly absorptive acoustically. The reflectivity or absorptivity acoustic charac
teristics of a barrier apply to both sides of the barrier.
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The diffraction calculations used to estimate barrier attenuation
are not dependent upon the absorptive characteristics declired for the
barrier.

Barri ers are not a11 owed to intersect roadways.
however, intersect absorptive ground strips. Effects of
raction around the end of,a barrier are ignored.

B<lrri ers may,
acoust ic di ff-

4.1.4 Shrubbery and Trees

The program descri bes shrubbery and trees by astra i ght center
line and a width defining a re"ctangular patch o{ absorptive ground cover.
Shrubbery is assumed to be ten feet (3m) high and trees are assumed to
be twenty feet (6m) high above the defined centerline.

If during the analysis of a roadway segment or subsegment ~ dif
fraction is encountered on the source-receiver path, all attenuation effects
of shrubbery and/or trees are ignored for that source-receiver path. Hence,
the program cannot estimate the attenuation effects of plantings on berms,
for example. If the user is in doubt concerning the utility of introducing a
ground strip, do so since the prediction algorithm will make the correct
judgements concerning attenuation of traffic noise. The defined ce.nterline
of an absorptive ground strip is not allowed to intersect a roadway segment.
Absorpt i ve ground stri ps may, however, intersect other ground stri ps or
barriers.

Since the FHWA Level 2 program can account for excess distance
attenuation effects by specifying the lI al pha input", the user may decide
to exclude the absorptive ground cover formulation from a scenario. However,
the specification of a non-zero value of alpha will apply only to the A-weight
ed overall sound level predictions for roadway subsegments that are unshielded
from the receiver. That is, excluding absorptive ground strips and specifying
a non-zero value of alpha will model a "soft site ll for the overall A-weighted
sound level estimates and a "hard site" for the octave band calculations.
This issue may be resolved only on the basis of the users' experience and the
results of future research.
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4.1.5 Reflectors

The program models a reflective surface using a barrier with
reflective acoustic characteristics. The user should include large build
ings or other potential reflective surfaces in his site model. The program

is capable of defining only vertical plane surfaces. Hence, reflections

from either inclined or horizontal surfaces cannot be considered by the

prediction model.

The maximum increase in recei ver sound level s resulting from

reflections is 3 dB corresponding to an incoherent sound source. No

effect of acoustic wavelength is considered. If the direct ray connect

ing a source point and an image receiver point intersects a barrier within

two feet (O.6m) of the top edge, reflection is ignored.

The user may elect an option to bypass reflection calculations.

In this case the barriers must still be declared as either absorptive

or reflective, but the program will override any reflection calculations.

4.1.6 Formulating Geometry

The FHWA Level 2 highway traffic noise prediction program defines

a site geometry using only straight line segments and vertical planes

(barriers) described by the most elevated edge comprised of straight

1ine segments. The program does not recognize a ground plane as such.

The user should basically attempt to defi ne only maxi mum topo

graphic elevations and should include important reflective surfaces (if

desired).

It is good practice to utilize a scale plat of the site in

formulating coordinates for roadways, barriers, absorptive ground strips,

and receivers. Doing this will allow the user to avoid the grief and

wasted time resulting from non-execution of the code as a result of a

barri er or a ground stri p segment intersect i ng a roadway. However, the

present vers i on of the program will check input data for intersect ions

prior to beginning any calculations so that computation time is not wasted.
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As a rule-of-thumb, the user should locate coordinate points

for barriers, absorptive ground strips and receivers no closer than t\'JO

feet (O.6m) from a non-compatable geometric element to avoid rejection

of the input data.

4.1.7 Receiver Location and Predicted Results

The FHWA Level 2 highway traffic noise prediction program allows

the user to specify up to a maximum of 15 receiver locations ~t which

sound level estimates are to be conducted. A receiver should not be located

within two feet (O.6m) of either a roadway segment, barrier surface, or an

absorptive ground strip. Such locations may result in problems with the

arithmetic for extreme geometric configurations. If the code encounters such

problems, execution is stopped.

Since the model formulation does not physically model a ground

plane it is necessary to specify an appropriate lI al pha" value for the ex

cess distance attenuation for each roadway-receiver combination. The user

must exercise judgement in selecting the appropriate value for alpha.

4.2 Output Error Messages

The FHWA Level 2 hi ghway traffi c noi se predi ct i on program pri nts

several error messages that assist the user in either identifying illegal

input data or warning the user that an error has occurred.

The error messages printed by the program and the sequence of

events taken by the program in the event that an error has occurred are

descri bed be low. A fata 1 error is an error that stops execut ion .of the

program for all data sets following that set in which the error occurs.

A reject error is an error in which the program stops execution of the

data set in whi ch the error occurs but continues its attempt to execute

subsequent data sets. The user shou ld note that a reject error may resu lt

ina su bsequent fata 1 error due to the inherent flexi bi 1i ty of the input

data sequence aOllowed by the program (see Section 3). Warni ng messages

notify the user that a non-fatal restriction on the input data or error

duri ng execut i on has been encountered but that the program is cont i nui ng

to execute the defined problem.
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4.2.1 Error Messages Occurring During Data Set Input

Prior to execution of a data set the program checks the input
data to see that for each vehicle type specified the vehicle speed falls
within the range of 30 mph to 65 mph (50 km/h to 100 km/h) and al so checks
to insure that the geometric description of a roadway and a barrier includ
ed two end points.

Vehicle Speed Range Exceeded: If the user has specified a vehicle
speed outs i de the range of 30 mph to 65 mph the fo11 owi ng warni ng messages
are printed as appropriate: .

IIVEHICLE SPEED SUPPLIED IS LESS THAN 30 MPH ADJUSTED TO 30 11

OR
IIVEHICLE SPEED SUPPLIED IS GREATER THAN 65 MPH ADJUSTED TO 65 11

The program continues execution with the indicated adjustments for
vehicle speed for the roadway being considered. If the program is operating
under the Metric option, appropriate speeds in km/h are printed.

Illegal Definition of Roadway or Barrier: If the user has attempt
ed to define either a roadway or a barrier by orie coordinate point (two
points minimum are required, see Section 3) the following fatal error
messages are printed:

IIINSUFFICIENT ROAD SECTIONS II

II INSUFFICIENT BARRIER SECTIONS II

If this err~r occurs, execution of the program stops. The user should
correct the appropriate input data. If multiple data sets are to be executed
with either receiver locations or roadway locations changed between different
runs, it is required to redefine the "al pha input ll table. If the lIal pha
input II table is not redefi ned" program execut i on wi 11 be termi nated.
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4.2.2 Error Messages Occurring During Check of Input Data

Subsequent to reading the input data, but prinr to execution
of sound level calculations, the program checks to see if either a barrier
segment or the centerline of an absorptive ground strip intersects a roadway
segment. The program checks for such intersections using only the x-y
coordinates of the line segments. The user can prevent such errors by
using a scale plat of the site to formulate the roadway segment, barrier
segment, and absorptive ground strip coordinates. If such an intersection
occurs the following reject error messages are printed as appropriate:

II ILLEGAL BARRI ER INTERSECTS ROADWAY R XX RS XX B XX BS XX II
where R XX denotes roadway number XX

RS XX denotes roadway segment number XX
B XX denotes barrier number XX
BS XX denotes barrier segment number XX

IIILLEGAL GROUND STRIP INTERSECTS ROADWAY R XX RS XX AGS XXII
where R XX denotes roadway number XX

RS XX denotes roadway segment number XX
AGS XX denotes absorptive ground strip number XX

These reject error messages are printed for each intersection
encountered in the input data for both barrier segements and absorptive
ground strips. Hence, if illegal intersections are encountered, all such
il'legal data will be displayed to the user •. Upon completing the data
check, the program stops execution of the data set containi~g illegal
intersections of roadway segments with barrier segments and/or ground
stri ps and attempts to read the next data set. The user should check and
correct the input data.

4.2.3 Error Messages Occurring During Sound Level Calculations

The FHWA Level 2 highway traffic noise prediction program checks
for illegal operations during execution of subroutine GEOMRY. Subroutine
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GEOMRY conducts the calculations associated with the basic problem con
sidered by the prediction code (see Appendix A). Two basic types of errors
can occur that are i nterna1 to the code in Subrout i ne GEOMRY: attempt i ng

to shi ft a poi nt on a zero 1ength 1i ne segment or encounteri ng too many

reflections at a receiver. The error messages are as follows:

11*** ANGLE SUBTENDED AT RECEIVER BY ROAD SEGMENT IS

APPROACHING ZERO"

INITIAL PT. OF ROAD SEGMENT (COORDINATES)
END PT. OF ROAD SEGMENT (COORDINATES)
RECEIVER POINT (COORDINATES)

This message is a warning statement and the code continues
execution.

IIERROR IN MOVE"

This is a reject error message indicating that the subroutine

MOVE has attempted to: shi ft a poi nt on ali ne segment of zero 1ength. The
user should check the input data for roadway segments and barrier segments.

The code halts execution and proceeds to the next data set.

IIERROR IN MOVE2"

This is a reject error message indicating that the subroutine
MOVE2 has attempted to sh i ft a poi nt on ali ne segment of zero 1ength (i n
the x-y plane). The user should check the input data for roadway segments

and barrier segments. The code halts execution and proceeds to the next data
set.

If the maximum allowable number of reflections (eleven) is ex
ceeded at a receiver, the code halts execution and prints the following
message:
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"TOO MANY REFLECTIONS RCV XX R XX S XX"

where RCV XX is receiver number XX

R XX is roadway number XX

S XX is roadway segment number XX

The user should check the receiver location in relation to the

reflective barriers defined for the problem to see if simplifications

in the site model are possible or eliminate reflection calculations using

the input data option.

4.3 Example Problem 1

This section presents examples illustrating the translation

of site information into the input data format required by the program.

The first example illustrates the output data format utilized by the FHWA

Level 2 program. This example is identical to that described in Reference

(2) •

Figure 4-1 illustrates a highway situation comprlslng a two

1ane highway (Route 95) and a s i ng1 e feeder 1ane (Route 195) joi ni ng the

highway. The lane widths are 12 feet (3.6m) with no median strip for the two

lane highway. Except for a six foot (1.8m) high earth berm located on the

north-eastern edge of the two 1ane hi ghway the site topography is essen

tially flat. A 20 foot (6.1m) high barrier is located along the western

edge of Route 95 and a stand of trees is located along Route 195. It is

desired to evaluate the sound levels in the north-eastern quandrant of the

site at 100 feet (30.48m) from the centerline of Route 95.

It is decided to evaluate the receiver sound levels for alter

nate site configurations as follows:

• Configuration (Data Set) 1: Site as described above
deleting reflection calculations from the barrier.
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• Configuration (Data Set) 2: Configuration 1 with the
absorptive ground strip (trees) and the barrier
deleted.

• Configuration (Data Set) 3: Configuration 2 with the
heavy trucks (Type 2) vehicle replaced with the user
defined (Type 4) vehicle.

For each problem, it is assumed that the site is "acoustically

hard" for each roadway-receiver combination. That is, the "al pha input II

is zero for all roadway-receiver combinations. Further, input data will

be specified in English Units (foot, mile, hour) and the output data will

be expressed in Metric Units (metre, kilometre, hour). The traffic flow

parameters are determined as indicated in the site plat of Figure 4-1.

The input data for the sample problems is indicated in Figure

4-2 using a standard coding form. The notations enclosed by asterisks

are for user reference and do not constitute data. Data Set 1 comprises

the basic problem formulation. Data Set 2 modifies Data Set 1 by deleting

the barrier and the ground strip. Data Set 3 modifies Data Set 2 by re

defining the heavy truck (Type 2 vehicle) with the user-defined Type 4

vehicle.

4.4 'Output Data for Example Problem 1

The FHWA .Leve1 2 highway t.raffi c noi se computer program i mmed

iately prints output once the input file for a data set is read.

The heading is printed at the top of a page and indicates the

selected option for engineering units for input and output data. Since

the examples used English input and Metric output the heading is:

"TRAFF IC NOISE PREDICTION (INPUT UNITS: ENGLISH, OUTPUT UNITS: METRIC) II
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Next, the defined title is printed. Following the title, the input
data is printed (using appropriate units) in the following sequence:

• Program Initialization Parameters: These data are printed
only for the first problem in the· data stream.

• Roadway Parameters: Roadway title, traffic count and
speed by vehicle type, and coordinates of the roadway segment
end-poi nts with grade adj ustment index and annotat i on are
pri nted for each roadway and each problem in the data stream.

• Barri er Parameters: F011 owi ng the barri er number, the 1etter
A or R is printed in parenthesis. The barrier segment coordi
nates are printed in sequence. Following the first barrier co
ordinate, the barrier title is printed (Note: The barrier may be
declared as reflective (R), but the specification is ignored if
the user selects the option to bypass reflection calculations.)

• Absorptive Ground Strip Parameters: Following the ground.
strip number, the letter T or G is printed in parenthesis.
The coordinates of one end poi nt and the wi dth of the stri p
are printed in the next line. The last line comprises the
coordinates of the other end point of the strip and the title
for the strip.

• Recei ver Parameters: Recei ver parameters are 1i sted in the
input sequence. The recei ver number is pri nted followed by
the receiver coordinates (x, y, z), the receiver criterion
sound level (LC), and the receiver title. The z coordinate
value ~rinted is the input value plus the receiver height
adjustment specified in the program initialization parameters.

• Alpha Input: A table of alpha values is pri nted to document
the input specification. The alpha values printed corres
pond to each roadway (column) and each receiver (row).
These values are defined by the user.

The printing of the input data is a reference listing for the
user documenting the input data used for the traffic noise estimates.
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Following the listing of the input data, the program then re
prints the user-defined title and prints the predicted traffic noise levels
by receiver in the format:

• Receiver Number, the X, Y, Z coordinates of the receiver (in
engineering units specified), and the receiver title.

• A-weighted Octave Band Sound Levels (if the number of frequency
bands is specified to be greater than 1 in the program initial
ization parameters). The title 1I0CTAVE BAND LEVELS (A)" is
pri nted followed by the octave band center frequenci es from 63
Hz to 8000 Hz. Under the i ndi cated center frequency the pre
dicted A-weighted octave band sound level is printed.

• A-weighted Sound Level Metrics: Following the octave band
predictions the following heading is printed:
LE(A) LEOB(A) L90 L50 LI0 SIGMA

- LE(A) is the overall A-weighted equivalent sound level esti
mated using the theory of Appendix A and the lI al pha" values
specified for the receiver.

- L90 is the overall A-weighted sound level exceeded 90% of the
time (hour) estimated using the theory of Appendix A(Equation
(A-14)). Calculated from L50 and SIGMA.

- L50 is the overall A-weighted sound level exceeded 50% of the
time (hour) using the theory of Appendix A (Equation (A-12)).
Calculated from LE(A) and SIGMA.

- LIO is the overall A-weighted sound levels exceeded 10% of the
time (hour) using the theory of Appendix A (Equation (A-13)).
Calculated from L50 and SIGMA.

- SIGMA is the est.imated standard deviation of the'sound level
variation during the hour. See Appendix A, Equation (A-7) and
Equation (A-lO).

- LEOB(A) is the estimated A-weighted overall octave band sound
level obtained by taking an intensity summation of the A-weight
ed octave band levels. Since the octave band levels are esti
mated using frequency-dependent distance attenuation resulting
from ground strips and atmospheric absorption (2) the value
LEOB(A) may not agree exactly with the LE(A) estimate using
the lI al pha ll input.

The FHWA Leve1 2 hi ghway traffi c noi se predi ct i on program per
forms calculations by receiver locations considering all other parameters.
Hence, if predi cted resu lts are obtai ned without an error message bei ng
printed, the program has completed the required sound level estimates
for the receiver(s).
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Following the receiver sound level estimates, the FHWA Level

2 program will pri nt a table of "rece i ver sound level contri but i-ons II at the

user's option. If the criterion level has been set to zero, this tabulation
is not printed. This option allows the user to identify roadwqys or roadway

segments ~ontributing to the total receiver sound level, LE(A), in excess

of the specified criterion level. For a given problem, several roadway

segments may result in sound level contributions of nearly equal magnitude.

The criterion level specified for a receiver is in terms of the total sound

level at the receiver. In order to list all roadway segments that may
•

significantly contribute to the total sound level, the FHWA Level 2 program

uses an internal criterion level 5 dB below the user specified criterion

level to select which segments and levels are to be printed.

In this example problem, the criterion level is specified as

50 dB for all receivers. Each roadway is defined by a single segment and

a 11 roadways and i nterveni ng attenuat i on contri bute sound levels exceedi ng

the i nterna 1 45 dB criteri on level used by the program. Hence, the tabu la

tion comprises a column of numbers presenting the contribution of each

roadway segment to the tota 1 recei ver sound level, LE (A). The reader may

wi sh to veri fy that the i ntensi ty sUl11Tlat i on of the sound leve1s from each

segment equals the total receiver sound level.

The computat ion re1ated to fi 111 ng the tabu lat i on of the sound

level contributions for each receiver is conducted as part of the calcula

tions required to obtain the L~(A) estimate. Hence, requesting the tabulation

does not increase the computing time of the FHWA Level 2 program.

Figure 4-3 presents the FHWA Level 2 highway traffic noise predic

tion output ~isting corresponding to the input data presented in Figure

4-2.

4.5 Examples of "Alpha Input"

The FHWA Level. 2 highway traffic noise prediction program util

izes input data format for all data blocks except "Alpha Input" that is

identical to the TSC MOD-04 prediction program. The "Alpha Input" is

a feature option of the FHWA Level 2 model.
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J~AFfIC NUISE PREOIC110N (INPU1 UNIISI ENGLISH .O~'PUT UNIISI "EIRI' )

VEHICLES
't:HICLES
VEHICLES
VEHICLES

to"MENTS
SE'"ENT SOUTH Of RT.195 INTERSEtTIDN

tD""EIIflS
5Eli"ENT NORIH OF RT.195 INTERSEtTION

to""EN1S
SEli"~NT INTERSE'TI~li RT.95 NORTHBOUND

tOIUIENTS
SE'"ENTRUk~IN' NORTH.5OU'H

12.0
3.5

ABSORPflVE BER" E OF ROAOWA' .1
REflEtflVE BARRIER ~ OF RT.95S

5RADE
o
o

liRADE
o
o

TRUCU

1Z.0
3.5

TRUCKS

liRADE
o
o

TRUCKS

8.0\610+01
K"PH

6.0..UO+Ol
K"PH

1.2"200+01
K"PH

1.2"200+01
IN "

l
0.0
0.0

WITH HEAVY
KIlPH

1.::S!>000+03
nH'H

1.25000+03
nH/H

~.OOOOO+02

nH'H

1.00000+02
nH'H

9.6~600+UI

It"PH

5.00000+01 9.6~600+O.

SOURCE COORD IN .. .
, 1

~1.6l8t10+00 0.0
~1.8288D+00 0.0
BARRIER COORD IN "

, l
~6.09600+O0 6.09bOD+00
~6.09600"00 6.09600+00
BA~RIER ~OORO IN "

Y 1
6.0960D+00 1.828BO+00
6.09bOO+DO 1.8l8BO+00
(1)

5.0000D+QI 8.0\610+01
SOURCE CUORD IN "

, Z liUOE
I.B2680+00 0.0 0
1.82680+00 0.0 0

RI.19!> NURIHWEST80UND WI'" HEA" TRUCK5
V~H/H K"PH

2 .5l'OOO+01
SOlJRCE CU(JRO

y
1.!:»l~OO+03

I.B2660+00
Rl.95 SDUTHIIUUNO

VEH/H

1.50000+01 8.0'670+01
SOURLI: tauRO IN "

I , 1
0.0 1.82880+00 0.0
3.0'80D+03 1.82880+00 0.0

l Kl.95 ~ORIHIIOUND WITH HI:AY'
'I:H/H KIlPH

I
~3.0'8VO+03

0.0
3

I
~l.U"IIOD+Ol

0.0,

PI\OGRA" INI (ULUAlION PAMA"t:TERS
I.~Z~OOO+OO 1 Rt:tt:IYER HEIGHT ADJUST"ENf
9.COOOOO+00 2 NU"8~R OF fREQUENCY BANDS
0.0 3 HEIGHI AOJUlOTlll:NT fOM. tyPE I
Z.~3H~OO+00 ~ HI:IGHf ADJUlOTlll:NI fOR. TYPE Z
0.0 !:» Ht:1GHT AOJUS T"EN1 FUR. TYPE 3
I.Ob6HOO+00 6 HEIGHT AOJUSf"I:NT fOR TYPE'

uVtlUNAL NUIS~ SPI:CtKU"
CUN~IANIS 1 11.0 ~l.O 6Z.0 68.0
SID. 01:'. 1 3.~ 3.!:» 3.~ 3.5

RU~CWAY 1 Rl.95 NORTHBOUND WITH HEAY,
t4UI'leE:R Of nH/H K"PH
nptc I .I:H

I
HUMIIER OF
TYPE 2 'EH

I

NUMBER
1
2

ROADWAY
fiiUHllER OF
nPE 1 WEH

1
NUr.ill:l< Uf
" .. to l VEH

I

JlU"Bi:R •
I -3.0'8CO+03
2 3.(llttlCO+03

I'RRI~R 1 CRa
MU"BU a

I -3.0~600+01

2 6. 09bl,U" 0 1
6A~~llR 2 IA)
t4UllfU: x

1 3.0.,800"01
2 3.0~800"03

.~SURel~L Sll<lt' 1

"Ut!8ER
I
2

RUAOWAY
NUPI~~K W'
"PI: 1 'EH

1
NUMBEK OF
"f'l 2 Yl:H

!

"Uf'IIER
1
2

ROADWAY
NUHBER Of
"P~ I 'EH

I
NUHB.~R ot
"PI: l YEH

1

IUD lit
1.52'01)+01

fREES N.E. OF Rl.195

Lt CO"~ENTS

50.0 M.E. OF TREES
~O.O E Df RDAOWA' .1 , H OF RECEIV~R .1
~O.O E OF ABSORPTIVE BER" l N OF KEC~IVER .2
~O.O E OF A8S0RPTIVE BER" l N OF RI:CEIVcR .3
50.0 E OF A8S0~PIIVE BER" l N OF RECEIVER .,

Y l
1.5Z"UO+OI 0.0
".51200+01 0.0
KlLt:IY~1l COURO IN ..

, l
3.0.,BUO+Ol 1.52'00+00
3.0"800"01 1.5l~00+00

3.0"600+01 1.~2"00+00

3.0lt600+al 1.52"00+00
3.0"800+01 1.~Z'OO.OO

J(

0.0
1.52"00+01
3.tJ"81'0+OI
~.!>UOO+Ol

6.CCJb("0+01

PI X
1 O.C
Z -6.09600"01

IlI:U::IVI:R
';Ul'6ltl

I
2
3
~

5

Figure 4-3. OUTPUT LISTING FOR EXAMPLE PROBLEM 1
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A L .. H A IAISLE

"I\C/NR 1 l 3 "
I 0.0 0.0 0.0 0.0
l 0.0 0.0 0.0 0.0
3 0.0 0.0 0.0 0.0, 0.0 0.0 0.0 0.0
5 0.0 0.0 0.0 0.0

SA~l~ PROBLE" I
RECEIVER IRC TRC ZRC

1 u.o 30.5 105 N.E. OF TREES

UCTAVE BAND LUfLS IAl
63 Il5 l~O 500 1000 lOOO '000 8000

".6 !J5.l 61.6 6'.8 61.2 6'.9 !il.6 "8."

UtA) LEOIlU) L90 LSO LID SIGNA
11.11 11.!i 61.5 68.' 15.3 5.'

ROADWAY SEG"~N' SOUND lEVEL CONTRIBUTIONS .EXCEEDIN~ CRITERION LEVEL OF 50.0 DB
ROAOWAT S~G~~"T

1 1
t.6.:l

2 1
65.'

3 I
610Z

" I
61.&

RECEIVER
l

IRC
1~.2

TRC
30.~

ZRC
1.5 E OF ROADWAY .1 C N Qf RECEIVER .1

OCTAVE'BANO lEVELS CA'
'63 Il5 Z~O 500 1000 lOOO '000 8000
".Z 5'.9 61.6 64.1 61.3 65.0 51.9 "8.7

L~.A' LtUISIA) L90
11.6 11.~ 60.8

L50
68.0

LID SI6"A
l!J.Z 5.~

ROADWA' SEGMENT SOUND LEVEL CUNTRIBUTIONS ElCEEOIN~ CRITERION.LEVEL OF 50.0 08
ROADWAY SEG"ENT

1 1
61.1

Z 1
6'.1

3 1
59.'

" I
61.1

Figure 4-3. Ol'TPUT LISTING FOR EXAr~PLE PROBLEM 1 (Continued)
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ilEa: !Vlill
)'

JlRC
30.5

TIC
30.!j

ZIC
1.5 E OF '8SO~prl,e IER" I • OF RECEIVt:R '2

OCTAVE BAND LEVELS CAJ
63 125 2!jO 500 1000 2000 '000 8000

'~.4 5'.2 60.~ 6'.1 66.8 6'.~ 51.~ 4B.3

lE(A) LEOS(A) L¥O
11.0 10.9 60.3

U.O
61.4

ROAUWAY StGHtNI SOUND LEVEL CONTRIBUTIONS.EXCEEDI"' CRITERION LEVEL OF 50.0 'DB
ROADWAY SEGMENT

I 1
b7.0

2 1
62.'

3 1
~1.6

4 I
61.1

RECEIVER, YRC
30.5

lRC
la5 E OF A8SORPTIVE IERK I • OF RECEIVER '3

OCTAVt BAND LEVELS CAJ
b~ 12~ 2~0 500 1000 2000 4000 8000

'~.5 53.2 60.1 63.3 66.2 63.9 51~Z 41.5

LE(A, Lto8(AJ L90
10.1 10.2 60.0

L50
66.8

LID 51'"'
13.6 5.3

. ROADWAY St6HtHI SOUND LEVtL CONTRIBUTIONS EXCEEOI"' tRITE.ION LEVEL OF 50.0 08
ROAOWAT St'HtNT

I I
btl. 3

Z 1
6la4

3 1
~6.Z

4 I
...1

RECEIVER
5

JlRC
61.0

YRC
30.5

ZRC
1.5 E OF ABSORPTIVE leR" I N OF RECEIVER '4

OCTAVE BAND LUELS CAJ
bl 125 2!t0 !JUO 1000 zooo '000 BODO".8 52.5 59.' 62.6 65.1 63.3 56.9 '~.8

Hili UoI(A) 190 L50 LID 51'"'
6"'.'1 6"'.7 59.!j 66.2 12.9 5.3

RO.vWAT SEGMtNI SOUND LEVEL CONTRIBUTIONS taCEEOI~' CRITERION LEVEL OF 50.0 08
ROADWAY StGHtNT

I 1
6'1108

il 1
60.)

3 1
55.1

4 .1
65.4

Figure 4-3. OUTPUT LISTING FOR EXAMPLE PROBLEM 1 (Continued)



IRA~~IC NUISE"PREDICIION CINPui UNIISI ENGLISH .OUTPUT UNITSI ~E1RIC )

COtl"ENrS
N.t. OF lREES
t Uf ROADWAY .1 , N Of RECEIVtR .1
E OF A8S0RPTIVE 8ERM , N Of RtCtIVt:R .2
E OF A8S0RPfiVE 8ERM , N OF RECEIVER .3
E UF ,ISORPIIVt IERM C N Of KECEIVER .,

CD""ENTS
SEGtlENT NORIH OF Rl.195 INfERSfCflON

COMMtNTS
SEG"tNT RUNNIN; NORTH-SOUTH

COtlMENTS
SEG"ENT INTERSECTING RT.95 NORTHBOUMO

ABSORPTIVE BE~M E OF ROADWAY .1

lC
50.0
!lD.O
50.0
50.0
"o.0

CORADE
o
o

GRADE
o
o

flUtU

COUPE
o
o

fRUCKS

'.2\200+01
K"PH

7.2'200+01
IN "

I
0.0
0.0

lUI" HEAVY
'"PH

B.OU70+01
IN "

I
0.0
0.0

NIIH HEAV'
IttlPH

I.Z~OOO+03" 8.0'610+01
Vt:H/H Il"PH

1.3!>OtlU+03
nH/H

1.0000D+02
VLH/H

5.00000+02
¥tH/H

~."oOOO"OI 'Jl.f>5600+01"
SO~Ktt COORD IN tl

, I
-1.8i""O"00 0.0
-1.8l~80+00 0.0
BAKRIER COORD IN "

T I
6.0~60U+OO 1.82680+00
6.0~60U+OO 1.8288U+OO
RtCEIVtR COORD IN "

T I
).0"800+~1 1.~Z'OU+OO

3.0,~uU+Ol 1.~Z"OD+OO

3.04800+01 1.52'OD+OO
3.04800401 1.5240D+OO
J.O"800+'. 1.~Z'OU+OO

2.~UOOU.Ol

SOURl,;t CUoRD,
1.52"00+03
1."'88D+00

M'.9~ SOU1H~UUNO

YlH/H

~.OOOOD+OI 8.0'610+01
SUURLE COURD IN tl

, l CO"OE CO""ENTS
1.82880+00 0.0 0 SEG"ENT SOUl" OF Rl.195 INTERSECTION
1.8288U+00 0.0 0

K'.19~ NURIHWEST~OUNU NI'" HEAY' IRUCKS
VtH/H Il"PH

1.50000+01
SOURCE COORD

1 ,
0.0 1.~l6~0+00

3.0'80D+03 1.~lH60+00

Z Ml.~ NORTHBUUND
vt:H/H

1
g.o
1.!ll'OU.O1
3. "'."'0+01
".5IZOO+Ol
••W.UO+Ol

1
-3.048001:03
0.0

3

SAIlPLt PROBL~" Z
ROAOWAY 1 «1.95 ~URIH~UUNO WIIH HEAVY TRUCKS
NUMBER OF V~H/H K"PH
TfPl 1 VEH

I
NUIlBf:R ~
TYFE Z YE"

1

NU"6~R

I
2

RUIONAY
'ilUt'IH: II UI
lfl'L I 'EH

1
NUflBER Of
TYPE 2 YE"

1

NUMBER
1
2

flO tONAl
flUf1bEIi Of
"PI; 1 YE"

1
"UHbt:K Of
nI'l; Z 'U

1

flUf4BH
1
Z

f10ADWAY
NUf1llt:f( lII
lYPI: 1 nH

I
,.UtlBEl< OF
UPI; Z 'EH

1

"U..8ER It
1 -3.C"lff;O+U3
2 3.,..80U+03

'A~RILR 1 CAl
NUf4I:'E:R 1

1 3.0'lfOD+Ol
2 3.1J"~OU+Ol

REtE IYER .
IIIU"Bl'R

1
l
3

"5
A L P " 0" T A 8 L l:

NRUNR I Z 3 4

1 0.0 o.u 0.0 U.U
l 0.0 0.0 0.0 0.0
3 0.0 0.0 0.0 0.0

" 0.0 0.0 0.0 0.0
5 0.0 0.0 0.0 0.0

Figure 4-3. OUTPUT LlST1NG FOR EXAMPLE PROBLEM 1 (Continued)
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SAMPLE PROBL~M 2
RECElvtR )lRC YKe lRC

1 0.0 30.~ l.~ N.E. IlF TREES

OClAn BAND LEVELS lAJ
63 lZ!) Z~O 500 1000 2000 'tODD 8000

"1l.0 !J~.1 6l." 6~.6 6110Z 611.0 59.0 ~O.2

lUAI Ll:DIlUJ LtJU UO LlII SIGMA
U.'.) 1l.~ fll.' 69.2 lb.l .5.'

MOlOWAY 5f~HtNI SOUND LfVtL CONTRI8UTIONS EXtEEDING tRITERION LEVEL'OF 50.0 .08
aOAUWAY S~~H~N'

I 1

"".l
2 1

66.1
3 1

6Z.tI
~ 1

68.~

REtU¥E:R lIKC YRt lilt
Z 1!1.2 3D.!) 1.!J f UF ROAOW," .1 I N Of RECEIVER .1

OCTAVE BAND LEVELS lAJ
63 125 250 500 1000 2UOO 'tODD 8030It,." 55.2 61.'.1 65.1 61.1 65.6 58.6 "9.7

LUAJ nUBlA) L'.IO UO L10 5110MA
U.O 11.9 61.7 68.6 75.6 5.'t

ROADWAY SEGH~N' SOUND LE.VEL CONTRI8UTIONS ElCEEDING CRITERION LEVEL OF 50.0 DB
aOAUWn 5a:1i"~NJ

I 1
61.1

Z 1
65.0

3 1
60.3

" 1
68.1

11I:~EJYER

3
IRt

30.5
YRt

30.5
lRC
1.5 f OF ABSORPTIVE BERM' N Of RECEIVeR .•Z

OCTAVa: BAND LE.VElS lA.
63 125 250 500 1000 ZOOO "DOD 8000

"6.6 5".~ 61.1 6"." 61.1 65.0 5B.l ~9.0·

HU' LEOBU' L90
11.2 11.3 tlO.9

L50
67.9

LID SI'",
llt.8 5."

ROADWAY SECHtNT SOUND LEVEL CONTRIBUTIONS E.ICEEUING CRITERION LEVEL OF 50.0 DB
RUAUWAY SlL"~NT

1 1
61.0

2 1
63."

3 1
51l.~

" I61.3

Figure 4-3. OUTPUT LISTING FOR EXAMPLE PROBLEM 1 (Continued)
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2000 '000 SOOO
~.2 51.6 'S.O

RECEIVER IRC YRC ·ZRC
~ ~~.1 30.!J 1.~

OC'AV~ 8AND L~VEL5 CA'
tl3 125 250 500 1000
~5.6 53.~ tlO.it 63.5 66.5

LI:.CA) LEOIlU, L90 L50 LlO
10." 10.5 60.5 61.2 13.S

~ OF A.SORPI1VE IER" l N Of REtEIV~.'3

SIlO""
5.2

ROADWA' SEG~~NT SOUND LtVEL CONTRIBUTIONS EXCEEDING CRITERION LEVEL OF 50.0 08
'UADNA' S~b"~NT

I 1
b6.3

Z 1
&>2.1

3 1
!l1.U

• I
66.4

RECElYER
!I

lRC
61.0

Y1tC
:lO.S

ZRC
1o~ E UF A8SORprive leR" , N Of RECEiVER .t

OCTAVE BAND LEVELS CA'
&>3 125 2~0 "500 1000 2000 '000 BODO

~'.9 52.1 59.b 62.8 65.9 b3.b 51.2 ".3
L~CAJ LtDBCA, L¥U
bY.b b9.9 60.0

L50
66.6

LlO SI'"A
13.1 5.1

,a'DWA' SEG~~NI SOUND LEVEL CONTRI8UTIONS ElCEEOING CRITERION LEVEL OF 50.0 DI
ROAOWA' StG"tNT

1 1
65.B

2 1
61.0

3 1
!l5."

" I
65.1

figure 4-3. OUTPUT LISTING· FOR EXAMPLE PROBLEM 1 (Continued)
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lRAFfJC HOlSt PREOIClJDNUNPUJ UNITS: ENGLISH .OUTPUT UNlTSI METRIC

Rl.95N NIIH tYPE it VEHICLES
VI:H/H KMPH

COI1I1ENTS
N.E. DF lREES
E Of ROAO~AY .1 E N Of KECtlYI:K '1
E OF ABSURPTIVE BERM £ N Of RECEIVER .2
E Of ABSORPT1Vt BER" £ H OF RECEIVER .3
c -OF a&SDRPTIVE BERN' H DF RECEIVER t,

CDP!"ENTS
SEGI1ENT ~UNNJNG NORTH-SOUTH

CD""t:NIS
SE6MtNT INTERSECTING RT.95N

COHMENTS
SEw"~NT N OF RJ.195 INTERSECTION

COI1I1I:NTS
$c6M~NT S OF Rr.195 JNTERSEtTION

18S~PIIVE 8ER" E OF ROADWAY 'I

Lt
50.0
50.0
50.0
50.0
50.0

GRADE
o
o

IiRAOE
o
o

(iRA DE
o
o

GJUOE
o
o

VEHICLES

7.2'200+01
KMPH

8.0'f» 10+01
KI1PH

9. 65f»00+01
KH~H

1.l'oZOO+01
IN M

Z
0.0
0.0

't Vt:HICUS
KHPH

8. O't 610+01
IN "

l
0.0
0.0

TYPE'
K"~H

8.0'tb70+01
IN ..

l
U.O
0.0

, Vl::HICLfS
K"l'H

1.25000+03
VfH/H

I.J500U+03
"I:H/H

5.00000+02
YUIIH

5.00000+:>1 9.b5bOO+OJ
SUUKCE CUORO IN H

Y Z
-l.tliBllO+OO 0.0
-l.Il~Il~U+OO 0.0
8ARR1EK COORD IN "

, l
b.09bOU+OO l.tll~tlO"OO

b.UYbUU+OO 1.~l66U+OO

R~C~lVI:R COORo IN 11
Y • l

3.0~600+01 1.5Z'OOO+00
3.0~800+01 1.!:I2'tOU+OO
3.0~600+01 1.52'00+00
3.0itUOO+Ol 1.52'00+00
3.0~600.01 1.5Z'OU+oO

5.00000+:>1
SUU'((.I: 'UORU

l'
J .IlZ8IlU+:>O
1.1l288o+00

Rl.195 N.W. WIIH
Vt:H/H

1.50000+01
SOUKCI: CODRO

l'
1.52'000.. 03
l.llltlllD+UO

1<l.'J!:IS ,II IfH tyPE
VI:H/H

II
<I.U
1.5~"OO+U1
3.('~60D+OI

,.5Il00.01
••U~bUO+Ol

1.~000U+OI

SOUR Ct: CUURO
X l'

0.0 1.tllHIlU+OO
3.0'60D+03 1.8Z8IlD+DO

2 Kl.95N NITH lYPE
VlH/H

II
-3.0ltbOO+03
u.o

It

II
-3.0'otlOO+03
3.t"'t~\'O+03

1 tAJ
J

;t.O"lJuV+U I
3.\;'tl;lUO-tUJ

X
-3.0'1l00+03

0.0
3

f;UflBER
1
2

BAf'I(UR
flUflbl:R

1
2

RECE IYt:R
NUMBtR

1
l
3,
!J

NU"'et:'t
I
Z

ROADWAY
NU...llll( 0.

""'1: I nH
1

HUI'I8l:R 01
lTPI: it YI:H

1

HUHtll:K
1
2

"OAlIWAT
HUMIlER til
HPJ: I WEH

1
HUp!eE~ 01
UPI: it WEH

1

SAMPLE ~RO~Lt" 3
ROADWAY 1
NU"[lER OF
TYPE I VEH

1
.WrIlI:R Uf
TYPE it VEH

1

flUP!IlHc
1
l

'WAONAI
'Utll!EI( VI
TYPE 1 YI:H

I
HUf'tlI:K Of
HPI: '0 "t:H

I

A l P H A 1 A 8 L E

HRC/HR 1 Z 3 ~

1 0.0 O.U 0.0 O.U
l 0.0 0.0 0.0 0.0
3 0.0 0.0 0.0 0.0, 0.0 0.0 0.0 0.0
!t 0.0 0.0 0.0 0.0

Figure 4-3. OUTPUT LISTING FOR EXAMPLE PROBLEM 1 (Continued)
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~AIlPU: PKOBLt:" 3
IU:U:JVER XRC YRC LitI:

1 Ll.O 3:>.~ 1.5 N.E. OF TREES

UC1AVE BAND LEVELS CA'
63 lZ!> 250 ~OO 1000 2000 'tOOD BODO
'~.b ~l.!) ~1.;S bl.9 6" .2 63.6 S5~tl ~1.6

llU' LtUIlU, l'JO L!:IO LlD SIG"A
611.'1 61l.IJ bl.b 61.::5 12.0 if.1

kDlUWA' S~bH~"' SD~D LtV~ CONTRIBUTIONS ElCfEOlN& CRITERION LEVEL OF 50.0 DB
KO'OW" 5~~"t"'

1 I
62.8

Z I
6".1

~ I
57.'1

" 1
II'.~

Rt~tnER

Z
XRC

I!:I.Z
TRC

::J0.5
IRe
1.5 t D~ RDADWA' .1 , ~ OF RECEIVER .1

OCTAVE BAND LUELS CAJ
63 125 250 !:IOD 1000 2000 "000 8000

"3.1 !:II.OJ !:lb. 8 1»1.3 6::J.b 63.0 S5.1 ~1».9

U:UJ UUlllAJ l'JO ~O Ll0 5IG"'
611.3 615.2 61.8 6b.6 11.!:I 3.8

ROlOWAY SEbHt:NI SOUND LEVEL CONTRIBUTIONS ElCEEOlNG CRITERION LEVEL OF 50.0 DB
RO'UWA' Stb"ENT

I 1
63.5

2 I
bZ.5

3 I
55.6

" •63.'

RECl:IVER
3

XKC
30.5

'ItC
30.5

lltC
J.!:I E OF USORPflVE 8ERM , N OF .':CEIVl:R .2

OCTAVE lAND LtVt:l~ lAJ
63 Il5 ZSO 5DO 1000 lOOO "ODD 8000

'2.2 !)I.U 55.1S 60.l 6l." bl.1 5::J.1I ~5.~

Ltt., ltOlltA' L9U
bl.i 61.0 60.1

LID 511.",
10.3 3.11

ROAOW" Stb"tNI ~UUNU LtytL CUNIR18UTIONS EaCEE01NG CKITE~lDN LEVEL OF 50.0 08
ROADWAY St'HtNT

I I
6l.8

1 ,
6&.9

3 I
53. ,

" I62.6

Figure 4-3. OUTPUT LISTING FOR EXAMPLE PROBLEM 1 (Continued)
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Ili:U:IVt:K, YIlt
30.!)

lKt
1.~ f Of A8SORP,JIYE BERM C N Of RECEI'~R .3

DCIAYi: BAND LEVELS CA)
6~ 12~ l5U 500 1000 2000 \000 8000

\1.1 '9.8 ~,.~ 56.8 60.7 ~9.B 51.7 '3.1

Lt:CA) Ll:06CAJ 190
65.7 65.' 59.9

RDAUMAY StL"l:NJ SUUNO LEYt:L tONtRIBUJIONS txtffDING CKIIERJON LEYEl Of 50.0 DB
RDADWA' St~tNT

1 1
61.1

l I
~'1.~

.3 J
5Z.2

• 1
111.2
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lKe
61.0

ZRe
1.5 E OF ABSORPTIYE BER" C·N OF REtEI'tR."
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63 125 250 500 lOUD 2000 '000 8000
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Figure 4-3. OUTPUT LISTING FOR EXAMPLE PROBLEM 1 (Concluded)
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Since the Level 2 model does not explicitly define a ground

plane and/or a horizontal surfaces it is necessary to specify excess distance

attenuation as lI al pha ll for each roadway relative to each receiver. A value

for lI al phau
. for any roadway-recei ver must be greater than -1.0.

The relation between lI a l pha ll
, a., and a distance attenuation

rate in terms of "dB per distance doubling", n, is (3)

a. = -(1- n/101og(2» = -(1- n/3)

or

n = 3(a+l), dB per Distance Doubling (dB/DO)

Hence, the following relations should be remembered:

• a. = -1.0; n = 0 dB/DO (Zero Distance Attenuation)

• a. = -0.5; n = 1.5 dB/DO

• a. = 0.0; n = 3.0 dB/DO (Classical Line Source)

• a. = 0.5; n = 4.5 dB/DO

• a. = ,1.0; n = 6.0 dB/DO (Classical Point Source)

Since the Level 2 program utilizes numerical integrations over

the roadway rel at i ve to each recei ver, any val ue greater than -1 may be

specified for lI al pha ll
•

The IIAlpha Input" data block is not mandatory. If the data block

is not specified the program considers all values of alpha to be zero.

If the user desires to specify non-zero values for lI al pha ll he must

elect one of the input options as follows:

• Option 1, Default: Do not define lI al pha ll for a
roadway-receiver combination. This results in
alpha being specified zero for all such roadway
recei ver pairs.

• Option 2, Receiver Specification: A single value of
alpha may be specified that applies to all roadways
relative to a defined set of receivers.---
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• Option 3, Roadway Specification: A single value of alpha may be

specified that applies to a single roadway relative to a defined
set of recei vers.

The specific data format for IIAlpha Input ll is presented in Section
3.7. A value of lI al pha ll specified for a roadway applies to all segments of
that roadway relative to the receiver.

As an example of formulating "Alpha Input ll suppose that the
problem comprises six roadways and five receivers. Hence, 30 values of
lIal pha ll are required. From the review of receiver locations relative
to each roadway the following values of lI al pha ll are judged appropriate:

Roadway Number
Recei ver
Number 1 2 3 4 5 6

1 0.0 0.0 0.5 0.75 0.0 0.0

2 0.25 0.0 0.5 0.50 0.0 0.0

3 0.25 0.0 0.5 0.50 0.0 0.0

4 0.50 0.0 0.5 0.50 0.0 0.0

5 0.50 0.0 0.5 0.50 0.0 0.0

From this tabulation, it is seen that four values of alpha are
required to specify the problem. It is seen that no single value of alpha
applies to all roadways for any receive~. Option 2 above is not useful.
Since lI al pha ll for roadways 2, 5, and 6 for all receivers and for roadway
I-receiver 1 is zero, the user may elect either the default option or the
roadway specification option. The latter option is, of course, the most
positive approach.

Figure 4-4 presents the IIAlpha Input ll data block usihg a combina
tion of default options and roadway specifications. Figure 4-5 presents the
"Alpha Input ll data block using only roadway specifications.

As this example indicates, it is most efficient to determine
the "Alpha Table ll first and then formulate the input data.

57



FORTRAN STATEMENT
, I ~ .3 J. ~. :. '; 3 ~ I') 11 I; i} to: 13 10 17 18 19 ~:J 11 1: 23 14 25 26 27 2a 29 3C 31 32 33 3<: 25 U. :,17 :18 3~ ~o t.l 41 .3 41• .:5 l6 47 AB .950

b.75 4 1 l'li! I

Figure 4-4.

~ )rr.'!.I..'!NT Z
• !'..J.\·E~ :)

ALPHA INPUT EXAMPLE USING COMBINATION OF
DEFAULT OPTION AND ROADWAY SPECIFICATION

FORTRAN STATEMENT

• ~ :: .. ~ ~ -: g Q :c; 1~ I:' 11 14 15 -16 ;7" 10 11 ;'0 71 2:' 23 24 25 26 ')7 28 29 30 31 32 33 34 35 36 37 38 39 .Ie 1,1 :.2 ":1 A. 45 ':6 41 ':8 49 50

bI. 2 5 1. 2 3

p.50 1 4 5
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I ,
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! I

10 '. 0 5 1 2 3: 4 : 5 'iii i

~ .J _6 . 1 2 3 4 . 5 I ; i i! i
1* * * * * * END 0 F ALP H A 'I N PUT T A' B' L E1* !* .* :*' * *' .

! !
!

.

:

;
I

!~ •.
"-l.__-J--1 ..:..1 .. '--_.__l.-_'---1-- -l--__-.-~ _4. l___ __l

Figure 4-5. ALPHA INPUT EXAMPLE USING ROADWAY SPECIFICATION
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4.6 Example Problem 2

This example problem illustrates the use of the grade correction

option included in the FHWA Level 2 computer program and the variation of

receiver criterion levels. The problem is an overpass at the intersection

of two roadways. The site configuration is illustrated in Figure 4-6.

Route 101 runs north-south and compri ses two lanes of undi vi ded roadway.

Route 101 is level. Route 303 runs east-west and comprises two lanes.

The overpass on Route 303 is 15 feet (4.6 metres) hi gh with a 5% grade at

each approach. The approaches to the overpass are earthen embankments.

Otherwise the site is flat. The travel speed on Route 101 is 55 mph and

on Route 303 is 40 mph. Each lane carries an identical traffic flow.

To use the grade correction, one must divide the roadways into lane

groups with the same tr~vel direction. For this example, a single equvalent

lane may be used to simulate the traffic flow on Route 101, but both lanes

must be descri bed for Route 303 si nce upgrade lane segments are requi red at

each approach to the overpass.

The receivers are located symmetrically about the intersection.

With no grade correction, each receiver would receive identical sound levels.

However, introducing the grade correction alters the noise emissions such

that Recei vers No. 1 and No. 3 wou ld be expected to recei ve i dent i ca 1 sound

levels and Receivers No.2 and ·No. 4 would be expected to receive identical

sound levels. The earthen embankments are simulated using four barriers with

the top edges paralleling the grade on Route 303.

To indicate the interrelationship between the specified. criterion

level and the tabulation of sound level contribJ.ltions at such receiver. It

is decided to simulate each lane as a roadway and to divide the lane segments

such that shielded segments of Route 101 are distinctly specified. Ground

level is taken as the reference (Z=O) elevation.

Fi gure 4-7 illustrates the roadway coordi nates for each defi ned

segment. Roadway No.1 is the north bound lane of Route 101. Roadway No.2

is the south-bound lane of Route 101. Each of these roadways are di vi ded

into two segments with the common point at the intersection of the east-west

centerline of Route 303.
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Each Lane Carries the Following 1raffic:
Automobiles 251 vehicles per hour
Medium 1"rucks 9 vehicles per hour
Heavy 1rucks 26 vehicles per hour

Earth Embankment

Height = 15 ft.

~
Receiver #3

Criterion Level: 65 dB

*Receiver #2
Criterion Level: 60 dB

Receiver #1
Criterion Level: 55 dB~

5% Grade

~NOR"'H __

Route 303
40 mph

~
Receiver #4

criterion Level:

en
o

Figure 4-6. S11E CONFIGURATION: EXAMPLE PROBLEM 2



No Scale

Route 101 (55 mph)

Hourly Rate Each Roadway
Cars 251 VEH/H
H.T. 9 VEH/H
H. T. 26 VEIl/H

Roadway #3

o
Receiver II

(+100.+100.0)
.Crlterlon Level 55 dB

o
NORTH

U

Roadway #1

f I ' .(-15.1000.0) (15.1000.0)

I

I

.Roadway #2

~

o
Receiver 14

(-100.+100.0)
Criterion Level: 70 dB

COORDINATES DENOTED AS (X,Y,Z)
y

{345,+15,O)

(345,-15.0)

------ ..
(345.-20.0)

(345,+20.0)------- ..
-x

(45,+20,15).. -" . - - - - --
(45.+15.15)(-45,+15.15)

(-45,+20,0)--------.(-345,+20.0)
.. --------

t(-3~5~+15.0) ,

I Route 303 (40 H'PH)

,""'~"~" I ~ . ,....~.~ -\_
(-345,-20.0) (-45.-20.15) (45.-20.15) .

Road\'Iay #4

..--I
(-1000.+15.~/

(-1<100.-15.0)
.~

0'1
--'

+51 Grade _ .. +51 Grade

o
Receiver i3

(-100.-100.0)
Criterion Level: 65 dB

o
Receiver 12

.(+100.-100,0)
~Crl terlon Level: 60 dB

I
(.15.-1000,0) (15,.1000.0)

Figure 4-7. ROADWAY ,BARRIER, AND RECEIVER COORDINATES



Route 303 is divided into two roadways each compnslng five
segments. Roadway No.3 is the west bound segment of Route 303. Roadway
No.4 is the east bound segment of Route 303. The reader should realize
that the fi v~ segments are requi red to si mulate the roadway so that the
upgrade segments may be distinguished.

For this example problem, it is assumed that each roadway-receiv

er configuration may be simulated using alpha = 0.5. If the user desired

to set a=O for the elevated segments of Route 303, it would be necessary
I

to define these segments as roadways (See Sections 3.7 and 4.5).

The annotated input data for the sample problem is illustrated
in Figure 4-8. From the input data, the reader sees that input is in
English units and output is in Metric units.

The traffic noise predictions conducted by the FHWA Level 2
program are presented in Fi gure 4-9. The program pri nts the annotated .
input data as described in Section 4.4. Next, the receiver sound levels
are pri nted •

For receiver 1, the hourly· equivalent sound level is estimated
to be 64.7 dBA. The criterion level for Receiver 1 was specified. as 55
dB. As discussed in Section 4.4, all roadway segments contributing more
than 50 dB at the receiver will be printed •. It is noted in the predicted
results for Receiver No.1, the upgrade segment on Route 303 contributes
a slightly greater sound level at the receiver than the entire northbound
1ane of Route 101 even though the traffi c speed on Route 101 is 15 mph
greater than that on Route 303.

The r~ader may verify that the predicted sound levels for
Receivers 1 and 3 and for Receivers 2 and 4 are identical. In the case
of Receiver 4; the criterion level was specified as 70 dB. Since no
roadway segments contri buted more than 65 dB at Recei ver 4 (see the
output for Receiver 2 and recognize the symmetry of the example problem)
a message is printed that no roadway segments exceeded criterion level of
70 dB. The reader should recognize that the internal limit is 65 dB and
the message is printed to clearly state that the criterion limit was not
exceeded.
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Figure 4-8. INPUT DATA ~OR EXAMPLE PROBLEM 2 (Concluded)



TRAFFIC NOISE PRBDICTION (INPUT ONITS: ENGLISH ,OOTPUt UNITS: BETRIC

EIAftPLE ILLOStR&TIBG GB&DE lDJUSTIIEHTS AND TITLE OPTIONS

COllllEns
LEVEL SEGIIENT EAST OF BOOTE 101
SEGIIEI'I WITH 5 PEBCENT OPGRADE
LEVEL SEGKEIT OVER BOUtE 101
SEG!lEBT WUH 5 PERCEIlT DOWNGBADI
LEVEL SEGBEIT WEST 01 BOOTE 101

COIIIIENTS
SIGIIEIT NORTH 01 BOUTE 303
SEGBEIT'SOUT8 OF BOOTE 303

CO!lIlEHTS
SEGIlENT NORtH OF ROOTE 303
SEGIIEIT S007H OF BOOTE 303

GUDI
o
1
o
o
o
o

GUDE
o
o
o

GUDE
o
o
o

8.85140 +0 1
KISPH

6.4374D+01
K!lPB

6.43740+01
KlSPB

8.85140 +01
ItIlPB

8.85140 +01
KIIPH

8. 8514D +01
K!lEB

2.5100D+02
VEB/H

2. bOCOO+01
VEU/B

2.t>OCOD+01
VEH/a

2.51 COO+ 02
VEB/H

2.51000+02
VEU/B

2.6000D+01
VEa/B

5.00000+00 8.85140+01
SOUBCE COOBD IN B

I Y Z
4.51200+00 3.04800+02 0.0
4.57200+00 0.0 0.0
4.5720D+00 -3.04S00+02 0.0

2 BOUTE 101 SOOTHBOOND
VEIi/H KIIPa

5.00COD+00 6.4374D+01
SCOBeE COORD IN II

I Y Z
3.0480D+02 4. 5720D+00 0.0
1.0516D+02 4.5720D~OO 0.0
1.3716D+01 4.5720D+00 4.57200+00

-1.37160+01 4.5720D+00 4.5720D+00
-1.0516D+02 4.5720D+00 0.0
-3.0480D+02 4.5720D+00 0.0

4 BOUTE 303 EASTBOUND
VEB/H IBPB

IUIlBIB
1
2
3
4
5
6

IOIDilY
JUIIBiB OF

9.00COO+00 0.85140+01
SCURCE cooaD IN II

JUIIBU X J Z
1 -4.57200+00 3.0480D+02 0.0
2 -4.5120D+00 0.0 0.0
3 -4.57200+00 -3.04eOD+02 0.0

BOADiAY 3 BOUTE 30) WESTBOONO
BOIlHS OF VEU/S KllPB
UPf 1 YEH

1
JUIIHS 01
T!PE 2 VES

1
JUIlB!B OF
t!PE 3'VEB

1

BUllBlB
1
2
3

BOUUY
IUIlB!S OF
UPE1 VES

1
JUIlE!!B 01
TUE 2 VES

1
JU!lBU OF
nPE 3 lEa

1

PSGGSlft INITI&LIZ&TION P&RAMETERS
1.524COD+00 1 HEIGUT ADUStIIEN'I FOB RECEIVERS
9.0COOOO+00 2 CALCULATE 9 OCTAVl BANDS
0.0 3 SOU aCE HEIGHT lOB &OTOIIOBIUS
2.4I]8400+CO 4 SOUSClS HEIGHT lCiS HEAVY TRUCKS
7.01040D-01 5 sooaCE HEIGHT lOB lUlDIOII UOCItS

SOADYAI 1 BOOTE 101 NOBTHBOUNO
HOIIB!B 01 VEa/H KIIPa
UPE 1 YED

1
BOIIBfB 01
UP£ 2 VEB

1
JOIlBn 01
TJPE 3 VEB

1

Figure 4-9. OUTPUT LISTING FOR EXAMPLE PROBLEM 2
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X
3.014800+01
3. C4800+01

-3.04800+01
-3.04800+01

lllllP ON B. E. SIDE OF ROUTE 303

RASP ON B.i. SlOE OF BOUTE 303.

BARP 01 S.i. SIDE OF ROOTE 303

COIlIlEIlTS
LEV~ S!GI!ENT IfEST OF ROUTE 101
SEGIIENT iITH 5 PEiCE.T UPGRADB
LEVEL SiGIlENT OVER ROUTE 101
SBGIlENT iITH 5 PERCEIT DOWIGilDE
LEVIL SEGIIENT BAST OF BODrl 101

RAIlP DB S.l. SIDE OF BOUTE 303

LC COIIIlENTS
55.0 BECEIVER NO.1 B.E. OF OVERPASS
60.0 RECEIVER NO.2 S.E. OF OVERPASS
65.0 RECEIVER NO.3 S.i. 01 OVERPASS
70.0 RECBIiER iO.4 I.i• .01 O'~~~ASS

GUDE
o
1
o
o
o
o

2.51000+02 6.43740+01
VEHIH KIIPH

2.60COO+01 6.43740+01
VEH/B KIIPB

9.00COo+00 6.43740+01
SCDBCE COORO ~N II

Y Z
-4.57200+00 0.0
-4.57200+00 0.0
-4.57200+00 4.57200+00·
-4.57200+00 4.57200+00
-4.57200+00 0.0
-4.57200+00 0.0
BARil!R COORD IN Il

Y Z
6.09600+00 0.0
6.09600+00 4.57200 +00

BAB4IEB COORO IN Il
I Z

6.09600+00 4.57200 +00
6.09600+00 0.0

BARBIER COORO IN Il
I Z

-6.09&00+00 0.0
-6.09600+00 4.57200+00
B1RRI£~ COORO IN Il

Y Z
-6.09600+00 4.57200"00
-6.09600+00 0.0

BECEIVER COORO IB S
Y Z

3.04800+01 1.52400+00
-3.04S0D+Ol 1.52400"00
-3.QUOD+01 1.5240D+00

3.94600+01 1.52400+00

!lPE 1 YEB
1

luaB!li OF
'llPE 2 YJlH

1
IUIlBU OF
UPE 3 V~H

1

·IOIlBU I
1 -J.CI4800+02
2 -1.05160+02
3 -1.37160+01
• 1.37160+01
5 1.05160+02
6 3.04800+02

BUBIER 1 (AI
10llBU I

1 1.051&0+02
2 1.37160+01

BAiRIER 2 (A)
10ilBU X

1 -1.37160+01
2 -1.05160+02

BUBIER 3 (A)
lDlIBU X

1 1.051&0+02
2 1.37160+01

BA~liIEB 4 (A)
IDIlBU I

1 -1.37160+01
2 -1.05160+02

RECEIVER
IUISBER

1
2
3
/I

A L P B A

IiC/IIi 2
II

1 0.50 0.50
2 0.50 0.50
J 0.50 0.50
/I 0.50 0.50

l' A B L B

3 4

0.50 0.50
0.50 0.50
0.50 0.50
0.50 0.50

EXARPLE ILLUSTRATING GiAOE lDJDSTftENTS ABO TITLE OPTIONS
nCU¥ER %Be TRC ZRC

1 30.5 30. S 1.5 RECEIVER BO.1 B.E. OF OVERPASS

OCtAVE BAND LEVELS (11
63 125 250 500 1000 2000 4000 8COO

46.8 53.6 60.1 62.1 64.2 61.9 55.0 4E.0

LE (AI LEOB (AI
69.7 68.7

L90
56.6

LSO
64.9

Ll0 SIGlU
73.1 6.5

BOADiAI SEGnENT SOOND LEVEL CONTBIBOTIOBS EXCEEDING Cll~TER~OB LEVEL 01 55.0 DB
lOI£iAI SEGnENT

1 2
64.0 52.1

2 1 2
61.8 53.3

3 2 3 4
64.4 54.4 54.2, 2 3 4
52.7 53.1 59.7

Figure 4-9. OUTPUT LISTING FOR EXAMPLE PROBLEM 2 (Continued)
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ll!ellVER
2

IRe
30.5,

nc
-30.5

ZOC
1.5 RECEIVER He.2 S~E. OF liERP1SS

OCTAVE HAND LEVELS lA)
£3 125 250 SuO 1G 00 2000 11000 8COO

Illi.8 S3.6 00.1 &2.1 04.2 61.8 !:5.0 IIE.O

lot: (A) LEOB (A)
69.5 61l.7

L90
57.2

L50
65.1

L10 SIGIIA
73.0 6.2

BOADilY SEGn3NT SOUND LaVEL CONfbIBUTICHS EJCEEDIBG caITESION LEVEL OF 60.0 DB
&OIC.IY S~~~E~T

2
6~. 0

2 2
61.1l

3 2
62.11

II 2 II
56.9 61.7

HeUVER
3

XRe
-30.5

nc
-30.5

ZBC
1.5 BECEIVER NC.3 5••• OF OVEBPASS

OCUVE BAND LEVELS (A)
63 125 250 500 11) 00 2000 /1000 8COO

116.3 53.e 60.1 b2.1 64.2 61.9 55.0 4t.0

LEll) LEOE(I)
6~.7 68.7

L90
5b.6

LSD
64.9

L10
73.1

SIGIII
6.5

BCICiAY SEGJ~NT SOUND LEVEL CONTBIBUT1CNS EXCEEDING caITERION LEVEL OP 65.0 DB
BOIC.li SEG'ENT

1 2
61.8

2 2
611.0

II 2
64.4

IlECEIVEB
II

IIlC
-30.5

YllC
30.5

ZIiC
1.5 RECEIVER NC.4 N.i. OP OVERPASS

OCTAVE BAND LEVELS (A)
f:J 125 250 500 10 CO 2000 11000 8COO

.. 6.11 53.6 60.1 b2.1 611.2 61.9 55.0 lle.O

LE (A) LEOE(A)
69.5 68.1

L90
57.2

L50
65.1

L10 SIGIU
73.0 6.2

NO &CIDKIY SEGIIENTS EXCE~D CkITERION LEVEL Cl 70.0 CB

Figure 4-9. OUTPUT LISTING FOR EXAMPLE PROBLEr1 2 (Concluded)
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APPENDIX A
BASIC FORMULATION OF THE COMPUTERIZED PREDICTION MODEL

Thi? appendix presents the basic formulation for the traffic
noise prediction scheme utilized by the computer program. The first
subsection describes the theory supporting the prediciton of the overall
A-weighted energy mean sound level of the traffic flow on a finite
roadway segment. Distance attentuation is assumed to be in excess of
classical cylindrical spreading from a line source.

The second subsection presents the coded formulation used by
the program.

Since the FHWA Level 2 prediction model is an evolutionary
development of the TSC ~10D-04 program, the notation used in this appen
dix is consistent with the latter model (1). The use of the excess
attenuation parameter y in this formulation is identical to the excess
attenuation parameter a of the FHWA Level 1 prediction model (2).

A.I Energy ~1ean Sound Level

The geometric relationship between the roadway segment and
the receiver is illustrated in Figure A-I. Considering the traffic
flow to be represented by a uniform source strength, A, distributed
along the roadway segment,. the acoustic intensity ratio at the receiver
is expressed as:

dx (A-I)

where [0 is the reference sound level at a distance Do from the
roadway segment

D is the distance from the roadway segment to the receiver
A is the source concentration (See Equation (A-6))
€ is an excess attenuation parameter independent of distance
y is an excess attenuation parameter proportional to

distance from the source

10 = ~P~ef>/Pc, the reference intensity.
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The relationship indicated in Equation (A~l) ~S$umes that all sources
on the roadway segment are identical nondirectional sources. Distance
attentuation is assumed to follow an attenuAtion rate in excess of
inverse square spreading as indicated by the parameter y. The excess
attenuation parameter, e, is included to formulate the problem in a
fashion consistent with the excess attenuation coded in the program
(i.e., trees, high shrubbery, atmospheric absorption, and barrier
diffraction) .

The integration indicated in Equation (A~l) may be simplified
by changing variables as follows:

x = D tan (~)

The result obtained is:

1/1
0

= ADo lQ(Lo-e)/lO (Do/D)y+l ~y (a2, ~1)

(~2

where '¥y (~2 '~1) "=.I cos 'Y l~} d~

al
It will be noted that the function 'i'y (a2, ~1) is identical to the
"finite'length road~Jay adjustment factor" used in the FHWA Level 1

formulation (2').

From Equation (A-3) the energy mean sound level is

Le = 10 log (1/1
0

) = [0 - e + 10 log (ADo(Do/D) 1*) (A-4)

where

One of the prediction tasks of the FHWA Level 2 program is
to estimate the percentile sound levels generated by the traffic flow.
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To accomplish this, Kurze's traffic flow noise theory is used (3),

Kurze's theory assumes a uniform distribution of identical point
sources along the finite roadway segment.

To estimate the percentile sound level~, it is required to
calculate statistical moments (called cumulants) for constant speed
road traffic: . By normal izing the acoustic i.ntensity: ·at the receiver
by its energy mean value (given by Equation (A~4» and performing some
algebra (See Reference 3) one obtains the following expression for the
nth order cumulant:

where
Nis the number of vehicles occupying the roadway segment

~~ (a
2

, a
l

) =Ja2 [COS (~)] '1(Y+2) ...2d(X.
(Xl

A,D,y are defined in Equation (A-I)
~y (~2' al) is defined in Equation (A...3)

xl' x2' (Xl' (X2 are defined in Figure A-I

By normalizing the acoustic intensity at the receiver oy its energy mean
sound level, the first order cumulant must De indentically equal to unity.
From this requirement and the assumption of a unifonm distrioution of
noise sources along the roadway segment, t~e source concentration, A,

is defined as

A =N/(X2-xl) = Q/V, vehicles per unit length

where Qis the traffic flow rate
V is the traffic speed
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Us ing a first order approximation, the standard deviation of" the fluctua
ting sound level at the receiver is estimated by (3)

where

(A-7)

The realtionship of Equation (~-7) is exact for a Gaussian or normal
distribution of sound levels.

By setting the excess distance attenuation factor, y, to zero
the model described by the TSC MOD~04 code is obtained.

The results of this section apply to a single vehicle type
operating on a finite roadway segment.

A.2 Coded Formulation

Since the FHWA Level 2 program is an evolutionary development
of the TSC-r10D-04 prediction model, it is necessary to formulate the
theory of Section A.1 in a consistent format. The only coding changes
required for this transformation are related to the numerical integra ..
tion of the functions '¥y (a.2 , a. l ) and iP~(a.2,a.l). These changes-are
confi ned to SUBROUTINE GEDr1ETRY.

Using a subscript "ill to denote a road~Jay segment and a
subscript Iljll to denote a traffic flow condition (vehi'cle type and
speed condition) on the roadway, the energy mean sound level at the
receiver is formatted as

Le = 100 + 10 log (1*)

A-5
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The acoustic intensity at the receiver is *

NR
1* = L

i=l

and the second moment of the acoustic intensity is

(A..IQ)

'¥ .(~., al·) =f2i Yi
where [cos (a)] dayl 1 1

al i

=ri 2(y.+I)
<1> (~., al·) [ COS( a)] 1 da

Yi 1 1

ali

These results assume that the distribution of sound levels from a
vehicle condition IIjll (i .e., vehicle type and speed) are normally
distributed. The above results apply both to the overall A-weighted
sound level and the octave band sound level predictions conducted by
the computer program. As indicated in Equations (A..9) and (A-IO), the
attenuation parameter, Yi' applies for each roadway-receiver combina
tion. The inte~rations indicated following Equation (A-II) are
calculated numerically by the program.

If the attenuation parameter, Yi' is set to zero in the above
results, the formulation is identical to the theory of the TSC MOD-04
prediction model.

*NOTE: For Do = 50 feet; D~ = (50)2 = (100/2)2 = 104.10-6/ 10 = 1010.10-66/10

(ie., Equations (A-g) and (A-10) are for length expressed in feet)
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The estimation of percentile sound levels from the roadway
is based upon the assumption that the distribution of sound level
during the hour is Gaussian or Normal. Based upon the estimate of the
overall A-weighted sound level, Le (Equation (A-B), and the standard
deviation, 0L (Equation (A-7», the percentile sound levels are:

LgO = L50 - 1.250L ,dB.

A.3 Spectral Calculations

(A-12)

(A-l3)

(A-14)

The theory presented in Sections A.l and A.2 represent the basic
formulation of the traffic noise prediction model used by the FHWA
Level 2 program. This theory applies to both the overall level and
the octave band level predictions. The program logic specifies either
the overall level or an octave band level using an integer index, IF:
The index IF is assigned values from IF = 1 to IF = NF. The parameter
NF is an upper limit on the number of frequency bands to be calculated.
The maximum value for NF is nine. (See Section 3.2 and Subroutine INPUT.)
The program conducts each prediction for the requested overall and octave
band levels independently: All levels are A-weighted. For IF = 1; the
overall A-weighted equivalent sound level, LE(A), is calculated. For
roadway receiver configurations with neither a barrier nor an absorptive
ground strip between the roadway and the receiver, the program uses the
defined values for y (See Section 3.7, Alpha Input). If y equals zero,
distance attenuation due to atmospheric absorption at 500 Hz is calculated
(see Section A.5). If y is greater than zero, attenuation due to atmos
pheric absorption is bypassed. For traffic noise propagation over a
barrier or across a ground strip, the octave band center frequency at
500 Hz is assumed and the appropriate attenuation, including air ab
sorption, is calculated with y equal to zero.
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For IF equal to or greater than 2, the FHWA Level 2 program conducts
octave band sound level calculations for IF = 2, ... , NF. The overall
octave band level, LEOB(A), is calculated as the intensity summation of
the octave band levels. For these calculations the theory of Sections
A.l and A.2 is used with y= O. The attenuation due to barriers, ab
sorptive ground strips, and atmospheric absorptio~ is calculated at the
appropriate octave band center frequency. The octave band center fre
quency, is cal cul ated from 63 Hz (I F = 2) through 8000 Hz (I F = 9) us i ng
the algorithm:

(A-15)

n = IF = 2, 3, ... , 9.

Equation·(A-15) is also used to derive algorithms for calculating
barrier diffraction (subroutine BARFAC), absorptive ground strip attenua
tion, and atmospheric absorption (Subroutine GEOMRY).

A.4 Attenuation of Sound' Levels

The traffic noise prediction code provides for the consider
ation of the attenuation of sound levels from the source to the
receiver due to· the following physical factors:

• Distance between source and receiver
• Barriers between source and receiver
• Trees and shrubbery between source and receiver
• Atmospheric absorption
• Reflection of sound t~ the receiver

(negative attenuationf.
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The basic attenuation included in the acoustic model is an
inverse square law spreading of sound intensity (i.e., 3 dB per
distance doubling) that is frequency independent. All other forms
of excess attenuation considered by the prediction code consider
both frequency and distance effects in calculating attenuation as
may be appropriate to the models utilized.

By plotting the predicted values of equivalent sound. level,

LE(A), and the statistical levels (LgO ' LSD' and L10 ) versus
distanc~, the user will note slight differences in distance attenu
ation rates for the different descriptors. The reason for this i~

that both sound level and the composite value 'of standard deviation

decrease with distance at different rates (see Equation (A-9)),

The statistical sound level descriptors are functions of
both the equivalent sound level and the standard deviation of the
sound level -- hence, one would expect to observe differences.

A.5 Atmospheric Absorption

The traffic noise prediction code utili·zes an empirical
formula for the attenuation of sound resulting from atmospheric
absorption. This formula is dependent upon fre~uency and distance
between the source and the receiver and is specialized for ambient
temperatures around 68°F and relative humidity in the range of
50 to 70 percent (4).

The empirical formula utilized is

e: =A
5.4 • 10-4 (2.35)(n-5) r dB (A-16)

where n is the octave band frequency index
(see Equation (A-15))

r is the source-receiver distance in feet
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Attenuation of sound for atmospheric absorption is accom
plished in Subroutine GEOMRY. For the overall A-weighted sound
level prediction, the value used is that for 500 Hz (i.e., n= 5
in Equation (A-15)).

The distance used by the prediction code in calculating
atmospheric absorption is the distance from the receiver to the
nearest point on the roadway segment or sub-segment being analyzed.

A.6 Diffraction

Diffraction of sound is caused by obstacles in the direct
or reflected propagation paths from the roadway to the receiver.
Such obstacles can be artificial barriers, earth berms, hills,
buildings, etc. For the'calculation of attenuation by diffraction,
the obstacle can be modeled by a'rigid, impervious screen oriented'
perpendicular to the ground plane so that sound is diffracted over
the top edge of the screen exclusively. The shape of hills and the
thickness of barriers are neglected because of the lack of avail
able knowledge. The sound absorption and transmission properties
of barriers are not considered because they playa minor role in
most practical cases. The neglect of diffraction around the ends
of barriers will intr.oduce no significant errors, and it simplifies
considerably the computational procedures. Furthermore, a dif
fracting barrier is then completely specified by the ceordinates
of the two end points of the top line defining the barrier segment.

The attenuation of sound by barriers is determined primarily
by the difference, 0, between the path length of the shortest ray
from the source over the top edge of the barrier to the receiver
and the path length of the direct ray from the source to the receiver
in the absence of the barrier (Figure A-2).



BARRIER

8=A+B-d

RECEIVER

Figure A-2. DEFINITION OF THE PATH LENGTH DIFFERENCE
<S FOR SOUND DI.FFRACTION BY A BARRIER

For large path length differences, the attenuation in the
acoustical shadow zone of a barrier is limited by effects of refrac
tion and scattering of sound in the atmosphere. Based on data (5),
the coded procedures have a maximum attenuation of 20 dB.

The attenuation for a barrier is not zero for zero path
length difference (i.e., for a ray grazing over the barrier). For
this situation, the theory of Fresnel diffraction yields an attenu
ation of "about 5 dB. The attenuation becomes negligible when a
direct sound ray traveling from the source to the receiver passes far
over the top edge of the barrier. To simplify computations, diffrac
tion effects are no longer considered when the height difference
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between the direct ray and the top of the barrier is greater than
20 feet.

For height differences of 20 feet or less. the Fresnel number
is expressed as:

20
N = T' (A;.l7)

where 0 is the path length difference and A is the wavelength
corresponding to the center frequency of an octave band. For normal
atmospheri~ conditions. the speed of sound in air is assumed to be
1120 ft/sec. Thus, for a center frequency f. the Fresnel number
becomes:

N = 2f 0 = f0/560
c (A-18)

The barrier attenuation is calculated as a function of the
Fresnel number, using an analytic approximation to the measured data
of Ma~kawa (6) :

e:' B = 20'l 0910( 12iTN) + 5. dB for N ~ - 0.2
tanh J2iilf

(A-19)

otherwise

Equation(A-19)is applicable to both positive and negative
values of N. However, for the actual computation, the values of

attenuation are calculated a~sa. :unction of N using the following
relationships (see SUbrou.lm!r . F4):":f . . .;
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E B = 0 dB for N~ - 0.2

E = 20 • log {_Aill![_) + 5 dB for - 0.2 < N~ 0B 1 tan I21i1NT

log ~ ~ )

(A-20)
E. = 20 • + 5 dB for 0 < N~. 5.03B 1 tanh v27TN

E = 20 dB for N> 5.03B

The last line in Equation (A-20) accounts for the above-mentioned
upper limit to barrier attenuation.

As shown in Figure A-3, the attenuation of the A-weighted
sound pressure level of typical passenger car noise is almost iden
tical with the sound attenuation in the 500 Hz band. Hence, the
primary number important for the attenuation of road traffic noise
is the path length difference, 0.

The path length difference accounts for heights and distances
of a point source, a receiver, and the top edge of a barrier.
Furthermore, it accounts for the reduced attenuation of rays oblique
to the top edge of the barrier (7).

For noise from a road segment and for a barrier at oblique
angle to the road, the coded procedures find the ~ath length dif
ference oN for sound from the nearest point on the road segment
affected by the barrier. Then, by assuming a monotonic variation
of the path length difference from other points on the road, the
extreme ends of the road segment are considered. If the path length
differences, ·01 and 02' for these end points differ from oN by more
than a number that results in an attenuation difference of about
1 dB, the road segment between the near point Nand the point 1 or
the point 2, respectively, is cut in half. New path length differ
ences are calculated for the new end points of the road segment, and
the procedure of reducing the length of the road segment is repeated
until the attenuation by diffraction is approximately constant.
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The criterion used for the acceptance of a sufficiently small
difference in path length differences (i.e., uniform attenuation) is:

01 + 02 ( 01 + O2)
102 - 01 I - 100 1 + 2 ~ 0.1 (A-21)

The numbers are based on a frequency of 500 Hz, for which the effect
of Equation(A-21)on the attenuation is plotted in Figure A-4.

In case of multiple dif~raction by several barriers in paral
lel, the coded procedures consider the strongest diffraction ex- .
clusively.

This is a conservative procedure resulting in attenuations
that are somewhat too small, but it seems to be the most reasonable
way to bypass the very complicated and not yet fully understood
problem of multiple diffraction.

A.J Ground Absorption

Ground attenuation is a function of the structure and the
covering of the ground, both of which influence its acoustic proper
ties, and of the heights of the source and receiver above the
ground.

For these procedures, a very simple approximation of rectan
gular ground strips is assumed, defined by two end points of a
center line and by a width, and which have either a low cover such
as shrubbery and thick grass, or a high cover, such as trees.

The height of a sound ray traveling from the source to the
receiver over the ground strip is checked only with respect to the
center line of the strip. Thus, it is assumed that the plane of
the ground strip is approximately parallel to a plane defined by a
road segment and a receiver. If the height of the dir~ct sound
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ray from the source to the receiver is more than 10 feet above a
ground strip with a low cover or more than 30 feet above a ground
strip with high cover, any sound attenuation due to ground absorp
tio~ is neglected. The heights of 10 and 30 feet are based on
rough estimates rather than on field experience and might be re
vised if found necessary.

In general, the amount of ground attenuation cannot be
stated in terms of excess attenuation per unit of distance. To a
first approximation, however, such behavior can be assumed in the
range of distances of 200 to 2000 feet unless the total attenuation
exceeds 20 dB (4).

No attempt has been made to calculate accurate distances
over a ground strip with the computer program. Instead, a mean
path length, r, over ground strips is calculated with the formula

r = TI/2
(l/w) + (l/£) (A-22)

where w is the width of the strip and £ the length of the center
line.

The following analytical approximations to average values
of measured data are used to calculate the attenuation of sound
propagating (4Y:

1) Through shrubbery and over thick grass

E G = [0.18 log (f) - 0.31] 3.r28 dB,

(See Figure A-6)
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2) Through tree zones

1/3
£G = 0.01 (f) r/3.28 dB

(See Figure A-6)

(A-24)

where r is given in feet and f in Hz. With r in feet and with octave
band index numbers n, where, for example, n = 5 for the octave band
center frequency f = 500 Hz, these relations become, using Equation
(A-15):

The notation in the second line~ of Equations (A-25) and (A-26) indi
cate that the attenuation is limited to 20 dB based upon field experi
ence (5).

Consistent with the assumption that the ground attenuation is
proportional to the mean path length of the sound over the ground
strip, the procedures accumulate attenuations of various ground
strips in series. However, since the path length considered repre
sents a statistical ~verage for rays propagating in all directions
over the strip, the path length over two equal, parallel strips is
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not just twice the path length over a single strip of twice the width
but is generally shorter. Consequently, the attenuation calculated
for one strip will be smaller than the attenuation calculated for two
strips in parallel each having half the width.

The purpose of using the statistical formulation for path
length given by Equation (A-22) is to obtain reasonable predictions
for the effects of ground absorption on an average basis. There
exist, however, particular cases where the model will not be very
accurate. For example, the attenuation of sound from a short road
segment by long, narrow absorbing strips is overestimated, whereas
the attenuation by a wide strip oriented perpendicularly to the road
is underestimated. To some extent, these modeling errors compensate
for one another in most practical situations. In general, inaccuracies
are inherent to the entire problem of ground absorption.

A.8 Reflection

The sound field at a receiver results from contributions of
direct (or diffracted) and reflected rays. In many practical cases
of sound propagation from a highway, corrections applied for reflec-

. tions are small compared to the inaccuracies involved in the pre
diction of ground attenuation and in uncertainties with acoustical
shadow' zones owing to' wind and temperature gradients in the atmosphere.
Therefore, the model has been designed to account for reflectjons
with a.first-order approximation.

The reflection model utilized by the traffic noise prediction
code disregards phase relations between the various contributions and
considers incoherent waves for which the total sound intensity is the
sum of .the intensities' of the i.ndividual contributions .

. Reflections from the road surface are always present. How
ever, the contributions from these reflections are implicitly included
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in reference levels at a short distance from individual vehicles on
the road.

Reflections at the ground plane farther from the roadway are
disregarded because they generally result in a complex interference
pattern with the direct ray. Consideration of these effects is be
yond the scope of a first-order approximation for reflections.

Reflections at any inclined plane result in rays directed
either toward the ground, and thus being neglected, or toward the
sky, and thus not contributing to the sound intensity at a normal
receiver location close to the ground. Therefore, only reflections
on planes that are perpendicular to the ground plane are considered
by the prediction code.

Within the first-order approximation, this model also neglects'
the actual frequency-dependent magnitude of reflection coefficients
and distinguish only between reflection coefficients 0 and 1 of
reflecting'surfaces (i.e., perfect absorption or perfect reflec-
tion, respectively) ..

In order to determine whether a reflective barrier is high
enough to be effective, the procedures consider the possibly reflected
ray that travels a minimum distance from the road segment to the
receiver. A reflective plane perpendicular to the ground is considered
high enough if the direct ray strike~ the barrier at least 2 feet below the
top edge of the barrier. For reflection points within 2 feet of the
top edge, diffraction effects are considered by the model to be strong
enough for all frequencies so that the reflected ray is sufficiently
reduced in amplitude to be negligible.

Also ne~lected by the model are reflections from planes that
are either very short or very remote so that \he contribution to the
sound intensity at the receiver is less than 10 percent of the inten
sity received via direct (or diffracted) rays from the road segment

A-2l



under consideration. The analytical formulation for this criterion
is

(A-27)

where d = distance from the receiver to the road segment
in feet '

&1. = aspect angle of the road segment at the receiver

d' = distance from the road segment to a receiver
location imaged about the reflector

M. 1 = aspect angle of the barrier at the image
receiver

E:' B = attenuation in dB by diffraction of the direct
ray due toa possible 'barrier (referred to a
frequency of 500 Hz).

Single reflections are considered exclusively; contributions
from rays that strike two or more reflectors are ignored. It is
essential for the future calculation of higher order statistical
parameters of road traffic noise that the reflections of sound
from a certain road segment be treated as amplifications of the
direct (or diffracted) rays and not as uncorrelated contributions
from independent road segments. The factor F multiplying the
intensity of the direct sound from a road segment is calculated
in Subroutine GEOMRY using

-£B/ 10 N ~ 'd -£i/10
F = 10 + I -l10

i=l~ad~
1

(A-28)

where the subscript i indicates reflections at Ndifferent surfaces,
each of which might be diffracted by a barrier before or after reflec
tion and therefore might have an attenuation E: i • The factor F is
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calculated as a function 'of frequency. The notation in Equation (A-2B)
is the same as in Equation (A-27) except for the angle 00.' which
denotes the aspect angle of the road segment at the image receiver
(Figure A-7).

A.9 Combination of Attenuation and Reflection

A.9.l Atmospheric Absorption

The overall procedures account for atmospheric absorption in
combination w,ith barrier di.ffraction, ground absorption and reflec
tions. The path length used for calculating the atmospheric ab~orp

tion is the direct distance from the source to the receiver and is
not corrected for the path length difference 0 of diffracted rays
nor for the increased path length of reflected 'rays. The factor F,
defined by Equation (A-28)4s':multipl ied by lO-DA/10, 'where DA is
defined by Equation (A-16h in order to calculate./or each individual
road segment~the factor

(A-29)

This composite attenuation factor is employed for the calcula'tion of
the energy mean ,level in Equations (A-B)and (A-gr.

" ,

A.9.2 Ground Absorption·

The prediction' procedure includes ground absorption if such
attenuation is significant only for the case of no diffraction of
sound from the source to the receiver. That is, if in analyzing a
sub-segment of a roadways¢gment, diffraction of the direct ray
from the source to the',r&c,eiveris encountered, the prediction.code
ignores the attenuation resulting from ground cover of all types
for the sub-segment of roadway being analyzed. As indicated by- .
Equation (A-29), the same ground absorption is assumed for both the
direct rays and for all reflections.

, .
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Figure A-7. EXAMPLE FOR RAY TRACES FROM A REFLECTOR,
INDICATING THE CONSTRUCTION BY MEANS OF
AN IMAGE RECEIVER
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A.9.3 Reflection Before or After Diffraction

The procedures account for reflections in combination~ with
diffraction provided that there is only a single diffraction before
or after the reflection and that the path length increase due to
diffraction is less than 5.6 feet. Doubly diffracted refJections
are neglected as well as very weak single reflections that suffer,
in the 500 Hz band, the maximum attenuation of 20 dB assumed for
barrier diffraction.

The attenuation of reflected rays by diffraction is calcu
lated for one location on the road segment only: the point nearest
to the image receiver. No attempt is made to refine this calculation
by checking for the attenuation from other points on the road seg
ment, since the contribution of diffracted reflections will be
generally small and, hence, inaccuracies of the calculation will be
negligible.
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APPENDIX B

DECLARED SIZE OF ARRAYS

B.1 . PARAMET~~S DEFINING THE PROBLEM
The basic parameters used by the prediction code and upon

which the declared size of an array depends are as follows:

• Number of Roadways, NR: Declared as 20
• Number of Roadway Sections, NRSM1(NR): Declared as 10
• Number of yehic1e Types, NQ: Declared as 4
• Number of Traffic Flow Conditions on a Roadway, NQS(NR,NQ):

Declared as 5

• Number of Receivers, NRC: Declared as 15
• Number of Octave Frequency Bands, NF: Declared as 9

• Number of Barriers, NB: Declared as 20
• Number of Barrier Segments, NBSM1(NB): Declared as 10
• Number of Ground Strips, NG: Declared as 10
• Number of Types of Ground Strips, IDUM(NG): Declared as 2
• Number of Allowable Reflections, IDXR: Declared as 10
• Number of Program Initialization Parameters, IP: Declared as 6

The following sections of this appendix .define the declared size of
all arrays depending upon the above parameters. Arrays not explicitly
presented in the following sections are used to describe coordinates
in (x,y) space {declared as. 2)'or (x, y, z) space (decl~red as 3) and.
the usage should be evident to the user.

B.2 MAIN PROGRAM - GENERAL DIMENSION STATEMENTS

The arrays listed below with general dimension statements appear
in the MAIN PROGRAM. The user should refer to the parameter list in
Section B.l

RDIN(IP)
XRC(NRC),YRC(NRC),ZRC(NRC)
NQS(NR,NQ)
XLE(NF)
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GAMA(NRC~NR)

XMPH{NR~NQS~NQ),VEXPH{NR,NQS,NQ)

RX{NR,NRSM1+l),RV{NR,NRSM1+l~RZ{NR,NRSM1+l}

NRSMl (NR)

B.3 BLOCK DATA-GENERAL DIMENSION STATEMENT~

The arrays listed below with general dimension statements
appear in BLOCK DATA. The user should refer to the parameter list
in Section B.1.

CO(NF ,NQ) ,Cl CNF ,NQ) ,-SO(NF ,NQ)
GAMA(NRC,NR)

B.4 SUBROUTINE INPUT-GENERAL DIMENSION ·STATEMENTS

The arrays listed below with general dimension statements
appear in subroutine INPUT. The user should refer to the parameter
list in Section B.l.

NQS(NR,NQ),VTEMP(NQ)
BX(NB,NBSM1+l),BY(NB,NBSM1+l),BZ(NB,NBSM1+l)
IBLAST(NB),NBSM1(NB)
XXGl (NG,IDUM) ,VY Gl (NG,IDUM), ZZGl (NG,IDUM)
BGS(NG),IDUM(NG)
RX(NR,NRSM1+1),RY(NR,NRSM1+l),RZ(NRSM1+1)
NRSt·11 (NR)
XMPH(NR,NQS,NQ),VEXPH(NR,NQS,NQ)
RDIN{IP)
XRC(NRC),YRC(NRC),ZRC(NRC)
CO(NF,NQ),Cl(NF,NQ),SO(NF,NQ)
GAMA(NRC,NR)

B.5 SUBROUTINE CHECK-GENERAL DIMENSION STATEMENTS

The arrays listed below with general dimension statements
appear in subroutine CHECK. The user should refer to the parameter
list in Section.B.l



BX(NB,NBSM1+l),BY(NB,NBSM1+l),BZ(NB,NBSM1+l)
IBLAST(NB) ,NBSt1l (NB)
XXG1(NG,IDUM),YYGl (NG,IDUM) ,ZZG1(NG,IDUM)
BGS(NG),IDUM(NG)
RX(NR ,N"RSt1l+1~RY{NR,NRSrn+1), RZ{NR,NRSr-1l+1)
NRSr1l (NR)

B.6 SUBROUTINE INTER-GENERAL DIMENSION STATEMENTS

The arrays listed below with general dimension. statements appear
in subroutine INTER. The user should refer to the parameter list in
Secti on B.l.

CO(NF,NQ),Cl(NF,NQ)
SO(NF,NQ}
XMPH(NR,NQS,NQ),VEXPH{NR,NQS,NQ),NQS'NR,NQ)
XLREF(NR*NQS*NF*NQ),CQ{NR*NQS*NF*NQ)

B.7 SUBROUTINE GEOMRY-GENERAL DIMENSION STATEMENTS

The arrays listed below with general dimension statements
appear in subroutine GEOMRY. The user should refer to the parameter
list in Section B.l.

Bl(3,2,MB*(NBSM1+l»,Rl{3,2,NB*(NBSM1+l»,
. RBl (3,2 ,NB*{NBSm+l» ,TAl (3,2 ,NG),.

KBCODE {NB"'(NBSr11 +.1 » ,KNUr1B{NB*{NBSt1l+1»,
KRNUMB(NB*{NBSrn+1», KRDNUM{ NB*{ NBSr-n+1»
KGCODE{NG) ,BGT(NG), IKIN(NG) ,BGS(NG), IDUM{NG),
DELPO(NQ),DELPl(NQ),DELP2{NQ),FB(NF,NQ),
DELR(NQ,IDXR),FG(NF),HGA{IDUM),
XIMG{3,IDXR),ZS{NQ),RDIN(IP),NQS(NR,NQ),
XLE(NF),X~PH(NR,NQS,NQ),VEXPH(NR,NQS,NQ),

BX{ NB ,NBS~ll +1) ,BY (NB ,NBS~1l+ 1) ,BZ (NB, NBSr1l +1) ,

IBLAST( NB) ,NBSrll (NB) ,XXGl (NG, IDUr1) ,YYGl (NG, IDUt.1),
ZZG1{NG,IDUM),XLREF(NR*NQ*NF*NQS),
CQ(NR*NQ*NF*NQS).
GAMA(NRC,NR)
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APPENDIX C

ALLOCATION OF C~1MON BLOCK DATA

Table C-l, below, indicates the allocation of common block data
within the highway traffic noise prediction code. The user may refer to
the listings in Appendix C and Appendix E~ as appropriate, for the vari
ables assigned to each common block.

TABLE C-l
ASSIGNMENT OF COMMON BLOCK DATA

~
Cl..e::: c:(
(.!) I-
0 ~e:::
0.. >-

~ I- ~ e::: z e:::
COMt~ON BLOCK z: u ~ U LW LW :E..... 0 0.. LW I- (.!) 0

TITLE c:( ...J z: ::x: z: l.J..i LIJ
::: a:l ..... U ..... Cl (.!)

/INOU/
/STORE,l/
/STORE2/
/STORE3/
/STORE4/
/I NPTl /
/INPT2j.
/INPT3/
jINPT4/
/DRIV2/
/DRIV3/
/DRIV4/
/BLK2/
/CONSTS/
/GE01/
/INTER1/
/TITl/
/OPTION/
/TABLE/
/FUNC/

• • • • x • •
x x • • x x •
x x • • x x •

• x • • x x x
• x • x • x •
• x • x x x •
• x • •. x x •
• x • x x x x
.'

• x • x x x x
• x • x • x •
• x x x x x •
• x x x x x •
• x • x x x •
x • • x • x x

• x x x x x •
x X.x x • x •

• x • x x x •
• • • x x x •
• • • x x x x
x x x x x x •

• Denotes Assignment of Common
x Denotes No Assignment of Common
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APPENDIX 0

ARCHITECTURE OF PREDICTION CODE

D. 1 INTRODUCTION

The version of the highway traffic noise prediction code described
in this manual.qiffers slightly from previous versions (See Section 2.)
of the code. As compared to the 1974 version, the user will note that the
present version includes an additional subroutine called CHECK and a
BLOCK DATA subprogram. The complete program comprises the MAIN PROG~1

and thirty-four (34) subprograms. The data managemen,t within the code is
accomplished by t·1AIN, INPUT, and GEOMRY.. The subroutines calculating
acousti cal paraflEters are BLOCK DATA, 'lNTER, BARFAC, and IEPS. The 27
remaining subpro9rams are related to the geometric description of the
prob1em.

The program is written in FORTRAN IV language and is intended
to run in'the batch mode. A~ described in this manual, data input is .
via a card reader and output is via a litie',printer(See Appendix C;
COW1ON/ INOU/) .

The ~AIN pro9ram is described in detail in this appendix. Detail
descriptions of the subprograms are provlded in appendix. Following
the description of each subprogram, the listing for that block of code
is presented. The organization of the prediction'code is illustrated
in Figure D-l.

D.2 MAIN PROGRN1 DESCRIPTION

The ~1AIN pr09ram controls the flow of operations required to per
form the highway traffic noise estimates at each receiver. The MAIN
program calls various subprograms that conduct the bulk of the calcula
tions. The basic pro~ram variables in.i~~}lliied by the ~1AIN program
are NQ=3, NG=O, and NB=O (; .e., three vehic1,e types, no absorptive ground
strips, and no barriers).

The main pr09ram immediately reads an~ prints the user-defined
title. Next, the MAIN program calls SUBROUTINE INPUT to read the input
data defining the problem (See Section 6 and Appendix E). If the user
fails to properly define a roadway and/or a barrier by at least two
end points, an error f1Essa~e is printed and the t1AIN program attempts to
read the next data set (See Section 5.B)!
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IREPLCE r

lMAIN PROGRAM I
I

I I I

I CHECK I IINTER r IGEOMRY I IREPLCE
I -r- ----r-

Function:" Subroutine: Subroutines: Functions:
BLOCK DATA COLIN Ar-1AGkCUT DEGEN ANGLE

BlOCN BARFAC
ENDPT DEL
IMAGE DSQR
INTCPT HEIGHT
r10VE IEPS .
f10VE2 KCUT
~UDP KPOS
NRPT ZCOR
NR1 IAREA
REPlCE FNCI
SECTN FNCZ
TRI GRADE
DQATR

I

[rNPUT I

o
I

N

FIGURE 0-1 ARCHITECTURE OF PREDICTION CODE :FHWA lEVEL 2



Following execution of INPUT, the MAIN pr09ram calls SUBR0UTINE CHECK
to determine if either a barrier segment or'an absorptive ground ~trip

center line intersect a roadway segment. If such an intersection occurs
an error message is printed for each such intersection (See Section 5.8),
Following the execution of CHECK, the' MAIN program is ready to begin
sound level estimates if no errors have been encountered.

The MAIN proqram next calculates the reference distance sound
levels and standard deviations for each vehicle type,traffic flow con
dition)and each frequency band specified ,for all roadways. This cal
culation is conducted by SUBROUTINE INTER. Fo11owin~ execution of
subroutine INTER, the ~AIN program begins the receiver sound level
estimates in-the following sequence:

The array, XLE(J}, is initialized to zero. This array contains
the normalized values of the acoustic intensity a~ the receiver for the
overall A-weighted intensity, XLE(l}, and the A-weighted octave band
intensity (XLE(J),J=2,9).

The ~AIN program next selects the roadway number and initializes
the coordinates of the first end point of the roadway segment (array,
XR1(J». The next end. point of the roadway se9ment is specified (array
XR2(J}) and the basic problem is defined for the prediction code (i.e.,
roadway segment/receiver geometry. See Section 3.1).

To perform the calculations related to the basic problem,defined
for the code, the '1AIN program calls subroutine GEOMRY. The vast bulk of the
calculations performed by the prediction code are conducted in subroutine
GEOMRY. If no errors are e~countered in subroutine GEOMRY (See Section
5.8), the MAIN program continues the roadway analysis for each roadway
segment until all roadways have been considered.. The normalized acoustic
intensity is accumulated in the array XLE(J) in subroutine GEOMRY.

Following the analysis of all roadways (sources) for the speci
fied receiver, the MAIN program next calculates the standard deviation,
SIGL, for the composite traffic noise and adjusts the normalized acoustic
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intensity, XLE(J}, into absolute units of sound level (also stored i,n array
XLE(J)}. The main program then calculates the sound level descriptors
LE(A} (XLE(l», LSO, llO, and L90. The output d'ata ispinted for the
specified receiver and the MAIN program selects the next receiver contin
uing the above sequence until allr:-eceivers have been considered.

The flow·diagram for the main program is illustrated in Figure
0-2. Statement numbers are presented at points ~n the flow diagram so
that the user may refer to specific blocks of code as r€quired.

0.3 MAIN PROGRAM VARIABLE LIST

The variables osed in the MAIN program are listed below. Array
variables a~ not indicated as s~ch; however, the user may refer to
Appendix B, as required~ to determine appropriate array sizes. Variables
not listed are described in the subprograms where they are utilized.

CAP2 Cumulant for the A-weighted acoustic intensity
I Index for receiver loop

IQ Index for vehicle type
J Index for frequency band
M Index for roadway number
N Index for road section number

NB Number of barriers
NF Number of frequency bands
NG Number of absorptive ground strips

NLIM Number of poi nts defi ning a roadway
NQ Number of vehicle types

NQS Vector notation for number of vehicle types for each roadway
NR Number of roadways

NRC Number of receivers
NRSrl1 Number of secti ons for one roadway

ROIN Vector notation for initialization parameters
RX x-coordinate of roadway point
RY y-coordinate of roadway point
RZ z-coordinate of roadway point

SIGL Standard deviation of A-weighted sound intensity
XAL Energy mean A-weighted overall sound level
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( ) '"START
J.

Initialize:
Number of Ground Strips NG = 0
Number of Barriers rm = 0
Number of Vehicle Types NQ = 3

5 ~
READ OPTION CARD/TITLE

SET OPTION FLAGS
~JRITE TITLE..

ICJ\LL ItlPUT I
I CALL CHECK I

!

rIo IERR = 1 ? Yesor
~IERR = 2 ? I GO TO 5 I

l
I HRITE: TITLE I

. "
I NF = RDIN(2) I

~

I CJlU HlTER I
.L 20

Initialize:
tlean Intensity Level XLE = 0

For All Frequency Bands

ld
I CAP2 = 0 I

!
:c I Set Values of XRl I.... .!. ...1
z
N I Set Values of XR2 I
II "z I CALL GEOMRY Icr:

~ ;0:: t
~ Co ...... c No Yes

0

C IERR = 3 ? /
II ...I

IGO TO 66-'::: ...,

*
c
Q)

.0- E

I~ IERR = 4 ? >Yes
0 C> t0 Q)

....J V> IGO TO 60 I>, >, ~Itl Itl
:3: :;;:

I CALL REPLCE I"'C "'C
Itl Itl
0 0 XRl = XR20:: ex

+ to.

II

c
o
o

...I

s
Q)

>.....
Q)
u
is!.

A .0

FIGURE 0-2. MAIN PROGRAM FLOW DIAGRAM
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40 i
I COMPUTE SIGL I

•
I COMPUTE MEAN ENERGY LEVEL IFROM MEAN INTENSITY LEVEL

55

I .XAL=O I
No

~ Yes./

I
NF -< 9 ?

5H

I COtlPUTE OVERALL LEVEL, XAL. IAS INTENSITY SUM OF O. B. LEVELS
154 w•

~
flo

I i 1 ?> Yes

I "- l
155 r "'RITE: RECEIVER HEADING I,

HRITE RECEIVER NO. mlO COORDIflJl.TES I
l~q

rio / NF = 1 ? Yes

I "- ./

WRITE:
OCTAVE BANQ HEADING

OCTAVE BAND LEVELS: XLE(2) •.•.•XLE(NF)
56

"
CALCULATE: I

XL50.XLlO.XL90.. '

WRITE:
Sound Level 'Descriptor Heading

XLE(1).XL90,XL50.XL1O.SIGL
I' 60...

I ·GO TO 5 I

U
IX
Z

0

Il

0
o
o

...J

s..
Q)

>
.~

.Q)

u
Q)

c:::

A

. STOP I

66 t
.I__WR_I_T_E:_"_TO_O_MA_N_Y_-,R:z:-,E_FL_E_C_TI_O_NS_"..;.,_I'..;.M..;.'r_~---I

~T05
t

FIGURE 0-2. MAIN PROGRAM FLOW DIAGRAM (Concluded)
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XLE
XLlO
XL50
XL90

XR1
XR2
XRC
YRC
rzRC

NZQR
NZQS
BLEV
NZQ1

NZQ2

Energy mean A-weighted intensity and level in frequency bands
A-weighted sound exceeded 10% of the time
A-weighted sound exceeded 50% of the time
A-weighted sound exceeded 90% of the time
Road section initial point
Road section end point
x-coordinate of receiver

.y-coordinate of receiver
z-coordinate of receiver
Number of roadways with sound level exceeding criterion
Number of roadway segments with sound level exceeding criterion

, .

Criterion sound level
Roadway number of the roadways with sound level exceeding
criterion
Segment number of ,the segments with sound level exceeaing
criterion.

D.4 MAIN PROGRAM LISTING

The block of code comprising the MAIN program of the highway
traffic noise prediction code is presented in the listing on the
following pages.
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0001
0002
0003
OOOLl
0005
0006
0001
0008
0009
0010
0011
0012
0013
0014
0015
0016
0011
0018
0019
0020
0021
0022

0023
0024
0025

0026
0027
0028
0029
0030
0031
0032
0033
003/J
0035
0036
0031
0038
OC39
0040
0041
0042

.. C Pl.. PDT ANY COMMENTS IN THIS LIBE THAT DU VA NT TO •••
C 7RAPFIC NOISE PREDICTION MODEL
C !lIN PROGRA~ 02/79 SAl KOD

IKPLICIT BEAL*8 (A-H,O-Z)
INTEGER UNIT (2,2)
D~KENSION XR1(3),IR2(3)
C03MOH/INOU/INPT,IOUT
CCKHON/BLK2/NQ
CC!MON /1 NPTlIRDI K (6) ,TRDIN (6)
COaMON/IN PT2Iliil,N E,NG
COMMON/INPT3/XRC(15),YRC(15) ,ZBC(15),NBC
COK~ON/INPT4/'IXBC(15) ,TYRC (15) ,TZRC (15)
CCMMoN/DBrV2/NQS(20,4) ,NF
COMMON /DRln/XLE (9)
COMHON/STORE4/XMPH(20,5,4),VEIPH(20,5,4)
CCM~ON/DRIV4/CAP2

CCHA~N/STORE3/nX(20,11),RY(20,11),RZ(20,1'),KRSM1(20)

CO!HON/GEOllIB.r.R, ISEG, IGBA
CO~MON /OPTION/~EiIN,METOUT,IREfl

CCHMON /TABlE/GA~A(15,20),IFI~ST

COHMON/TIT1/TRC(5,15),BLEV(1S),ZZQ,IGOO(20,11),N
DIH~NSIONALZQ(20,lm,NZQ1(20),NZQ2{20,10),NNZQS(20)
IB'IEGEB TITLE(80),
DATA IOPT/'•. 'I ,IYES/' Y 'I,BO/' N '/
DATA ONIT/'ENGL','ISH ','!E~R','IC '/

C 5u~BER OF VEHICLE TYPE IS SET ~O 3 IN THIS PBOGRA!
NG=O
NB=O
NQ = 3

C BEAD OPTION CARD, IF ANY
C CEFAULT IS ENGLISH INPUT, ENGLISH OUTPUT, ABO COHPDTB REPLECTIONS

READ (INPT,100S,END=999) TITLE
IF (TITLE(l).BE.ICPT) GO TO 10
IF (TITLE(14)~EQ.IYES) ~ETIN=l

IF (TITLE(28).EQ.IYES) HETOUT=1
IF (TITLE (42) .EQ. NO) IREPL=O

5 RBAD(INPT,1005,END=999)TITLE
10 I = METIN + 1

J = l'1ETOUT + 1
D0177MRE= 1,20
NZQ1 (MRa) =0
D0777:1RS=1,10
HZQ2(MBB,HBS)=0
lLZQ(S~R,MRS)=O.DO

777 CONTINUE
IUiITE (lOUT, 2009) cr HIT (1, I) , UBIT (2, I) , DliIIT (l,J), DNIT (2,J)
iBITE(IOUT,1002) 1ITLE .
CALL INPUT

MAIN PROGRAM LISTING
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0043
0044
0045
0046
0047
0043

0049
0050
0051
0052
0053

0054
0055
0056
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
oe70
0071
0072.
0073
0074
0075
0070
007·7
0078
0079
OC80
0081
ooa2
0083
OC84
0035
0086

·OC87
0088

CALI. CHECK (IEBR)
IF (IERR.BQ.l.0LlEBB.EQ.2) GO TO 5
WRITE (IOUT,100l)
iRITE(IOUT,1002)flfLE
WRITE (lOUT, 1003)
NP=RDIN(2)

C IERFOR~ INTERPOLATION
DO 20 8=1,NR
DO 20 1Q= 1, NQ
NQC1=NQS (M, 10)
IF (NQC1.NE.0) CAl.I. IIITER(B,IC)

20 CONTINUE
C lAIN LOOP OF PROGRA3

DO 60 I=l,NRC
NZQR=O
DO 15 J=1,Nt'
XLE (J) =0. DO

15 CONTINUE
CAP2=0.O
DO 40 M=l,tiR
liZQS=O
XR1(1)=RX(I'I,1)
Inl (2) =RY (M, 1)
X1\l (3) =,RZ (M, 1)
NLIM=NRSM1(M)+1
DO 41 N=2,NLIl!
XR2 (1) =RX (M, N)
XR2 (2) =H (M, til
XF2 (3) =f:Z (M, N)
:;AM = GAliA(I,!!)
ZZQ=O. DO
CALL GEOriRY (XRC (I) , TRC (I) , ZBC (1) , XR 1, lR2, lE[{R, 8, GU)
.IE (IERR. EQ. 3) GO TO 66
IF(IERS.EQ.4)GO TO 60
.IF(BLEY(I).LE.0.DO)GOT0977
IF(ZZQ.LE.O.DO)GOT0977
ZQ=DLOG10(ZZQ)*1.Dl+1.D2
IF(ZQ.LT.BLEV(I)-5.DO)GOT0977
NZQS=NZQS+l
IF(NZQS.EQ.l) BZQR=RZQB+l
NZQl (NZQF.) =:1
NZQ2(NZQR,NZQS)=N-1
ALZQ(HZQR,NZQS)=ZC

977 CONTINUE
CALI. HZPI.CE (XR2,X B 1)

~1 CONTINUE
IF(HZQS.NE.O)NNZQS(NZQB)=NZOS

40 CONXINUE

MAIN PROGRAM LISTING (Continued)
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53

783

780

781
779

EO

SIGL=4. 35*nSQRT (DIOG (1.0+C1P2/XLE(1) ••2»
ilO 55 .1=1, NF
XLE(.1)=1.D2+1.Dl*ttOG10{XLE{J»

55 CONTINUE
C COftPUTE SUK OF ALL OCiAVE BIBD LEVELS

XAL = O.
IF (NF.LT.2) GOTC 154
DO 53 J=2, liP
XAL = IlL + 10•• * (XLE(J)/10.)
I1L= 10. * DLOG10(IAL)

154 I F (I.n:. 1) WRITE (lOUT, 1006)
155 IF (METOUT.EQ.O) iRITEUOUT,lQ04)I,IRC(I) ,YRC(I),ZB.C(I)

1, (TRC(ID,I) ,ID=l, 5) .
IF (METOUT. EQ. 1) HRITE (IOUT, 1(04) I, TXEC (I) ,TIRe (I) , TZ,BC (I)

1, (TRC{ID,l) ,ID=1,~)
156 If(NF.EQ.1) GO TO 56

WRlTE(IOUT,2010)
WRITE(IOUT,2001)
Ii RITE (IOUT, 20 02) (ILE (II) ,11=2, NF)

56 XL50=XLZ{1) -SIGL**2/8. 7 .
IL10=XL50+1.2S*SLGL
XL90=1L50-1. 28*SI GL
tillITE CIOUT,2003)
WRITE(IOUT,2004)XLE(1),XAt,XL90,XL50,IL10,SIGL
IF(BL~V(I).GT.O.DO.AND.NZo.R.EQ.O)IRITE(IOUT,782)BLBV(I)

782 PORMAT('ONO ROADWAY SEGMENTS EXCEED CBITRRION LEVEL OF',P7.1,
l' DB t)

IP(NZQR.EQ.O) GOT060
WiiITE (lOUT, 783) BLU (I)
FORMATC'OROADWAY SEGMENT SOUND LEVEL ODHTBIgUTIONS EXCEBDIH~',

l' CRITERION LEVEL Cf',F7.1,'· DB')
WBITE (lOUT, 778)

778 FO~~AT(' ROADi.AY' ,T11,'SEGftEIT'/)
D0779KRR=1,NZQR
NZQS=NNZQS (MRR)
Wn~TE{IOOT,780)NZQ1(!RR),(HZQ2(H,BR,!BS),!RS=1,HZQS)

FORMAT(1X,I4,Tl0,1015/)
WRITE (lOUT, 781) (1 lZQ (BRR, sas) ,!is=1 , IfZQS)
FORftAT(T11,10FS.1/)
CCliTINUE
CONTINUE
GO TO 5

66 WRITE{IOUT,1009)I,ft,H
GO TO 5

999 STOP
10 Q1 FORIUT (lHl)
1002 POR!AT(80Al)
1003 FOB.!AT(11H RECEIVER 10X,38XRC9X,38YBC9X,3HZRC)
1004 POB~!TC4X,I3,SX,3F12.1,5X,5A8)

1005 FORl!AT(80Al)
1006 POBKAT(11illRECEIVIR 101,3HXRC9X,3HYBC9X,3UZRC)
1009 FORlfAT(26H TOO !ANY REFLECTIONS,RCV ,l2,iUI R ,12,48 S ,12}
2001 POR~A!( 14X,2H635X,3H125qX,3H2504X,3H5003X,~Hl0003X,4H20003X,

I 4Hl+0003X ,488000)
2002 PORMAT (10X,aF7.1)
2003 FOR!AT(/'1X,5HLE(A),2I,7RLEOB(A) ,3I,3HL90,SX,3HL50,5X,3BL10,

X 4I,5HSIG!A)
2004 FORMAT(8X,6F8.1/1)
2009 PORMAT(HI1,SX,''1'RAFFlC 50IS2 PREDICTION (INPUT UIITS: ',244,

1 ',OUTPUT UHITS: ',2A4,')'//)
2010· PORlilT C/25X,228OCTAVE BAND LEVELS (A»

EliiD

0139
0140

0141
0142

0089
0090
0091
0092

0115
0116
0117
0113
0119
0120
0121
0122
0123
0124
0125
0126
0127
0128
0129
0130
0131
0132
0133
0134
0135
0136

0137
0138

0101
0102
0103
0104
0105
0106
0107
0108
0109
0110
0111

0100

OC93
0094
0095
0096
0097
0098
0099

0112
0113
0114

MAIN PROGRAM LISTING (Concluded)
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APPENDIX E
SUBPROGRAM DESCRIPTIONS

This appendix contains the descriptions of the thirty-four (34)
subprograms utilized by the prediction code to estimate high~ay traffic
sound level estimates. The code utilizes 20 Subroutine subprograms and
14 Function subprograms. Each subprogram is described as an independent
block of text using a standardized format.

For each subprogram the following format is used to describe
the subprogram:

PURPOSE: The purpose of the subprogram is described
SUBPROGRAMS USED: The subprograms used by the subprogram are

listed;
VARIABLES: The variables used by the subprogram are described in

sequence: Input parameters, subprogram parameters,
output parameters

RESTRICTIONS: Any restrictions that should be recognized by
the user are described

ACCURACY: The accuracy of the subprogram is described (if appropriate)
SIZE: The compiled size of the subprogram is given in bytes
REFERENCES: Any appropriate references are listed
FIGURES: Any figures required to understand the subroutine are

presented
LISTING: The subprogram is listed.
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E.l SUBROUTINE INPUT

PURPOSE: Performs all inputs to the program, except for the title
cards which are read in from MAIN. All input data are
stored in common blocks and listed.

SUBROUTI NES
USED: None

VARIABLES: input Para'meters
. (

METIN -Option flag indicating units of input.
METOUT - Option flag indicating units of output.

Subroutine Parameters
NQ4

VALUE
ION
ILAST
ALPHA(I )

I

BLNK
ALPl (I , ION)
LAST
IGO
11

12
VEH
XMH
XKH
lTV
J

K

NSEC
NQCl

- A flag to indicate the existence of type
4 vehicles.

- Initialization parameter.
- Index for program initialization parameter.
- Indicator for 1ast card of a group of data.
- Optionai alphanumeric information provided

by user.
- Index.
- Alphanumeric constant II~ ~II

-: Default initialization parametersdescription.
- Alphanumeric constant IIL II

•

- Index for data blocks.
- Number of items in data block.
- Dummy variable
- Number of vehicles per hour.
- Speed in mph for the group of vehicles in question.
- Speed in kph for the group of vehicles in question.
- Vehicle type.
- Index.
- Index.
- Section number.
- Vehicle group number within one vehicle type

and one roadway.
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- Indexes.

- Index.
- Number of vehicles per hour.
- Type of ground strip.

- Spectron for sound level and standard deviation
for type 4 vehicle, in metric.

- Alphanumeric constant 'AI.
- Alphanumeric "constant 'R I

•

- Alphanumeric constant 'G I
•

- Alphanumeric constant 'T I
•

- Dummy variable.
- Array for storing initialization parameters

in metric.

SUBROUTINE INPUT (Continued)

XKPH(I,J,K) - Vehicle speed in kph per group per vehicle type
per roadway.

TRX(J,NSEC)
TRY.(J,NSEC)} - Coordinates for the endpoints of roadway
TRZ(J,NSEC) sections in metric.
TBX{J,NSEC)
TBY(J,NSEC)} - Coordinates for the endpoints of barrier sections
TBZ(J,NSEC) in metric.

TXXGl (I ,J)- }
TYYGl (I,J) - Coordinates for the endpoints of ground strips
TZZG1{I,J) in metric.
IERR - Error flag for ALPHA input.
M5 - Indicator for receiver input.
M6 - Indicator for ALPHA input.
IMOD(I,J) - Array indicating presence of ALPHA data.
GAM "- ALPHA value.
IR - Roadway number
IRC - Receiver number

IRl }
IR2
L

VTEMP( NQCl )
IDM
IFIRST

TCl }
TSO
IA
IR
IG
IT

IRDUM
TRDIN(IDN)

XNIGHT - Equivalent to RNIN(l}, receiver height adjustment.
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SUBROUTINE INPUT (Continued)

- Coordinates for ,the endpoint of barrier
sections in feet.

- Number of ground strips.

NB
NBSM1(J)
IBLAST(J)

BX(J,NSEC) }
BY(J,N~EC)

BZ(J,NSEC)
NG

Output Parameters
NR - Number of roadways.
NQ - Number of vehicle types.
NRSMl(J) - Number of sections for 1 roadway.
RDIN(IDN) - Array for storing initialization parameters.
RX(J,NSEC)
RY(J,NSEC) } - Coordinates for the endpoints of roadway
RZ(J,NSEC) sections in feet.
C0(1,4), C1 - User defined spectra for sound level and
S0(1,4) standard deviation for type 4 vehicle.
NQS(J,ITY) - Number of vehicle groups per vehicle type per

roadway.
VEXPH(I,J,K) - Number of vehicles per type per hour
XMPH(I,J,K) - Vehicle speed in mph per group per vehicle

type per roadway.
- Number of barriers.
- Number of sections for 1 barrier.
-: Barrier type.

XXG1(1,J)
YYG1 (I,J) } - Coordinates for the endpoi nts of ground strips
ZZG1(I,J) in feet.
BGS(I) ~ Width of absorptive 'ground strip.
IDUM(I) - Type of absorptive ground strip.
GAMMA(I,J) - ALPHA array.
ID - Index, for 40 character description.
TRD(ID,J) - 40 character description of roadway #J.
TRS(ID,J,NSEC) 40 character description of roadway #J segment #NSEC.
TB(ID,J) - 40 character description of barrier #J.
TG(ID,I) - 40 character description of groundstrip #1.
TRC(ID,I) - 40 character description of receiver #1.
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SUBROUTINE'iNPUT (Continued) ,

IGOO(J,NSEC)

BLEV(I)

NRC

XRC(I) }
YRC(I)
ZRC(I)

- Parameter indi~ating whether upgraqe or not.
(IGOO = 1 upgrade, IGOO = level or downgrade).

- Criteria on level of receiver #1.
- Number of receivers.

- Receivers coordinates

RESTRICTIONS: Input vehicle speed should be within the range of 30-65 mph
(or 50-105 kph). Speed less than 30 mph (or 50 kph) will be
adjusted by the program to 30 (or 50). Speed over 65 mph (or
105 kph) will be adjusted to 65 (or 105). If data for type 4
vehicle is provided, the number of vehicle types is 4, other

wise, it is defaulted to 3. If the user desires to allow
speed dependence for user-defined type 4 vehicle, the comment
cards from card #21000-22800 in the program listing should be
removed. This data would be entered in the program initializa
tion parameter data block. See Sections 3.2, 6.0, and Appendix
A, Section A.2.

SIZE: 39378

REFERENCES: None
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( START)

51
T

READ first card of a data block with
control number IGO and the number

Il of i.tems followinq

IGO = 1: lOOt

READ program initialization parameters

I
TYPE'proqram initialization parameters'

•IGO = 2: 200, .
Set the number NR of roadways equal to 11'

For all roadways: I
For all vehicle 'types:

Initi~lize number of vehicle
speed groups NOS- 0

2~Wt
For all vehicle qroups:

READ the number of vehicles per hour
VEH, the speed XMH, the tyPe of vehi-
cle. Count the number NOS of qroups
for each vehicle type. Compute the

vehicle concentration VEXPH.
I

For all groups of all vehicle types:
Store the vehicle concentration VEXPH

,and the speed XMPH.

240+

For all road sections:

READ coordinates of the endpoints.
Count the number NSEC of road sections
•

Is NSEC = O?" Y : \'lRITE • (EXIT)error messaqe.

IN

IStore road sections I
280 1

For

For

FIGURE E-l. SUBROUTINE INPUT: FLOW DIAGRAM
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For IGO = 3:

Set the number of barriers NB equal to 11

IBranch to 5 I
y 1Is NB = o? ,

"/ -
N

For all barriers:

For all barrier sections:

READ coordinates of endpoints. Count
the number NSEC of barrier sections

y WRITE errorIs NSEC = o? EXITmessage

N

Store barrier sections

350 ~

4:
400 T

Set the number of ground strips
NG equal to U.

O?' yIs NG =

'all ground strips:
N

or

READ coordinates of the center line,
the width and the type of ground

cover and store all

490 J.
5: 500 ,

Set the number of receivers NRC equal to 11

For all receivers:

READ receiver coordinates. Adjust
receiver height as specified by
the initializ~tion parameters

590 .

F

For IGO =

For IGO .,

FIGURE E-l. (Continued)

E-7



FOR IGO = 6:
1

600
f .... YI ...... IS Il=O I,

READ ALPHA VALUES FOR
SPECIFIC ROADWAYS
AND RECEIVERS

----5

5

,
IS THERE REPETITION -y I

IGRR=llIN DATA DEFINITION I ,
WRITE ERROR

MESSAGE

615

STORE VALUE
OF ALPHA

t

FIGURE E-1. (Continued)
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:

For all roadways:

For al~ groups of all vehicle types:

TYPE type number, group number,
vehicles per hour VEXPH, speed XMPH

I
TYPE coordinates of initial road point

For all road sections:
TYPE coordinates of endpoint

For all barriers:

TYPE barrier type, coordinate
of "initial barrier point

For all barrier sections:

TYPE coordinates of endpoint

For all ground strips:

TYPE ground cover type, coordinates
of center line endpoints, width

of ground strip

4

For all receivers:

I TYPE receiver number, receiver coordinates I

I PRINT ALPHA TABLE I
t

(STOP WAS THERE ANY
INPUT ERROR.......-

•
( REllJRN )

For IGO • 7:

FIGURE E-l. (Concluded)
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0001
0002
0003
0004
0005
0006
0007
0008
OOil9
0010
0011
0012
0013
001LJ
0015
0016
0017
0018
0019
0020
0021
0022

·0023
0024
0025
0026
0027

0028
0029
0030
0031
0032
0033
0034

. 0035
0036

0037
0038
0039

. OOit 0
0041
0042
0043
004~

0045
0046
0047
0048
0049
0050

C INPUT 02/79 SAl ~O~

5 DBROUTIN E INPOT
IMPLICIT BE1L*8 (A-H,O-Z)
INTEGEa ALPHA (25) ,ALPl (H,6), eLNK
DIMENSION VTEMP(5),IBC(15),IHOD(15,20}
DIME~SION TDX(20, 11),TBY(20,ll),TBZ (20,11)
DIMENSION TXXG1(10,2),TYYG1(10,2) ,TZZG1(10,2),T8GS(10)
DIMENSION TRX(20,11),TRY(20,11),TRZ(2C,11)
DI~ENSION TCO(9)
DIMENSION XKPH(20,5,4)
COHMON/DRIV2/NQS(20,4),NF
COMKON/STORE1/BX(20,11),BY{20,11),BZ(20,11),IBLAST(20),HBSKl (20)
COKMON/STORE2/XXG1(10,2),YIGl (10,2),ZZG1(10,2),BGS(10),IDUft(10)
COMl10 N/STOBE3/RX (20,11)', BY (20,11) ,RZ (20,1 1) , NRSri 1 (20)
CO!KON/STORE4/XKPH(20,5,4),VEIPB(20,5,4)
COBKON/INOU/INPT,IOUT
CO~KON/BLK2/NQ

COMMON /INPT1/RDIN(6),TRDIN(6)
COMMON/INPT2/NR,NB,NG
COMMON/INPT3/XRC(lS),YRC{15),ZRC(15),NRC
COHi10ti/INP'I4/TXRC (15) ;TYRC(1S) ,TZIiC·(1~)

COM~ON /CONSTS/CO(9,4),Cl(9,4),SO(9,Q)
COft~CN /OPTION/KET1N,METOUT,IBEFL
CCMMON /'IABLE/GAMA·p5,20) ,IFIBST .
COMMON/TIT1/TRC(5,1S),B1EV(15),ZZQ,IGCO(20,11),N
DIMENSIONTRD(5,20),TRS(5,20,11),TB(5,20),TG(5,10)
EQUIV ALEHCE (BDIN (1) ,XNIGHT)
DATA ALP1 /'BECE','IVER',' HEI','GHT ','ADJU','STME','NT "

A "" ',' ',' ',' ',' ',' "
2 'NU!.B','BR o','r FR','EQUE','NCY ','DAND','S "
B ",' ',' ',' ',' ',' ',' "
3 'HEIG' ,'aT A','DJUS', 'T!EN','T J:')','n PA','SS~N',

C 'GER ','CARS',' (TY','PE 1',' VEH','ICLE','S) "
4 'HEIG','HT A','DJUS','T!EN','T Fn','n HE','AV! "
D 'TBUC','KS ',' (TY','PE 2',' VEE','rCLE','S) "
S 'HEIG','HT A','DJUS','TMEN','T FO','R ME','DIUM',
E 'TBU','CKS ',' (TY','PE 3',' VEii','ICLE','S) "
6 'HEIG','HT A','DJDS',':tKEN','T FO','a ln~','" .VE',
r 'HIeL','ES ',' (TY','PE q',' VEH','rCLE','S) '/

DATA IA/28A /,IG/2HG /
DATA lIi/2BB /
DATA IT/2BT /
DATA LAS'1/28L /
DATA BLliK/2H /
M5 = 0
K6 = 0

5 aEAD (INPT, 1000) IGO,I1,I2
GO TO(100,200,300,400,SOO,600,700),IGO

C GARBAGE DATA•••• PBOGRAft INITIALIZATION PAEAMETZRS
100 WRITE(lOUT,2000)

NQ4 = 0
DO 110 1=1,6

110 RDIN(I) = 0.0
120 BEAD(INPT,1001) VAI.UE,IDlf,ILAST, (ALPHA(I) ,1=1,25)

BDIN (IDN) =V1LUE
TBDIN(IDN) = VALUE
IF (IDN.EQ.2) GO TO 130
IF (~ETIN.EQ.O) TRDIN(IDN)=VA10E.0.30Q8
IF (METIN.EQ.l) RDIN (IDN) =VAlUE*3. 28C83
IF (IDN.EQ.6) NQq=1
IF (METOUT.EQ.O) VALUB= BDIN(lDM)
IF (METOUT.EQ.l) VALUE=TRDIN(IDN)

130 DO lQO 1=1,25

::>U~I{UUIINI:. INPUT: LISTING
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0051
0052
0053
OC54
0055
0056
0057
0058
0059
0060
0061
0062

0063
0064
0065
0066
0067

0068
0069
0070

IF(ALpoA{I).NE.BLBK) GO TO 150
140 CONTINUE

WBIT!(IOUT,2016) VALUE,IDN,(ALP1 (I,ID~,I=1,14)

GO 1'0 160
150 WRITE (lOUT, 2001) VA.I.UE,.IDN, (ALPHA (I) ,1=1,25)
160 IF(ILAST.NE.LAS~ GO TO 120

IF (NQ4.EQ.0) GO TO 5
NQ = 4
DO 165 .I =1,9·

165 Cl(I,4) = 0.0
II (KEl'IN.EQ.l) GO TO 180
READ(IHPl',1006) (CO (.I,ll) ,1=1,9) ,(SO (1,4) ,1=1,9)

C 1 ,(C1(1,4),1=1,9)
DO 170 1=1,9
TCO{I) = CO(I,II) - Cl(1,4)*D.I.OG10(1.60934DO)

170' CONTINUE
GO TO 195

1 ao nEAD (INPT, 1006) (TCO (.I) ,1=1,9) , (SO (I,4) ,1=1,9)
C 1 , (C1(I,4),1=1,9)

DO 190 1=1,9
CO{.I,4) = TCO(I) - Cl(1,4)*D.I.OG10(0.62137DO)

190 CONTINUE

0071

0072

0073

C
195 IF (SETOUT.EO.O)

C 1
II (SETOUT.EQ.l)

C 1
GO TO 5

YiITE (lOUT, 2015) (CO (1,4) ,1= 1,9) , (SO (1,4),1= 1, 9)
, eCl (1,4) ,1=1,9)

WRITE (lOUT, 2015) (TCO (I) ,1=1,9) , (SO (1,4),1=1,9)
eCl (1;4) ,1=1,9)

007"J
0075
oon
0077
0078
0019

0080

0081
OOti2
OC83
008ij
0085
OC.36
OC87
0088

OC89

0090
0091
0092
0093
0094
0095
0096
0097
0098
J099
)100

C
C
C VEHICLE DATA
C

200 1:2=11
DO 280 J= 1, NR
NSEC=l
DO 210 K=l,NQ

210 NQS (J, K) =0
220 IF (~ETIN.EQ.l) ~~ TO 224

C ENGL1SH INPUT
READ(INPT,1002) VEH,X!H,ITY,1LAST

1, (TED (ID,J) ,ID=1, 5)
IF (XMH.GE.30.) GC TO 222
XHH=30.
~ RITE (IOUI', 2020)

GO TO 230
222 IF (XMH.LE.65.) GO TO 230

XMH=6S.
1i1ll1E (ICUT,2030)
GO TO 230

C flETRIC INPUT
224 READ (INPT,1002) VEH,XKH,1TY,ILAST

1, (T.IiD (ID,J) ,ID= 1,5)
IF (XKH.GE.SO.) GO TO.226
IKH = 50.0 '
WRITE (IOUT,3020)
GO TO 230

226 IF (XKH.LE.l05.) GO TO 230
XKE! = 105.0
WRITE (IOUT,3030)

230 IF (~ETIN.EQ.O) XKH=XMH*1.60934
IF (MElIN.EQ.l) I~H=XKH*O.621311

NQS(J,ITY)=NQS(J,ITI)+l
NQC l=NQS (J, IT I)

SUBROUTINE INPUT: LISTING (Continued)
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0101
0102
0103
0104

0105
0106

0107
0108
0109
0110
0111

0112
0113
0114
0115
0116
0117
0118
0119
0120
0121
0122
0123

01211
0125
0126
0127
0128
0129

.0130
0131
0132
0133
0134

0135
0136.
0137
0138
0139
0140
0141
0142
0143
014li
01115
0146

0147
0148
0149
0150
0151
0152
0153

VEXPH (J, NQC 1, ITIl =VE9/XHH/5280.
XMPH(J,NQC1,ITY)=X~a.

XKPH(J,NQC1,ITY)=XKH
IF(ILAST.HE.LAST) GO TO 220

C nOADWAY DATA SECTIONS·
240 IF (l'iETIN.EQ.1) GO 'XO 242

READ(INPT,1010)RX (J,NSEC) ,EI(J,NSEC),BZ(J,NSEC),ILAST
1,IGOO(J,NSEC),(TRS(ID,3,NSEC) ,ID~1,5)

TRX(J,NSEC) = RX(J,NSEC) * 0.3048
TRY(J,NSEC) = RY(J,NSEC) * 0.3048
TBZ(J,NSEC) = RZ(J,NSEC) * 0.3048
GO TO 246

2~2 READ (INPT,1010) TRX·(J,NSEC) ,'IRI (J,NSEC) ,TRZ(J,liSEC) ,.ILAST
1, IGOO (J, NSEC) , (Til S (ID,J, RSEC) ,10=1,5)

RX(J,NSEC) = TRX(J,NSEC) * 3.28083
RI(J,NSEC) = TRY(J,NSEC) • 3.~8083

RZ(J,NSEC) = TRZ(J,BSEC) • 3.28083
246 IF(ILAST.EQ.L1ST) GO TO 250

HSEC=NSEC+1
GO TO 240

250 IF(NSEC-1.NE.O)'GO to 260
WRITE (IOUT,2010)
CALL EXIT

260 NRSK1(J)=NSEC-l
280 CONTINUE

GO TO 5
C
C BARRIER DATA SECTIOBS
C

300 liB=Il
IF(NS.EQ.O)GO TO 5
DO 350 J=l,NB
NSEC=l

310 IF (KETIN.EO.l) GO TO 315
BEAD(INPT,1003)BI(J,HSEC),BY(J,HSEC),EZ(J,liSEC),IBLAST(J)

1,(TB(ID,J),ID=l,5)
TBX(J,NSEC) = BX(J,ISEC) • 0.3048
TBY(J,NSEC) = BY(J,NSECl * 0.30118
TBZ(J,NSEC) = BZ(J,NSEC)' • 0.3048
GO TO 317

. 315 READ (INPT,1003) 7BX(J,NSEC),TBY(J,.NSEC),TBZ(J,llSEC),IBLAST(J)
1, ('IB(ID,J),ID=l,S)

BX(J,NSEC) = TBX(J,NSEC) • 3.28083
BY(J,NSEC) = TBY(J,NSEC) • 3.28083
BZ(J,NSEC) = TBZ(J,NSEC) * 3.28083

317 IF(IBLAST(J).EQ.Il.OR.IBLAST(J).EQ.IR)GO TO 320
NSEC=NSEC+l
GO TO 310

320 IF(NSEC-1.NE.O)GO!O 330
iRITE(IOUT,2011)
CALL EXIT

330 NBSM1(J)=HSEC-1
350 CCNTINUE

GO TO 5
C ABSORBING GROUND STRIPS

400 NG=Il
. IF(NG.EQ.O)GO TO 5

DO 490 1= 1, KG
IF (~ETIN.EQ.l) GC TO 450
BUD (INPT, 1004) XX G1 (I, 1) , YYG 1 (1,1), ZZGl {I, 1) , BGS (I)
TXXG1 (1,1) = XXGl (1,1) • 0.3048
TYIG1(I,1) = YIG1(I •. 1) * 0.3048

SUBROUTINE INPUT: LISTING (Continued)
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IF (Il.EQ.O) GO TO 5
IERR = 0
P16 = 1
DO 60S J= 1,20
DO 605 1=1,15
IftOD(I,J) = 0
DO 690 1=1,11
READ (INPT,2050) Gl!,IRX,IRC
1111 = 1
1£2 = BE
IF (IBX.EQ.O) GO 70 610
IBl = IRX
IR2 = rax
DO 630 J=IR1,IR2
DO 620 K=1,15
L = InC(K)
IE (L.EQ.O) GO TO 630
If (IMOD(l,J).EQ.~) GO TO 615

610

605

TZZGl (I,l) = ZZG1 (1,1) >0< 0.3048
TBGS (I) = 8GS(I) * O.301J8 .
BEAD (INPT, 1003) II G1(1,2) , IYG 1 (1,2), ZZ G1 (1,2) , IDU M(I)

1. (TG(1D.I) .1D=l,5)
TXXGl (1,2) = IXGl 11,2) 1< 0.3048
'IIYGl (1,2) = YYGl (1,2) * 0.3048
TZZGl (1,2) = ZZGl (1,2) * 0.3048
GO TO 480

450 BEAD (INI?T,1004) iXXG1(I,1),THG1(I,1),TZZG1(I,1),TBGS(I)
XXGl (I, 1)= TIIGl (I,1) * 3.28083
YYGl (1,1) = THG1 (I,l) * 3.28083
ZZG1(I,1) = 'IZZG1U,l) * 3.28083
BGS(I) = TBGS(I) * 3.28083
BEAD (INPT,1003) 7XXGl (1,2), TIYG1.(I,2) ,'IZZGl (1,2) ,IDUM(I)

1, (TG(ID,I) ,ID=l,S}
XXG1 (1,2) = TUGl (1,2) * 3.28083
YIGl (1,2) = 'IIYGl (1,2) * 3.28083
ZZG1 (1,2) = TZZGl (I,2) * 3.28083

480 IF(IDUM(I).EQ.IG) IDUM{I}=1
IF (IOUM (I) • EQ.IT) IDU! (I) =2

490 CONTINUE
GO TO 5

C R ECEI VER DATA
500 NEC=Il

11'15 = 1
DO 590 I=~,NRC

IF (METIN.EQ.1) GO TO 550
BEAD(INPT,1011)XRC(I),YBC(I) ,ZRC(I) ,IEDUK

1, BlEV (I) , (TRC (ID, I) , ID=1, 5)
TIRC(.!). = XRC (I) • 0.3048
TIRC(I) = IRC (I) * 0.3048
TZnC (I) = zac (I) * 0.3048
GO TO 580

550 B BAD (INPT, 1011) TXRC (I) ,TIRC (I) ,TZRC (I), IRDUM
1,BLEV (I), (TRC(ID,I) ,ID=l,S)

XRC(I) = TIRC(I} * 3.28083
IRC (I) = TYRC (I) • 3.28083
ZRC (I) = TZRC (I) * 3.28083

580 ZRC(I)=ZRC(I)+XNIGBT
TZBC(I) = TZRC (I) + TBDll (1)

590 CONTIN:UE
GO TO 5

C
CGASKA DATA
C

600

0184
0135
0186
0187
0188
0189
0190

0179
0180
0181
0182
0183

0167
0168
0169
0170
0171
0172
0173

0·174
0175
0176
0177
0178

0191
0192
0193
019~

0195
0196
0191
0198
0199
0200
0201
0202
0203
020LJ
0205
O~06

0207
0208

0154
0155
0156

0157
0158
0159
0160
0161
0162
0163
0164
0165
0166

SUBROUTINE INPUT: LISTING (Continued)
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0209
0210
0211
0212
0213
0214
0215
02.16

0217
0218

0219
0220
0221
0222
0223
0224
0225
0226
0227

0228

0229
0230
0231

0232

0233
0234
0235
'()236
0231

0238

0239
';)240
02111
0242
0243
0244
0245
0246
0247
0248
0249

0250

0251
0252
0253

lEER = 1 .
WRITE (IOUT,206~ L,J

615 IMOD(L,J) = 1
GAHA(L,J) = GAM

620 CCUTINUE
630 CONTIN UE
69C CONTINaE

GO TO 5
C
C PRINT INPUT DATA
C

700 DO 720 J=l,NR
iRITE(IOOT,2002)J

" (TRD (ID,J) ,ID=1, 5)
DO 710 K= 1 , NQ
NQC1=NQS (.1, K)
IF(NQC1.EQ.0) GO ~o 710
DO 705 I=l,NQCl

705 VTEMP(I)=VEXPH(J,I,K)*XMPH(.1,I,K)*S280.
IF(KETOOT.EQ.O) WRITE(IOUT,2004)K, (I,VTEMP (I),IftPH(J,I, K),I=1,HQC1)
IF(METOUT.EQ.1)WRITE(IOUT,3004)K,(I,V!E~PC1),XKPH(J,I,K),I=1,NQC1)

710 CONTINUE
IF (METOOT. EQ. 0) iTa ITE (lOUT ,2005) RX (.1,1) ,IiY (.1,1) ,HZ (.1,1)

1 , I GO0 (.1, 1) , (T liS (1 J: , .1 , 1) , I D=1 , S}
IF (METOUT. EQ.l) ilR lTf (lOUT,300 5) TEX (.1, 1) ,TBY (.1,1) , TBZ (.1,1)

1, IGOO (J, 1) , (IES (ID,.1, 1) ,ID=1, 5)
NSEC=NRSl'!l (.1) +1
DO 715 I=2,NSEC
IF(METQUT.EQ.0)WRITE(IOUT,2006)I,BX(.1,I),RY(.1,I),RZ(.1,I}

1,lGOO(.1,I), (TRS(It,J,l) ,ID=1,5)
IF (liETOUT. EQ. 1) WR I'IE (lOUT ,2006) 1,TIU (J,I) ,TRY (J, I) , THZ (.1 ,1)

1, IGOO (.1, I) , (TES (ID,J ,I) , ID=1, 5)
715 CONTINOE
720 CONTINUE

IECNB.EQ.O)GO TO 735
DO 730 J=l,NB
Ii' (!SETODT. EO. 0) waITE (lOUT,2001}J ,IBtAST (J) ,31 (J, 1) ,BY (J, 1) ,BZ (J, 1) I

1, (TB(ID,J),ID=1,5)
IF (KETOUT. EQ. 1) VR I'IE (lOUT ,300 7) J ,IS LAST (3) ,TBX (J, 1) , TBY (J, 1) ,

1 TBZ (J, 1)
1, (TB(ID,J},ID=1,5)

N5EC = NBSM' (J~ + 1
DO' 725 1=2, NSEC
IF(KETOUT.EQ.0)WRITE(IOUT,2Cuo)I,BX(J,I),BY(J,I),BZ(J,I)
IF(KETOUT.EQ.1)WRITE(IOUT,2006}I,TBX(J,I) ,TBI(J,I),TBZ(J,I)

725 CONTINUE
730 CCNTUlUE
735 n'CNG.EQ.O) GO TO 745

DO 740 1=1,NG
IF(IDU~(I).EQ.1)IDH=IG

IF(lDU3(I).EO.2)IDH=IT
IF (HETOUT. EQ.O)

1 WRITE(IOUT,2012)I,!DK,XXGl U,1),YYG1(l,1, ,ZZGl (1,1),
2 BGS (1) ,XIG 1(I, 2) , US1 (1,2) ,ZZG1 (1,2)
1, (TG{ID,I) ,ID=1,S)
IF (METOUT.EQ.1)

1 WRITE(IOUT,2012)l,~D3,TXXG1(I,1),TYYG1 (I,l},TZZGl (1,1),
2 TBGS (I) , TXXGl (I,2) ,·TYIG1 (1,2) , TZZG 1(I, 2)
1, (TG(ID,.I),ID=1,5)

740 CONTINUE
745 IF(METOUT.EQ.0)5RITE(IOaT,200~

IF(KETOUT.EQ.1) WRITE (lOUT,3008)

SUBROUTINE INPUT: LISTING (Continued)
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254
255

256

257

258
259
260
261

262

263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
~80

~81

!82

!83

~84

~85

:86

:87

88

89
90
91

92

93
911

95

96

DO 750 I=l,NRC
IF(~ETOUT.EQ.O)WRIiE{IOUT,2051)I,XBC(1),YRC(I),ZRC(I)

1, BLEV (I) , {TEC (10, 1) ,ID=l, 5)
IF (METOUT. EQ. 1) WR ITE (IOUT,20 51) I,TIRC (I), TYRC (1) , TZRC (I)

1, BLEV (1) , (TRC (10, I) ,10=1,5)
750 CONTINUE

C PRINT ALPHA TABLE
.RITE(IOUT,4000) (I,I=l,HR)
WRITE{IOUT,4002)
DO 760 J=l,NRC

760 IlRITE(IOUT,4001)J, (GAHA(J,I) ,I=l,NR)
C TEST FOE PRESENCE OF ERROR DURING GAMSA INPUT

IF (IERa.EQ.l) STOF
C CHECK FOR RECEIVER DEFINITION CHANGES

IF (IFIRST.EQ.l) GO TO 770
IFIl1ST = 1
RETURN

770 IF (K5.EQ.O.OR.K6.EQ.1) RETURN
WRITE (IOUT,207~

STOP
1000 FORMAT(3IS)
1001 FORKAT(E10.0,IS,4X,Al,10I,2SA2)
1002 FCR!AT(2E10.4,I5,5I,11,9I,S18)
1003 FORMAT (3El0.0,Al, 91,518)
lu04 FORKAT(4El0.0)
1006 rOF.MAT(9ES.0)

1010 FOR/':lAT(3El0.0,Al,lX,Il,7I,5A8)
1011 FORMAT(3E10.0,Al,lX,FS.O,3X,SA8)
2000 FORMAT (34HOPROG.RAM INITIALIZATION PABAHETERS)
2001 FORMAT(lX,1PE12.S,I10,5X,2SA2)
2002 FORMAT (10H BOADW! I ,13,5I,5A8)
2004 FOIdiAT (lOa NU~BER OF13X,SHVEH/H8X,3HPlPH/SHrYPE,I2,4H VEH/(3I,I2

1, lSI, lP2E13.4»
3004 iOBMAT (10n HUMBER OF13X,5HVEH/H8X,4IiK!PB/5H TYPE,I2,48 VEH/C3X,I2

1 , 151, l.?2E 1J • II) )
2005 FORMAT {22X, 18HSOUBCE COOHD IN FT/

'7H'NUMDER,5x,lHX12X,lHY12I,lHZ,9X,'~RADE',3l,'COK!ENTS'/

14X,lHl,2X,lP3E13.Q,I5,5X,5AS)
3005 FORMAT(22X,13HsoaEC~ceOED IN M /

17H NU~3EH,5X,lHX12X,1HY12X,1HZ,9X,'GRADE' ,3l,'CO"MENTS'/
14X,lH1,2X,1P3E13.Q,IS,5X,SA8)

2006 FORPlAT(3X,I2,2X,lP3E13.4,IS,SX,5A8) .
2007 FOIHIAT{10H BABlilEE I3,21,1H(,\1,11i) ,4I,191i:BARRIER COORD IN FT/

1 7H NUMBER,5I,lHX12X,lHY12X,lHZ/~X,lH1,2l,lP3E13.4,5x,SA8)

3007 FORMAT(10H BARRIER 13,2x,1H(A1,lH) ,4X,19H3~aRIZR COORD IN K /
1 7H NUMBER,5X,lHX12X,lHY12X,lHZ/4X,11i 1 ,2X,1P3E13.4,5X,SA8)

2008 FORMAT (91i RECEIVER 13X,20HRECEIVER ceo RD IN FT/7Fi NUilBER5X,18112X,
l'Y',12X,lHZ,11X,'lC',6X,'COMMENTS')

3008 FCRHAT(9H RECEIVEE14X,20HRECEIVER COORD IN ~ /18 NUHBER5I,lHX12X,
"Y',12X,lHZ,11X,'IC',6X,'COMMENTS')

2010 iORMAT(27H INSUFFICIENT ROAD SECTIONS)
20 11 FORM AT poH IN SUFF ICIENT Bl\RRI ER SECTI eNS)
2012 FORMAT(1SH ABSORBING STRIP 13,2X,lH(A1,1H)//SH PI' 7X,lHX12X,lHY1

. A2X,1HZ12X,5nWIDTfi/4X,1H12X,1P4E13.4/4X,1H22X,lP3E1J.4,5I,SA8)
2015 FORMAT(5I,23HOPTICNAL NOISE SPECTRU8,

I (/5X, 'CONS 'UNTS :', 9P7 .1/51, 'STD. DEV. :', 9P7. 1) )
2016 FORMAT(lX,1PE12.5,I10,SX,14A4)
2020 FORI1AT('OVEHICLE SPEED SUPPLIED IS LESS TH&5 30 8P8. ADJUSTED TO 3

10 •• )
2030 FCRBAT{'OVEHICLE SPEED SUPPLIED IS GBEATER THAN 65 MPH. ADJUSTED l'

10 65. 1 )

3020 FOR!'!AT ('OVEHICLE SPEED SUPPLIED IS LESS TIIAN 50 K8PH. ADJUSTED TO
150. ')

SUBROUTINE INPUT: LISTING (Continued)
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0297

0298
0299
0300

0301

0302
0303
030~

0305

3030 FOR~AT('OVEB1CLE SPEED SUPPLIED IS GREATER THAN 105 KKPH. ADJUSTED
1 TO 105.')

2050 FORMAT(F4.2~16{lX,I2»

205' FOBMAT{3X,I2,2X,lP3E13.Q,OPF7.1,SX,SAe)
2060 FORKAT('O* * INPUT ERROR * *'/'OALPHA(',I2,',',I2,') HAS BEENI,

1 • DEFINED !SORE THAN ONCE.')
2070 FORMAT('ORECEIVER DEFINITION HAS BEEN ~ODIFIED, BUT NO I,

1 'CORBESPON DING ALPHA DATA IS SUPPLIED - RON TER~INATED.·)'

4000 FORftAT (lK1, lOX, '1 L P H A If A B. L EIII ONRC/NRI ,2016)
4001 FOIilUT (11:,12, 5X,2 016.2)
4002 FOR!AT(1H )

END

SUBROUTINE INPUT: LISTING (Concluded)
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PURPOSE:

SUBPROGRAMS
USED:

VARIABLES:

E.2 SUBROUTINE CHECK (IERR)

To check for intersection of roadways and barriers or
ground strip~ If intersection exists, the program
would return with an error code and execution would
be terminated.

KCUT (Xl, X2, X3, X4)
HEPLCE (X2, xl)

Input Parameters
NR - Number 9f roadways
NRSM1(NR) - Number of roadway seqments in each roadway

RX(M,N)} X,Y coordinates of roadway se~ments
RY(r·1,N)
NB - Number of parriers
NBSM1(NB) - Number of segments in each barrier

BX(IBAR,ISEG)}X,y Coordinates of ba~rier seqments
BY(IBAR,ISEG)
NG - Number of ground strips

XXG1(IGRA,1)~} X, Ycoordinates of qround strips
XX~(I GRA ,1)
Subroutine Parameters
XR1(I) - Point 1 of roadway segment
XR2(I) - Point 2 of roadway segment
XB1(I) - Point 1 of barrier segment
XB2(I) - Point 2 of barrier se~ment

XG1(I) - Point 1 of qround strip
XG2(I) - Point 2 of ground strip
Output Parameters
IERR - Er~or code

IERR = 1, if barrier intersects roadway'
= 2, if ~round strip intersects roadway
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SUBROUTINE CHECK (Continued)

RESTRICTION: None

SIZE: 1422

REFERENCE: None

CHECK 02/78 SAl ~OD

SUBROUTINE CHECK(IERR)
I~P1ICIT REAL*8 (A-H,O-Z)
CCMMON/INOU/INPT,lCUT .
COMMON/STORE1/BX{20,'1),BY(20,1'),BZ(20,11),IBLAST(20),8BS81 (20)
CCii30N/STOli::2/XXG 1 (10,2) , YIG 1 (10,2) , Z2Gl (10,2) , BGS (1 0) , IOU It ( 10)
CC~!ON/STORE3/BX(20,11),BI(20,1,),BZ(20,11),NRSMl (20)
COMHON/INPT2/NR,NE,NG
DIMENSION xa1 (2), XR2 (2)
Dr~ENSION XB1(2),XB2(2),XG1(2),XG2(2)
IERR=O
DO 40 K=l,NR
Xit1 (1) = RX(!!,l)
XR1(2) = RY(!'!,')
NLIM == NRSMl (M) + 1
DO IiO N=2,NLII!!
.tB2 (1) = ax (M,N)
XR2(2) = RY{!!,N)
IF (NS.EQ.O) GO TC 20
DO 10 IBAR=l,NB
XB1 (1) = ax (IB,'\R, 1)
l31(2) = BY (IBAR,1)
NLBIK == IBSMl (IBAE) + 1
DO 10 ISEG=2,NLBIK
XB2 (1) = BX (IBAR, ISEG)
162 (2) = BY (lEAR, ISEG)
IF (KCOT(XR1,lR2,XS1,XB2).NE.l) GO 70 5.
~RITE(IOUT,1006)K,N,IBAR,ISEG

I~RR=1
5 CALL liEPLCE (XB2 ,x E')
10 CONTINUE
20 IF (NG.EQ.D) GO TO 35

DO 30 IGBA=', NG
XG'(1) = XXG1(IGRA,1)
XG1 (2) = YIG1 (IGR A, 1)
XG2(1) = XXG1(IGRA,2)
XG2 (2) = JIG' (1GB A,2)
IF (KCUT(XR1,XR2,XG1,XG2).WE.1) GO 70 30
.nITE(IOOT,1008)K,N,IGBA
.rERR=2

30 CONTIN:JE
35 CALL RBPLCE(XB2,IE1)
40 CCNTINUE

RETURN
1006 FCRMAT('OILLEGAl BARRIER INTERSECTS ROADWAY',5X,'R ',I2,2X

1,3HRS 12,2X,2HB I2,2X,3HBS 12)
1008 FORHAT('OIL1EGAL GRODND STRIP INTERSECTS RO~DWAY',5x,2

1tiR 12,:3HRS 12,2X,4HAGS .I2)
SIJD

SUBROUTINE CHECK: LISTING
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SO(NF,NQ)

PURPOSE:

3UBPROGRAMS
USED:

VARIABLES:

E. 3 SUBROUTINE INTER (NR, I~')

To determine, by interpolation, vehicle emission and
corresponding standard deviation, given a certain road
way, vehicle type and speed.

BLOCK DATA ( Transferred through COMMON/CONSTS/)

Input Parameters
NR - Roadway number
IQ - Vehicle type number

OO(NF,NQ) 1 Constants obtained by non-linear
Cl(NF,NQ) regression, using the following

equation:

L(V) = OO(IF ,IQ) + Cl( IF ,IQ) * log (V)

where
v = speed at 25, 35, 45, 55 &65 mph
L(V) = sound level at V

Standard deViations obtai"ned by similar
method a~.above.

NQS(NR,IQ) - Humber of traffic flow conditions
XMPH - Speed at which interpolation is done
Subroutine Parameters
V Same as XMPH(NR,IQ)
INDEX Position in arrays where the calculated

emission level and the corresponding
standard deviation are stored

MULT - Factor to be multiplied to obtain INDEX

-
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0001
0002
0003
OOO~

0005
OOOci
0007
0008
0009
0010
0011
0012
0013
00111
0015
0016
0011
0018
0019
0020
0021

SUBROUTINE INTER (NR, IQ) (Continued)

Output Parameters
XLREF(INDEX)- Value of reference acoustic intensity
CQ(INDEX) - Value of reference standard deviation factor

RESTRICTION: The constants for vehicle types 1 - 3 and their standard
deviations are provided in the program. If a new type
of vehicle is introduced, its corresponding constants
and standard deviations must be read in from cards'. See
Subroutine INPUT.

REFERENCES: Mil, Y. Y., and Rudder, F., F., Jr.: "Statistical Analysis
of FHWA Traffic Noise Data," U.S. Department of Transporta
tion, Federal Highway Administration, Office of Research,
Report No. FHWA-RD-78-64, July 1978.

SIZE: 882

C INTER 03/78 511 MOD
SUBRbuTINE INTER(NR,Im
IMPLICIT REAL*8 (A-U,O-Z)
COMMON /CONSTS/CO {9~4).,C1 (9, 4) ,so (9,4)
COMMON/STORE~/X~PH(20,5,4),VEIPH(20,5,4)

CO~MON/DRIV2/NQS(2014),NP

COMMON /INTER1/ZLREF(3600),CQ(3600}
DO 10 Ii': 1, NF
ceO = CO (IF,IQ)
CC1 = C1 (IF I IQ)
SSO = SO (IF, 1Q)
~ULT = 5 * «IF-1) + 9*(IQ-1»
NQQ = NQS (NR, IQ)
DO 10 I=1,NQQ
V = XMPH(NE,r,IQ)
INDEX: NE + 20*«(I-1}+I!ULT}
XLREF1 = CCO + CC1*DLOG10(V}
XlREF (INDEX) = 10. ** ((XLREF1-66.) /10.)
CQ(INDEX) = DEXP(0.S*(SSO*O.23026}**2)

10 . CONTINUE
A;::TORtl
END

SUBRUUTINE INTER: LISTING
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E.4 SUBROUTINE BLOCK DATA

PURPOSE: To provide a data 1lock of coefficients for the interpolation
polynomials used by subroutine INTER in calculating the
vehicle noise emission characteristics.

SUBPROGRAMS
USED: None

VARIABLES: CO{NF,NQ) ~ Constant terms in the vehicle sound level
interpolation polynomial for the frequency
bands NF and vehie1e type NQ.

Cl(NF,NQ) - Coefficients of the log term in the vehicle
sound level interpolation polynomial

SO(NF,NQ) - Constant terms in the vehicle sound level stand~

ard deviation interpolation polynomial for the
frequency band NF and the vehicle type NQ.

INPT - Constant specifying the input device to be used
by the prediction code (5 denotes a card reader)

lOUT - Constant specifying the input device to be used
by the prediction code (6 denotes a line printer)

RESTRICTIONS: The crinstants GO(NF,NQ), CI(NF,NQ), SO~NF,NQ) are stored

as foll ows:

CO (l , 1), CO (2 ,1) , •.. CO (9, 1); CO (l ,2) , ... CO (9,2) ;

CO(l,3), ...CO{9,3); etc
The user should note that all constants relating to
the type 4·vehicle (NQ=4) are set to zero unless they
are defined by the user upon input.

SIZE:

REFERENCES:

o

See Section A.2 of Appendix A, Subroutine INTER and
Subroutine INPUT.
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0001
0002
0003
0004
0005
0006
0007
0008
0009

0010

0011

0012

C BLOC! D1T~ 03/78 511 !Or
BLOCK DAT1
IftPLICIT REAL*8 (A-U,O-Z)
conMOR /CONSTS/CO (9,4),C1(9,4),50(9,4)
COftftON/INOD/IIPT,ICUT
conKON /OPTIOR/ftETIN,ftETOUT,IBEFL
CC8ftON /TABLE/GA!!(1S,20),IFIRST
DATAIBPT/S/,IOUT/6/
DATA ftETIH/O/,ftETCOT/O/,IREFL/l/,GA3A/300*O.O/,IFIR5T/O/
DATA CO/4.80,-2.14,-3.17,-13.21,10.84,9.83,-18.26,-1.20,-18.21,

2 42.62,60.61,56.94,52.17,28.22,22.32,33.08,35.~6,34.90,

3 22.06,44.e8,52.39,33.16,11.00,-1.86,-1.19,3~49,15.70,

4 9*0.0/
DATA C1/38.05,21. 18,32.61,40.16,29.89,32.61,48.92,38.05,40.76,

2. 24.56,-12.92,6.19,12.56,28.70,33.60,25.59,20.61,'5.50,
3 33.91,5.48,6.90,21.12,36.18,44.61,43.93,36.54,24.77,
4 9*0.0/

DATA 50/9*2.5,
2 2.84,5.20,3.73,4.45,3.82,3.44,3.11,3.42,3.89,
3 3.37,4.72,4.76,5.23,4.23,4.39,4.04,3.82,3.85,
4 9*0.0/ .

EBD

BLOCK DATA: LISTING·
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PURPOSE:

SUBPROGRAMS
USED:

VARIABLES:

E.5 SUBROUTINE COLIN (XlV, X2V,X3V) Continued

The subroutine c:hecks to see if the point X3V is colinear
with the points XlV, X2Vin the x-y plane. The x-y co
ordinates of the point X3V are altered by the subroutine
so that the point X3V is not colinear with points XlV,
X2V, if the points are jud~e~ to be collinear.

IAREA (XlV, X2V,'X3V), ANGLE (XlV, X2V, X3V)

Input Parameters
X1V(I), X2V(I), X3V(I) - Three points in the x-y plane

defined by their components.
x - component I = 1
y - component I = 2

Subprogram Parameters
ANG - The angle 'between the 1ine segments (X1V,X3V)

and (X2V, X3V).

Output Parameters
X3VeI) - The components of a point in the x-y pl ane,

X3V(I),that is near to the input values X3V(I)
but that is not considered' by the routine to be
colinear with the points XlV, X2V. (See
RESTRICTIONS) .

RESTRICTIONS: The criteria used to judge whether or not X3V is colinear
with XlV, X2V is the area of the triangle fonmed by the
points XlV, X2V, X3V and, possibly, the magnitude of
the variableANG.
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SUBROUTINE COLIN (XlV, X2V, X3V) Concluded

ACCURACY:

SIZE:

REFERENCES:

That of the criteria.

738

See Subprograms IAREA and ANGLE.

SUBROUTINE COlINCXIV.X2Y,X3VJ
C CHECK VHETHE-R RECEI'f'ER IS CO-LINEAR kllH tOAD"A' SE'MENT

IMPLICJ T REAL.! IA-H.o-Z)
Dl4ENS10N KI/IZ).C2V(2J,X3Vl2}
IF(JAREA(XIV,X2V,X3Y-J.EQ.OJ GO TO 10

5 ANG=ANGlECXIV,X2V,X3YI
IFfANG· (JE.2.f.E-5) RETURN

10 X3VCIJ=X3VCl)+1.0
IFUAREAIXIV,X2.V.X3VJ.EQ.oJ '0 TO 20
ANc;=ANGlflXIV ,X2V ,X3 vi
IF fANG- (JE.2.6E-5) RETURN

2 n X3 V Cl ) =X3V( 2 J+1 .0
IFflAREAeXlY,X2V.X3VJ.EO.OJ GO TO 5
RETURN
END

SUBROUTINE COLIN: LISTING
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· E.6 SUBROUTINE DEGEN (XlV, X2V, X3V, 'X4V, X5V, LOC)

PURPOSE:

SUBPROGRAMS
USED:

VARIABLES:

This subroutine preprocesses data for subroutine BLOCN
to ensure that degenerate geometrical alignments be
tween the points XlV, X2V, X3V and a line segment X4V,
X5V that may confuse the logic of subroutine BLOCN do
not occur. Physically, the line segment defined by the
x{I=l) and y{I=2) coordinates of the points X1V{I) and
and X2V{I) represents a road segment, the point X3V{I)
represents a receiver, and the line segment defined by
the points X4V{I) and X5V{I) represent either a barrier
or an absorption ground stri p'.

THIS SUBROUTINE SHOULD BE USED ONLY AS A PREPROCESSOR
FOR SUBROUTINE BLOCN.

IAREA (XlV, X2V, X3V), MOVE2 (XlV, X2V, X3V, DELTA, IERR)

Input Parameters
X1V{I), X2V(I) - Points defining a road segment location

in the x{I=l), y(I=2) plane.

X3V{I) - A point defining the receiver location in the
x{I=l), y{I=2) plane.

X4V{I), X5V{I) - Points defining a ba~rier or ground
strip location in the x,y plane. See Output
Parameters.

Output Parameters
~OC A logic parameter indicating the relative align

ment of the line segment (X4V, X5V) with the line
segments (XlV, X3V) and (X2V, X3V). LOC = 0 or
3 or 5.

E-25



SUBROUTINE DEGEN (XlV, X2V, X3V, X4V, XSV, lOC) Continued

LOC = 0 indicates that both point X4V and point
X5V a.re c6linear with the line segments (XlV, X3V)
or (X2V, X3V).

lOC = 3 indicates that point X4V is colinear with
(XlV, X3V) and that point X5V is colinear with
(X2V, X3V) or that point X4V is colinear with
(X2V, X3V) and that point XSV is colinear with
(XlV, X3V). That is, the line segment (X4V, X5V)
exactly blocks the (x, y) plane line-of-si9ht from
the receiver X3V to the roadway (XIV, X2V).

lOC = 5 indicates that either point X4V or X5V
was determined to be colinear with one of the seg
ments (XlV, X3V) or (X2V, X3V) or neithe~ point
X4V or X5V was colinear with one of the segments
(XlV, X3V) or (X2V, X3V). If either X4V or X5V
was determined to be colinear, the point is relo
cated by subroutine MOVE2 decreasing the length of
the segment (X4V, X5V) by 1 foot.

X4V(I), X5V(I) - If lOC =5, either X4V(I) or
X5V(I) may be relocated as indicated above so that
X4V(I) or X5V(I) is not collinear with the segments
(XlV, X3V) or (X2V, X3V).

RESTRICTIONS: This subroutine should be used only as a preprocessor
for subroutine BlOCN. See listing of subroutine GEOMRY
for usage.

If an error occurs in subroutine MOVE2, the following
message is printed: lIERROR IN MOVE2 l1

•. This error will
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SUBROUTINE DEGEN (XlV, X2V, X3V, X4V, X5V, LOC) Concluded

not be, quite likely, fatal but the user should check
results closely.

ACCURACY:

SIZE:

REFERENCES:

See RESTRIr.TIONS.

1684

None.
SUBROUTINE DEGEN: LISTING

)001
)002
)003
)004
)005
)006
)007
)008
)009
)010
)011
)012
)013
)014
)015

')016
)017
)018
)019
)020
)021
)022
)023
)024
)025
)026
)027
)028
)029
)030 .
)031
)032
)033
)034
)035
)036
)037
)038

C DEGEN 03/78 SAl "OD
SUoROUTlNE DEGEN(X1V,X2V,X3V,X4V,X5V,lOC)
IMPLICIT REAL*8 (A-H,O-Z)
CO~MON/INOD/IN2T,IOOT

DI~EtrSION XlV (2), X2i (2) ,X3V(2) ,14V(2) ,lSi (2)
LOC=5
IF(IAREA(X4V,X1V,13V).EQ.0) GO TO 10
IF(I~REA(X4i,X2V,X3V).EQ.O}GO TO 40
IF(IAREA(XSV,X1V,X3V).EQ.O) GO TO 45
IF(IAREA(XSV,X2V,X3V).EQ.O) GO TO 45
RETURN

10IAREA1=IAREA(XSV,X2V,X3V)
Ii'(IAREA1.EQ.O) GO TO 30
IABEA2=IAREA(X5V,X3V,X1V)
IAliEA3=IAREA (15V, X1V,I2V)
IF(I~REA1.EQ.IAREA2.AND~IAREA1.EQ.IAaEA3)GO TO 55

20 LOC=I)
RETURN

30 LOC=3
RETURN .

40 IAliEA1=IAREA(XSV,X3V,X1V)
IF(IAREA1.EQ.0) GO TO 30
I A~l:':A2=lAB EA ( IS V, I 1V, 12V)
IAf.~A3=IAAEA(X5V,12V,X3V)

IF(IlREA1.EQ.IAREA2.AND • .lAREA1.EQ• .lAIUA3) GO TO 5S
GO TO 20

45IAREA1=IABEA(X4V,X3V,X1V)
.lAREA2=lAREA (X4V, X1V,X2V)
I AEEA3=IAREA (nv, X2V, X3V)
IF(IHEA1.J::Q.IAFlEA2.AND.IABEA1.];Q.IARFA3) GO TO 60 .
GO TO 20

S5 CALL MOVE2(X4V,X4V,XSV,-1.0,IERR)
IF(IEBR.EQ.4) WRITE(IOUT,1000)
RZTUIW

60 CALL MOYE2(XSV,X5V,14V,-1.0,IEBE)
IF(IERR.EQ.4) iBITE(IOUT,1000)
BETURN

1000 FOBMAT(lH , 14HERROB IN HOVE2}
END
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E.7 SUBROUTINE BlOCN (XIV, X2V, X3V, X4V, X5V, X6V, LOC) Continued

PURPOSE: This subroutine calculates the al ignments in the x-y plane,
of one line segment relative to the ali~nment of another line
segment and a point. Physically, the line segment defined
by the x(I =1), y(I =2) coordinates of the points XlV(I)
and X2V(I)represenfs a road segment, the point X3V(I)

. ,

represents a receiv~r, and the Tine segment defined by
the points X4V(I) and X5V(I) represent either a barrier
or an absorptive ground strip.

The subrouti~e output is a point X6V(I) in the x-y plane
and a configuration index, LOC. See Figure E-2.
If lOC = 0, the line segment defined by X4V, X5V is out
side the triangle formed by XIV, X2V, X3V. In this case,
the subroutine assigns no values to X6V.

If lOC = 1, this line segment defined by X4V, X5V inter
sects the line segment defined by XIV, X3V. In this case,
the subroutine assigns X6V as the intersection point (in
the x-y plane) of the line segment XIV, X2V and the line
defined by the points X3V, X4V orX3V, X5V.

If lOC =2~the line segment defined by X4V, X5V intersects
the line segment defined by X2V, X3V. In this case, the
subroutine assigns X6V as the intersection point (in the
x-y plane) of the line ~egment XIV, X2V and the line
defined by the points X3V, X4V or X3V, X5V.

If lOC = 3, the line segment defined by X4V, X5V inter
sects both line segments defined by XIV, X3V and X2V,
X3V (ie, the road segment, as viewed from point X3V, is
completely covered by the '1 ine segment X4V, X5V). In
this case, the subroutine assigns no values to X6V.
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X6V X2V

LOC • 0 denotes that the line X4V, XSV is outside the triangle
XIV, X2V, X3V.

LOC • 1 denotes that the line X4V, XSV intersects the line XIV,
X3V.

LOC ". 2 denotes that the line X4V, XSV intersects the line XlV,
X3V.

LOC • 3 denotes that the line X4V, XSV intersects both lines
XlV, X3V:and XlV, X3V~

LOC • 4 denotes that the line X4V, XSV is completely inside the
triangle XIV, X2V, X3V.

FIGURE E-2. SUBROUTINE BlOeN: RELATIVE GEOMETRY
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SUBROUTINE BlOCN (XIV, X2V" X3V, X4V, X5V, X6V, lOC) Continued

If LOC = 4, the line segment defined by X4V, X5V is inter
ior to the triangle defined by the points XIV, X2V, X3V.
In this case, the subroutine assigns X6V as the inter
section point on the line segment XlV, X2V of the line from
X3V to either X4V or X5V that is closest to the point XlV •
.SEE RESTRICTIONS

SUBPROGRAt1S
USED:

VARIABLES:

KCUT(XI, X2, X3, X4), TRI(XI, X2, X3; X4, X5, KTRI)
INTCPT(XI,X2, X3, X4, X5), SEE RESTRICTIONS,
SEE SUBROUTINE DEGEN

Input parameters
XIV(I), X2V(I) - points defining a road segment locatio.
in the x(I=I), y(I=2) plane.

X3V(I) - a point ?efining the receiver. location in the
x(I = 1), y(I = 2) plane.

X4V(I), X5V(I) - points defining al ine segment location
in the xCI = 1), y(I = 2) plane.
Output parameters
X6V(I) - a point on the line segment defined by XIV(I),
X2V(I) that represents the intersection.of the l~ne defined
by .either the points X3V, X4V or X3V, X5V. (SEE PURPOSE)

lOC -a parameter describing the configuration (SEE PURPOSE).

Subprogram parameters
KTRI - A parameter assigned by subprogram TRI.

KTRI = 0 if X4V is either exterior to the tri
angle XIV, X2V, X3V or lies on a line segment
XIV, X2V; XIV, X3V; or X2V, X3V.

KTRI = I if X4V is interior to the triangle XIV,
X2V, X3V.
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SUBROUTiNE BLOCN (XIV, X2V, X3V, X4V, XSV, X6V, LOC) Concluded

XAV(I) - a point on the,line segment defined by XIV(I),
X2V(I) that represents the intersection of the
line defined by X3V, X4V.

XBV(I) - a point on the line segment defined by XIV(I),
X2V(I) that represents the intersection of the
line defined by X3V, X5V.

RESTRICTIONS: The subprogram BLOCN is used by the subprograms ENDPT and
GEOMRY to establish the basic geometric relationship
between a roadway segment (XIV, X2V); a receiver location,
X3V; and a potentially intervening barrier or ground
strip segment (X4V, X5V). Geometric configurations
between the five points defined by XIV, X2V, X3V, X4V, and
XSV can arise that may either produce erroneous results
or program failure. To check for these potential problems
and to avoid the possibility of calculating erroneous
results, the subprogram DEGEN is used. The problem
geometrical configurations are associated with colinearity
of source-receiver points Xl, X2, X3 with barrier and/or
ground strip points X4V, X5V or if the points X4V and/or
X5V lie on the boundary of the triangle formed by the
points XIV, X2V, X3V. See Figure E-2.

ACCURACY: SEE RESTRICTIONS.

SIZE: 958

REFERENCES: None.
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0001
(

0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015

I'Tl 0016
I

0017w
N

0018
0019
'0020
0021
0022

SUB ROUT l NE Bl DC N(X 1V,X2V ,X3V ,X4V ,X 5V ,X6V ,lO C)
FINO RELATIVE LOCATION OF BARRIER

IMPLICIT REAL o 9 (~-H,O-l)

OIMENSION X1Vt2 ),X2V (21 ,X3i (Z) ,1(411 (2)>.JC5V(21.(6VI 2' .JC4tC!I ,X8UlJ
LOC =KCUT (Xl V, X3 V,X4V ,X5V)
LOC=LO(+K(UTIXZV,X3V,X4V,X5VI~2

IFtLOC.[Q.3IRErURN
CALL TRIIX1V,X2V,X3V,X4V,XAV,K1RI)
IF CLoe. E·Q.i) IGO TO 4
IF (KTRI EO 1IGO TO 6

2 (ALL INT(PTCKIW,X2V.X3V.X5V.XBVJ
IfllOC.[Q.4JGO TO 5

3 X6VU)=XBVUJ
X6" (21=X8YI21
REf UR.~

4 IF'KTRJ .EQ.01RETURN
LOC=4
GO TO 2

5 JFCKPOSIXIV,lCAV,X8VI.EQ.1JGO TO 3
6 X6V (U=XAV( U

X6V(2)=XAVCZ)
RETURN
END

SUBROUTINE BLOCN: LISTING



E.8 SUBROUTINE MOVE (XlV, X2V, X3V, DELTA, IERR) Continued

PURPOSE: To calculate the coordinates of the point X2V that lies
on a line passing through the points XlV, X3V and is a
specified distance, DELTA, from the point XlV in (x, y, z)
coordinate space. (See VARIABLES, DELTA).

SUBPROGRAMS
USED: AMAG (Xl, X2)

VARIABLES: Input Parameters
X1V(I), X3V(I) - Points in (x, y, z) coordinate space

defining a line.
x - coordinate I = 1

y - coordinate I = 2
z - coordinate I = 3

DELTA - The distance from the point XlV at which one
desires the point X2V to be located on the line
XlV, X3I. If DELTA is positive, X2V will be lo
cated along the line defined by XlV, X3Vin the
direction from X3V to XlV. If DELTA is negative,
X2V will be located along the line defined by
XlV, X3V in ~he direction from XlV to X3V. If
DELTA ;s zero, X2V will coincide with XlV.

Subprogram Parameters
TEMP - The length of the line segment defined by the

points XlV, X3V.

FCTR - The ratio of DELTA to TEMP

Output Parameters

X2V(I) - The x, y, z coordinates of the point X2V.

E-33



SUBROUTINE MOVE (XlV, X2V, X3V, DELTA, IERR) Concluded

lERR - An error indicator. If TEMP is greater than
zero (i.e., XlV andX3V do not coincide) then
IERR =O. If TEMP is equal to zero (i.e., XlV
and X3V coincide) then IERR =4 and the point X2V(I)
is not calculated when control is returned to the
calling program.

RESTRICTIONS:

ACCURACY:

SIZE:

REFERENCES:

OQi)2
OL:3
·fht~14

0005
(hHJ6
1'),.. (11

.~..

0009
i)ulU
0011

·0012
0013

-GY-l-4

See description of variable IERR.

Not applicable.

582

The point X2V is calculated using the vector relation

lt2 = ltl + DELTA ~3l

r3l =R3l ·/J'R3l • R3l

SUBIHlUTINE MJVEUU .X2Y ,X3V ,DELTA,IERR)
C M1VE E~DP)JkT Jf llAD

IMPLICIT RfAL*S Cl-H,O-Z)
DIM E- NSIllN' X1V Cl It X2. V13 ) • )e3V 13 )
lERR=Ci
TE~P=l~AGCKl',(31)

lFlTEMP.EQ.O.) GO TO '3
Fe TR=OE l TA /TEMP
DO 2. 1~1,3

XU cl ):)( 11 (I .. t( UII» -x 3VI lIJ *fCTR
2. CONTINUE

RETURN
3 IERR=4

REf URN
END

SUBROUTINE MOVE: LISTING
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E.9 SUBROUTINE MOVE2 (XlV, X2V, X3V, DELTA, IERR) Continued

PURPOSE:

SUBPROGRAMS
USED:

VARIABLES:

To calculate, in the x-y plane, the coordinates of the
point X2V that lies on a line passing through the points
XlV, X3V and is a specified distance, DELTA, from the
point XlV. This is the x-y plane analogue of subroutine
MOVE.

SQRT(X)

Input Parameters
X1V(I), X3V(I) - Points in the x-y plane defining a

line.
x - coordinate I = 1
y - coordinate I = 2

DELTA - The distance from the point XlV at which one
desires to locate the point XZV on the line de
fined by the points XlV, X3V. If DELTA is pos
itive, X2V will be located on the line defined
by XlV, X3V in the direction from X3V to XlV.
If DELTA is negative, X2V will be located along
the 1ine defined by XlV,. X3V in the direction
from XlV to ·X3V. If DELTA is zero, X2V coincides
with XlV.

Subprogram Parameters
TEMP - The length of the line segment defined by the

points XlV, X3V.

FCTR - The ratio of DELTA to TEMP.

Output Parameters
X2V(I) - The x,y coordinates of the point X2V.
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SUBROUTINE MOVE2 (XlV, X2V, X3V, bELTA~ IERR) Concluded

IERR - An error indicator. If TEMP is greater than
zero (i.e., XlV and X3V do not coincide), then
IERR = 0 and the coordinates, X2V(I) are calcu
lated. If TEMP is zero (i.e~, XlV and X3V coin
cide), then IERR= 4 and the coordinates, X2V(I),

are not calculated.

RESTRICTIONS: See description of variable IERR.

ACCURACY:

REFERENCES:

SIZE:

Not applicable.

See Subroutine MOVE.

596

OU01

~1·.i- 2
0(;,;3

.00(;4
(I, \"5
0-, '6
(1.) '.' 7
Oi)ta
O':,'~9

:Y) 1>J
(\(; 11
0012
(N13
'D14

SUB ROH I NE K) IE 21 (J V ,X2V .1( 3V .DElT l,IE III
C MOVE AN ENDPOINTI2-DIMENSION)

IMPLICIT REAl-' IA-tf,e-Z'
DI"ENSION Xl ytl ) • Xl V« 2) • n V(2 )
lE~R=()
lEMP=DSQRT«(XlVn )-X3V U J)oo2.CXIV (21-X3VI2' ....2.
IF(TE"P,EQ.O~JI '0 TO 3
FCT R=DE l TAl TEMP

DO 2·(: 1,2
X2V« l)=XIV (n.c Xl VI II-X3Y(1U*fCll

2 CONTINUE
RETURN

3 JE:tl=~

RETURN
010·

SUBROUTINE HOVE2: LISTING
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L'1O SUBROUTINE TRI (XlV, X2V, X3V, X4V, X5V, KTRI) Continued

PURPOSE: To calculate a logic number, KTRI, that indicates whether
or not the point X4V lies within or on the boundaries of
a triangle in the x-y plane formed by the points XlV,
X2V, and X3V. (See VARIABLES and RESTRICTIONS).

SUBPROGRAMS
USED: INTCPT (Xl, X2, X3, X4, X5); KPOS (Xl, X2, X3)

VARIABLES: Input Parameters
X1V(I), X2V(I), X3V(I) - The ~oordinates of three points

in the x-y plane. The x-coordinate is denoted by
I = 1; the y-coordinate by 1=2.

X4V(I) - A point in the x-y plane whose location relative
to the triangle formed by the points XlV, X2V,
X3V is to be determined.

Output Parameters
X5V(I) - The intersection point of the lines through

XlV, X2V and X3V, X4V.

KTRI - A logic number that indicates the location of
X4V relative to the triangle formed by the points
XlV, X2V, X3V.

KTRI = 1 If the point X4V lies interior to or on the
boundary of (excluding the point X3V) the triangle
formed by the points XlV, X2V, X3V.

KTRI = 0 If the point X4V coincides with the point X3V
or lies exterior to the triangle formed by the
points X4V, X2V, X3V.
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SUBROUTINE TRI (XlV, X2V, X3V, X4V, X5V, KTRI) Concluded

RESTRICTIONS:

ACCURACY:

SIZE:

REFERENCES:

The intersection point X5V is always calculated and re
turned to the calling program. If KTRI = 1 the point
X5V lies on the line segment defined by the end points
XlV, X2V including the end points. If KTRI =0 and
X4V does not coincide with X3V, the point X5V lies on
the line passing through the points XlV, X2V. If the:
points X3V and X4V coincide KTRI = 0 and X5V is project
ed to a point beyond 2.1014 miles from the point XlV.
(See Subprogram INTCPT). Usage of this subroutine
should recognize these restrictions.

That of subprograms.

594

None.

Qt)Cfl
n(l (~3

OJ .4
0(;£15
0'.'('6
;"\'):'1

.n4-4~

0009

SU6RUUTINE TRIIXIV.X2V.X3V.X4V.X5V,KTRIJ
( FIND IF PJINT IN UIANGlE AND LOCATE INTElCEPT

IMPLICIT REAL~8 tA-H,O-Z)
DIH.ENSION XIVC2 ».X2V (2).X3V (2I,XIN l2J.X5V(2)
CALL INTCPTtXIV,X2Y,X3V,X4V ,)5\1 J
I<TRl=!)
IF ( KPQS (XIV ,X2V ,X5V I.EO .OJR eTUR N
IF ( KPO S ( X3 V, X5V ,X4 VJ .EO.1 II< TR 1=1
RET URN
END

SUBROUTINE TRI: LISTING

E-38



E.ll SUBROUTINE INTCPT (XIV, X2V, X3V, X4V, X5V) Continued

PURPOSE: To calculate the x-y plane intersection point, X5V(I),
of two lines defined by the points (XlV(I», and (X2V(I»,
and (X3V(I», (X4V(I». The subscript I = I for
x-coordinates and I = 2 for y-coordinates.

SUBPROGRAMS
USED: None.

VARIABLES: Input parameters
XlV(I), X2V(I) - Points in the x-y plane defining a line.
X3V(I), X4V(I) - Points in the x-y plane defining a line.

Subprogram parameters
AX, AY - x-component and y-component respectively, of the

line segment defined by (XIV, X2V).
BX, BY - x-component and y-component respectively of the

line segment defined by (X3V, X4V).
Cl, C2 - Algebraic expressions arising in the derivation

of the algorithm.
o - The value of the 2X2 determinant formed by the

x,y components of the two line segments.

Output parameters
X5V(I) - The (x,y) coordinate (I =1, I =2, respectively)
of the intersection point.

RE'STRICTIONS: If either line segment has zerolen.gth, then 0 = 0 and
a division by zeyuwill occur. If the two line segments are
parallel or coincide, 0 = 0 and a division by zero will
occur. If 02< 10-6 ft2, the subroutine, projects the point
X5V out in the x-y plane somewhere beyond a radius of
2 X1014 miles from the point XIV. Usage should recognize
these restrictions.

ACCURACY: See Restrictions.

SIZE: 738
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SUBROUTINE INTCPT (XIV, X2V, X3V, X4V, X5V) Concluded

REFERENCES:

0001

-OiJD2
0003
00 Oft.
Oi)'!5
Ot; ·:6
0007
..o~l.

00·'19
OUIO
0011
0012
0(113
~~·lft.

0015
. OvI6

(l017
0018
0019

The algorithm used to calculate the point X5V, is derived
by writing the vector equation for lines passing through
the points (XIV, X2V) and (X3V, X4V) and solving for their
conmon point.

SU&ROUTINE ItT:PfeXlv.K2V.C3V.X4V.15VI
C FIND INTERCEPT Of TWO LINES IN A PLANf

IMPLICIT REAl.e lA-H.D-II
OJ" EN S1ON Xl V(2 ), X2V 12». X3V 12" X4tV C21 .. 5V I 2.
AX=X2V (1 )- XIV U J
AY=X2V(l)-XIVC2J
8X=X4V( 1 1-13yn»
BY=X4Y(2)-X3VllJ
Cl=AY*X2VllJ-AX·X2VI2J
(2=BY*X4V(l I-BX*X4V C21
D:A )(.8 y- A\'*8 X
Jf(O.*2.lT.l.E-6JGO TO 2
X5VIIJ=(AX*C2-8X*CIJ/O
X5yI21=CAy.C2-8V-Cl I/O
RETURN

2 O=DSQIT (AX••2•• Y*oZ J
X5V t1 »=XIVIU"CAX/O l.l.E+15
XSV(2)=XIV(Z)+tAY/DJ-l.f+lS
RETURN
END

SUBROUTINE INTCPT: LISTING
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Eo 12 SUBROUTINE NRPT (Xl V, X2V, X3V, X4V, DIST) Conti nued

PURPOSE: To compute the point X4V on a line defined by the points
XlV, X2V that is nearest to ~he point X3V. Thelen~th of
the line segment (X3V, X4V) is the distance, DIST, from the
point X3V to the line defined by XlV, X2V. If DIST =0,
then DIST is set equal to 1 foot prior to returning to the
calling program.

SUBPROGRAMS
USED: DSOR (Xl ,X2); AMAG (Xl, X2)

\'ARIABLES: Input Parameters
X1V(I), X2V(I) - Points in x, y, z coordinate space de

fining a line.

X3V(I) - A point in the x, y, z coordinate space.

Subprogram Parameters
I - Subscript denoting coordinate

x .- coordinate, I = 1
y - coordinate, I = 2
z - coordinate, I = 3

~

AV(I) - Components of vector R2l

~

BV(I) - Components of vector R3l

AX, AY, AZ ~ Values of AV(l), AV(2), AV(3); respectively.

BX, BY, BZ - Values of BV(l), BV(2), BV(3); respectively.

TEMP - Square of length of line segment defined by
XlV, X2V.
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SUBROUTINE NRPT (X1V~ X2V~ X3V~ X4V t DIST) Concluded

RATIO - An expression developed in the derivation of
the point X4V(I) in terms of X1V(I)t X2V(I) and
X3V(I).

Output Parameters
X4V(I) - Apoint on the line defined by X1V(I)t X2V(I). .

that is nearest to the point X3V(I). See RESTRIC-
TIONS.

DIST - The distance from the point X3V(I)to the l~ne de
fined by,X1 V( I) t X2V( I). If DIST =0t the subpro-.
gram sets DIST =1 prior to returning control to
the calling program~ See RESTRICTIONS.

'RESTRICTIONS: If the points XlV and X2V coincide t X4V coincides with
XlV and DIST is the distance between X3V and X4V.' If
X3V is on the 1ine defined by XlV ~ X2V the,n .X4V andX3V
coincide and DIST =1.

REFERENCES: None.

SIZE: 796
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0001
(

000'2
0003
0004

0005
0006
0001
0008
0009
0010
0011

rr1 0012
I

00134:>0
w

0014
0015
0016
0011
601e

SUBROUTINE NItPU Xl V.X2V.X3V.XftV.DIST J
FIND NEAREST POINT TO LINE

IMPLICIT REAL.S (A-H.D-Z)
DI"ENSION X IV C3 It X2Y C3) .x~ «:3 I .x IN C31 • IV f 31 .9i C3»
E.Q J J\''' lENt E (A vO I, I' XI ~ CAve 2) • AY'.. (l VB I, a 1 J. n v I U. S( a. It w• ll, ) Y

1 ), IBve3 h8l)
00 5 1=1,3
AV(I)=XZVCII-XIVCI)
BV ( J): J( 3V' IJ - H t ( J »

5 CONTINUE
RAT 10='1.
TEMP=OSQRtX2V,X tV.
J.f C TE "p. NE. o. I ',A TI 0 =CA X08x.a yoe Y+A Z.8 ll/IE'"
VO 10 1=1,3
X4vtl)=XlVII)+RATlooAVCl.

i II CONTINUE
0IST=~"AG(K~V,K3V)

IF(DIST.fQ.O.JDIST=l.
RETURN
ENO

SUBROUTINE NRPT: LlSTHIG



E.13 SUBROUTINE NRl (XlV, X2V, X3V, X4V, OIST, X5V, ON1)

PURPOSE: .. To calculate the point, X5V ,on the line segment (XlV,
X2V) that is nearest to the point X3V and to calculate
the distance between the points X3V and X5V.

SUBPROGRAMS
USED: KPOS (Xl, X2, X3), REPLACE (Xl, X2), AMAG (Xl, X2)

VARIABLES: Input Parameters
X1V(I), X2V(I) - Points in (x, y, z) coordinate space

defining a line segment and a line.

X3V(I) - A point in (x, y, z) coordinate space.

X4V(I) - The point on the line passing through the points
XlV, X2V that is nearest to the point X3V.

OIST - The distance from the point X3V to the line pass
ing through the points XlV, X2V.

Output Parameters
X5V(I) - A point on the line segment (XlV, X2V) that is

nearest to the point X3V.

ONl - The length of the line segment (X3V, X5V).

RESTRICTIONS: See Subprogram NRPT.

ACCURACY: Not Applicable.

SIZE: 736

REFERENCES: ~one.
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,
·.}}(!l . SU6kOUTlNE HRl&X1V, XlV ,XlV ,X4V.DIST.x_ .ON1.

C FIN 0 NEARES T POJ NT TO L I HE SfG"UT
0002 IMPLICIT ItEAl~8 CA-H,O-Z)'
0003 DIMENSION XIV'3),X2V(3).X3t(3J,X4V(3J.r~vr3t

Ou'4 If (KPOS (X4Y,X2V. XIV ).EQ.lJGD TO 2 .
Oi'}5 IFU(POS(XIV,X4V ,X2V J ,.fQ.1JGO TO Ie
0006 (ALL ltEPLCE (XltV, XSI{ J
0001 DN1=OIST
0008 RETURN
OH'9 2 CAll REPlCECXIY,X5VJ
0010 GO TO b
0011 ~ CA_l lEPLCE«2/,(SiJ
OiHZ 6 ON1=AMAGlX5V.X3V)
0013 RETURN
0014 END

SUBROUTINE NR1: LISTINt1
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,E.14' SUBROUTINE ENDPT (XIV, X2V, X3V, X4V, XSV, X6V, KTRIG, IERR) Continued

PURPOSE:

SUBPROGRAMS
USED:

To calculate the (x, y, z) coordinates of points on a
roadway segment for which sound propagation mayor may
not be affected at a, receiver location by an intervening
barrier or ground strip. (See RESTRICTIONS).

The input values of the points XIV, X2V define the initial
roadway segment. The point X3V defines the observer location
and the points X4V, XSV define the location of a barrier
on ground strip.

The subroutine calculates ,the index KTRIG and,as necessary,
the point X6V on the line segment defined by the input
values of XIV, X2V so that if KTRIG =0, the line segment
defined by the output values of XIV, X2V represent a road
segment with a clear line of sight to the receiver X3V.
If KTRIG = 0, the output values of X6V have no physical
significance. If KTRIG = 1, ~he line segment defined
by the output values of XIV, X6V represent a road segment
with an obstructed (in the x-y plane) line-of-sight to
the receiver at X3V and the line segment defined by the
output values of X6V, X2V represent a roadway segment with
a clear line-of-sight to the receiver at X3V.

The subroutine does not alter the input values of XIV,
X3V, X4V, and XSV, but it may alter the.input value of X2V.
Also, the points X2V and X6V may coincide. (see VARIABLES
and RESTRICTIONS).

REPLCE (XIV, X2V); ZCOR (XIV, X2V, X3V); BLOCN (XIV,
X2V, X3V, X4V, XSV, X6V, LOC); MOVE (XIV, X2V, X3V, DELTA, IERR).
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SUBROUTINE ENDPT (XIV, X2V, X3V, X4V, X5V, X6V, DTRIG, IERR) Continued

VARIABLES: Input parameters
XIV(I), X2V(I) - Points in x, y, z coordinate space

defining the alignment of the roadway
segment.

X3V(I) - A point in x, y, z coordinate space defining
the receiver location.

X4V(I), X5V(I) - ,Points in x, y, z coordinate space
defining a barrier or a ground strip.

Subprogram parameters
ITRIG - An index, internal to the subprogram, that

indicates whether or not the input value of the
point XIV and the point X6V initially calculated
on the line segment (XIV, X2V) are so close that
the significance of the segment (XIV, X6V) can
be ignored in judging the effect of the strip
(X4V, X5V). The subroutine considers "close"
to be a distance of 0.51 fe~t.

LOC An index generated by the subroutine BLOCN that
indicates the relative location of the roadway
segment and the receiver to the barrier or ground
strip.

DELTA - A distance defined as either -0.50 or -0.51 feet
and'used by subroutine MOVE to shift points.

XDUM(I)- A dummy point initially set equal to X4V(I).

Output parameters
KTRIG - An index of whether or not the sound from a road

segment may be attenuated by a barrier or ground
strip. If KTRIG = 0, the segment (XIV, X2V)
is unaffected by the strip X4V, X5V (see Output
parameter X2V(I)). If KTRIG =1, the line segment
(XIV, X6V) is totally affected by the strip
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SUBROUTINE ENOPT (XIV, X2V, X3V, X4V, XSV, X6V, OTRIG, IERR) Continued

(X4V,' X5V) and the segment (X6V, X2V) is un
affected by the strip (X4V, X5V) (See Output
parameter,X6V(I».

IERR - An error code set by subroutine MOVE. If IERR =
0, the subroutine MOVE has been successful and
output from ENOPT can be used.' If IERR = 4,
the subroutine MOVE has not been successful and
output from ENOPT are probably in error~

(See Su~routine MOVE).
XlV(I) - One end point of the roadway 'segment. The

input values of XlV(I) are not altered by the
subprogram.

X2V( I) - One end point of the roadway segment. The input
values of X2V(I) to ENDPT may be altered by
ENDPT so that when KTRIG =0, the roadway segment
defined by (XIV, X2V) is not affected by the
barrier or ground'strip defined by (X4V, X5V).
If KTRIG = 1, the input values of X2V(I),to
ENDPT are not altered by the subroutine. Hence,
the output values of X2V(I) always represent an
end point of a roadway segment that is unaffected
by the intervening barrier or ground strip.

X3V(I) - Input values of the receiver location. Not altered
by the subprogram.

X4V(I), X5V(I) - Input values of the barrier or ground
strip location. Not altered by the Sub
program.

X6V(I) ~ If KTRIG =0, the point X6V has no significance.
If KTRIG = 1, the point X6V is a point on the
roadway'segment (XIV, X2V) that defines a totally
affected segment (XIV, X6V) and a totally un
affected segment (X6V, X2V). The point X6V
may coincide with the point X2V.
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SUBROUTINE ENDPT (XIV, X2V, X3V, X4V, X5V, X6V, DTRIG, IERR) Concluded

RESTRICTIONS: The subroutine ENDPT determines whether or not the road
way segment defined by the input values of (XIV, X2V)
is affected by the barrier or ground strip (X4V, X5V)
using x-y coordinate geometry. Hence, the subroutine
ENDPT does make an absolute judgement as to no effect if
KTRI =0 on the segment (XIV, X2V) or if KTRI =1 on the
segment (X6V, X2V). However, if KTRI = 1, the subroutine
does not consider the elevat10ns of source, barrier, and
receiver for the roadway segment (XIV, X6V). The usage
should recognize this fact. '

ACCURACY: That of subprograms.

SIZE: 1152

REFERENCES: None.
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---- 0003--'---'-- - -.--.. (C:''''M(I~/INOUII~PT.IOllT·--··--· -.---.------.-~--.--- .. ---.-.----.------
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0006 KTRl~~O
--0001 IT R1(;= 1 ---'-'--- ---..----

0008 (All ~fPlC[c::lV.XD~I~J
___.0009 - .. ._.1 tAll Sl OeN (XDUM ,XlV ,X3V ,X4.-v .X5V·.,X6V-,U1C·J·----------·--

00 10 I F ( l OC • Hi .0 J It ETURN
___._00 11 ._._.___ IF ( l UC• Nf .3 J (j, 0 T0 2 . .__ .__.__.. _. __.. _

0012 . CALL qEPlCE«(2V,XbVJ
__~O.o.~ 3 .~(J .. II.,! ..~.__. ...__. _

00 14 2 X6 V«3 J =- Z(0R ( l(] V ,X2 V ,XbY J
__. 00 15._~ .__ .. IF« I Tq 1G.E Q. 0 ) GO J II 5 ... .._.. ._.. _.....__ ._

0016 . If(AM~G(XlV,l(6V).(;r.0.51J (,0 TO 5
__.00 11~. .__ 1TR 1(;::.0_ .. _ _. __ . .__ _.. .... __ . . _

0018 OELTA=-O.51
__9_P'1.~ _C AL L_.\{ 0 VE l x.OJ~ •..xDUll.Jt2V_.O.ELrA.._LJI ELo-IRIU'R"-I)~ _

0020 (,0 TO 1 .
__".0021_. .__ . 5' OELTA=-O.5 .._..... 0 _

0022 IFClUC.[Q.l) GO TO 3
0023 _._._.. ..__ .. CAll 'tOVE (X6\f, ~2V, XIV ,DEL TA. [ERR) _. .... .. .__ . ._.._.. __ .__ ... __
0024 RETUR~
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0030 END
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E.15 SUBROUTINE SECTN (XlV, X2V, X3V, X4V, X5V, X6V, X7V) Continued

PURPOSE: Calculates the (x, y, z) coordinates of the points
X6V(I) and X7V(I). The point X6V(I) is on the line
passing through the points X4V, X5V intersecti~g the
vertical (z - coordinate) plane defined by the (x-y)
coordinates of the points XlV, X3V. The pointX7V
is on the line passing through the points X4V, X5V
intersecting the vertical (z - coordinate) plane
defined by the (x-y) coordinates of the points X2V,

.X3V. (See RESTRICTIONS and Figure E-3).
SUBPROGRAMS
USED: INTCPT (Xl, X2, X3, X4, X5), ZCOR (Xl, X2, X3)

VARIABLES: Input Parameters
X1V(I), X2V(I), X3V(I) - Points in (x, y, z) coordinate
space defining lines passing through the points XlV,
X3V and X2V, X3V.

X4V(I), X5V(I) - Points in the (x, y, z) coordinate
space defining a line passing through the points X4V,
X5V.

Output Parameters
X6V(I), X7V(I) - Points on the line passing through the
points X4V, X5V ~hat lie in the vertical plane defined..';.~
by the x-y components of the lines passing through the
points XlV, X3V and X2V, X3V, respectively.

RESTRICTIO~S: The subprogram does not check to see if the points X6V
and XlV lie on the line segment (X4V, X5V). Usage of
this subprogram must recognize this restriction..

ACCURACY: See SUbprogram INTCPT.
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SUBROUTINE SECTN (XlV, X2V, X3V, X4V, X5V, X6V, XlV) Concluded

SIZE: 634

REFERENCES: None.

SUBRUUTINE SECTNCXIV,X2V,X3Y,X4V,X5V,X&V,X7V)
C FINO EFfECTIVE BARRIER SECTION

IMPLICIT REAL c8 IA-H,D-Z)
DI tot ENS ION XlYC3 ), X2V (3) ,X 3V (3) ,x f#I C3) til ~ (31 .. 6V III • Xl V( 3)
CALL INT(PT( KIV,X3YtX4v,X5V,X6VI
X6V (3) =1(01( (X~V, X5V t X6V J
CA Ll IN T(PT (X2V, X3V ,X4V ,X5V ,XlV)
X7 V(3 ) =·l( DRex 4V. X5V, X1V )
RET lJR N
E.ND

SUBROUTINE SECTN: LISTING

E-53



PURPOSE:

SUBPROGRAMS
USED:

VARIABLES:

E.16 SUBROUTINE IMAGE(XIV;X2V, X3V,·X4V) Continued

To calculate the (x, y, z) (I = 1,2,3) location of an,
image receiver at the point X4V(I) relative to a receiver
at the point X3V(I) and a reflector defined by the end·
points XIV(I) and X2V(I). All calculations are conducted
in the x-y pl~ne with the z coordinate, X4V(3), of the
image receiver set equal to the z coordinate X3V(3)
of the receiver.

None.

Input parameter
XlV(I), X2V(I) - The x, y, z coordinates of· the reflector.
X3V(I) - The x, y, z coordinates of .the re~eiver.

Subprogram parameters
AX - The x-component of the directed line segment

(XlV, X2V)
AY - The y-component of the directed 1ine segment

(XlV, X2V).
AXY - The square of the distance of the x-y plane

projection of the line segment (XlV, X2V).
RATIO - The ratio of the x-y plane projections of the

distance of point X3V from the line defined by
XIV,X2V to the length of the line segment
(XlV, X2V).

Output parameters
X4V(I) - The (x, y, z) coordinates of the image receiver.

RESTRICTIONS: The subroutine does not util ize the z ;coordinates defining
the reflector and, hence, cannot judge whether or not a
reflection would in fact occur. Usage should recognize
this restriction.

ACCURACY: Not applicable.

E-54



SUBROUTINE IMAGE(XIV, X2V, X3V, X4V) Concluded

SIZE:

REFERENCES:

532

See Figure E-4 for nomenclative.

SUB ROUT I NE IMAGE IXI Y, X2V ,X3V ~X4V •
( FIND IMAGE POINT

l"~ll:lr lEAL~' Cl-H.D~l)
DIM lNS 10 N Xl v'e 3) .X 2 V13 •• X3V (3).l4V( 31
AX=X2VCl)-XlVU»
AY :X2V (It) -Xl V(2 )
AX (=A«(1 "'2.A r~* 2
RATlo~o •
IFfAXY.EQ.O.)GO TO 10

RAT J [F« ((X 3 W2) - Xl VI 2U .,X-( X3" Q 1-12 VII U ••Yto 2.. OI/Aar,
10 X4 V (1 J z X3i ( 11 • U' 0 t l TID .

X4 V ( 2 J z: X3 Y«2 J- AX0- RA T10
Xlty (3)=X3V(3.
RUUR~

E~ !)

SUBROUTINE IMAGE: LISTING
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X4V(3) = X3V(3)

._-------

X2V(I)

-/~ i
l

rv'\~~ ./ AY

~~---AX ~ III J
/

/
I

/
\ . \ /

\ '. /
\ \

1/
X4V( I)

t I. ,_" IMAGE RECEIVER

L
x,I=l

y,I=2

FIGURE E-4. SUBROUTINE IMAGE: NOMENCLATURE
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PURPOSE:

SUBPROGRAMS
USED:

VARIABLES:

E.17 SUBROUTINE MIDP (XIV, X2V, X3V)

To calculate the midpoint, X3V, of a line segment
defined by the points (XIV, X2V) in x, y, zcoordinate
space.

None.

Input parameters
XIV(I), X2V(I) - Points in x, y, z coordinate space

defining the line segment.
I - Subscript defining the

x - component I =1

y- component I =2
z - component I = 3

of the points XIV(I), X2V(I), X3V(I).

Output parameter
X3V(I) - Point in x, y, z coordinate spece defining the

midpoint of .the line segment (XIV, X2V).

RESTRICTIONS: None

ACCURACY: Not applicable

SIZE: 402

REFERENCES: None

0001 SUBROUTINE- MIDP (XIV, XZV. X3VI
C FIND CE·NTE R POI NT

~l~)"2 IMPLICIT REAlo8 IA-tf.D-Z)
00 ('3 0 I M1: NSIDN X1Vn ), XZV ( 3) , X3V (3 J
00(14 D::t H! I cl. 3
(\<);15 If! X3V(I) &: (XIVI1)+XZVUJ)/2.
OUl' RETURN
0')\7 END

SUBROUTINE MIDP: LISTING
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PURPOSE:

SUBPROGRAMS
USED:

VARIABLES:

RESTRICTIONS:

ACCURACY:

SIZE:

REFERENCES:

E.18 SUBROUTINE REPLCE (XlV, .X2V)

To assign the coordinates of a point or the components
of a vector, X1V(I), to the coordinates of a point or
the components of a vector X2V(I). The values of X1V(I)
are unchanged.

None.

Input/Output Parameters
X1V(I), X2V(I) - The components of two vectors or .the
coordinates of two points in (x, y, z) coordinate space.

x - component or coordinate I = 1
y - component or coordina~e I =2
z - component or coordinate I = 3

None.

Not applicable.

310

None.

00Dl
0002
O.o.1l3 .
Oij04
O,)(lS
0006
0007
Oij(l8

S18 ROUT J NEREPlC.E ex IV .X2V)
IMPLICIT REAloS Il-H,O-U
DIMEHSJONXIVC)),X2V&3)
X2 V U »eX 1V111
X2 V 12 JeX 1VC21
X2i (3J~)(lt(31.
RETURN
END

SUBROUTINE REPLCE: LISTING
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PURPOSE:

SUBPROGRAMS
LISTED:

VARIABLES:

RESTRI CTI ONS :

ACCURACY:

SIZE: .

REFERENCES:

Q!..)Ol

0.0 QZ._
0003
0'.;4
Q,j(!5

0006

E.19 FUNCTION AMAG (XIV, X2V)

To compute the length, AMAG, of a line segment defined by
the end points X1V(I) and X2V(I), for an (x, y, z)
coordinate system.

DSQR (XIV, X2V); SQRT (X).

Input Parameters
XIV(!}, X2V(I) - Points defined by their x(I=I}, y(I=2),
z(I=3) coordinates.

None.

Not Applicable.

370
o£

Calculates the length of a line vector, R12 , as AMAG =
... ... J:::

(R12 • R12 ) 2.

FUNCTION AMAG.XIY.X2Yl
( FIND MAGNITUDE OF VECTOR

IMPLICIT REAL~8 (A-H,O-Z)
DIMENSION X1VC3),X2VI3J
AMAG=DSQRTCDSQR(XIV.X2V»)
RETURN
END

FUNCTIONAMAG: LISTING
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PURPOSE:

SUBPROGRAMS
LISTED:

VARIABLES:

E.20 FUNCTION ANGLE (XIV, X2V, X3V)

To compute the angle between the two line segments defined
by the points (XIV, X3V) and (X2V, X3V) for an (x, y, z)
coordinate system.

DSQR (Xl, X2), SQRT (X), ARCOS (X).

Input Parameters
XIV(I), X2V(I), X3V(I) - Points defined by their x(I=l),
y{I=2), z(I=3) coordinates.

Subprogram Parameters
013 - Square of the length of the line segment defined by

the points XlV(I) and X3V(I).
012 - Square of the length of the line segment defined by

the points XlV(I) and X2V(I)~

023 - Square of the length of the line segment defined by
the points X2V(I) and X3V(I).

RESTRICTIONS: If point X3V coincides with either XIV or X2V,ANGLE = "/2.

ACCURACY: Tha~ of subprograms.

SIZE: 6248

REFERENCES: COS (ANGLE)- is calculated using the "Law of Cosines. II

ANGLE is calculated as COs- l (COS(ANGLE».

FUNCTION ANGLE: LISTING

0001
0(102
0'J..::.13
0004
0005
(h' (~6

O'j':7
O(iti8

0009
00 hi
0011

HnCTl-lN ArtGLE(XU.12V.X3VI
IMPLICIT REAL#8 IA-H.O-li
DIMENSION XIV(31.X2Y(31.X3V.3)
D13 :DSQR IXIV. X3V)
023=DS~RI(2V,(3W)

ANGlE=1.5708
IF(D13*D23EQ (I. IRE TURN
D12=DSQR(X1Y.~2V)

AN;LE:DARCJS (() 23.0 13-D 12)'« DSQITt 013 -D23) -l.1 I
RETURN
END
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E.21 FUNCTION BARFAC (KF, DELP) Continued

PURPOSE: To compute the attenuation of acoustic intensity for a
propagation path over a barrier between a source point
and a receiver point for a given path length difference,
DELP, and octave band center frequency, denoted by the
index KF.

SQRT(X), TAN(X), TANH(X), ABS(X).

Input parameters
"KF - Interger index, n, for octave band center frequency

(see derivation below) or A-weighted sound level~ (KF = 1).

Subprogram parameters
"DELP - Path length difference, 0, between the diffracted

ray and the direct ray between source and receiver.
IP - Variable internal to subprogram equal to KF.
A - 2 ~N, where N is the Fresnel Number (see derivation

below) .

RESTRICTION: Theory based upon Fresnel diffraction using an analytical
approximation to the experimental measurements of Maekawa.
(See Section ~.6, Appendix A).

SUBPROGRAr4S
LISTES:

VARIABLES:

ACCURACY:

SIZE:

If KF=l, the A-weighted sound level is being utilized.
This subprogram evaluates A-weighted sound level
attenuation by calculating the attenuation at the octave
band center frequency of 500 Hz. (IP=5).

Speed of sound, c, is assumed to be 1120 ftjsec.

That of subprograms.

856
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FUNCTION BARFAC (KF.~ DELP) Continued.

REFERENCES:

DERIVATION:

Mae kawa, Z.: IINoise Reduction by Screens; App1 ied Acoustics,

Vol. 1~ 1968~ pp 157-173.

Kurze, U.J., and Anderson~ G.S.; IISound Attenuation by

Barriersll~ Applied Acoustics~ Vol. 4~ 1971~ pp 35-53.

Kurze~ U.J.; IINoise Reduction by Barriers"~ J. Acoustical

Society of America~ Vol. 55~ No. 3~ March 1974~

pp 504-518.

Development of the relationship .for calculating the

barrier factor (attenuation) as a function of Fresnel Number

is presented in Section

For an octave band center frequency~ f c ; a path length

difference~a; and a speed of sound~ c; the Fresnel Number

is defined as

N = 2fc 8/C

for 'f
c

= 2n • 103/64; n = 2~3~ .... 9, c = l120ft/sec.

N = 2fc 8/1120 = f c 8/560

N = 2n • 103 8/(64 • 560) = 2n 8/(35.84)

A = 2TT N = 2n 8/(35.84/2TT ) :. 2n 8/5.7

BARFAC = 10-Db/10

for N~ -0.2; A~ -1.257; Db=0; BARFAC=l.O

for -0.2~N~0 -1.257~A<0

Db = 20-10g (vlAl/TAN( JiA",» + 5 = 20 log (R) +5

RARFAC = 10-(20 log (R) + 5)/10 = (l00.5R2)-1

BARFAC = (3.1623 R2 )-1 = (TAN( ~!>/JjAI)2/3.16

for N=O; A=O; D
b
=5; BARFAC = 10-5/ 10 = 0.31623

for O~ N~ 5.03; 0 ~A !31.6;

Db = 20'10g (,fA;TAN H(JA) + 5 = 20 log (R) + 5
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FUNCTION BARFAC (KF, DELP) Concluded

BARFAC = 10-(20'109 (R) + 5)/10

= (3.1623 R2)-1 = (TAN~(~))2/3.16A

for N>'5.03; A ::31.6 Db = 20*

BARFAC =10-20/ 10 =10-2 =0.0100

* Note:Previous versions of this subroutine placed an upper limit of

Db = 24 dB on barrier attenuation (ie, BARFAC = 4 • 10-3). The

upper limit has been reduced to 20 dB based .upon field experience .

.! JI)i

\1\,,:"2

0003
0004
0(1')5

!h: \>6
00(·1
o.u.oa
OI)'}9
0010
0011
0012
0013

. ,,"W-14
0015
OOH.
0011
OJ18
0019
LUl2ll
0021
Ou22
0023

fU'i:TICN BARfAC IKF,DElP J
IMPLIC 1 T REAlo8 (A-tf ,0-1 )

C fiNO BARRIER fACTOR
IFIDElP.fQ.-O.Z1GJ TO 3
IF(DElP.GE.5.6S1GO TO 4
IP=KF
IftkF.EQ lJIP=5
A=DELP*l2.··IPJ/s.l
IFIA.GE.31.61GD TO 4
IffA.GT.O.) GO TO 5
IFfA.EQ.O.JGD TO 6
IfIA.GT.-l.2S.AND.A.lT.O.)GO TO 1

3 8ARFAC=1.O
RETURN

'" 8ARFACa:O .01
RETURN

5 BAtfAC=lDfAliIDsalftA)J*o2t'A/3.1b
RETURN

6 BlRfAC=.316
RETURN

1 A1 =DASS CA J
BARfAC~(DTAN'DSQRTtAl)JI··2/Al/3.16

RETURN
END

FUNCTION BARFAC: LISTING
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E.22 FUNCTION DEL (XIV, X2V, X3V, X4V, HDIFF,DNl) Continued

PURPOSE:

SUBPROGRAMS
USED:

VARIABLES:

To calculate the path length difference, DEL, between
the ray from the source point, XlV(I), diffracted over a
barrier defined by a line segment defined by the points
(X3V(I), X4V(I)) towards a receiver location at the point
X2V(I). Points and line segments are defined in an
xCI = 1), y(I =2), z(I = 3) coordinate system.

NRPT (Xl, X2, X3, X4, DIST), DSQR (Xl, X3), SQRT (X).

Input parameters
X1V(I) - Source point at xCI = 1), y(I = 2), z(I = 3)
X2V(I) - Receiver point at xCI = 1), y{I = 2), z(I = 3)
X3V(I) - ,End point of line segment at x(I = 1), y(I = 2),

z(I = 3) defining barrier.
X4V(I) - End point of line segment at xCI = 1), y{I = 2),

z(I = 3) defining barrier.
HDIFF - Height difference between ·source-receiver ray

and top of barrier. (See function HEIGHT).
DN1 - Distance between source-receiver.

Subprogram parameters
DISTA - Distance from source to point XA(I).
DISTB - Distance from receiver to point XB(I).
DISTC - Square of distance between points XA(I) and

XB(I) .
XA(I) - Point on line defined by the line segment

(X3V, X4V) that is nearest to the source point
X1V{I).

XB(I) - Point on 1ine defined by the 1ine segment
(X3V, X4V) that is nearest to the receiver point
X2V(I) .

Output parameters
DEL - Path length difference. Positive if HDIFF is less

than zero. Negative if HDIFF is greater than zero.
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FUNCTION DEL (XIV, X2V, X3V, X4V, HDIFF, DNl) Concluded

RESTRICTIONS: The subprogram does not check to see if the direct path
from the source to the receiver intersects the barrier.
Hence, it is possible to define input to the subroutine,
that yields a positive value of DEL when in fact DEL
should be zero. Usage of this subroutine should recognize
this restriction.

ACCURACY: That of subprograms.

SIZE: 672

REFERENCES: See Fi gure E-S for deri vation of a1gori thm.

0002
O')'}3

.J)004
0005
OOO~

non
-C44ia
0009
00·10 .

FUNCTION DflCX1Y,X2V,X3V,X4V,HDlfF,ONli
C FIND PATH LENGTH DiffERENCE

IM~L]:lr lEAl~8 IA-H,D-Zt
DIKENSION XIV C3·I.X2Y (3) ,X3Y (31 ,XltV C3) ,XAY(3) .x BY (3)
CALL NRPTIX3Y,X4V,XIV,XAV,DISTA)
(ALL ~RPTCX3V.X4V.X2y,XBY.DISTB)

01 STC=DStU. (Xay, XAi)
DEL=DSQRT(COISTA.olST8t··2+DlSTC)-DNl
If(~DIFF.GT.O.IDEL=-DEL

RETURN
EN',)

FUNCTION DEL: LISTING
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FUNCTION nEl (X1V,X2V,X3V,X4V,HOIFF,DH1)

Basic Relationship: DEL =A+ B _ ONl .. "

Basic Geometry: OISTA = A cos 9

OISTB = B cos 9

A2 = OISTA2 + 012

,

01 =A:SIN e
02 = B SIN 9
B2 = DISTB2 + D22

OISTA • OISTB + 01 ··02 = AB cos2e + AB SIN2e = AB

(A + B)2 = A2 + B2 + 2AB

(A + .B)2 % DISTA
2

+ D1
2

+ .DISTB2 + D22 + 2 (DIS1A • DISTB + DJ • D2)
(A + B)2 = (oiSTA + OISTB)2 + (01 + 02)2
OISTC = (01 +" 02)2

:. A + B - ONl = SQRT((OISTA + OISTB)2 + OISTC) _ ON]

FIGURE E-5. FUNCTION DEL: DERIVATION
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PURPOSE:

SUBPROGRAt.1S
USED:

VARIABLES:

E~23 FUNCTION DSQR (XIV, X2V)

To calculate the square of the distance between two
points XIV(I), X2V(I) in x(I = 1), y(I =2), z(I = 3)
space.

None.

Input parameters
XIV(I), X2V(I) - Points defining a line segment by their

x, y, z coordinates.

Output parameters
DSQR - The square of the distance between the points

XIV(I), X2V(I).

RESTRICTIONS: None.

ACCURACY: Not applicable.

SIZE: 392

REFERENCES: DSQR is the scalar ("dot") product of the vector between
points XIV and X2V.

FUNCTION DSQR: LISTING

OOD.l.
0002
Oq!"l3
0,) '.14
00(15
oun6
01),;7
o.;ne

fUNCTION DSQlllIV.X2V)
IMPLICIT REAl~8 IA-H.D-ZI
DIMfNSIOtt Xl Vl31.X 2V13.
DSQR=O .. <l
DO 10 lel.3

10 DSQR=(X1VIII-XlVIJI) ••2+0SQR
RETURN
END
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E.24 FUNCTION HEIGHT (XIV, X2V, X3V, X4V)
I

PURPOSE: To calculate the difference in elevation (z coordinates)
between the lines defined by the points (XIV, X2V)
and (X3V, X4V) at the x-y plane intersection point of
the x-y plane projections of the lines (XIV, X2V)
and (X3V, X4V).

SUBPROGRAt·1S
USED: INTCPT (Xl, X2, X3, X4, X5) ZCOR (Xl, X2, X3).

VARIABLES: Input parameters
XlV(I), X2V(I) - Two points defining a line in x(I = 1),

y(I = 2), z(I = 3) coordinates.
X3V(I), X4V(I) - Two points defining aline in xCI = 1),

y(I = 2), z(I = 3) coordinates.

Subprogram parameters
XI(I) - The x-y plane intersection point of the x-y

plane projections of lines defined by the points
(XIV, X2V) and (X3V, X4V). Note XI(3) is never.
assigned a value.

Output parameters
HEIGHT - Difference in elevation between lines defined

by (XIV, X2V) and (X3V, X4V) at intersection
point.

RESTRICTIONS: That of subprograms used. Hence, HEIGHT can be an
elevation difference at a location not on the line
segment defined by (XIV, X2V) and (X3V, X4V). See
Subprograms INTCPT and lCOR.

ACCURACY: If the x-y plane projections of the lines (XIV, X2V)
and (X3V, X4V) are parallel on collinear HEIGHT will be
a very larqe number. See Subprograms INTCPT and lCOR.

SIlE: 518

REFERENCES: See Subprograms INTCPT and lCOR.
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:1·.:~l FUNCTION HEIGHTIX}V,X2V.X3V.X4VI
( FIND HEJG~T DIFfERENCE

00.02 nPLl:ITUAl~8 IA-H,O-lJ
() 0 n3 0 1M ENS J UN X 1Vf3 ) • X2V C3) .X 3V C3) .X ltV C31 .X J( 31
u,jJ4 (All INTCPTIXIV,X2V,X3V.X4V.)1 J
0005 HEI'HT=ZCORCXIV ,X2V.X J)-Z(DRCX3V .x4V ,X II
0006 RErUR~

(Ll':l END

FUNCTION HEIGHT: LISTING
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PURPOSE:

E.25 FUNCTION IAREA (XlV, X2V, X3V) Continued

To calculate an index, IAREA, that indicates the relative
spacing (area enclosed) of the three points XlV, X2V,
X3V in the x-y plane.

SUBPROGRAMS
USED:

VARIABLES:

DABS(X)

Input Parameters
X1V(I), X2V(I), X3V(I) Points defined in the x-y plant.

x - coordinate I· 1 .
y - coordinate I = 2

Subprogram Parameters
TERM 1, TERM 2, TERM 3 - The three terms resulting from

ca1cul ati ng the vector ("cross ") product of the
vectors R3l and R32 .

AREA - A number equal to twice the area of the triangle
formed by the points XlV, X2V, X3V. If AREA is
zero, the points XlV, X2V, X3V, are colinear.
(See REFERENCES).

Output Parameters
IAREA: IAREA = 1 if the area of the triangl e formed by

XlV, X2V, X3V is greater than 1 square foo~, or
if AREA is negative.

IAREA = 0 if the area of the triangle formed by
XlV, X2V, X3V is equal to or greater than zero
square feet but less than or equal to 1 square foot.
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FUNCTION IAREA (XlV, X2V, X3V) Concluded

RESTRICTIONS: None.

ACCURACY: Not applicable.

SIZE: 486

REFERENCES: The variable AREA is the magnitude
by the vector product of the
in the x-y plane.

of the vector formed
~ ~vectors R31 and R32

0001

0002
0003
OOOij
0005
0006
0007
oooa
0009
0010
0011

C lABEl 03/78 SAl MOO
FUNCTION IAREA(X1V,X2V,X3V)

C FIND AREA OF TRIANGLE
IMPLICIT REAL*8 (A-a,O-Z)
DIMENSION X1V(2),X2V(2),X3V(2)
IAREA=l~

TElii11=X1V (1) * (X2V (2) -X3V (2»
T ERri2=X2V (1) * (X3V (2) -x 1V (2) )
TERl.i]=X3V (1) * (XlV (2) -xu (2»
AR'EA=TERM1+TEBM2+T·Elil!3
IF (IiABS(.S*ABEA) .I.E.1.) IAREA=O
RETURN
END

FUNCTION IAREA: LISTING'
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PURPOSE:

E.26 FUNCTION IEPS (XIV, X2V, X3V, X4V, DELI) Continued

The decision parameter IEPS represents a comparison of two
path length differences, DELI and DEL2, to decide whether
or not the path length differences are sufficiently similar
so that the condition of uniform sound intensity from a
roadway segment to a receiver via :a diffracted path over
a barrier exists. If IEPS = 0, the condition of uniform
sound intensity at the receiver is satisfied and DEL2
is considered similar to DELi. If IEPS =I, 'DEL2 is not
sufficiently similar to DELl for uniform sound intensity
at the receiver to be assumed.

SUBPROGRAMS
USED:

VARIABLES:

AMAG(Xl, X2); HEIGHT(Xl, X2, X3, X4);
(DEL(X1, X2, X3, X4), (HDIFF,DIST); ABS(X).

Input parameters

XIV(I) - A point in (x, y, z) coordinate space that re
presents,the source.

X2V(I) - A point in (x, y, z) coordinate space that
represents the receiver.

X3V(I), X4V(I) - Two points in (x, y, z) coordinate space
that define a line representing the top
of a barrier.

DELI - A number representing a path length difference
for an acoustic propagation path diffracting
over a barrier.

Subprogram parameters
DIST - The distance between the source point 'XIV(I)

and the receiver point X2V(I).
HDIFF - The elevation difference (difference in z co

ordinates) between points on the lines defined
by the points XIV, X2Vand X3V, X4V at the x-y
plane intersection point of these lines (See
RESTRI cnONS) .
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FUNCTION ,IEPS (XIV, X2V, X3V, X4V, DEll) Concluded

DEL2 - The path length difference defined by the source
location, XIV; the recejver location, X2V; and
the top of a barrier defined by the line through
the points X3V, X4V. (See RESTRICTIONS and
Subprogram DEL).

DELM - The arithemetic'average of the values of DELI
and DEL2.

Output parameter
IEPS - IEPS =a if the values of DELI and DEL2 satisfy

the cirterion presented under REFERENCES. (See
PURPOSE) IEPS = 1 if the values of 'DELI and
DEL2 do not satisfy the criterion presented under
REFERENCES. {See PURPOSE).

RESTRICTION: Neither the subprogram IEPS nor any of the subprograms
utilized by IEPS checks to see if the line segment
(XIV, X2V) intersects the line segment (X3V, X4V).
For proper utilization this subprogram must receive ihput
data such that the above line segments do intersect and
that the variable DELI corresponds to a path length
difference associated with the input data geometry. Usage
should recognize this restriction. (See Subprogram DEL).

ACCURACY: That of subprograms used and the criterion specified.
(See REFERENCES).

SIZE: 700

REFERENCES: The criterion used to judge similarity of two path length
differences is that

(82 + 81)
/8 2 - 81' - 100 (1 + ( 8 2 + 8 1)/2)< 0.10

Where 01 = DELI, 02 = DEL2. See description of barrier
diffraction under Prediction Model in main text of report.
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fT'l•.....
.po

(L,n!

,.) J •.i2
OOfl3
O{)O~

0',1(."5
(l',k6
0007
Odt;8
(l"',9
OdlU
0011

C
FUNCTION IfPS lXIV, X2V, ~3V,XItV, DElli
CHECK ON PATH LENGTH DIFFERENCE
IMP LIC 1 T REAL~8 CA-tl,C- Z I

01 MENSI ON Xl V U ), X2Y 13J .. X3V 13), X4V C3)
tEP S s-O
DIST c AMAG (Xl V.X2V)
HDJfF c HEI'HT IXIV,X2V,X3V,)fItVI
DELl • DEL lltl 'I, l(2 y', xlv. Wtv, HDIFf, DIST)
DEl"= IDEll+DEl21/2.
IF ((DAB SI DEll-DE Ll J-0 .1-OElH 150 •• 11 • .ofL" ) ••'T .0.1 IfP 5-1
RE TlJRN
END

FUNCTI ON IEPS : LI STING



E.27 FUNCTION KCUT (XIV, X2V, X3V, X4V)

PURPOSE: To calcualte a logic number, KCUT, that indicates whether
or not two line segments intersect in the x-y plane.
The line segments are defined by the end points (XIV,
X2V) and (X3V, X4V). If the line segments intersect
(including end points) KCUT = 1. Otherwise, KCUT = O.

SUBPROGRAMS
USED: INTCPT (Xl, X2, X3, .X4, X5), KPOS (Xl, X2, X3).

VARIABLES: Input parameters
XlV(I), X2V(I) - Points in the x-y plane defining a line

segment. The subscri pt I = 1 for x
coordinates; I = 2 for y-coordinates.

X3V{I), X4V{I) - Points in the x-y plane defining a
line segment. The subscript I = 1 f~r x
coordinates; I = 2 for y~coordinates.

Output parameters
KCUT = 1 - if the line segments int~rsect in an oblique

sense including end points.
KCUT = 0 - if the line segments do not intersect or are

coll inear.

RESTRICTIONS: If the line segments are collinear, KCUT = o. See Sub
program INTCPT. Usage should recognize this restriction.

ACCURACY: Not applicable.

SIZE: 544

REFERENCES: None.

FUNCTION KCUT: LISTING

0"02a\)i:) 3

8bW~
O~JO"
0-)\17
OU08
0009

fU NeT ION KCUT( Xl v ,XlV.X3V.X4U
C DETER'Ii,.E IF rlla LINE SEGMENTS CROSS

IMPLICIT lE:AL#.8 IA-H.O-Zl
Of" ENSI ON X1VC2 ) , X2V (l) • X3V «2) .x 41 12) eX 5V «z.
KCUT=:,I
(A _L I~ r C:a r c< 11 , '( U , X3V • X4-1 .X 5V •
JFtKPDSIXIY,X2V,X5VJ.NE.IJRETURN
IF (K PO S t X3 V, X4 V, X5 Y ): EQ. 1 JK CUT lr 1
RETURN
E'4 !)
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PURPOSE:

SUBPROGRAMS
USED:

VARIABLES:

E.28 FUNCTION KPOS (XIV, X2V, X3V)

To calculate a logic number, KPOS, indicating whether the
point X3V, in the x-y plane lies on a line segment defined
by the points XIV, X2V in the x-y plane. If X3V lies on
the line segment 6ncluding the end points) KPOS = 1.
If X3V does not lie on the line segment KPOS = o. (See
RESTRICTIONS) •

None.

Input parameters
X3V(I) - A point in the x-y plane defined by the x-co

ordinate (I = 1) and the y-coordinate (I = 2).
XIV{I), X2V{I) - Points in the x-y plane defined by the

x-coordinate (I = 1) and the y-coordinate
(I = 2).

Output parameters (SEE RESTRICTIONS)
KPOS = 1 - If X3V lies on the line segment XIV, X2V.
KPOS = 0 - If X3V does not lie on the line segment

XIV, X2V.

RESTRICTIONS: The criteria used to judge if X3V is on the line is... ...
R12 • R23 > O. Hence, it is possible for X3V to lie off
the line segment and still obtain KPOS = 1. Usage should
recognize this fact.

ACCURACY: See RESTRICTIONS.

SIZE: 390

REFERENCES: None.
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I..........

0001

O'j:)2
0':1'3

()004
I)il l>S

fk ;'6
OOP7

FU~Cll IN (pas « 11.( 2V.x 3V)
C FIND POSITION OfPOItU ONLINE

IMPllC 1 T REALo-a lA-H .O-Z)
DIMENSIQN XIVI2ltX2Vl2hX3Vl21
KP) 5=1
IF ( UX3 VU )- Xl ~ t 1.1.1 0 (X]V IU-XlV «U .+.. 3Y« 21 -lIV 12)1 011( )V(!I -x2vC 2J

. 1)) •.(iT.n. IKPOS=O.
RETURN
END

FUNCTION KPOS: LISTING



PURPOSE:

SUBPROGRAMS
USED:

VARIABLES:

E.29 FUNCTION ZCOR (XlV, X2V, X3V)

To calculate the z - coordinate, X3V(3), of a point
X3V(I) on a line defined by the points X1V(I) and
X2V(I) .

ABS(X)

Input Parameters
X1V(I), X2V(I) - Points in (x, y, z) coordinate space

defining a line.

X3V(l), X3V(2) -The x-coordinate and the y-coordinate
of the point. X3V. (See RESTRICTIONS).

Output Parameter
X3V(3) - The z-coordinate of the point X3V. (See

RESTRICTIONS) .

RESTRICTIONS: The subroutine does not check to see if the x-y coor
dinates of X3V fallon the x-y plane projection of the
line through the points XlV, X2V. Usage of the sub
routine Should reflect this restriction.

The points XlV, X2V. must neither coincide nor define
a line parallel to the z-axis.

ACCURACY:

SIZE:

REFERENCES:

Not applicable.

490

None.
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0001

(hiQ.2
oi.} 03
0004
0005
00-.16
0'..1;)1

...QQ9.J.
0009
0010
Oull
0012

FUNC 11 ON leOR U IV ,X 2Y .X3Y J
C fl~D Z COllDltATE

IMPL Ie I T REAL ~8 (A-H ,0-1.
DIMENSION XIY(3J,X2VI3.,J3YC3)
lEMl=xZVCl)-XtVll)
TE" 2=X2V (2 J-t 11(2 J
TEM3=X2Yt3J-XIVC~)
IF IDA85CTEMlJ·Gt..DABSCTE"2JJ 'D TO 10
leOk=Xl Y &3 )+(X3Y l21-XIV t 2) J olE" 3/TEM2
REIURN

1" leOR =Xl Y (3 )+IX3 V(I)-X IV C11) OlE" 3/T EM 1
RETURN
END

FUNCTION lCOR: LISTING



E. 30 SUBROUTI NE I GEOf1RY (XR, YR, ZR, XR10, XR20, IERR, MR)

PURPOSE

This subroutine conducts the bulk of the calculation effort of the
highway traffic noise prediction code. Basically, subroutine GEOMRY

considers a receiver location defined by the coordinates XR, YR, ZR

and a straight line roadway segment defined for roadway number MR
with end points XR10 and XR20. -This defines the basic roadway/receiver
geometry and traffic flow conditions as indicated in Figure A-l,
Appendix A. The error code, IERR, is generated in subroutines MOVE
and MOVE2 (IERR=4) or if, too many reflections have occurred (IDXR
greater than 11, IERR = 3).

Using the basic assumption of uniform reception of acoustic intensity
at the receiver location, subroutine GEOMRY considers attenuation
by barrier diffraction or ground absorption or amplification by re
flection from barriers. It is an understatement to say that the
subroutine is complex. Subroutine GEOMRY considers all site-related
geometric and acoustic parameters to estimate the normalized acoustic
intensity (Equation A-g) and the normalized value of the cumu1ant,
K2 (Equation A-ll) at a receiver for a straight line roadway segment.
Subroutine GEOMRY is ~a11ed by the MAIN PROGRAM for all segments
defining a roadway and for all roadways for each receiver location
(See Figure D-2). The summation of acoustic intensity and calcu
lation of the cumu1ant at each receiver is accomplished by the call
statement to GEOMRY from the MAIN PROGRAM and branching internal to
GEOMRY. Consideration of vehicle types and spectra calculations
defined by the user are conducted internally in subroutine GEOMRY.
The vast bulk of data utilized by GEOMRY is transferred through the
various COMMON data blocks (See Appendix C).

The basic organization of subroutine GEOMRY is illustrated in Figure
£-6. For the basic roadway/receiver geometry (a plane triangle
defined by the end points of the roadway segment and the receiver),
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AN OVERVIEW OF SUBROUTINE GEOMRY

( START)

For a road section:

I Preliminary Computations

I
1 See Fi gure E-7.

I Preliminary selection of diffracting barriers I
16+

I Preliminary selection of absorbing strips I
For all road segments with uni-
form attenuation by barrier
diffraction: 25

I Compute diffraction of direct ray 1
For all road segments with uni-
form attenuation by ground
absorption: 72 •

See Fi gure E-7.

See Fi gure E-7.

See Fi gure E-8

I Compute ground absorption I See Fi gure E-9.

I Preliminary selection of reflectors I See Figure E-10.

For all road segments with uni
form gain owing to reflections

91.~

I

I

Compute potential reflections

Compute actual reflections by
considering diffraction

I

I

See Fi gure E-11.

See Figures E-12 &E-13

I Final computations and summation of I
sound intensities

(RETURN)

FIGURE E-6. SUBROUTINE GEOMRY: OVERVIEW
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GEOMRY checks during the preliminary calculations to see if barrier
segments and/or ground strip segments lie interior to the x-y plane
projection of the roadway/receiver triangle. Using only x-y plane
geometry, segments ·or portions of segments of barriers and/or ground
strips are identified as "potential" diffractions or ground strips,
respectively, which are stored for a more detailed analysis.

The detailed consideration of diffraction or ground strip attenuation
is accomplished by GEOMRY using a sequential subdivision of the
straight line roadway segment into subsegments, beginning at point
XR10. If no barriers, ground strips, or reflectors have been encountered,
no subdivision of the segment XR10, XR20 occurs and the acoustic inten
sity is calculated from the roadway segment. (Equation (A-3»

If a potential diffraction or ground strip has been encountered, the
segment (XRIQ ,XR20 ) is subdivided as i ndi cated in Figure A-l (c )as an
example. For each subsegment potentially'affected by a barrier, GEOMRY
further subdivides the roadway segment using three-dimensional
geometry to determine whether or not the diffraction is significant.
For significant diffractions (See Equation(A-2l»the roadway subdivision

. continues until uniform acoustic intensity at the receiver can be assumed.
If a diffraction is encountered, GEOMRY ignores attenuation potentially
resulting from absorptive ground strips for subsegment geometry. For
each diffraction calculation, GEOMRY retains only the maximum path
length difference calculated for each vehicle type (including source

'hei ght adjustment) to estimate attenuati on resulting from di ffracti.on.

Subroutine GEOMRY .checks first for diffraction, then for absorptive
ground strips, and finally for reflections to establish the subdivision
of a roadway segment. Hence, a roadway segment as defined 'by the user
may be subdivided several ti -- internaly by GEOMRY prior to returning
to the MAiN PROGRAM.

Flow diagrams are presented in Figures E-7 through E-14 illustrating the
detail operations and branches of the internal calCulations utilized by
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GEOMRY for each .major c,onsideration presented in Figure E-6. These'
flow diagrams are presented at the end of the subroutine description
so as not to interrupt the flow of 'text. Statement numbers are shown
so that ~he user may refer to blocks of code in the subroutine listing.
The subroutine listing is presented following the flow diagrams.

Figure E-7 ill ustrate~ the preliminary calculations performed by' GEOMRY.
First,GEOMRY calls subroutine COLIN to insure that the rec~i ver point
and the roadway segment are not colinear. Next, GEOMRY calculates the
distance, DIST, and the point on the line through the roadway segment
end points, XNPT, using subroutine NRPT. The angle, ANGI , betwe~n the
normal from the recei.ver point to the roadway· line and the line from
the receiver point to the roadway end poin~, XR10, is calculated using
subroutine ANGLE.

As indicated in Figure E-7, the preliminary selection of barriers is
accomplished by calling subroutines DEGEN and BLOCN to determine if
barrier segments nccurr internally to the x-y plane trian~le formed by
the roadway segment and receivers. (See Figure E-2) If a potential
barrier is encountered ,barrier data is stored internally to GEOMRY.
Otherwise, the barrier segment is ignored. All barrier segments are
checked for each call to subroutine GEOMRY. The preliminary selection
of absorptive ground strips is analogous to the procedure described
for barriers.

Followlng the preliminary selection of barriers and ground strips,
GEOMRY then begins the detail calculation of barrier diffraction.
The flow diagram for these considerations is presented in Figure E-8.
During this step in the computation the roadway segment being analyzed
is subdivided to ensure that uniform reception of acoustic intensity
at the receiver occurs (See Equation (A-2l)). The path length difference
is initialized to ensure that barrier attention is zero (DELPO=-0.2).
This initialization corresponds to an octave band center frequency of
500 Hz. The subsegment of roadway being analyzed is carried internally
as (XRl,XK).
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GEOMRY bases .the selection of significant barrier diffraction using
the source hei ght adjustment speci fi ed for automobiles and 1i ght trucks'.

Once the subdivision of the roadway has proceeded so that the

criteria of E(1"uation(A-21}has been satisfied, the path length differ

ence for each vehicle type is computed.: These val ues are cOJ1~pared

with the maximum ~alues of path length difference ~tored in array. . .
DELPO. to ensure that the maximum value for the path length difference

is retained. Hence, barrier attenuation is c'l11culated by vehicle type

using the maximum value of the path length difference encountered

between the roadway subsegment and the recei ver. Thi s procedure. all ows

consideration of only the.most effective barrier in multi-barrier

configurations (See SectionA.6, Appendix A). The reader should be

aware that the maximum' path length difference may not correspond to

the highest barrier but depends upon source lQcation, barrier elevation,

and receiver location.

Figure E-9 presents the flow diagram for the calculation of sound

level attenuation resulting from ground absorption. If significant

diffraction has been encountered for the roadway subsegment under

analysis, GEOMRY disregards the attenuation resulting from a ground

strip and proceeds to the consideration of reflections. Further, if

the direct ray path from the~ource roadway subsegment to the receiver

passes above the top of the ground strip (10 feet above ground eleva

tion for shrubbery, 30 feet for trees) the attenuation due to the ground

strip is disregarded .. If GEOMRY determines that ground strip attenuation

is significant~ the attenuation is calculated as described in Section
A.7, Appendix A.

Figure E-10 presents the flow diagram for the preliminary selection of, .

reflectors in GEOMRY. By the introducti.on of an i.mage receiver location,

the reflection problem becomes similar to t~e diffraction problem.

A reflector in the path from the road segment to an image receiver is

effecti ve whenever a barr; er in the path from the road segment to a

receiver strongly diffracts the sound.
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Also, the intensity of the direct (or diffracted) sound from the
road segment considered is compared to the potential maximum contri
bution of each reflection. This check assures that only essential
reflectors are considered. Since a reflector might not be high
enough or reflections'might be strongly attenuated by diffraction
at additional barriers in the nay path, the reflectors found at '
thi.s stage are considered "potential" ref1ecto,rs.

During the preliminary selection of reflectors GEOMRY also conducts
the preliminary selection of barriers which can possibly diffract the
ref1 ected sound.. The check performed is based on the 1ength and
orientation of 'a barrier section and on the distance from the image
receiver relative to the respective parameters of the road section
and the receiver considered.

Figure E-11 is the flow diagram for the block of code in GEOMRY that
considers barrier elevation as related to potential reflection of
sound. If the height difference above the reflector of a sound ray
from the nearest point on the road segment leads to the acceptance
or rejection of the reflector, no further check is made for other source
points on the road segment.

Since diffraction of the reflected ray is not yet checked, a reflection
is still called a potential one and the end point of the road segment
is preliminary. As the final step in the reflector problem, GEOMRY
considers possible diffraction both before reflection and after
reflection.

Figure E-12 presents the flo~ diagram for consideration of diffraction
before reflection. Checks for barriers in the area defined by pro
jecti ons of the four poi nts XR1, XR2, XRB3, and XRB4 into the x-y
plane are made by considering first the triangle containing image
rays and then the triangle formed by the road segment and the image
receiver.

If a barrier is found to be high enough for possibl~ diffraction,
the reflector is checked again to determine whether or not it is
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high enough to reflect the diffracted rays (which now come from an
effective source that might by considerably higher than the roadway).

Calculation of the path length difference between diffracted and
direct rays from only the near point of the road segment implies
that the diffraction of sound rays from other source points is about

the same.

Very strongly diffracted reflections are neglected. The decision ;s
made on the basis of the diffraction of sound from trucks, since
rays from cars are even more strongly diffracted.

Figure E-13 presents the flow diagram for the consideration of
diffraction after reflection. Checks are made for diffracting barriers
in the triangle defined by projections of the reflector segment (XRB3,
XRB4) ~nd the receiver XRC onto the x-y plane.

After a barrier has been found which is high enough for possible
diffraction, the reflector is checked to determine whether or not
it is high enough to reflect sound towards the top line of the
diffracting barrier, which might be considerably higher than the
receiver.

Calculation of the path length difference implies simplifying assump
tions similar to those for the problem of diffraction before reflec
ti on. .

Reflections are neglected in the case of diffraction before and after
reflection and in the case of very strong diffraction after reflection.

Figure E-14 presents the flow diagram representing the bi6ck of code
in GEOMRY that performs the final computatio~s and accumulation of
sound intensities at the receiver. These calculations consider
barrier diffraction, reflections (gain of direct sound), atmospheric
absorption, and ground absorption. The calculations are directly
related to the expression given in Appendix A, Equation (A-9Y. for
the acoustic intensity. For the octave band center frequency of
500 Hz, the cumulant, K2' of the acoustic intensity is calCulated
(See Equation A-ll) and accumulated.
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After the calculation and accumulation of acoustic intensitys GEOMRY
checks to see if the subsegment end point XR2 is within a prescribed
distance to the end points of the subsegments defining the segment end
point XR20 s or the subsegment end point XR2G corresponding to a ground
strips or a subs~gment end point XR2D corresponding to a diffraction.
GEOMRY branches internally to continue the roadway segment analysis
until the point XR2 is within 1 foot of the segment end point XR20.
When this criteria is satisfied, GEOMRY returns control to the MAIN
program.

SUBPROGRAMS REQUIRED

See Fi gure 0-1 s· page D-2.

VARIABLES

Due to the lengthly and complex nature of subroutine GEOMRY s variables
are listed in alphabetical order.

A Atmospheric attenuation factor, ground absorption para
meter

ADST ANG/DIST

ANG Anglesubtended at receiver by road segment

ANGI Angle al in Fig •.A-I

ANGZ ~ngle aZ in Fig. A-I

ANGI Angle subtended·at image receiver by road segment

ANGIMG Angle subtended at image receiver by barrier section

BI End point of barrier section

BGS Width of absorptive ground strip

BGT Width of absorptive ground strip

BX x-coordinate of barrier point

BY y-coordinate of barrier point

BZ z-coordinate of barrier point

CAl cos(al )
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CA2 cos(a2)

CPREV Angular function Cn - 1
CQ Factor accounting for standard deviation of reference

level

DELM

DELP

DELP'

DELPl

DELP2

Mean path length difference

Path length difference

Maximum path length difference for diffraction of direct
ray

Maximum path length difference for diffraction before
reflection

Maximum path length difference for diffraction after
reflection

DELPA Path length difference for diffraction of direct ray

DELR Path length difference for reflected ray

DELTA Distance along the roadway

DIST

DISTI

DISTJ

Distance from the receiver to the source line

Distance from the image rec.eiver to the source line

Distance from the image receiver to the diffracting
barrier

DL Mean path-length over an absorptive ground strip

DNl Distance from the receiver to the nearest point of the
road segment

DNl I Distance from the image receiver to the neare·st point of
the road segment

DNZ Distance from the image receiver to the nearest point of
the diffracting barrier

DRl Distance from, the receiver to the initial point of the
road segment

DRK Distance from the 'receiver to the preliminary end point
of the road segment

FB Attenuation factor accounting for 'diffraction and
reflections

FCTR Weighting factor for reflections
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FG Ground attenuation factor

HDIFA Height of ray from source point XRl to receiver XRC above
barrier

HDIFF Height of ray above barrier, reflector, or ground strip

HGA Data for effective height of ground cover

I Index

IA Alphanumeric "A"

IBAR Barrler number

IBLAST Barrier type

leODE Number for intermediate printout

IDUM Index for kind of absorptive ground cover

IDXR Number of reflections

IERR Error index

IGRA Ground strip number

IF Index for frequency bands

II Index

IK Frequency band number

IKIN Index for kind of absorptive ground cover

IP Frequency band number

IQ Index

IR Alphanumeric "R"

ISEG Barrier section number

113 2N - 1

ITRIG :Trigger

KAR Alphanumeric indicator for type of barrier

KBAR Total number of barrier sections; index for-barriers

KBARI Reflector number in storage

KBAR2 Diffractor number in storage

E-89



KBCODE Indicator for relative location of barrier

KCD Indicator for relative location of barrier

KOIFF Barrier number in storage

KF Index for frequency bands

KGA Number of ground strips stored

KGeODE Indicator for relative location of ground strip

KIMG Reflection number

KNUMB Total number of relevant barrier sections

KREF Reflector number stored

KRDNUM .Total number of barrier sections relevant to reflection

KRFDF Barrier number stored

KRNUM Total number of relevant reflector sections

KTRIG Indicator for intersection of barrier or ground strip

LOC Indicator for relative location of barrier or ground
strip

MDIFF Indicator for diffraction before reflection

MODD Indicator for diffraction of direct ray

MR Roadway number

N Cumulant numbers

NB Number of barriers

NBSEC Number of barrier sections

NBSMl Number of sec~ions for one barrier

ND~FF Number of barriers stored

NF Number of frequency bands

NG Number of absorptive ground strips

NIMG Number of reflections

NLIM Number of points defining one barrier

NQ Number of vehicle types
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NQQ

NQS

NR

NREF

NRFDF

PP

RI

RATIO

RBI

RDIN

Number of groups within one vehicle type

Vector notation for number of vehicle groups

Number of roadways

Number of reflectors stored

Number of barriers stored

Frequency band number

End point of potential reflector

Weighting factor for reflected rays

.End point of barrier in path of reflected ray

Vector notation for initialization parameters

SAl sin (0.1 )

SA2 sin (0. 2)

TI Temporary variable

T2 Temporary variable

T3 Temporary variable

TAl End point on center line of absorptive ground strip

VEXPH Vehicles per foot

XBl Initial point of barrier stored

XB2 End point of barrier. stored

XDBI Initial point of barrier stored

XDB2 End point of barrier stored

XDB3 Initial point of effective barrier segment

XDB4 End point of effective barrier segment

XGI Initial point of center line of absorptive ground strip

XG2 .End point of center line of absorptive ground strip

XG3 Initial point of effective ground strip segment

XG4 End point of effective ground strip segment

XIMG Vector of image receivers for all reflections

E-91



XJ Preliminary end point of effective reflector segmen~

XK Preliminary end point of road segment,

XKA Cumulant of the A-weighted sound intensity

XlI· Preliminary end point of image road segment

XLA A-weishted intensity in frequency bands

XLE Mean intensity

XLREF Vector notation for reference intensities

XNl

XNlI

XN2

Point on road segment nearest to receiver

Point on road segment nearest to image receiver; point
on image road segment nearest receiver

Point on barrier segment nearest to image receiver

XNPT Point on source line nearest to receiver

XNPTI Point on source line nearest to image receiver

XNPTJ Point on image source line nearest receiver

XR X~coordinate of receiver

XRl

XRl.t'

XRlI

XRZ

XR2.t'

XR2D

Initial point of road segment

Initial point of road section

Initial point of image road segment

End point of road segment

End point of road section

End point of road segmen~ with constant attenuation by
diffraction

XR2G End point of road segment with constant attenuation by
ground absorption

XR2I End point of image road segment

XRBl Initial point of reflector stored

XRB2 End point of reflector stored

XRB3 Initial point of effective reflector segment

XRB4 End point of effective reflector segment
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XRG Receiver point

XRCI Image receiver point

XXGl X-coordinate of point on ground strip center line

YR . Y-coordinate of receiver

YYGl Y-coordinate of point on ground strip center line

ZNl,f1 Z-coordinate of XNl or XNlI

ZR Z-coordinate of receiver

ZS Height adjustment for vehicles

ZZGl Z-coordinate of point on ground strip center line

RESTRICTIONS

Due to the complex nature of subroutine GEOMRY, the user should use
caution in attempting modifications. Changes in the direct calcula
tion schemes related to the acoustic models assumed are found in the
following lines of code:

Calculation of Ground Absorption: Lines 160 to 173
Calculation of Barrier Attenuation: Lines 326 to 338
Calculation of Reflection Gain: Lines 340 to 352
Calculation of Normalized Mean Intensity and Dispersion

of Mean Intensity: Lines 356 to 381
Calculation of Atmospheric Absorption: Line 364.

Note: If the user desires to modify the barrier model described in
this manual, he is warned to check subroutine GEOMRY thoroughly as
several important criteria required for decisions concerning the
accumul ati on of uniform acousti c i ntens i ty at a recei ver are affected.
Similarly, the user should not attempt to blindly alter the code for
dimensions in metric units .without appropriate modification of GEOMRY
and other subprograms.

ACCURACY

Dependent upon the acoustic models utilized in the problem formulation.

SIZE

176248
REFERENCES

See Appendix A of this manual.
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·PRELIMINARY
1

COMPUTATIONS

Find point XNPT on source line containing
the road section nearest to receiver XRC

I
Compute angle ANGl subtended at receiver

XRC by line segment XR1, XNPT

I

PRELIMINARY SELECTION OF DIFFRACTING BARRIERS

For all sections of all barriers:

10

Does barrier section or a part of it
lie in the triangle formed by the
road section XRl~, XR2~ and the

receiver XRC?

Store information about
the barrier endpoints

and the relative
location

15

Disregard the
barrier
section

PRELIMINARY SELECTION OF ABSORBING GROUND STRI~S

For all ground strips

Does the center line of the
ground strip or a part of it
lie in the triangle formed by
the road section XR1~, XR2~

. and the receiver XRC?

Store the information about
the ground strip and the

relative location

18

Disregard the
ground
strip

FIGURE E-7. SUBROUTINE GEOMRY: FLOW DIAGRAt1 OF PRELHlINARY OPERATIONS
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DIFFRACTION OF DIRECT RAY

For all vehicle types: I
Initialize path length difference between a dif-I

fracted ray and a direct ray to DELPg = -0.2

For all barriers in storage:
30

4.0 y Does barrier possibly shield the
entire road section XRIg, XR2g?

IN
Find break point XKbetween possibly
shielded and unshielded road segments

Use road segment Reduce road seg-endpoint XR2 as ment consideredpreliminary end- to XRI, XR2=XK·point. XK

Is initial segment XRl, N
XK possibly shielded?

45 Y
For all vehicle types:

Find height HDIFF above barrier of sound
ray from nearest point on the road

segment XNI to receiver XRC

Disregard barrier I
For cars only: Y 70
Is HDIFF > 20?

N
50

Find. path length difference DELP
between diffracted and direct

ray from XNI and XRC

I N

Is diffraction stronger than N Has barrier been found most
previously calculated? 52 important for cars?

53 .y 65 .Y

FIGURE E-8. SUBROUTINE GEOMRY: FLOW.DIAGRAM OF BARRIER DIFFRACTION CONSIDERATIONS
FOR THE DIRECT RAY
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S3t 65

For cars only:

If DELP is not sufficiently similar to path length
differences calculated with source points XRI and
XK, find a new XK such that a nearly uriiform path
length difference exists between diffracted and
direct rays from all points on road se~ment XRI,

XK. Find new DELP.

59 ~ ,

I Replace DELP~ by DELP I
I

For trucks only: N -Is DELP~ < 5.65'?

•
I Set trigger I

I
Replace road seg- ~~es barrie~ shield e.-

Denote prelirni-
ment endpoint XR2 tire remaining road

N nary endpoint XK
by the road sec- section XRI, XR20 as the road seg-

tion endpoint XR2~ ment endpoint XR2

I 66

T N J Continue for re-Is trigger set?
7-0 -I maining barriers

y
n

Compute angle ANG subtended at
, rece~ver by road segment XRI, XR2

I

I Compute barrier attenuation factor FB(I,I) I
for A-weighted overall level for cars

Denote endpoint XR2 as XR2D I

I

FIGURE E-8. (Concluded)
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GROUND ABSORPTION

IIDisregard ground absorption for road
segments shielded by a barrier

For all ground strips in storage:

y
Does strip possibly absorb sound from74 entire road section XRl,3 , XR2.'J?

N

Find break point XK between possibly
affected and unaffected road segments

Use road segment
Reduce road seg-endpoint XR2 as

preliminary end- ment considered
point XK to XRl, XR2 = XK

Is the initi~l road segment N
XRl, XK possibly affected?

75 y

Find the height HDIFF above ground strip of
sound ray from nearest point on the road

segment XNl to rece.iver XRC
I

Is KDIFF greater than the~ Disregard
reference height for the absorbing -
type of absorbing strip? strip

N

~ Compute mean path length I
DL through strip

For all frequency bands:

I Compute ground attenua- Ition factor FG

77 HContinue for remaining strips~

I Denote endpoint XR2 as XR2G 1
I

FIGURE E-9. SUBROUTINE GEOMRY: FLOW DIAGRAM OF ABSORPTIVE
GROUND STRIP CONSIDERATIONS
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PRE~IMINARY SELECTION OF REFLECTORS

For all sections of all barriers in storage

1
TIFind. receiver image location I

XRCI relative to barrier

IFind distance DISTI between IXRCI and source line

I

I Compute Angle ANGIMG sub- Itended by barrier at XRCI

I
Is reflection possibly important~
i.e. , is

Disregard
DIST* ANGIMG barrier

> 0.1 ?
DISTI* ANG* FB(l,l) -

Y

Store barrier endpoints and an lidentification number. Barrier
is a potential diffractor for

reflected rays

I Disregard
absorptive?

y
Is ba.rrier barrier as

reflector
N

Does the barrier section or a ~
part of it lie in the triangle
formed by the road section XRl, N
XR2 and the image receiver XRCl?

y

Store barrier endpoints and an identifi-
cation number. Barrier is a potential

reflector.

Continue for
85 remaining barriers

FIGURE E-IO. SUBROUTINE GEOMRY: FLOW DIAGRAM FOR THE PRELIMINARY
SELECTION OF REFLECTORS
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For al

CALCULATION OF POTENTIAL REFLECTIONS

for all reflecto~s in storage:
1
T

Find receiver image location
XRCI relative to reflector

I
Find breakpoint XK between

road segments with and
without possible reflections

I

Is sound from the initial Y-
Reduce road

road segment XRl, XK segment con-
~.

possibly reflected? sidered to
XRI, XR2=XK

Y

Find height difference HDIFF above
reflector of sound ray from nearest •
point on the road segment XNlIto'

image receiver XRCI
.. I Y 175
Is HDIFF > -2.0?

N

Reduce road segment con- Isidered to XRl, XR2 = XK
I

Find effective segment of Ithe reflector XRB3, XRB4

1 vehicle types:

Initialize path length differences
between diffracted/reflected and
simply reflected rays to DELPI =

-0.2 (for diffraction before
reflection) and to DELP2 = -0.2

(for diffraction after reflection)

95 t

FIGURE E-l1. SUBROUTINE GEOMRY: FLOW DIAGRAr1 FOR CALCULATION OF
POTENTIAL REFLECTIONS
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CONSIDERATION OF DIFFRACTION BEFORE REFLECTION

For all barriers in storage:

Is bar.rier identical y
with reflector?

N

Is barrier outside triangle formed Nby' reflector segment XRB3, XRB4
and image reflector ~RCI?

y

Is barrier outside triangle y
formed by road segment XRl,
XR2, and image receiver XRCI?

N

Find breakpoint XK between road
segments with and without

diffraction of reflected ray,

Are reflections from the~ Reduce road
110

initial road segment XRl,' N segment con-
~,XK possibly diffracted? sidered to

XRl, XR2=XK
y

For cars only:

Find height difference HDIFP'above
barrier of reflected sound ray
from nearest point on road seg-

ment XUlI to image receiver XRCI

Is HDIFF > 20?
y Disregard I

/ barrier I
N

Assume a source to be located on'
top of the barrier between the

shielding segment XDB3, XDB4 and
find the source point XN2 nearest

to the image receiver XRCI

FIGURE E-12. SUBROUTINE GEOMRY: FLOW DIAGRAM FOR CONSIDERATION OF DIFFRACTION
BEFORE REFLECTION
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For a

Find height difference HDIFF above re-
flector of sound ray from XN2 to XRCI

-.-

Y 170 Reduce road segmentIs HDIFF > -2.0? considered to XR1,
XR2 = XK and disre-

N gard reflector

I
Continue with next

11 vehicle types: reflector

Calculate path length difference
DELP between diffracted/

reflected and simply reflected
ray from XNII to XRCI

y
Is DELP > 5.65 for trucks?

N

Is diffraction stronger than N Is this the first
previously calculated? vehicle type?

1004 y N Y

Replace DELPl by DELP I
105

Reduce road segment consid- Disregard barrierered to XR1, XR2 = XK

110

Continue with next
barrier

FIGURE E-12. (Concluded)
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CONSIDERATION OF DIFFRACTION AFTER REFLECTION

I
Find image road section XRlI, ·XR21
relative to reflector XRBl, XRB2

and image nearpoint XNPTJ

For all barriers in storage:

Is barrier ~·identical y
with reflector? ...

N

Find endpoint XRB4 of
possibly effective reflector

I .

Is barrier -lying outside triangle J-formed by effective reflector seg- 140
ment XRS3, XRB4 and receiver XRC?

N

120r( Is barrier possibly shielding the
entire effective reflector segment

XRB3, XRB4 -from the receiver XRC?

N

Find breakpoint XKI on the image road
section with the breakpointXJ bet-
ween the possibly shielded and un-
shielded segments of the reflector

segment XRB 3, XRB4
I

Are reflections from the initial
image road segment XRlIi
XKI possibly diffracted?

y
INUse image road segment 125 Reduce image seg-

endpoint XR2I as pre- ment considered
liminary endpoint XKI to XRlI 1 XR2I=XKI

Find endpoint XDB3 of
diffracting barrier segment

I
Find height difference HDIFF above
reflector of sound ·ray from image
source XRlI to barrier point XDB3

~

FIGURE E-13. SUBROUTINE GEOMRY: FLOW DIAGRAM FOR CONSIDERATION OF
DIFFRACTION AFTER REFLECTION
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·Fo

Find endpoint of road

y 165
segment XK from image

point XKI, reduce
Is HDIFF > -2.0? road segment consid-

N ered to XRl, XR2=XK,

r all vehicle types:
and disregard reflector

+Find height difference IJDIFF above
barrier of sound ray from image

lcontinue with Isource XNlI (adjusted in height
for vehicle type) to receiver XRC next reflector

I.s HDIFF > 20.0 for trucks? ./
y

N

Calculate path length difference
PELP between reflected/diffracted

and simply reflected ray from
nearpoint XNlI on image road

segment to receiver XRC
I

Is sound ray diffracted before~
reflection and OELP > -0.2?

..

N

Is diffraction stronger than N
previous value for diffrac- : Disregard barrier

tion after refl"ection?

t140
y

I Replace OELP2 by DELP I I Continue with
next barrier

FCir tru.s:ks only: t.
Is DELP2 5.651 ./ Y>

Reduce the image road-
I segment considered to

N XRlI, XR21 =XKI
After complet1on of d1ffract1~n: I

Note contribution of up to 10 reflections
in ter~s of the path length difference

DELR for diffracted rays and of the
image receiver location XlMG

I

FIGURE E-13. (Concluded)
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FINAL CpMPUTATIONS AND SUMMATION OF SOUND INTENSITIES

I
Compute angle ANG subtended at receiver

XRC by road segment XRI, XR2

I ADST = ANG/DIST I
Compute angle ANG2 subtended at receiver

XRC by road segment XNPT, XR2

cle types and 195
y bands:

Find attenuation factor FB due
to diffraction of direct ray

ections:

Compute angle ANGI subtended at image re-
ceiver X1MG by road segment XR1, XR2

Find distance DISTI from source
line to image receiver

I
Calculate the weighting
factor for reflections:

RATIO = ANGI/(DISTI* ADST)

cle types'and
y bands:

Find the gain of direct sound due to re-
flections by summation of FB and the
weighted intensity factors BARFAC of

simple and diffracted reflections

230

Find distance DNl from receiver
to nearest point on road

segment XR1, XR2,

For .all refl

For all vehi
all frequenc

For all vehi
all frequenc

FIGURE E-14. -SUBROUTINE GEOMRY: FLOW DIAGRAM FOR FINAL CALCULATION AND
SUMMATION OF SOUND INTENSITIES .
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.

•Compute atmospheric absorp-
tion factor A

Calculate the mean energy XLE by summation
over all sets NQS of all vehicle types NQ

and with consideration of the reference
intensity XLREF, the vehicle concentration
VEXPH, the dispersion of reference levels
CQ, the factor FB resulting from diffrac-
tion and reflections, the scaling factor

ADST, the atmospheric absorption factbr A,
and the ground absorption factor FG

242

Initialize for remaining road
segments: ANGl = IANG21

I
Is endpo"int XR2 of road seg- y CRETURN)ment within 1 ft of endpoint

XR2~"of road section?

N

Move endpoint XRl towards
XR2~ 1 ft beyond XR2

Continue with

XR2 within ~
reflection

Is endpoint problem for
1 ft of XR2G? r~maining

N road segment

247

~
Continue with

Is endpoint XR2 within ground absorp-
1 ft of XR2D? tion problem

for remaining
N road segment

25

Continue with diffraction of direct
ray for remaining road segment

. For all frequency bands·

FIGURE E-14. (Cone1 uded)
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0001
0002
0003
0004
OOO~

0006
0007
0008

0009
0010
0011
001Z
0013
0014
0015
0016
0017
0018
0019
OOZO
0021
00Z2
0023
0024
0025
0026
C027
00Z8
0029
0030
0031
0032
0033
0034
0035

0036
0037
0038
0039
0040
C041
004Z
0043
0044
0045
0046
0047
0048
0049

C GfOHRY 06/79 SAl MOD
SUBROUTINE GEOMRY[XR.YR.ZR.XR10.XRZO.IERR.HR.GAM)
IMPLICIT REAL*8 (A-H.O-Z)
EXTERNAL FNCl.FNCZ
DIMENSION XGl(3J.XGZC3).XG3(3J.XG4(3)
DIMENSION Bl(3.2.Z0).RlC3.Z.Z0J.RBl(3.Z.l0J.TAl(3.2.20J
DIMENSION K9COOECZZO).KNUMB(ZZOJ.KRNUMBlZ20J.KRDNUMI220J
DIMENSJON KGCOOECJO).BGTCIO).IKINlIO) .
DIMENSION

o DElPO(4).OElPI(4).DElP2(4).FB(9.4).OElR(4.10).FG(9),HGA(2),
X XBI(3),XB2(3),XDBl(3).XDBZ(3),XOB3(3),XDB4(3),
X XRBIC3},XRBZ(3).XRB3(3).XRB4(3),XRC(3).XRCI(3).
X XRl(3).XRZ(3).XRlI(3).XR2I(3).XRI0(3).XRZO(3).
X XK(3).XKI(3).XJ(3).XNPT(3).XNPTI(3).XNPTJ(3),
X XNI(31,XN2(31,XNIIC3).XIMG(3,lO).XR20(3),XR2GC3).
Z ·Z5(4)
OI~ENSION XHl[3J.AUXlZO)
COMMON/JNOU/INPT.IOUT
COMMO~/BLK2I~Q

COMMON IINPTI/RCIN(6).TROIN(6}
COMMON/INPTZINR.NB.NG
COMMON/DRIV2/NOSCZO,4).NF
COMMON IORIV3/XLE(9)
COM~r.N/ORJV4/CAPZ

COMMON/STORE4/XMPHCZO,5.4).VEXPHCZO,5,4)
COM~ON/STOREI/BXCZO,11).BY(ZO.11).BZ(20.11).IBlAST(20).NP.S~1(20)
COMMDN/STOREZIXXGIC10.2).YYGIC10.ZJ.ZZGl(lO.Z).BGSClO).IDUM(IJJ
COMMON/GEOI/1BAF.ISEG.IGRA
COMMON IINTERI/XLREF(3600),CO(3600)
COMMON IFUNC/XGAM
COMMON/TJT1/TRCC5.15).BLEVC15).ZZO.IGOO(ZO.11J.N
COMMON IOPTJON/MfTIN.MfTOUT.IREFl
EQUIVALENCE lRDIN (3) .ZS(]»
DATA IRIZHR 1 .
DATA HG4l1J.HGAlZJ/I0.,30.1
XGAt', = GAM
XRC Cl J=XR
XRCCZ)=YR
XRC(3)=ZR
lERR=()
CALL COlIN(XF10.XRZO.XRC)
CALL NRPTlXRIO.XR20.XRC.XNPT,01ST)
~NGl=ANGLE(XRI0.XNPT.XRC)

C ICOOE=l· .
C ·WRITECIOUT.I000)ICOCE.XRI0.XRZO.XF-C,XNPT
CPRflIMINA~Y SELECTION OF BARRIERS

NO.1 FF=O
IFCNB.EO.O) GO TO 16
KBAR=O
DO 15 lElAR=1.N8
KAR =lBLASn 18bR)
XBl(1)=BXCIBAR.l)
XBllZ)=8Y(IBAR.l)
X81(3)=SZC18AR.l)
NLI~=NBSHl(JBAR)+l

DO 15 ISEG=Z.NLIM
X8ZCI)=BX(IBAR.JSEG)
XBZ(Z)=BY(JBAR.ISEG)
XBZ(3}=BZlIBAR.ISEG)
KBAR=K!3AR+1

SUBROUTINE GEOMRY: LISTING

E-106



0050
0051
C052
0053
0054
0055
0056
0057
0058
0059

0060
0061
0062
0063
0064
0065
0066
0067
0068

0069
0070
0011
0072
0013
0014
0075
0076
0017
0018

0079
0080
0081
0082
0083
0084

0085
0086
0087
0088
0089
0090
0091

0092
0093
0094
0095
0096
0091
0098

C ICODE=2
C WRI1E(IOUT.IOOI)ICODE.KBAR.XBl.XB2

10 CALL OEGEN(XRI0.XR20,XRC.XBl,XB2,LOC)
IF (LOC.EO.5) CAll BLOCN(XRIO,XR20.XRC.XBl.XB2,XK,lOC)

11 IF(lOC.EQ.O)GO TO 12
NDIFF=NDIFF+l
KNUMB(NOIFF)=KBAR
KBCOOEI~OIFF)=lOC

CALL REPLCE(XBl,Bl(l.l.NOIFF»
CAll RfPLCE(XBZ,Bl(1.2.NDIFF»

12 CALL REPLCE(XBZ.XBl)
15 CONTINUE

C PRELIMINARY SELECTION OF STRIPS
16 KGA =0

IF(NG.EQ.O)GO TO 20
00 18 IGRA=I,NG
XGl(1)=XXCl(JGRA,1)
XCI(2)=YYGl(IGRA,1)
XCI(3)=ZZGl(JGRA,1)
XC2(1)=XXC11IGRA,Z)
XCZ(2)=YYClIICRA,2)
XG2(3)=ZZGI(ICRA.l)

C ICODE=3
C WRITE(IOUT,lOOI)ICOOE,IGRA.XGl.XG2

17 CALL DEGEN(XRIO.XRZO.XRC.XGI.XGl.lOC)
IF(LOC.EQ.5)CAlL BLOCN(XRIO,XR20.XRC.XGl.XG2,XK.lOC)
IFlLOC.EQ~O)r,O TO 18
KGA=KGA+l
KGCODE(KGA)=lOC
CALL REPlCEIXGl.TA1(1.I.KGA»
CALL REPlCE(XG2.TAI(I,2,KGA»
AGTlKGA)=BGSIIGRA)
IKINIKGA)=IDUM(IGRA)

Ie CONTINUE
C DIFFRAc;TION OF DIRECT RAY

20 CAll REPLCEIXRIO,XRl)
25 CAll REPlCE(XR20,XR2)

CALL REPLCF(XRl,XHl)
DO 30 IQ=l.NQ
DElPO(IQ)=-.2

30 CONTINUE
C ICODE=-4
C WRITEIIOUT.IOOO)lCOOE.XRl.XRl

IF(NDIFF.EO.O)GO TO 71
ITRIG=O
00 70 KOIFF=I.NOIFF
KBAR=KNUMB(KOIFF)
KCO=KBCODE(KOIFF)
CALL REPLCE(Bl(l,I,KDIFF).XPl)
CALL REPLCE(Bl(1,2.KDIFF).XBlJ

C ICODE=5
C HRITECIOUT,lOOl)ICODE,KBAR.XRl,XR2,XBl.X82

IF(KCD.EQ.3'GO TO 40
CAll ENOPT(XRI.XR2,XRC,XBI,XB2.XK.KTRIGgJERR)
IF{IERR.EQ.4) RETURN
IF{KTRIG.EO.O)GO TO 10
GO TO 45

40 CAll REPLCE(XR2,XK)
45 MODD=O

C ICOOE=6
C WRITEIIOUT,lOOl)lCODE,KCD.XR2,XK
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0099'
0100
0101
0102
0103
0104
0105
0}06
0107
OJOA
0109
0110
0111
0112

OH3
0114
0115
0116
0117

0118
0119

0120
0121
0122

0123
0124
0125
0126
0127
0128

0129
0130
0131

0132
0133
0134
0135
0136
0137
013$
0139
0140
0141

0142
0143
0144
0145

0146

00 60 10=I,NQ
CALL NRICXRl,XK,XRC,XNPT,OIST,XNl,DNl)
XNl(3) = XNIC3l + ZS(ICl
XHI(3) = XRI(3) + 2SCIO)
DN1=A~AG(XRC,XNll

HOIFF=HEIGHTCXNI,XRC,XBl,XB2)
IFCIO.NE.llGD TO 50
IFCHDIFF.GT.20.)GO TO 70 .

50DElP=OELCXNl,XRC,XBI,XB2,HDIFF,bNl)
IFCOELP.GT.OflPOCIQ»GD TO 53

52 IFCMODO.EC.l)GO TO 65
GO TO 70 .

53 IF (IQ.NE.I) GO TO 59
DRI = AMAGCXPC,XHI)

C ADJUST ElEVAT10~ OF XK
XK(3) = XK(3) + ZS(IO)
IF (DABS(ORI-DNI).lT.I.) GO TO 54
HOIFA = HEIGHTCXHI,XRC,XBl,XBZ)
OElPA = OEL(XHI,XRC,X81,XBZ,HDIFA,DRl)
CELr.= (DElPA + DElPl/2.

C ICODE=107
C WRITE(IOUT,lCOO)ICODE,DElP,OElPA

IF CCOABSCDElPA~OElP)-O.I-DELM/50.0(1.+0El~».lE.O.) ~D TO 55
CALL MIOP(XH1,XNl.XK)

C ICDDE=7
C WRITECIOUT,1000lICODE,XRl.XN1,XK

DElP = DELPI
54 IF (IEPSCXK,XRC,XB1.XB2.DELP).EO.OJ GO TO 58

CALL HIOPCXH1,XK.XK)
C ICOCE=8 .
C WRITECIOUT,1000)lCODE.XR1,XK

GO TO 54
55 ORK= AMAG (XRC.XK)

IF COABSCDRK-DN1).LT.1.) GO TO 58
56 IF(IEPS CXK,XPC.XB1.XB2.DELP).EO~OJGO TD 58

CALL MIDP(XNI,XK.XK)
GO TO 56

C READJUST XK TO GROUND LEVEL
58 XK(3) = XK(3)-ZS(IO)

IF CDElP.lE.OElPO(I» GO TD 52
59 OElPO (10) = OELP

C ICOOE=10
C WRITECIOUT.IOOOJICOOE,OElPOCl),DElPD(Z)

HOOO=}
60 CONTI~UE

IF(rElPO(Z).LT.5.65)GO TO 65
lTR IG=1
IFCKCD.NE.3.0R.KCD.NE.Z)GO TO 65
CAll REPlCE(XRZO,XRZ)
GO TO 66

65 CALL ~EPLCE(XK,XR2)

66 IF(ITRIG.EO.1)GO TO 71
70 CONTINUE

C ICODE=ll
C W~ITE(IOUT.IOOO)ICODE.XRZ

71 ANG=ANGLE(XRl,X~2,XRC)

IF (ANG.LT.0.01D-05) ~RITE CIOUT,9001) XRl,XR2.XRC
Del P=DEL PO (J )
FB(I,I)=~ARFACC1,DElP)

C ICOOE=12
C WRITE(IOUT.I00Z)ICODE.F8(I.I)

CALL RfPlCE(XRZ.XR20)
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0147
0148
0149

0150
0151
0152
0153
0154
0155
0156
0157
0158

0159
0160
0161
016Z
0163
01b4
0165
01b6
0167
0168
0169
0170
0171
0112
0173
0174
0175
0176
0177
0178

. 0119
0180
0181

0182
01113

0184
0185
018'6
0187
0188
0189
0190
0191
0192
0193
0194
0195

C GROUND ABSORPTION
72 00 73 KF=l,NF

FGCKF}=I.
73 CONTINUE

C JCOOE=13
C WRITElIOUT,lOOOJICODE,XR1,XRZ,XRZO

KTRG=O
IFlOELPOll).GT.-O.Z)GO TO 78
IF(KGA.EQ.O)CO TO 7R
0077 IGRA zl ,KGA
LOC=KGCOOE CI GRA)
CALL REPLCECTAIC1,1,IGRAJ,XG1J
CALL REPLCECTAIC1,2,IGRA),XGZ)
BG=-BGT( IGRA)
IKI ND=I KJ N(l GRA J

C ICOOF=14
C WRITECJOUT,lOOl)ICOOE,LOC,XGl,XGZ

IFCLOC.EQ.3JCO TO 74
CALL ENDPTlXR1,XRZ,XRC,XGl,XG2,XK,KTRlG,IER~J

KTRG=KTRIG
IFCIERR.EQ.4) RfTURN
IFCKTRIG.EQ.OJGO TO 77
GO TO 75

74 CALL REPLCECXR2,XKJ
75 CALL NRICXR1,XK,XRC,XNPT,OIST,XNl,ON1)

HOIFF=HEIGHTCXNl.XRC,XG1,XGZ)
IFCHOIFF.GT.HGACIKINDJJGO TO 77
CAll SECTNCXR1,XK,XRC.XG1,XG2,XG3.X(4)
OL=I.~7/l1./BG+l./AMAGCXG3,X(4»

00 76 IK=I,NF
PP= IK
IFCIK.EO.1)PP=5.
IFCIKINO.EQ.I)A=l.OOI6*PP-0.0028J*Ol
IFCIKJND.EO.Z)A=Z.**CPP/3.)/1310.*Ol
IFU.GT.Z.)A=2.
FGCIK)=FGCIK)/lO.**A
IFCFGCIK).LT.l.E-Z)FCCIK)=l.E-Z

76 CONTINUE
KTRG=l
CALL REPLCECXK.XRZ)

C ICOOE=15
C. "RITE Cl OUT,I 000 JI CODE, FG (l) ,FCC 9)

77 CONTINUE '
78 CAll REPLCECXP2.XRZG)

C, PRELIMINARY SELECTION OF REFLECTORS
NREF={'
IFCNB.EC.O)GO TO 91
IF CIREFl.EQ.O) GO 10 91
NRFDF=O
KSAR=O
DO 85IBAR=I.NB
KAR=IBLASTC I BAR)
XRBICIJ=gXCJPAR,l)
XRBl12)=BYlI~AR.lJ

XRBl(3)=gZlJBAR,l}
NlIM=NBSMICIRAR)+l
DO 85 ISEG=2,NlIM
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0196
0197
0198
0199

0200
0201

020Z
0203
0204
0205
OZ06
0207
02e8

OZ09
0210
0211
021Z
0213
0214
0215
OZI6

0217
OZ18

0219
02Z0
0221
0222
02023
0224

OZ25
0226
OZ27

0228
0229
0230

0231
0232
023~

0234
0235

0236
0237
0238
0239
OZ~O

XRB2(1)=BXl1BAR.1SEG)
XRB2C2J=BYCIBAR.ISFC)
XRB2C3J=BZCIBAR.ISEC)
KBAR=KBAR+l

C ICOOE=16
C WR1TE(IOUT.IOOl)1CODE.KBAR.XRl.XR2.XR81.XRB2

CALL JMAGECXRBl.XRB2.XRC.XRCI)
CALL NRPTCXR1.XR2.XRCl.XNPT1.DISTI)

C ICOOE=11
C WRITE(IOUT.1000)ICODE.XRCI.XNPTI

ANGIMG=ANGLElXRBl.XRB2.XRCI)
FCTR=CDISTeANGIMG)/DISTI/ANG/FB(l.l)
IFCFCTR.LT.O.l)CO TO 80
NRFDF=NRFDF+ I
KRDNUM(NRFDF)=KEAR
CALL REPlCE(XRB1.RBIC1.1.NRFDF))
CALL REPLCE(XRB2.RB1(1.2.NRFDF»)

C lCOOE=18
C WRITECIOUT.IOOI)ICODE.NRFOF.XRBl.XRB2

IF(KAR.NE.IR)GO TO BO
CALL OEGEN(XRl.~R2.XRCI.XRBl.XRBZ.LDC)
IF (LOC.EC.5J CAll BLOCNCXRl.XR2.XRCI.XRBl.XRBZ.XK.LDC)

79 IF(LOC.EC.OJCO TO eo
NREF="JI\EF+l
KRNUM9 (:IIREF ) =K P.AR
CALL REPLCE(XRBl.Rl(l.l.NREF))
CALL ~EPlCE(XRB2.Rl(1.2.NREF})

C ICODE=19
C WR1TE(10UT.I00IJJCODE.NRfF.XRBl.XRB2

80 CALL REPLCE(XRB2.XRBl)
8~ CONTINUE

C BEGIN REFLECTOR PROBLEM
91 IDXR=O

IF(NREF.EQ.OJGO TO 180
00 175 KREF=l.NREF
KBARl=KR~U~9(KREFJ

CALL REPLCE(Rl(I.I.KREF).XRBl)
CALL REPLCElRll1.2.KREF).XRBZ)

C lCODE=20
C WRITElIDUT.I00IJICOOE.KBAR1.XRBI.XRB2.XRI.XR2

CALL IMAGE(YR81.XRB2.XRC.XRCI)
CALL ENDPTlXR1.XR2.XRCJ.XRB1.XRB2.XK.KTRIG.IERR}
JF(IERR.EQ.~J RETURN

C lCODE=21
C WRITE(~OUT.I001)JCODE.KTRJG.XRCI.XK

JF(KT~IG.EQ.CJGO TO 175
CALL NRPT(XRl.XP.2.XRCI.XNPTI.OISTl)
CALL NR1lXRl.XK.XRCl.XNPTI.DISTJ.XNlI.ONl1)

C ICODE=Z2
C WRITE{JOUT.I000)ICOOE.XNPTI.XNII

XNII(3)=XNII(3J+ZSC2J
HDIFF=HEICHT(XNII.XRCI.XRBI.XRBZ)
IF(HDJFF.GT.-Z.O)CO TO 175
CALL REPLCE{XK·.XRZ)
CALL SECTN{XR1.XR2.XRCJ.XRBl.XRB2.XRe3.XRB~).

C lCOOE=23
C WRITE(IOUT.I0001ICODE,XRJ.XRZ.XRB3.XRB4

MDIFF=O
DO 95 JQ=l.NC
DEl PI ( I Q) =-0 .2
OElP2C YOJ =-0.2

9~ ~ONTJNUE
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C
C

c
c

c
c

c
c

C DIFFRACTION BEFORE ~EFlECTION
IFCNRFDF.EC.O)GO TO 115
00 110 KRFOF=l,NRFOF
KBAR2=KRDNUMlKRFDF)
CALL ~EPlCElRBlCl,l,KRFDF),XOBl)

CALL REPLCEC~BlCI,2,KRFDF),XOBZ)

ICOOE=Z4
W~ITElIOUT.lOOl]ICOOE.KBAR2,XDB1,XDBl

IFlKBARZ.EQ.KB4Rl)GO TO 110
CAll DEGENCXRB3,XRB4,XRCI,XDBl,XDBZ,lOC)
IF CLOC.EQ.5) CAll BlOCNCXRB3.XRB4,XRCI,XDB1.xoel,XK.LOC)

96 IFllOC.NE.O)GO TO 110
CALL ENnPTIXRl,XR2,XRCI,XDB1,XDB1.XK,KTRIG,IERR}
IFlIERR.EO.4) RETURN
ICOOE =15
WRITf.lIDUT,lCOl)ICOOE,KTPIG,XK
IFCKTRIG.EC.C)GO TO 110
CALL N~llXRl.XK.XRCI,XNPTI,OISTI,XN1I.DNII)

lCOOE=26
W~ITE(IOUT,lOOO}ICOOE,XNlI

ZNIO=XNlI O}
XNll(3}=ZNlO+ZSCl)
HDIFF=HEIGHTCXNII,XRCI,XOB1,XD8Z)
IFlHOIFF.GT.ZO.O}GO TO 110
CALL SECTN(XRl ,XK ,XRcI ,XDBl ,XOBZ.XOB3,XDB4)
ICOOF=Z7
WRITECIOUT,]OOO)lCODE,XDB3,XOB4
CALL NRPTCXOF,3,XOB4,XRCI,XNPTJ,OJSTJ)
CAlLNRIlXOB3,XDB4,XRCI,XNPTJ,DISTJ,XNl,DN1)
ICOCE=]Z7
WRITFlIOUT,lCOOJICOOE,XNPTJ,XNZ.DISTJ.DN2
HDIFF=HEIGHTlXN2,XRCI,XRB1,XRBZ)
ICDCE=217
~RITECIOUT,lOOl)JCOOE,HDIFF

IFCHDIFF.GT.-2.0)GO TO 170
DO ]05 11=] ,NO .
IO~NO+I-II

DNII=AMAGlXRCI,XNIJ)
HDIFF=HEIGHTCXNll,XRCI,XOBl,XD5Z)
DELP=OEL(XNII,XRCJ,XOBl,XOBl,HDIFF,DNlI)

'ICODE=327
WRITECIOUT,IOOlJICODE,OELP
IFCDELP.GE.S.65.ANO.IQ.EO.Z)GO TO 170
IFCOElP.GT.DflPllIO»GO TO 100
IFljO.EQ.])GO TO 110

,CD TO 105
100 HDIFF=l

DELPH IO)=DElP
105 CONTINUE

ICODE=l8
HRITECJOUT,lOOO)ICOOE,OELP1C1),DELP1(Z)
CALL REPLCElX~,XRZ)

CONHWE
ICODE=19
HRITE(IOUT,lOOO)ICOOE,XR2

DIFFRACTION AFTER REFLECTION
CALL IMhGElXPBl,XRBl.XNPTJ,XNPTJ)
CAll IMAGECXRBl,XRBl,XRl,XR1I)

115 CAll IMAGElXRB1,XRB2,XRZ,XR2I)
ICOOE=30
WRITECIOUT.1000)ICOOE,XRII,XR2I.XNPTI

c
C

·110
C
C
C

c
c

c
c

c
C

c
c

0~te6

"41
02te8
0'.'0250
O~~.

Oi75
021~

0111
0211
02?'

02!;'
025)

0'6.

02.1
02te2
OZte)
014.
O,tel}

0268
016'
0270
0211
On2
0'1~
0214

02"
0263
0'6te

-02.' .
0166
0261
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0280
0281
0282
0283
0284

0285
0286
0287
0288
.0289
0290
0291
0292
0293
0294
0295
0296
0297
0298
0299

0300
0301
0302
0303
0304
0305
0306
0307
0308
0309
0310
0311
0311
0313
0314
0315

0316
0317
0318
0319
0320

0321
0322
0323
0324
0325
0326
0321
03~6

0329
0330
0331
0332

IFCNRFOF.EO.O)GO TO 145
DO 14Q KRFOF=l,NRFDF
KBAR2=KRDNUM(KRFDF)
CALL REPLCEIP.BIC1,l.KRFDF).XD81)
CALL REPLCEIRBl(l,2,KRFDF).XDB2)

C ICOOE=31
C WRITEIIOUT,lOOl)ICOOE.KBARZ.XDBl.XDB2

IFCKBARZ.EO.KBARl)GO TO 140
CALL INTCPTCXR81,XRB2,XRC,XR2I,XR84)
CALL DEGENCXRB3,XRB4,XRC,XDB1,XDB2,lOC)
IF elOC.EQ.5) CALL BLOCNeXRB3,XRB4,XRC,XDBl,XDBZ,XJ.lOC)

117 IFClOC.EC.O)GO TO 140 .
IFCLOC.EO.3)GO TO 120
CALL INTCPTeXRII,XR2I,XRC.XJ,XKI)
XKI(3)=ZCQRCXRII.XR2I.XKI)
DEL TA=-0.5
'CALl MDVECXKI.XKI,XRII,DELTA.IERR)
IFCIERR.EQ.4) RETURN
IFCLOC.NE.1)GD TO 135
CO TO 125

120 CAll REPLCEeXR2I.XKI)
125 'CAll INTCPTC XRlI ,XRC.XD81.XOB1,XDl'3)

C ICDDE=32
C WRITEeIDUT,1001)ICODE,loC,XJ,XKJ,XDB3

XDB3(3)=lCOReXD~I,XOB2,XDa3)

HDIFF=HEIGHTeXRII,xoB3,XRSl,XRB1)
IFeHOIFF.CT.-Z.O)GO TO 165
CALL NRleXRll,XKI,XRC,XNPTJ,DISTI,XNll,ONll)
INIO=XNII(3)
DO 130 11=1,11'0
IO=NQ+I-I I
XNII(3)=ZNI0+ZS(IO)
ONII=AMAGeXRC,XN)I)
HOIFF=HEJGHTeXNIJ,XRC,XDB1,XDB2)
IFeHOIFF.CT.20.0.AND.IQ.EQ.1)GO TO 1~0

DELP=DELeXNII,XRC,XDB1.XDB1,HDIFF,DN11)
IF(MOIFF.EO.l.ANO.DELP.GT.-O.Z)GO TO 165
IFeOElP.LE.DELP2(IQ»CO TO 1~0

DELP2(10) =DELP
130 CONTINUE

C JCOOE=33
C WRITEeJOUT,lOOO)ICOOE.OELP1el),DELP2CZ)

IFeOElP2(2).GE.5.65)GO TO If5
135 CAll REPLCEeXKI,XRZI)
litO CONTINUE
145 CAll REPlCEeXRZI,XKI)

IOXR=IDXR+)
C ICOOE=34
C W~ITEeIOUT.I001)ICODE,10XR,XR2I

IFeJOXR.lT.ll)CO TO 150
IERR=3
RETURN

150 00 155 IQ=I,NQ
DElReJO,JDXR)=OMAXl(DELPleJO).DELP2(IQ»

155 CONTINUE
00 160 1=1,3
XIMGeJ,JOXR)=XRCI(I)

160 CONTINUE
GO TO 1&5

165 CALL IMAGEeXRBl.XRB2,XKI.XK}
170 CALL REPLCE(XK,XR2)

SUBROUTINE GEOMRY: LISTING (Continued)
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0333

0334
0335
0336
0337
0338
0339
03~0

0341
0342
0343
03H
0345
0346

0347

0348
0349
0350
0351
0352
0353
0354
0355
0356
03S7
0358
0359
0360
0361
0362

0363

0364
0365
0366
0367
0368
036C;
0370
0371
0372
0313
0374
0375
0376

C ICOOF=35
C ~RITECIOUT.I000)ICOOE.XR2

175 CONTItme:
C ICODE=3b
C WRITlCIOUT.I000~ICOOE.XR1,XR2
C BEGIN PARRIER FACTOR COMPUTATION

180 NIMG=IDY-R
ANG=ANGlEeXR1.XR2,XRC)
AOST=ANG/DIST
IFeKPOS(~NPT,XRZ,XRl).EO.l)GO TO 190
ANG2=ANGI-ANG
GO TO 195

190 ANG2=~NGl+ANG

C CONTRIBUTION FROM DIRECT RAY
195 DO 205 IQ=l.NQ .

IFeNQSCMR.IO).EQ.O)CO TO Z05
OElP=OElPO ( 10)'
00 20:> KF=I,NF
FBCKF,IQ)=BARFACCKF,OELP}

200 CONTINUE
C ICODE=37
C WRITECIOUT.I002)ICOOE,FBC1,IQ),F8(9,IO)

205 CONTINUE
C CONTRIBUTION FRO~ R~FLECTIONS

IFCNIMG.EQ.01GO TO 230
OD 2Z5 KIMG=l.NIHG
00 210 1=1.3
XRCICI)=XIMCCI,KIHCJ

210 CONTINUE
ANGJ=AN~lEIXRl,XRZ,XRCJ}

CALL NRPTlXRI,XR2,XRCI,XNPTI,DlSTIJ
RATIO=CANGI/DISTIJ/ADST
00 7.20 IQ=I,~Q

IFCNQSeHR,IQ).EO.O)CO TO 220
OE.LP=OElR( IO,KIMG)
00 215 KF=I.NF
FBCKF.IO)=FB(KF,IQ)+8ARFACCKF,OELPJ*RATIO

215 CONTINUE:
220 CONTINUE

C IconE=33
C WRITEIIOUT,1002JICODE,FBC1,lJ,FBel,Z),F8(9,1),FBl9,Z)

225 CONTINUE
C COMPUTE MEAN ENERGY LEVEL

230 CAll NRIlXRl.XRZ,XRC,XNPT,DIST,XNl,ONI)
INTEG=O
IF (NDIFF.NE~O.AND.DElPO(I).GT.-0.2) GO TO 232
IF lKGA.NE.O.AND.KTRG.GT.O) GO TO 232
IF (GAM.lE.O) GO TO 232
nnFG=l.
RO = 50.0
FSSI = (RO/DIST) ** GAM
FSS2 = FSSI ** 2

. CALL OCATR(ANG1,ANGZ.0.I0,20.FNC1,FSS3,lER.AUX)
IF CIER.NE.O) GO TO 231
CALL OQATR(ANGl,ANGZ.O.10,20,FNC2,FSS4.IER,AUX)
IF (IER.NE.O) GO TO 231

SUBROUTINE GEOMRY: LISTING (Continued)
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0377
0378
0379
0360
0381
0382
0383
0384
0385
0386
0387
0388
0389
0390
0391
0392
0393
0394
0395
0396
0397
0398
0399
0400
0401
0402
0403

0404
0405
0406
0407
0408
0409
0410
04]]
0412
0413
0414

0415

0"16
0417
0418
0419

0420
0421
0422
0423
0424
0425
0426
0427
0428
0429
0430

0431

0432

TEMI = DABS(FSSI ~ FSS3 / OIST)
TEM2 = DABS(FSS2 ~ F5S4 / 015T043)
GO TO 23ft

231 WRITECIOUT.2000) XR.YR.lR.XRI0.XR20.IER
STOP

232 TTl=2.0*ANGl
TT2=2.0*ANC2
TEMI = AOST
TEHZ=OABS CCO SIN(TT2 )+TT2-DS JNfTT1;J-TTl J/4 ./01ST'",

234 T3=0.0
DO 242 IF=I.NF
IP=IF
IFCIF.NE.l} CO TO 236
A = 1.0
IP = 5
IF CINTEG.EO.I} GO TO 237

236 A=10.**C-oNl*5.4E-S*Z.35**CIP-SJ)
237 Tl=O.O .

00 240 IQ=l.NO·
IFCNQSCHR.IO}.EQ.O) CO TO 240
NQQ =NC$CHR. 10)
T2=0.0
14=0.0
DO 238 I=I.NOO.
INOEX=MR+20*CI-l)+ZO*50CIF-I'+2005*9*CIQ-lJ
XTA=XLREFC INDEX}
IF(IF.EO.l.AND.IO.EO.Z.AND.JGOD(MR.N~l'.NE.OJXTA.

IXLREFCINDEX)*GRADECXRI0.XR20}
T2=T2+VEXPHCMR.I.IO)*XTA*CQCINOEX)
IFCIF.EO.l) T4=T4+VEXPHCMR.I.IO)OXTA042*CQCINDEI'''.

238 ':ONTINUE
Tl = Tl + FBCIF.IO)*FGCIF)*TZ
IF CIF.EO.I) T3=T3+FB(IF.IO)*o2oFGCIF'.*ZOT"

240 CON TI"lUE
ZQ=TPl1*T1*A
XLEC}F)=XLEClf)+ZO
IFC}F.lQ.I}ZZO=ZZO+ZO
IFCIF.EQ.l)CAPZ=CAP2+TEH2*T3*A*02

24Z CONTINUE
C ICOOE=39
C WRITECIOUT.lOOZ} ICODE.XLECl).XlEC9,.CAP2

ANGl=DABSCANCZ)
C ICODE=40 .
C WRITECIOUT.IOOO) ICOOE.XR2.XR2G.XR2D.XR20

IFCDS~RCXR2.XRZO).LT.l.0) RETURN
Del TA=}.O .
CALL HOVECXRZ.XRl,XRlO,DElTA,IERR1
IF(IFRR.EO.4) RETURN

C ICODE=41
C WRITECJOUT,lOOO} ICODE,XRl

IFCOSQReXR2.XRZC}.lT.l.0) GO TO Z~7

CALL REPLCECXRZG.XRZ)
GO TO 91

Z47 IFCOSQRCXRZ.XR2D).lT.l.0) GO TO 25
CALL REPLCECXRZD.XRZ)
GO TO 72

999 FORMATC6H CO~E=J3)

1000 FORMATC6H CODE=J3.6F9.Z/7F9.2)
1001 FORMATe6H CODE=I3,I4.6F9.2/6F9.2)
1002 FORMATC6H CODE=I3.6EI3.4}
ZOOO FORMATC'OOOATR UNSUCESSFUl - PROGRAM TERHINATED.'I

1 'XR='.FI0.4.' YR='.FIO.~.' ZR",'.FIO.4.
2 'XRI0='.FI0.4.' XR20='.FI0.4,' IERc'.12'

900] FORHAT C5X,'~** ANGLE SUB TENDED AT RECEIVER BY 10AI ......., IS
*APPROACHING ZERO'.II.IIX.'INTIAl PT. OF ROAD SEGMENT •.,~• .,.
*11X.'END PT. OF ROAD SEGMENT'.F]O.4.I,11X.'RECfIYEI ,.••' ,

END . .

SUBROUTINE GEOMRY: LISTING (Concluded)
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E~31 SUBROUTINE OQATR (XL, XU, EPS, NOIM, FCT, Y, IER, AUX)

PURPOSE: To compute ~XU FCT(X)dx by Romberg1s method.
XL

SUBPROGRAMS
USED:

VARIABLES:

RESTRICTIONS:

ACCURACY:

SIZE:

REFERENCES:

.,", ,',

External function FCT(X)

XL - lower bound of the interval.
XU - upper bound of the interval.
EPS - upper bound of the absolute error in single

precision.
NOIM - dimension of the auxiliary storage array AUX

NOIM-l is the maximum number of bisections of
"

the interval (XL, XU).
FCT - name of external double precision function

subprogram used.
Y - resulting approximation'for the integral.
IER - resulting error parameter.

IER = 0 - it was possible to reach the required accuracy.
IER = 1 - it was impossibl e to reach the required accuracy

because of rounding error.
IER = 2 - it was impossible to reach accuracy. because

NOIM is less than 5, or the required accuracy
could not be reached within NOIM-l steps. NOIM
should be increased.

Error within EPS as specified.

1276

Anon.: IISys tem 1360 Scientific Subroutine Package (360A
CM-03X), Vers i on II, Programmer I s Manual, II H20-0205-1
(2nd Edition), International Business Machines Corporation,
1967 •
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1025
1026
1027
,028
1029
1030
;031 4

C
C

032
,033
'034 5
;035 6
'036 1
i037 8

0038 9
0039
0040 10
0041
0042 11
OOU
0044
0045

)001
)002
1003

100q
1005
)006
)007

1008
1009
1010
1011
1012
1013
I01V
)01~

1016
1017
1018
1019
1020
1021
1022
1023
1024

C tQATR 02/78 SAl NEW
SOBHOUTINE DQATR(XL,XU,BPS.NDl!,FCT,Y,IER,AUX)
DIMENSION AUX (1) .
DOUBLE PRECISION AUX,XL,XU,X,Y,H,HH,Bt,P,Q,S!,FCT

C
C PREPARATIONS OF BOMB ERG-LOOP

AOX(l) = .500 * (FCT(XL)' + FC~(XU»

ii = Xu - XL
IF (NDIM-1) 8,8,1

, IF (H) 2,10,2
C
C HOlM IS GREATER THAN 1 AND B IS NOT EQUAL TO O.

2 fiB = Ii
.E = Ei!S / DABS (8)
DEI.T2 = O.
P = 1. DO
JJ = ,
DO 7 I=2,NDIK
Y = AiJX (1)
DELT 1 = DZLT2

'Ii D = il H
fiR = .5DO * HS
P = .5DO * ?
J( = Xl. + HH
SM = O. DO
DO 3 .J=1,JJ
SM = SM + FCT (X)

3 ' X = X + liD
AOI(l) = .5DO * 10X(I-1) + P • S!

C A NEW A~2ROXIMATION OF INTEGRAL VALOE IS CO~PUTED 5Y BEANS OF
e 'IRA?EZOlj)AL RULE.
e
C START OF ROMBERGS EXTBAPOLATION eSTHOD.

Q = 1.00
JI = I - 1
DO .. J=1,JI
II = I - J
Q = \.! + Q
Q = Q + Q
lUI(II) = AUX(II+1) + (1UX(II+1)-10%(11» / (Q-1.DO)

END OF ~OMBERG-STEP

DELT2 = DABS{Y-AOXCI»
IF (1-5) 7,5,5
IF (LJ3L'£2-E) 10,10,6
IF (ueLT2-~ELT1) 1,11,11
JJ = JJ + JJ
lEn = 2
Y = H * AUX (1)
RETURN
IEB = 0
GO 1'0 9
lEB = 1
Y = H * Y
RETlJhN
END

SUBROUTINE DQATR: LISTING
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PURPOSE:

SUBPROGRAM
USED:

VARIABLES:

RESTRICTIONS:

ACCURACY:

SIZE:

REFERENCES:

E.32 FUNCTION GRADE(DR1,DR2)

To compute the grade correction to the sound level of
type 2 vehicles (heavy trucks) on a given roadway segment.

DSQRT(x), DABS(x)

DR1 - xyz - coordinates of endpoint 1 of roadway segment
DR2 - xyz - coordinates of endpoint 2 of roadway segment
X - grade from endpoint 1 to endpoint 2
Y - grade correction of the segment
GRADE - sound intensity level of grade correction

i.e., GRADE = 10 Yl10

riOne

not applicable

630

The grade correction is a linear interpolation of the
data given in Gorden, C. G., et. a1.: "Highway Noise,
A Design Guide for Prediction and Contro1," Highway
Research Board, National Academy of Sciences, Report
NCH-RP-174, 1976.

001
002
003
004

005
006
007
1008
1009
1010

C GHADE 02/79 SAl NEW
DOUBLEPRECISIONFU NCTIONGRADE (tR1., tR2)
IMPLICIT REAL*8 (A- H,O-Z)
Dl:iEr:SIONDE1 (3) ,DE2(3)
X=DABS (DR2 (3) -DR1 (3» /DSQRT ( ('CR2 (1) -DR1 (1» **2+

1 (DR2(2)-DR1(2»**2)
IF(X.LE.2.D-2)Y=Q.DO
IF(X.GT.2.D-2.AND.X.LT.7.D-2)Y=1.D2*X-2.DO
IF(X.GE.7.D-2)Y=5.DO
GRA:>E=1.01** (Y*1. t-1)
RETiJRN
END

FUNCTION GRADE: LISTING

E-117



·0001
0002
0003
0004
0005
0006

E.33 FUNCTION FNC1(x)

PURPOSE: To calculate cosa(x) for use in computing the Leq by
integration over the roadway segment.

SUBPROGRAM
USED: DCOS(x)

VARIABLES: X- argument of cosine
XGAM - same as a
FNCl - cos a(x)

RESTRICTIONS: a < - 1

ACCURACY: not applicable

SIZE: 348

REFERENCES: Appendix A

C iNCl 02/78 SAL HEW
FU~iCTION FNC' (X)
IMPLICIT REAL*8 (A-H,O-Z)
CO~jON /FUNC/XGAK
FNCl = DCOS(X) ** XG!!
liETOiUi
END

FUNCTION FNC1: LISTING
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PURPOSE:

SUBPROGRAM
USED:

VARIABLES:

RESTRICTIONS:

ACCURACY:

SIZE:

REFERENCES:

E.34 FUNCTION FNC2(x)

To calculate cos 2(1 +€t) (x) for use in computing SIGMA

DCOS(x)

x- argument of cosine
XGAM - same as a
F'NC2 - cos 2(1 +a)(x)

a > - 1

not applicable

392

Appendix A

0001
0002
0003
0004
0005
0006

C fNC2 02/78 SAl NEW
F UllCHuB FNC2 (X)
IMPLICI~ REAL*8 (A-S,O-Z)
COtMON /FUNC/XGA3
FNC2 = DCOS (X) ** (2.0 * (XGAtl ... 1.0»
RETURN
END

FUNCTION FNC2: LISTING
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